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Photo by Gerardo Marrón of La Paz, Baja California Sur, Mexico:
Gray Vireo (Vireo vicinior)
Sierra Juárez, Baja California, Mexico, 3 July 2021. Although Baja California represents 
only a small fraction of the breeding range of the Gray Vireo, the sierras Juárez and San 
Pedro Mártir support substantial populations—probably over 10,000 individuals. Some of 
these populations are in piñon–juniper woodland, but a large fraction is in treeless 
chaparral dominated by chamise (Adenostoma fasciculatum) and redshank (A. sparsifolium), 
as Lori Hargrove, Philip Unitt, Gerardo Marrón, Tonatiuh Gaona-Melo, and Gorgonio  
Ruiz-Campos report in this issue of Western Birds. They also searched possibly suitable  
breeding habitat in the sierras La Asamblea and San Francisco in the central section of the 
peninsula but did not discover any southward extension of the breeding range.

Photo by Nolan Clements of Corvallis, Oregon:
Small-billed Elaenia ( ), Southeast Farallon Island, California, 
4 September 2022. This species breeds in South America from southeastern Bolivia and 
southern Brazil south to central Argentina. In its nonbreeding season it migrates north to 
northern South America, as far as the offshore islands of Aruba, Margarita, and Trinidad. 
Four individuals are known to have reached eastern North America previously, but this 
one on Southeast Farallon is the first for the West, as Nolan M. Clements and James R. 
Tietz report in this issue of . Of other South American flycatchers occurring 
in North America as vagrants, only the Fork-tailed ( ) has so far reached 
as far west as the Pacific coast.
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Front cover photo by © Iris Kilpatrick of Clarksville, Tennessee: Solitary Sand-
piper (Tringa solitaria), Tijuana River valley, San Diego County, California, 26 
December 2014 (an unusual winter record). The calls of the Solitary and Spot-
ted (Actitis macularius) sandpipers are similar, but in this issue Cedar Mathers-
Winn, Debbie Leick, and Kate Stone identify criteria helping distinguish them.

Back cover photo by © Amar Ayyash of Orlando Park, Illinois: one-year-old 
Kelp Gull (Larus dominicanus), Lima, Peru, 1 November 2018. Scattered occur-
rences in North America are raising awareness of this Southern Hemisphere 
species. And identifying gulls requires understanding of their molts, which 
Peter Adriaens, Amar Ayyash, and Mars Muusse address in this issue. They 
found that many Kelp Gulls advance through their plumages faster than is 
typical of four-year-gulls. In this photo, the lack of a red gonydeal spot, the 
heavily streaked neck, and barred uppertail coverts indicate the bird was one 
year old, but its juvenile flight feathers were completely replaced in a first 
prealternate molt.
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ABSTRACT—Most of the breeding range of the Gray Vireo (Vireo vicinior) lies 
within the southwestern United States, where the population is sparse, patchy, and 
declining. But the species also breeds in Baja California, Mexico, where its status 
has not been assessed. To rectify this, in 2021 and 2022 we surveyed four mountain 
ranges where the Gray Vireo is known or might be expected. In the northernmost, 
the Sierra Juárez, we located 43 territories—an abundance strikingly greater than 
just across the border in Upper California. Territories were in both treeless chaparral 
dominated by chamise (Adenostoma fasciculatum) and redshank (A. sparsifolium), 
and in the extensive pinyon woodland. In the Sierra San Pedro Mártir, all 71 ter-
ritories located were in Adenostoma-dominated chaparral. Extrapolation of the 
densities observed in these two ranges over the extent of suitable habitat implies the 
population of the Gray Vireo in Baja California should be over 10,000 individuals. 
Confirmed by audio recording, one sighting from the Sierra de Ulloa overlooking 
Ensenada suggests a still wider distribution in Baja California. Isolated stands of 
chaparral grow south of the Gray Vireo’s previously reported breeding range, on the 
Sierra La Asamblea. But our reconnaissance of it revealed no Gray Vireos. Survey 
of the Sierra San Francisco in the center of the peninsula, 3–9 April, revealed only 
3 Gray Vireos, all in winter habitat containing Bursera microphylla. Therefore two 
molting specimens collected in the Sierra San Francisco in October 1997 imply that 
some individuals molt in the winter range, not a southward extension of the breed-
ing range. Despite Baja California representing only a small part of the Gray Vireo’s 
breeding range spatially, it contributes disproportionately to the species’ population 
and therefore conservation.

RESUMEN—La mayor parte del ámbito de la distribución reproductiva del Vireo 
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Gris (Vireo vicinior) se encuentra en el suroeste de los Estados Unidos, donde la 
población es escasa, en parches aislados y en declive. No obstante, la especie también 
anida en Baja California, México, donde no se ha evaluado su estado reproductivo. 
Para rectificar lo anterior, en 2021 y 2022 estudiamos cuatro sierras donde se conoce 
o se podría distribuir V. vicinior. En la sierra más septentrional, la Sierra Juárez, 
localizamos 43 territorios, una abundancia sorprendentemente mayor que al otro 
lado de la frontera internacional en Alta California. Los territorios estaban tanto en el 
chaparral sin árboles, dominado por chamizo (Adenostoma fasciculatum) y chamizo 
colorado (A. sparsifolium), como en el extenso bosque de pinos piñoneros. En la 
Sierra San Pedro Mártir, todos los 71 territorios ubicados ocurrieron en chaparral 
dominado por Adenostoma. La extrapolación de las densidades observadas en estas 
dos regiones hacia la extensión del hábitat adecuado implica que la población de V. 
vicinior en Baja California debería ser superior a 10,000 individuos. Un avistamiento 
confirmado por grabación de audio en la Sierra de Ulloa cerca de la ciudad de Ense-
nada sugiere una distribución aún más amplia en Baja California. Al sur del área de 
reproducción de V. vicinior reportada anteriormente, se encuentran parches aislados 
de chaparral en la Sierra La Asamblea. No obstante, nuestro muestreo allí no reveló 
ningún individuo. Nuestro estudio de la Sierra San Francisco, Baja California Sur, en 
el centro de la península, del 3 al 9 de abril, reveló solo tres individuos de V. vicinior, 
todos en un hábitat invernal que contiene el árbol Bursera microphylla, cuyo fruto 
constituye su principal alimento durante el invierno. El único espécimen recolectado 
no estaba en condición reproductiva y tenía mucha grasa corporal, condición que 
indicaría que estuviera listo para la migración. Por tanto, concluimos que V. vicinior 
se encuentra en la Sierra San Francisco solo como un visitante invernal, y el hecho de 
que dos especímenes recolectados en octubre de 1997 estuverian mudando implica 
que algunos individuos mudan después de llegar a su distribución invernal. A pesar 
de que Baja California representa espacialmente solo una pequeña parte del área de 
reproducción del V. vicinior, el Estado contribuye de manera desproporcionada a la 
población de la especie y, por ende, a su conservación.

The great majority of the breeding range of the Gray Vireo lies within the 
southwestern United States, with just a small proportion in Mexico (Barlow et 
al. 1999). The species nests in both pinyon–juniper woodland and chaparral. 
The breeding population tends to be sparse and patchy throughout its range, 
and in California it has declined steeply, to the point of extirpation from 
many sites the species occupied in the early 1900s (Unitt 2008, Hargrove and 
Unitt 2017). The Gray Vireo is a short-distance migrant, wintering mostly 
in northwestern Mexico in desert and thorn scrub containing the elephant 
tree Bursera microphylla (Bates 1992). It is a fairly common winter visitor in 
Baja California Sur but in the U.S. at that season it is rare. For example, in 
California wintering of the Gray Vireo is localized to one stand of Bursera 
microphylla (Unitt 2000).

The Gray Vireo also breeds in northern Baja California, but its status 
there has not yet been assessed. Birders’ sightings back to the 1990s entered 
in www.eBird.org suggest a breeding population scattered widely across the 
region from at least the Sierra Juárez to the Sierra San Pedro Mártir, but they 
give little idea of its size or density. Lyman Belding was the first to report the 
Gray Vireo from northern Baja California, in the mid-1880s (Bryant 1889). 
Though he noted it at various places around the Sierra Juárez, the summary 
was “not many seen.” In June 1927, Laurence Huey, May Canfield, and Sam 
Harter found the Gray Vireo common just west of Ojos Negros and collected 
8 specimens now in the San Diego Natural History Museum (SDNHM; Huey 
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1928). Wilbur (1987) reported it common in the “piñon-chaparral areas of 
the Sierra Juárez” over two days in April 1979. The first specific records for 
the Sierra San Pedro Mártir are Wilbur’s from two locations, Rancho San 
José or Meling at the west base of the mountains and Rancho El Parral on 
the southeast side. There are very few other published records for the Gray 
Vireo in Baja California during the breeding season.

The Gray Vireo’s nesting habitat in southern California is primarily chap-
arral in which chamise (Adenostoma fasciculatum) is pervasive (Hargrove and 
Unitt 2017). South of the Sierra San Pedro Mártir, pinyon–juniper woodland 
and chamise-dominated chaparral extend south at higher elevations at least 
as far as the Sierra La Asamblea (~29.3° N). A team of botanists visited the 
Sierra La Asamblea in 2004 and reported 87 taxa of plants representing dis-
junct populations of more northern species, most of them typical of chapar-
ral, including 38 new range extensions, among them chamise (Bullock et al. 
2008). This is beyond the Gray Vireo’s known breeding range, but the area 
is little explored by ornithologists. Even the middle elevations of the Sierra 
La Asamblea had not been visited by an ornithologist until June 2016 (Ruiz-
Campos et al. 2018). Therefore, we hypothesized that these mountains could 
also reveal range extensions for chaparral birds, including the Gray Vireo.

Even farther south, in the Sierra San Francisco (27.59° N, 113.02° W), on 
16 October 1997 Unitt collected two Gray Vireos of several seen (SDNHM 
51125, UABC 1471). The Sierra San Francisco is within the Gray Vireo’s 
known winter range, but both of these specimens were in heavy molt, one 
replacing flight feathers as well as body feathers. Voelker (2000) reported 
that the Gray Vireo molts only in its breeding range after breeding but be-
fore departure for the winter range. In our studies of the breeding biology 
of the Gray Vireo in San Diego County, we too saw the birds molting in the 
late summer before their departure in migration (Hargrove and Unitt 2017). 
Therefore we inferred that the Sierra San Francisco might support a nesting 
population or even be an area of year-round residency. The highest elevations 
of the Sierra San Francisco have a heavily grazed scrub that resembles chapar-
ral in structure if not in species. In addition, there are stands of fairly large 
oaks, though many fewer than decades earlier (Francisco Arce pers. comm.).

Given this evidence, to better understand the Gray Vireo’s status as a 
breeding bird in Baja California, in 2021 and 2022 we investigated these four 
mountain ranges: the Sierra Juárez, the Sierra San Pedro Mártir, the Sierra La 
Asamblea, and the Sierra San Francisco (Figure 1).

METHODS

Over the two years of our study, Hargrove, Unitt, Gaona-Melo, and Mar-
rón completed four surveys, each approximately one week long (Table 1). In 
the Sierra San Francisco, we were also joined by Ruiz-Campos and Gonzalo 
de León-Girón. Except in the Sierra Juárez, mammalogists Scott Tremor, 
Jorge Valdez-Villavicensio, Aldo Guevara-Carrizales, Alan Harper, and/or 
Jonathan Alonso Villareal-Fletes were with us but worked independently. In 
each mountain range, we slowly drove or hiked on as many roads and trails 
as we could within accessible areas of chaparral and pinyon–juniper wood-
land, attempting to encompass the full elevational range of these habitats. 
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We most often worked in teams of two. Within each stretch of approximately 
500 m where we did not detect a Gray Vireo, we broadcasted a recording of 
its song. Where Gray Vireos were detected, we observed the birds up to ap-
proximately 30 minutes to search for nesting, look for adjacent territories, and 
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Figure 1. Peninsula of Baja California and locations of four mountain ranges targeted 
for Gray Vireo surveys, 2021–2022.

Table 1 Dates and Elevation Ranges of Surveys for the Gray Vireo in Four 
Mountain Ranges of the Baja California Peninsula

Mountain range Dates surveyed
Elevation range 

surveyed Maximum peak

Sierra Juárez 1–5 Jun 2021 900–1740 m 1980 m
Sierra San Pedro Mártir 30 May–3 Jun 2022 420–2320 m 3096 m
Sierra La Asamblea 19–25 Apr 2021 950–1475 m 1661 m
Sierra San Francisco 3–9 Apr 2022 980–1530 m 1590 m
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map approximate territory locations. We considered a singing bird or pair to 
represent one territory. In the Sierra La Asamblea and Sierra San Francisco, 
we also mist-netted birds generally, and in all areas we recorded all birds seen 
or heard (Appendix). We comment on the avifauna of the Sierra La Asamblea 
because it has been rarely visited by ornithologists.

Coverage areas were limited by accessibility as well as time. In the Sierra 
Juárez we spent 3 days in pinyon woodland mixed to varying degrees with 
chaparral to the east and north of Laguna Hanson and a day and a half in 
essentially treeless chaparral west and southwest of Laguna Hanson. Along 
multiple scattered sections of roads, our area of coverage extended from near 
the west base of the mountains 12 km east of Ojos Negros (31.92°, 116.14°) 
northeast to 2 km south of La Rumorosa (32.50° N, 116.06° W), thus 14 km 
south of the international border.

In the Sierra San Pedro Mártir we covered the west slope, walking the 
entire length of the road between the entrance to Parque Nacional Sierra de 
San Pedro Mártir and Rancho Meling, from elevation 2320 m down to 695 
m, plus many side roads and trails. West of Rancho Meling, by intermittent 
spot checks, we covered the road north to Rancho El Coyote as well as the 
main road west down to an elevation of 420 m at 30.961° N, 115.853° W, 
below which the vegetation transitions from chaparral to desert scrub. Thus 
our survey of the Sierra San Pedro Mártir encompassed the entire elevational 
spread of chaparral, from that dominated by manzanita (Arctostaphylos pen-
insularis) and mixed with Jeffrey pine (Pinus jeffreyi) and other conifers at 
the upper end to patches of chamise amid open habitats at the lower end. In 
addition. on 5 April 2022 Gaona-Melo visited Rancho El Potrero (30.918° N, 
115.644° W, elevation 900 m), 11 km southeast of Rancho Meling.

In the Sierra La Asamblea we mule-packed from the southeast base up to 
a campsite at 29.3008° N, 114.0702° W, elevation 1320 m, and spent a week in 
stands of chaparral and pinyon, hiking up to 1475 m and up to 6.75 km from 
the camp. With the time and resources available to us, however, we could not 
reach the largest stands of pinyons near the highest peak (1661 m), 7.5 km 
north of our base camp.

In the Sierra San Francisco, we spent 3 days on the north-facing slopes of 
the highest ridge, the Sierra Agua Verde, which overlooks the village of San 
Francisco de la Sierra to the north. We climbed practically to the summit at 
27.5758° N, 113.0290° W, elevation ~1590 m, and also searched the mesa 
east of the summit. Over two additional days we also searched some lower 
canyons and in desert scrub both east and west of San Francisco de la Sierra.

We plotted on maps the approximate areas that were covered by our sur-
veys, including the full extent over which we could reasonably expect to detect 
a singing bird. For each Gray Vireo territory, we plotted a territory centroid 
as the approximate average location where we observed a singing male or 
pair, and we estimated minimum territory density for each area by counting 
the number of territories found within the full extent of the area surveyed. 
As another index of density, we also calculated the mean nearest-neighbor 
distance between each plotted territory centroid. To coarsely extrapolate 
possible population sizes, we used two GIS layers, a digital elevation model 
with 1-km resolution (USGS 2018) and a habitat-classification model (INEGI 
2018). The habitat model closely matched our observations, distinguishing 
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between chaparral and more open or disturbed areas at lower elevations, and 
the border between chaparral and coniferous woodland at higher elevations, 
but it did not distinguish between coniferous woodland dominated by pin-
yon vs. other pines. For each mountain range with Gray Vireo territories, we 
calculated the total area that was within both the elevation range and habitat 
types where we detected Gray Vireos.

RESULTS

We located a total of 139 Gray Vireos, representing at least 114 breeding 
territories, and confirmed 6 instances of nesting, described below for each 
mountain range. Breeding territories were found only in the two northern-
most mountain ranges, the sierras Juárez and San Pedro Mártir, only within 
habitats classified as either chaparral or coniferous woodland, and between 
the elevations of 765 and 1685 m. This zone thus excluded lower-elevation 
chaparral and excluded the transition into coniferous woodland above the 
pinyon belt. Despite the Sierra San Pedro Mártir being a much higher moun-
tain range as well as lying farther south, we found the Gray Vireo there in a 
zone of elevation substantially lower than in the Sierra Juárez (Figure 2). We 
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Figure 2. Elevational distribution of Gray Vireo territories at Sierra Juárez (2021) and 
Sierra San Pedro Mártir (2022). Striped bars indicate overlap.
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located >90% of territories by hearing spontaneous singing rather than by 
the bird’s responding to play of a recording. The maximum nearest-neighbor 
distance was 2.7 km. On the basis of nearest-neighbor distance, territory 
density appeared greatest at middle elevations (Figure 3). The mean nearest-
neighbor distance in the Sierra San Pedro Mártir (402 m ± 55 SE) was lower 
than in the Sierra Juárez (598 m ± 101 m SE), but by a t test the difference 
was of marginal significance (t = 1.85, df = 111, p = 0.07).

Sierra Juárez
We located 43 territories in disjunct patches between elevations 1120 

and 1685 m (Figure 4). Three days in the extensive pinyons north and east 
of Laguna Hanson yielded 18 territories, whereas two days south and west 
of Laguna Hanson in treeless chaparral dominated by chamise and redshank 
(A. sparsifolium) yielded 25 territories. In the area where we found the dens-
est population in treeless chaparral, we located at least 17 territories within 
8 km2 (Figure 5). From the digital elevation model and habitat mapping by 
INEGI (2018), between 1120 and 1685 m and within chaparral or coniferous 
woodland, we estimated that there are approximately 2500 km2 of suitable 
habitat in the Sierra Juárez between latitudes 32.50° and 31.63° N. Of this we 
covered approximately 42 km2 for an average minimum density of ~1 ter-
ritory per square kilometer. Provided that the 2500 km2 are occupied at the 
same average density, extrapolation suggests the number of territories in the 
Sierra Juárez is at least ~2000. We located three nests, one on 1 June with two 
eggs at height of ~1.1 m in a chamise (Figure 6), one on 3 June with three 
eggs at height of ~1.2 m in a pinyon, and one nearly complete but still under 
construction on 5 June at height of 1.8 m in a Ceanothus perplexans. The first 
nest was within a burned area that had regrown 6 years after a fire but just a 
few meters from mature chaparral, and the pair’s territory encompassed both 
mature and regrowing chaparral.
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Sierra San Pedro Mártir
During our survey from 30 May to 3 June 2022, we located 70 territories 

over ~3.5 days at elevations from 765 to 1520 m (Figure 7), all in chaparral 
dominated by chamise and redshank, although a few territories also had 
pinyons. In addition, near Rancho El Potrero at 30.9523° N, 115.6597° W, 
elevation 1245 m, Gaona-Melo noted one additional Gray Vireo on 5 April 
2022. Above 1520 m we spent ~1.5 days searching at elevations up to 2320 
m at the forest edge, in both chamise-dominated chaparral and patches of 
chamise mixed with manzanita, yet in that zone we found not a single Gray 
Vireo. Below 1520 m the density increased abruptly. In one area of about 
5 km2 between 1200 and 1400 m elevation (Figure 8) we encountered 39 
territories—a density between 4 and 5 times as great as the most we observed 
in the Sierra Juárez. We found Gray Vireos in small patches of chamise as low 
as 765 m, where the chaparral was becoming more dominated by the chap-
arral ash (Fraxinus parryi) and small-leaved rose (Rosa minutifolia). From 
the digital elevation model and habitat mapping by INEGI (2018), between 
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Figure 5. Habitat with greatest density of the Gray Vireo, dominated by chamise and 
redshank, Sierra Juárez, 2021.

Photo by Tonatiuh Gaona-Melo

Figure 6. Gray Vireo nest, Sierra Juárez, 1 June 2021.
Photo by Gerardo Marrón
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Figure 7. Locations of Gray Vireo territories, Sierra San Pedro Mártir, 2022.

Figure 8. Habitat with greatest density, dominated by chamise, Sierra San Pedro 
Mártir, 2022.

Photo by Tonatiuh Gaona-Melo
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Meling 
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765 and 1520 m and within chaparral or coniferous woodland, we estimated 
that there are approximately 1500 km2 of suitable habitat on the west slope 
of the Sierra San Pedro Mártir between latitudes 31.25° and 30.42° N. Of 
this we covered approximately 18 km2 for an average minimum density of 
~4 territories per square kilometer. Provided that 1500 km2 are occupied at 
the same average density, extrapolation suggests the number of territories in 
the Sierra San Pedro Mártir is at least ~4000. 

In the Sierra San Pedro Mártir our observations of reproductive activity 
were all on 1 June, of two pairs carrying nest material and one pair accom-
panied by three fledglings.

Sierra La Asamblea
Here we located no Gray Vireos. Even more disappointingly, we encoun-

tered no southward range extensions of any full species. Among birds the 
only possible range extension was the dark southern California/northern 
Baja California subspecies of the California Scrub-Jay, Aphelocoma californica 
obscura. The one specimen collected (UABC 2172), a one-year-old female, 
was in very worn plumage, but in the shade of gray on both the back and the 
flanks it matches specimens of obscura from northwestern Baja California 
more closely than the paler subspecies A. c. hypoleuca from the southern part 
of the peninsula. But in his description of A. c. cactophila from the central 
peninsula, Huey (1942) mentioned that it was slightly darker than hypoleuca, 
thus trending toward obscura, and this is borne out in the specimens on which 
cactophila was based, including six collected just ~12 km southwest of our 
specimen (SDNHM). The only other species seen that might have represented 
a southward extension of a breeding range was the Black-chinned Sparrow 
(Spizella atrogularis), but the birds seen (up to 10 per day) were not singing, 
and the one specimen collected, a female, was in nonbreeding condition. 
Indeed, the fauna of the higher elevations of the Sierra La Asamblea repre-
sented only a reduced subset of that widespread in central Baja California. 
For example, on the morning of 23 April 2021, around the summit of the 
peak at 29.300° N, 114.060° W, elevation 1460 m, and on the nearby pinyon-
clad north-facing slope, almost the only birds noted were the Blue-gray 
Gnatcatcher (Polioptila caerulea) and Bewick’s Wren (Thryomanes bewickii).

Sierra San Francisco
Our search of the higher elevations yielded no Gray Vireos. At lower eleva-

tions in scrub with the elephant tree Bursera microphylla, however, we located 
three individuals (Figure 9). On 8 April 2022 we collected one of these, and 
dissection confirmed it was a late winter visitor preparing to depart in spring 
migration: it was fat, and its testes were small (UABC 2210).

DISCUSSION

The abundance of the Gray Vireo that we found in the sierras Juárez and 
San Pedro Mártir of Baja California is strikingly greater than just across the 
border in southern Upper California. There, territory density had been es-
timated to range from 2 to 6 territories per km2, but since 1997–2001 when 
the supporting data were recorded, the population has dropped substantially 
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(Hargrove and Unitt 2014). Unitt (2004) estimated the population in all of 
San Diego County, 1997–2001, as “in the low hundreds,” but by 2012–2013 it 
had declined or disappeared at many points where it was present 12–15 years 
earlier (Hargrove and Unitt 2017). Our surveys from 2008 to 2014 revealed 
no Gray Vireos at sites in the San Jacinto Mountains where Grinnell and 
Swarth (1913) found them fairly common in 1908, and only two in the Santa 
Rosa Mountains. In the sierras Juárez and San Pedro Mártir 2021–2022, we 
observed densities between 2 and 8 territories per km2. These territories were 
patchily distributed, however, so at the scale of total suitable habitat covered, 
estimated minimum density was between 1 and 4 territories per km2. Acces-
sible areas surveyed represent only a small fraction of all similar habitat. If 
the densities observed in these two ranges can be extrapolated over the extent 
of similar habitat within them, we estimate the population of the Gray Vireo 
in Baja California to be over 10,000 individuals. We could see vast areas of 
similar habitat that we did not or could not reach. The Gray Vireo appears 
to be distributed patchily throughout its breeding range, absent from much 
apparently suitable habitat, but easily detectable over large distances (Schloss-
berg 2006). Thus care must be taken in any projection of the total population.

In the sierras Juárez and San Pedro Mártir as in San Diego County (Har-
grove and Unitt 2017), the Gray Vireo occupies chaparral, often of uniform 
height and density, showing no evidence of a preference for pinyon-dominat-
ed habitat. In the Sierra San Pedro Mártir, though we found none at elevations 
above 1520 m, the Gray Vireo has been reported as high as 2500 m via eBird. 
Nevertheless, our results imply that the species strongly prefers the middle 
elevations where the two species of Adenostoma dominate. Unexpectedly, the 
Gray Vireo’s elevation range appeared shifted to lower elevations in the Sierra 
San Pedro Mártir, despite those mountains being taller and farther south than 
the Sierra Juárez, and the population size and density also appeared greater.

Figure 9. Wintering Gray Vireo near San Francisco de la Sierra, 9 April 2022.

Photo by Gerardo Marrón
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Despite a peak population density at middle elevations, lower elevations 
near the Sierra Juárez might profitably be searched as well. The elevation of 
the site just west of Ojos Negros where Huey, Canfield, and Harter collected 
Gray Vireos in 1927 is 700 m (Huey 1928). On 9 May 2021, at 31.9267° N, 
116.5432° W, at 600 m elevation in chaparral near a relict stand of knobcone 
pine (Pinus attenuata) on the Sierra de Ulloa, a ridge overlooking the city of 
Ensenada, Gaona-Melo audio-recorded one Gray Vireo. Therefore, we sug-
gest that the hills between the Sierra de Ulloa and Ojos Negros as a priority for 
further surveys. The Gray Vireo’s breeding range in Baja California could be 
even wider than the two ranges that make up the peninsula’s northern back-
bone. Scattered reports to eBird suggest the distribution could be continuous 
between the Sierra Juárez and Sierra San Pedro Mártir, straddling Mexico 
Highway 3, from which a broader survey is also possible and desirable. We 
only surveyed the western slope of the Sierra San Pedro Mártir and did not 
include the eastern slope in our population estimate. But there is at least a 
narrow zone of potentially suitable habitat on the steeper eastern side, Wil-
bur’s (1987) report from Rancho El Parral (30.488° N, 115.117° N) is on the 
east slope, and the southern limit of the breeding range remains uncertain.

Griffing Bancroft supposedly collected a set of Gray Vireo eggs near the 
coast, on a hillside at El Rosario (30.059° N, 115.725° W), on 19 April 1924 
(Western Foundation of Vertebrate zoology 73118). Only the data card for 
this set can now be found in the Western Foundation, however, and the card 
says the identification was by the eggs. Eggs of the Gray and Bell’s (V. bellii) 
vireos are nearly identical (René Corado pers. comm.). F. L. Hancock suppos-
edly collected a Gray Vireo at El Rosario, now in California State University, 
Long Beach, on 13 April 1954. Photos of the specimen (CSULB 938), however, 
kindly sent to us by Kelly Hood, show it to be a Bell’s Vireo. More recently, 
birders have reported from El Rosario repeatedly without noting the Gray 
Vireo, though most of this attention has been in fall; visits in spring or sum-
mer have been few (https://ebird.org/barchart?r=L461031&yr=all&m=).

In spite of our negative result for the Gray Vireo in the Sierra La Asam-
blea, the northern part of this range, still unvisited by a vertebrate zoologist, 
merits study. This is likely to require an ascent by a route different from ours 
from the southeast, or transport by helicopter. The loose rubble covering 
much of the ground renders it treacherous even for mules, yet they were the 
means by which Bullock et al. (2008) accomplished their botanical survey 
of that area. Another isolated mountain range whose vertebrates are unsur-
veyed is the Sierra de la Libertad, which lies between the Sierra La Asamblea 
and Sierra San Francisco and reaches a maximum elevation of about 1805 
m. The botanical survey of the Sierra de la Libertad (Wehncke et al. 2012) 
reached a maximum elevation of 1040 m, finding laurel sumac (Malosma 
laurina), holly-leaf cherry (Prunus ilicifolia), and  shrub live oak (Quercus 
turbinella) but not chamise or redshank.

Migration and Molt
Around La Paz in Baja California Sur, Marrón has seen wintering Gray 

Vireos as late as 17 April, and reports via eBird extend as late as 29 April, so 
the 9 April date of our specimen from the Sierra San Francisco is not excep-
tional for a winter visitor. In 2022, after leaving the Sierra San Francisco, we 
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surveyed Rancho Ancón, ~25 km southeast of La Paz, from 11 to 14 April, still 
finding one or two Gray Vireos per day. The lack of reproductive behavior or 
physiology in the few Gray Vireos we encountered in the Sierra San Francisco 
in early April 2022 leads us to discount the idea that the Gray Vireo could be 
resident so far south. Instead, the two molting specimens collected in Octo-
ber 1997 demonstrate that at least some first-year birds molt after arrival in 
the winter range, a previously unknown aspect of the Gray Vireo’s biology.

The migration of other species of vireos, the Warbling (V. gilvus) and 
Cassin’s (V. cassinii), largely skirts the Gulf of California rather than cross-
ing it. So we might expect the much shorter migration of the Gray Vireo to 
follow the same pattern. Birds breeding on the peninsula may be expected 
to migrate within it rather than crossing the gulf to mainland Mexico—a 
hypothesis to be tested.

Cross-Border Comparison
The inference that the invasion of the Brown-headed Cowbird (Molothrus 

ater) in the first half of the 1900s precipitated Upper California’s population 
collapse seems inescapable (Unitt 2008). But in northern Baja California the 
vireo has undoubtedly been exposed to the cowbird for over a century—even 
Belding collected three cowbirds at the site of Rancho Meling from 16 April to 
1 May in 1882 (specimens now in the U.S. National Museum of Natural His-
tory). In the Sierra San Pedro Mártir we saw a pair of Blue-gray Gnatcatchers 
with a fledgling cowbird. A difference between the two sides of the border in 
the incidence of cowbird parasitism is possible, but that factor alone probably 
does not account for the difference in the Gray Vireo’s status. In northern 
Baja California, average annual rainfall decreases from north to south, and 
the greater aridity may disfavor the cowbird, even though cattle are pervasive.

Our study of the Gray Vireo’s nest success in San Diego County in 2012 
and 2013 revealed that in that area the leading cause of nest failure is preda-
tion of eggs by the California Scrub-Jay (Hargrove and Unitt 2017). Possibly, 
the decreasing prevalence of oaks with decreasing latitude in Baja California 
disfavors the Scrub Jay, decreasing the pressure on the Gray Vireo. Possibly 
different patterns of land use north of the border favor the jay by comparison 
with those south of the border.

In Mexico, the Gray Vireo may face different kinds of threats than it does 
in the U.S. In the best habitat in the Sierra San Pedro Mártir we found the 
chaparral criss-crossed by bulldozed trails, some made so recently that the 
leaves on the crushed shrubs were still green. Nevertheless, it is clear that the 
Gray Vireo is faring far better in Baja California than in Upper California. The 
factors responsible for the decline north of the border may be less onerous to 
the south, or possibly they have not been at work as long.

The two sides of the border differ in their pattern of wildfires, but the 
reasons for the difference have been much debated by fire ecologists (e.g., 
Minnich 1983, Keeley et al. 1999). The pattern of more frequent but smaller 
fires (patches or mosaics) in Baja California may be better for the Gray Vireo, 
even though it uses more mature chaparral. During our surveys of the sier-
ras Juárez and San Pedro Mártir we saw ample areas where large fires had 
burned in Gray Vireo habitat. In our study in San Diego County (Hargrove 
and Unitt 2018) we found the Gray Vireo’s response to fire to be negative, 
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but our sample size was very low. The Gray Vireo’s fire ecology needs further 
study, as does how postfire recovery of chaparral may differ on either side of 
the border. Our finding a nest in the Sierra Juárez in a chamise that reached 
a height of at least 1.5 m just 6 years after a fire suggests the Gray Vireo may 
tolerate fire if it does not lead to habitat conversion. 

The history of the Gray Vireo’s population in Baja California is unknow-
able, and its current trend is unclear. But our survey of the southwestern 
extremity of the species’ breeding range revealed a population much larger 
than expected. Thus despite Baja California representing only a small part of 
the Gray Vireo’s spatial breeding range, it contributes disproportionately to 
the species’ population and therefore conservation. Any understanding of the 
species’ biology will be incomplete without consideration of its biology in the 
sierras Juárez and San Pedro Mártir. Furthermore, the importance of these 
mountain ranges to the Gray Vireo’s demography heightens the importance 
of the peninsula in context of the winter range as well. 
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aPPENdiX. List of all bird species detected at four mountain ranges in the Baja 
California Peninsula (SJ, Sierra Juárez; SSPM, Sierra San Pedro Mártir; SLA, Sierra 
La Asamblea; SSF, Sierra San Francisco). Numbers indicate maximum seen per day 
per biologist.

English name Species SJ SSPM SLA SSF

Mallard Anas platyrhynchos 74
Mountain Quail Oreortyx pictus 6 56
California Quail Callipepla californica 39 31 245a 20
Least Grebe Tachybaptus dominicus 1a, b

Rock Pigeon Columba livia 1
Eurasian Collared Dove Streptopelia decaocto 1
Common Ground-Dove Columbina passerina 2
White-winged Dove Zenaida asiatica 24 20
Mourning Dove Zenaida macroura 17 6 2 20
Greater Roadrunner Geococcyx californianus 1 1 1
Common Poorwill Phalaenoptilus nuttallii 1 1 1
White-throated Swift Aeronautes saxatalis 8 5 4 8
Anna’s Hummingbird Calypte anna 3 5 3
Costa’s Hummingbird Calypte costae 10 10 3 15
Xantus’s Hummingbird Basilinna xantusii 6
Rufous Hummingbird Selasphorus rufus 1a

Killdeer Charadrius vociferus 3
Great Egret Ardea alba 1
Green Heron Butorides virescens 1
California Condor Gymnogyps californianus 1
Turkey Vulture Cathartes aura 5 5 12 11
Northern Harrier Circus hudsonius 1
Cooper’s Hawk Accipiter cooperii 1 1 1 1
zone-tailed Hawk Buteo albonotatus 3 2 1
Red-tailed Hawk Buteo jamaicensis 3 4 4 2
Barn Owl Tyto alba 1
Western Screech-Owl Megascops kennicottii 1 1
Great Horned Owl Bubo virginianus 1 1 2 1
Northern Saw-whet Owl Aegolius acadicus 2
Acorn Woodpecker Melanerpes formicivorus 5 2
Gila Woodpecker Melanerpes uropygialis 6a

Williamson’s Sapsucker Sphyrapicus thryroideus 1
Nuttall’s Woodpecker Dryobates nuttallii 2 2
Ladder-backed Woodpecker Dryobates scalaris 2 1 4 4
Hairy Woodpecker Dryobates villosus 4 3
Northern Flicker Colaptes auratus 5 5
Gilded Flicker Colaptes chrysoides 3
American Kestrel Falco sparverius 1 1
Peregrine Falcon Falco peregrinus 1
Prairie Falcon Falco mexicanus 1
Ash-throated Flycatcher Myiarchus cinerascens 12 11 8a 17
Western Kingbird Tyrannus verticalis 6 2
Olive-sided Flycatcher Contopus cooperi 2 2
Western Wood-Pewee Contopus sordidulus 3 7
Gray Flycatcher Empidonax wrightii 2
Western Flycatcher Empidonax difficilis 4 8 5a 4
Black Phoebe Sayornis nigricans 1 2

(continued)

BREEDING STATUS OF THE GRAy VIREO IN BAJA CALIFORNIA



179

English name Species SJ SSPM SLA SSF

Say’s Phoebe Sayornis saya 1 2 1
Gray Vireo Vireo vicinior 17 32 3a

Hutton’s Vireo Vireo huttoni 3 3
Cassin’s Vireo Vireo cassinii 2 1a 1
Warbling Vireo Vireo gilvus 4 3a 1
Loggerhead Shrike Lanius ludovicianus 2 2
Pinyon Jay Gymnorhinus 

cyanocephalus
46 6

California Scrub-Jay Aphelocoma californica 19 10 6a

Common Raven Corvus corax 5 4 3 2
Verdin Auriparus flaviceps 2 3 25
Mountain Chickadee Poecile gambeli 11 16
Oak Titmouse Baeolophus inornatus 8 8
Horned Lark Eremophila alpestris 9 8
Violet-green Swallow Tachycineta thalassina 8 16 3
N. Rough-winged Swallow Stelgidopteryx serripennis 1
Purple Martin Progne subis 5 2
Cliff Swallow Petrochelidon pyrrhonota 14
Bushtit Psaltriparus minimus 38 38
Wrentit Chamaea fasciata 7 27
Ruby-crowned Kinglet Corthylio calendula 3 1
Phainopepla Phainopepla nitens 2 13 4 16
White-breasted Nuthatch Sitta carolinensis 2 2
Pygmy Nuthatch Sitta pygmaea 9 20
Blue-gray Gnatcatcher Polioptila caerulea 5 25 16 30a

California Gnatcatcher Polioptila californica 3 5 2
Rock Wren Salpinctes obsoletus 4 7 2a 2
Canyon Wren Catherpes mexicanus 1 1 1 3
Cactus Wren Campylorhynchus 

brunneicapillus
1 1 7a 10

Bewick’s Wren Thryomanes bewickii 14 12 10 2
House Wren Troglodytes aedon 3 11 2
Gray Thrasher Toxostoma cinereum 5 4
California Thrasher Toxostoma redivivum 4 5
Northern Mockingbird Mimus polyglottos 1 3 3
European Starling Sturnus vulgaris 11
Western Bluebird Sialia mexicana 30 12
Hermit Thrush Catharus guttatus 2a 2
American Robin Turdus migratorius 6
House Sparrow Passer domesticus 3 8
House Finch Haemorhous mexicanus 40 16 5a 13a

Cassin’s Finch Haemorhous cassinii 3
Red Crossbill Loxia curvirostra 2
Pine Siskin Spinus pinus 1 5
Lesser Goldfinch Spinus psaltria 3 16 5 6
Lawrence’s Goldfinch Spinus lawrencei 3 6
Black-throated Sparrow Amphispiza bilineata 4 3 22a 17
Lark Sparrow Chondestes grammacus 1
Chipping Sparrow Spizella passerina 3 8
Black-chinned Sparrow Spizella atrogularis 14 6 6a 1
Brewer’s Sparrow Spizella breweri 8 6

(continued)
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English name Species SJ SSPM SLA SSF

Fox Sparrow Passerella iliaca 3
Dark-eyed Junco Junco hyemalis 5 10 3
White-crowned Sparrow Zonotrichia leucophrys 7a 40
Bell’s Sparrow Artemisiospiza belli 9 6
Lincoln’s Sparrow Melospiza lincolnii 1
California Towhee Melozone crissalis 4 13 10 21
Rufous-crowned Sparrow Aimophila ruficeps 7 5a

Green-tailed Towhee Pipilo chlorurus 7a

Spotted Towhee Pipilo maculatus 10 21
Western Meadowlark Sturnella neglecta 1
Hooded Oriole Icterus cucullatus 2 8a 15a

Bullock’s Oriole Icterus bullockii 2
Scott’s Oriole Icterus parisorum 4 9 5 3
Red-winged Blackbird Agelaius phoeniceus 10
Brown-headed Cowbird Molothrus ater 2 2
Brewer’s Blackbird Euphagus cyanocephalus 10
Black-and-white Warbler Mniotilta varia 1
Orange-crowned Warbler Leiothlypis celata 5 1
yellow Warbler Setophaga petechia 1 1
yellow-rumped Warbler Setophaga coronata 1 2
Black-throated Gray Warbler Setophaga nigrescens 7 8 1a 4a

Townsend’s Warbler Setophaga townsendi 2a 1
Hermit Warbler Setophaga occidentalis 2a

Wilson’s Warbler Cardellina pusilla 6a

Western Tanager Piranga ludoviciana 1
Northern Cardinal Cardinalis cardinalis 5
Pyrrhuloxia Cardinalis sinuatus 1
Black-headed Grosbeak Pheucticus melanocephalus 5 12 3 1
Lazuli Bunting Passerina amoena 1

aSpecimen(s) collected, deposited at the Universidad Autónoma de Baja California, Ensenada.
bSee Ruiz-Campos et al. (2023) for details.

aPPENdiX (continued).
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ABSTRACT: The Tricolored Blackbird has been in a severe population decline 
due to habitat loss and other factors. It is now heavily dependent on agricultural 
landscapes such as hay fields for foraging and grain fields for nesting. Dairies are 
known to provide a concentrated food source throughout the year in the form of 
grain gleaned from cattle feed. For nesting, however, Tricolored Blackbirds require 
large quantities of insects for their young. A colony of Tricolored Blackbirds in the 
San Jacinto Valley, Riverside County, in southern California, fed their young large 
numbers of house flies from nearby dairy-cattle yards, as well as drone fly larvae from 
dairy-effluent ponds. At this colony, 67% of the nestlings’ food came from the dairy 
and another 13% from the adjacent hay fields. Most other insects came from irrigated 
weedy growth adjacent to wetlands. Such an intense reliance on dairies is risky for 
the blackbirds as urbanization is displacing the dairy industry in the San Jacinto 
Valley and many other areas of California. Another potential risk to the blackbirds 
is the use of pesticides at dairies for fly control. Further research is recommended to 
determine if this utilization of flies from dairies is widespread in California. Research 
is also needed to quantify the decrease of insects in drought-stricken landscapes and 
how this may affect the Tricolored Blackbird’s reproductive success. 

The Tricolored Blackbird (Agelaius tricolor) is a colonial songbird that has 
declined from an estimated 1.5 million nests representing 2–3 million birds in 
the 1930s (Neff 1937) down to a current estimated population of 218,000 birds 
(Meese 2022a). The species has a restricted range, with most of the population 
found in California’s Central Valley and surrounding grasslands and smaller 
populations south to northern Baja California and north to Washington State 
(Unitt 2004, McCormick 2017, Beedy et al. 2018, Erickson et al. 2021). The 
species was listed as threatened under the California Endangered Species 
Act in 2018 (California Fish and Game Commission 2018). Loss of both of 
nesting sites and foraging habitat—grasslands and open shrublands—is the 
overarching cause for population declines (Hamilton 2004, Airola et al. 2015, 
2023, Clipperton 2018). Prior to the widespread conversion of the Central 
Valley to agriculture, tricolors nested in vast marshes of cattails (Typha spp.) 
and bulrushes (Schoenoplectus spp.) (Neff 1937). They still nest in remaining 
wetlands, but nesting has shifted substantially to include tall weeds, black-
berry thickets, nettles, and other dense and/or armored plants (Graves et al. 
2013, Meese and Beedy 2015, Airola et al. 2016). Tricolors are now heavily 
dependent on agricultural landscapes. Many colonies nest in fields of triticale 
grown for silage for dairy cattle, where the birds are vulnerable to losses when 
the crop is harvested (Cook and Toft 2005, Meese 2006, Beedy et al. 2018, 
Castañeda et al. 2023). Hayfields, especially of alfalfa (Medicago sativa), pas-
tures, and rangeland supply the large volume of insects the offspring require 
(Beedy et al. 2018, Airola et al. 2023). Foraging in the nonbreeding season is 
also in agricultural fields and grasslands and is often concentrated at dair-
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ies and feedlots where virtually unlimited grain is available to be gleaned 
(Meese 2015). 

Foraging for insects is opportunistic, with tricolors homing in on locally 
abundant large insects, often lepidopterous larvae or grasshoppers, though 
they consume a very wide variety of other taxa (Crase and DeHaven 1977, 
Meese 2013). When insect supplies are insufficient, nesting colonies can be 
entirely or partly abandoned and fewer young are produced. From 2006 to 
2011 the reproductive output of many colonies statewide was low, with lower 
rates correlating with a reduced abundance of insect prey. Colonies near dair-
ies suffered low reproductive output along with colonies distant from dairies 
(Meese 2013). Meese (ibid.) discussed the potential detriment to tricolors 
of feeding their young grain from dairies, since grains are difficult to digest 
and insufficient for growth of tricolors under nine days of age (Crase and 
DeHaven 1977, Skorupa et al. 1980). Thus low reproductive success near 
dairies could be attributed to feeding nestlings the food to which adults are 
accustomed, namely, grain. 

In contrast, since 2018 the number of Tricolored Blackbirds nesting 
successfully in triticale in the San Joaquin Valley has increased thanks to 
to coordinated protection of colonies (Castañeda et al. 2023). Even though 
the food sources for these colonies in triticale are not known, at least some 
tricolors nesting in agricultural settings are finding insects sufficient for 
successful nesting. 

Tricolored Blackbirds have declined in southern California as well. In 
at least the past two decades, the northern San Jacinto Valley in Riverside 
County has supported the largest numbers of Tricolored Blackbirds in the 
region (Cook 2010). This agricultural valley is dominated by dryland grain 
farming and dairies that grow alfalfa, triticale, and other forage crops. Promi-
nent in the valley is the 7700-hectare San Jacinto Wildlife Area (SJWA), where 
Tricolored Blackbirds have nested intermittently since at least 1988 (Beedy et 
al. 1991). The population in the northern San Jacinto Valley declined from a 
high of 35,000 birds in 1997, when the Western Riverside County Regional 
Conservation Authority initiated regular surveys (WRC-RCA 2011), to 
only 1600 birds in 2021 (Meese 2022b). Reasons for this decline are not fully 
understood, but one is loss of farmland, as housing and warehouses are fast 
encroaching on agricultural land in this region. An insufficient supply of 
insects at the SJWA was the suspected cause of nesting failures and/or low 
reproductive output in 2016 and 2017 (WRC-RCA 2016, 2017). For nesting 
in the San Jacinto Valley, the birds colonize marshes, flooded ditches, patches 
of dense weeds, flood-control channels and occasionally triticale fields. (Cook 
2010, WRC-RCA 2011). 

During the nonbreeding season in the San Jacinto Valley, Tricolored 
Blackbirds are most often seen congregating at dairies where they glean grain 
(A. Metcalf, compiler, San Jacinto Lake Christmas Bird Count, pers. obs.). 

METHODS

In our study, Goodward was responsible for the field work, Diaz for the 
statistical analysis.
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Study Site
In early May of 2022, Tricolored Blackbirds established a nesting colony on 

the SJWA, centered at 33.8623º N, 117.0726º W, next to Bridge Street Pond. 
The SJWA encompasses 237 hectares of restored wetlands, and it is contiguous 
with approximately 96 hectares of private hunt club wetlands. Both the pri-
vate and public wetlands consist of shallow ponds maintained for waterfowl. 
These ponds are filled in September, drained in April and May, and disked 
during the summer on a rotating basis to reduce excessive cattail growth and 
to allow for cultivation of food plants favored by waterfowl. Interspersed with 
the wetlands are bands of riparian growth and upland habitats of alkali sage 
scrub, non-native grasslands, and weedy fields, in all of which Tricolored 
Blackbirds have foraged. The SJWA also manages spring/summer wetlands 
for the benefit of Tricolored Blackbirds. In 2022, all unirrigated habitat was 
exceptionally dry. 

The colony was located in dense cattails with small patches of bulrushes 
in a marsh measuring approximately 75 × 130 m, bordered to the northwest 
by an extensive series of waterfowl ponds. To the northeast lies the bed of 
ephemeral Mystic Lake, dry in 2022, with a wide expanse of native forbs and 
introduced weeds, small and stunted due to the scant winter/spring rainfall. 
Fallow fields and a riparian channel were to the southeast, and a dairy to the 
southwest, with fields of alfalfa and perennial ryegrass (Lolium perenne) just 
across the road from the colony site. The closest dairy buildings are 1 km 
away. Tall weeds bordered the colony site, growing in a swath 5–10 m wide, 
sustained by seepage. These plants included introduced grasses, Prickly 
Sow-thistle (Sonchus asper), Cheeseweed (Malva parviflora), Horseweed 
(Conzya canadensis), Tumbleweed (Salsola tragus), Curly Dock (Rumex 
crispus), Lamb’s Quarters (Chenopodium album), and other species of the 
Chenopodiaceae. The dominant weed adjacent to the colony was the non-
native Perennial Pepperweed (Lepidium latifolium). Once the birds settled 
into this site, the water depth was maintained at about 0.5 m until the birds 
were finished breeding at the end of June.

We visited the colony approximately twice weekly, starting on 5 May 
during the establishment period, and continuing until virtually all nesting 
was complete on 1 July. Each observation period lasted 2–4 hours, for a total 
of about 40 hours at and near the colony. Our dual purpose was to identify 
the habitats in which the birds foraged and to identify the insects brought 
back for the young. Observations were of three types: (1) timed tallies of 
birds returning to the colony to feed their young, (2) observations of adults 
gathering food for their young in surrounding habitats, and (3) opportunistic 
observations of feeding behavior around the nesting colony. 

Observational Methods
For observations at the colony, we used 10 × 42 binoculars while stand-

ing next to a car on the levee surrounding the marsh, approximately 50 m 
from the birds’ activity. At this distance, the birds did not exhibit any alarm. 
We took photos with a point-and-shoot camera with 83× zoom of returning 
birds as they briefly perched with their bills full of insects prior to flying in 
to their young. 

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES
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For the tallies of birds bringing food to nestlings or fledglings, on each day 
we visited the colony we counted the birds returning during periods of 10 
minutes, one period for each direction from which the birds were bringing 
food. On most days, birds were returning from only two different foraging 
locations/directions. In these cases, we sampled the second line of returning 
birds about 3 minutes after finishing with the first line of birds, after having 
moved to a new vantage point from where we could get the most accurate tally. 
We defined a feeding visit as a bird returning to the colony either singly or as 
part of a line of birds, then dropping into the cattails, presumably to feed its 
young. Initially, we tried to count only birds carrying visible insects in their 
bills, but because some may have had food concealed within their bills, we 
reverted to counting any bird that entered the cattails as part of a returning 
feeding flock. For example, if seven birds returned together to the colony, at 
least some of which had visible food, we counted this as seven feeding visits. 
To observe tricolors foraging, we visually followed the lines of birds out to 
the sources of their insect supplies, generally on foot, sometimes by car. For 
long-distance tracking of outgoing flocks, we used a 10–60× spotting scope. 
Most foraging took place within 1.2 km of the colony, and all within 2 km. 
The area where the birds were feeding could be located in all cases but one. 
For birds foraging at the dairy, we could not enter the premises but were 
given permission to observe the birds from the boundary road, which allowed 
observation at distances of about 20 to 100 m. We identified adult flies on 
the basis of Gerry (2015) and InfluentialPoints.com (2013) and the immature 
stages of drone flies from Essig (1926) and Pfiester and Kaufman (2009). We 
took photos of birds with insect prey in their bills as they paused briefly at 
the edge of the dairy, prior to their flying toward the colony. 

Data Preparation and Statistical Analysis
To standardize comparisons of the nesting colony’s relative preference for 

different feeding habitats on different days, we transformed counts of indi-
vidual feeding visits into proportions of the total counts from each habitat 
on a given observation day. To investigate the relationship between habitat 
and the likelihood of observing a feeding visit, we ran a regression analysis 
with habitat as a predictor variable and proportion of daily total counts as the 
response variable. Although this response variable takes a value from 0 to 1, its 
distribution is not continuous because the counts represent a binary outcome 
(feeding visit observed or not). Therefore, these data violate the assumptions 
for standard linear regression, which require a scalar response. Instead, we 
used logistic regression to model the proportion of daily total counts as a 
binary response variable. In this method, a generalized linear model (Nelder 
and Wedderburn 1972) with a binomial distribution and logit-link function 
represents the relationship between the predictor (habitat) and the logarithm 
of the odds of a feeding visit being observed.

The quality of the model’s fit was estimated with McFadden’s pseudo 
R2, a relative measure that quantifies the improvement in the model’s fit by 
comparing the log-likelihood of the fitted logistic regression model to the 
log-likelihood of the null (intercept-only) model (McFadden 1974). McFad-
den’s pseudo R2 differs from the R2 in linear regression, which is a measure 
of the proportion of the variance explained by the predictors in the model. 

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES
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Both of these values range from 0 to 1, with higher values indicating a better 
fit. However, values of McFadden’s pseudo R2 are generally low, with a value 
from 0.2 to 0.4 representing a model with “excellent fit” (McFadden 1977).

RESULTS

We estimated that 700–800 adult tricolors, plus a few Red-winged Black-
birds (Agelaius phoeniceus) and one pair of yellow-headed Blackbirds (Xan-
thocephalus xanthocephalus), constituted the colony. Settling, nest-building, 
and egg-laying took place during the first two weeks of May. Foraging flocks 
during this period were concentrated at a dairy 1.2 km away, and we pre-
sumed that the birds were still gathering grain from the cattle feed as they 
had during the nonbreeding season at this and other local dairies. No forag-
ing was observed in the alfalfa and perennial ryegrass fields located between 
the dairy buildings and the colony site during this phase. Incubation started 
around 18 May, as determined from bioacoustic data from a recorder next 
to the marsh (Schackwitz 2022). Once the eggs began hatching, the birds 
continued to concentrate their activity on the closest dairy. Figures 1 and 2 
summarize the 5175 feeding visits tallied through 1 July, when all birds had 
fledged. During this interval, the birds foraged in three habitats/locations: 
the dairy cattle yards and effluent ponds, the hayfields adjacent to the colony, 
and weedy fields both adjacent to the colony and up to 1 km away on the dry 
bed of Mystic Lake. One small set of incoming birds on 12 June could not be 
tracked; these are listed as unknown. 

Our observations of daily feeding visits are well represented by a logistic 
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Figure 1. Number of feeding visits by date and habitat of Tricolored Blackbirds nesting 
at the San Jacinto Wildlife Area, 2022. A feeding visit is defined as an individual bird 
observed to be or presumed to be carrying food into the colony for its young during 
a 10-minute period (see Methods). Totals for 12 June likely include some return visits 
by the same individuals foraging in weeds very close to the colony.
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Figure 2. Mean proportions (with 95% confidence intervals) of total counts of 
Tricolored Blackbirds arriving at the colony at the San Jacinto Wildlife Area from each 
habitat (dairy, hayfield, weeds, and unknown) by observation day (n = 12). 

Table 1 Logistic Regression Model Relating the Proportion of 
Feeding Visits to the Tricolored Blackbird Colony at the San Jacinto 
Wildlife Area to Foraging Habitatsa

Variable
Estimated 
coefficient Standard error t p

Dairy (intercept) 1.0319 0.4381 2.356 0.023
Hayfield –2.9223 0.7197 –4.060 <0.001
Weeds –2.9439 0.7234 –4.070 <0.001
Unknown –6.9181 3.6943 –1.873 0.068

aMcFadden’s pseudo R2 = 0.414.

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES

model that takes habitat (dairy, hayfield, weeds, or unknown) as a predictor 
variable. The value of McFadden’s pseudo R2 is 0.41, indicating an excellent 
fit (Table 1). On the basis of our model, we are 95% confident that for a given 
10-minute interval during the total observation period, the probability of 
observing a feeding visit from the dairy was between 0.64 and 0.81 (Figure 1). 
The odds of observing a feeding visit from either the hayfield or the weeds 
was 0.05 times the odds of observing a feeding visit from the dairy (p < 0.001). 
Feeding visits from unknown sites were highly unlikely, but the small number 
of observations did not permit further statistical interpretation (p = 0.06).

Overall, two-thirds of the feeding visits were from the dairy. During the 
nestling stage, tricolors coming from the dairy were mostly carrying clus-
ters of small dark winged insects, generally too small or mangled to allow 
for accurate identification. On a 4 June visit to the dairy, we watched about 



187

200 tricolors walking about in the cattle pens, snapping up insects from on 
or near the ground with short directed flights and lunges. They also flipped 
over flakes of manure, and although we did not see any insects taken in this 
manner, this maneuver appeared to be foraging behavior. Other groups of 
tricolors emerged from farther inside the dairy, flying low back toward the 
colony, sometimes landing briefly on low shrubs or fence lines with their bills 
packed with winged insects. Photographs showed these to be medium-sized 
muscoid flies (superfamily Muscoidea) (Figure 3). The vast majority of the 
flies alighting nearby were house flies (Musca domestica), and we concluded 
that this was the main prey item the birds were obtaining at the dairy. 

In early June, we began seeing tricolors returning from the dairies with 
bills packed with larvae of the drone fly (Eristalis tenax) with their charac-
teristic breathing siphons visible (Figures 4, 5). On 7 June, we watched from 
a distance of 100–140 m a flock of about 200 tricolors walking slowly around 
the partially filled dairy-effluent ponds, concentrated at the edge of open 
water, probing frequently into the muck with their bills inserted deeply into 
the substrate. This probing was notably different from the lunges and short 
flights observed at the cattle yards, and since this was the only wetland or 
muddy habitat in this foraging area, it clearly was the source of the drone fly 
larvae brought back to the nestlings. A few of the birds at the effluent ponds 
also hunted among the horseweed and on the dry mud at the pond edges. 
During mid-June, the birds coming from the dairy were spread out, and it 
was difficult to distinguish how many originated at the cattle yards and how 

Figure 3. Female Tricolored Blackbird with flies from nearby dairy.

Photo by David M. Goodward

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES
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Figure 5. Male Tricolored Blackbird with drone fly larvae from nearby dairy.

Photo by David M. Goodward

Figure 4. Female Tricolored Blackbird with drone fly larvae from nearby dairy.

Photo by David M. Goodward
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many came from the effluent ponds. On 11 June, a 10-minute count from 
the edge of the dairy property yielded 329 returns from the effluent ponds 
and 340 from the cattle yards. This result suggested that, on at least some 
occasions, drone fly larvae provided a major source of food for the nestlings. 

In mid-June, a few Tricolored Blackbirds brought orange-tinted, curved 
flakes back from the dairy for their nestlings (Figure 6). From photographs, 
the dairy owner identified these as almond hulls, a readily digestible, high-
protein feed for cattle (Swanson et al. 2021). Almond hulls are the relatively 
soft layer around the hard shell of the almond. We did not quantify how many 
almond hulls were brought to the colony, but they were clearly outnumbered 
by insect prey. 

In addition to the 67% of the feeding visits coming from the dairy, another 
13% came from the hay fields between the colony and the dairy. The birds 
searched here during and immediately after the hay was cut (both alfalfa and 
ryegrass), and also when it was being irrigated by overhead sprinklers. We did 
not quantify the types of food brought in from these fields but did frequently 
note lepidopterous larvae.

The remaining 20% of feeding visits originated in rank weedy vegetation 
next to the colony and the waterfowl ponds as well as up to 1 km out on the bed 
of Mystic Lake. Nearby Perennial Pepperweed provided food for the tricolors 
in the form of swarms of small and medium-sized flies, including house flies, 
that were nectaring at the flowers. The tricolors picked flies off of the flow-
ers and also foraged underneath their canopy for other unidentified insects. 

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES

Figure 6. Female Tricolored Blackbird with almond hulls from nearby dairy.

Photo by David M. Goodward
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We observed foraging in semi-native upland habitat only on 9 June, 
when 115 tricolors in small flocks hunted in a dry weedy drainage channel 
and adjacent alkali scrub, capturing grasshoppers (Trimerotropis sp.) from 
among the scattered saltbushes (Atriplex spp.). Since these birds were seen 
at a foraging area rather than counted as they flew in to the colony site, they 
are not included in Figures 1 and 2. 

Foraging within the marsh itself was restricted to tricolors hawking for 
insects above the cattails. These birds, mostly males, would fly slowly upward, 
stretch their heads up and snag a single insect, then drift back down to the 
cattails. They would often consume these captures themselves rather than 
take them to nestlings. In past years at the SJWA, we identified mayflies 
(Ephemeroptera) and a species of earwig (Labidura riparia) as slow-flying 
prey taken above the marsh, but other insects are likely taken this way as well. 

After many of the young had fledged and were accompanying adults away 
from the colony (18 and 27 June and 1 July), small flocks of tricolors (and 
many Red-winged Blackbirds) frequented the drying waterfowl ponds, pick-
ing insects and/or seeds off of the surface of the mud and from the weedy 
berms. Red-winged Blackbirds fed on the seeds of Canary Grass (Phalaris sp.) 
but this grass was ignored by the tricolors, which did, however, feed on the 
unripe seeds of Japanese millet (Echinochloa esculenta) planted for wildlife by 
the SJWA’s staff. Surveys were ended on 1 July. We did not quantify reproduc-
tive success but noted flocks of 20–80 immatures and adults in the fields and 
wetlands surrounding the colony and at the dairy pens and effluent ponds. 
We did not see large crèche concentrations of juveniles, suggesting overall 
reproductive success was fairly low. 

DISCUSSION

Flies have previously been documented as one of many insect groups 
tricolors consume (e.g., Skorupa et al. 1980, Cook 2016). Our observations 
are notable in that immature and adult flies from a dairy constituted the main 
food source for the nestlings and fledglings at a Tricolored Blackbird colony.

The two most common nuisance flies at dairies in California and over 
much of the United States are house flies and stable flies (Stomoxys calcitrans) 
(Meyer and Peterson 1983, Meyer and Shultz 1990, Gerry 2008), and the lo-
cal dairy owner corroborated my observation that the house fly is the most 
common species at his dairy. The larvae of drone flies are known as rat-tailed 
maggots, and they commonly occur in stagnant water and muck, often high 
in organic matter and low in oxygen (Pfiester and Kaufman 2009). They 
are commonly reported from cattle-effluent ponds (Day 2008, Wilson et al. 
2009). Since both house flies and rat-tailed maggots occur regularly in high 
numbers at dairies, they may constitute a reliable food source for tricolors 
when other insect prey is not available. 

The tricolor’s use of almond hulls as food has not previously been 
documented. Even though the hulls do not look like grain, the tricolors 
have learned to recognize them as a potential food. We cannot estimate how 
many almond hulls were brought in, or say whether or not they contributed 
to successful fledging, but the consumption of almond hulls is something to 
be looked for in other colonies near dairies. 

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES
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Our observations are another demonstration of the Tricolored Blackbird’s 
ever-increasing dependence on agricultural landscapes. Adding in the 13% of 
the feeding visits originating in the dairy’s hay fields raises the nestlings’ and 
fledglings’ dependence on dairies to 80%. Why did the tricolors largely ignore 
the thousands of acres of open grassland and wetlands at the SJWA and focus 
on the dairies? The simplest answer is that they were being opportunistic by 
using the most concentrated and reliable food source close to their colony. 

We strongly suspect that in 2022 drought reduced the number of insects 
in unirrigated land, forcing the birds to forage for insects at the dairy. During 
the 2021–2022 rainy season (October–April), precipitation at Hemet, 6 km 
from the study site, was 151 mm, compared to the previous 30 years’ average 
of 247 mm (National Weather Service 2023). T. Trakes of SJWA confirmed the 
area was notably dry, with little bloom of annual plants and sparse growth in 
unirrigated habitats. The failure of the tricolors’ attempt to nest in April 2022 
is further evidence that neither the wetlands themselves nor the surrounding 
upland fields had enough insects to support a robust colony in such a dry 
year. The birds at this early colony (3 km from the dairies) foraged mostly 
in the dry fields adjacent to the nesting marsh. Although multiple biologists 
observed feeding visits and fecal-pellet removal there (Nick Peterson, pers. 
comm.), the colony dwindled toward the end of April as the birds moved to 
Bridge Street Pond, which, significantly, is only about 1 km from the dairies.

There have been no long-term studies of insect abundance in southern 
California grasslands or scrublands, which could confirm the apparently 
obvious consequence of drought-induced desiccation of vegetation, that is, 
the subsequent loss of insect biomass. In Baja California, the southernmost 
population of the Tricolored Blackbird is on the verge of extirpation due to 
“chronic drought, rising temperatures, and habitat losses” (Erickson et al. 
2021:207). Important rangeland populations of the tricolor in the southern 
Sierra Nevada foothills have been depressed by drought by reducing nest-
ing substrates (Airola et al. 2016). In 2021, Castañeda et al. (2023) noted a 
drought-related population reduction in the Sierra foothills, though it was 
not clear whether it was due to a reduction in breeding substrate or in food 
availability. Given this context, we believe that the dairy was the dominant 
and perhaps only source of abundant insects available to the tricolors near 
SJWA in 2022, owing to a drought-induced dearth of insects elsewhere. 

The Tricolored Blackbird’s dependence on dairies raises concerns, includ-
ing exposure of the birds to pesticides. Clipperton (2018) and others have 
warned that the species may be susceptible to reproductive losses from pes-
ticides. Dairies are often subject to complaints over nuisance flies, especially 
in areas like the San Jacinto Valley that are undergoing conversion to suburbs, 
and dairy owners may resort to pesticides in response. Dairy operators are 
also concerned with stable flies because their painful bites distress the cattle 
and reduce milk production when the flies are abundant (Gerry et al. 2007). 
Pesticides are often used to control stable flies (ElAshmawy et al. 2021), 
and Tricolored Blackbirds might inadvertently be affected by this practice. 
It would be beneficial if the San Jacinto Valley tricolors could be “weaned” 
from dairy foraging, at least in the breeding season, by a reinstatement and 
expansion of irrigated foraging habitat at the SJWA, such as that reported by 
Cook (2016). In the short term, tricolors will likely continue to use the con-

TRICOLORED BLACKBIRDS’ RELIANCE ON INSECTS FROM DAIRIES
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centrated food dairies provide, yet wildlife agencies need to plan for the time 
when those resources are no longer available. The dairies of the northern San 
Jacinto Valley are following the pattern widespread in southern California, in 
which the dairy owners are selling their properties to developers for urban-
ization (Hirsch 2006). The SJWA will remain, but the dairies likely will not. 

We suggest that researchers monitoring Tricolored Blackbird nesting in 
silage crops in the San Joaquin Valley make efforts to evaluate the contribu-
tions of foraging at dairies for flies. This practice may actually be widespread, 
and it may contribute substantially to the blackbird’s conservation statewide, 
especially in drought years. The tricolor’s use of almond hulls at dairies also 
needs further investigation. The threats to the Tricolored Blackbird posed by 
the reduction in size of the dairy industry statewide may be unappreciated 
and warrant further study. 

POSTSCRIPT

The 2022–2023 season saw exceptionally heavy rainfall in California, with 546 
mm at Hemet (https://www.weather.gov/wrh/climate?wfo=sgx). The 2022 colony 
site was not occupied as of the time of publication, but elsewhere on the SJWA, 1 
km from a different dairy, a colony of 1200 tricolors bred successfully in April and 
May 2023, feeding their young mostly on lepidopterous larvae from lush non-native 
grasslands. Only two tricolors were seen at the dairies in 11 hours of observation 
spread over eight days of the provisioning period. A small late nesting was initi-
ated at the site the birds used in 2022, but it was abandoned prior to hatching for 
unknown reasons.
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ABSTRACT: Birds breeding in grassland have declined steeply over the last 
50 years, and green-space systems in Colorado’s urbanizing Front Range have not 
maintained all grassland bird species the area originally supported. Patch area af-
fects the species richness of urban green spaces, and researchers have suggested that 
protecting or enlarging green spaces should be effective ways to maximize richness 
and mitigate species loss. In the Front Range, protection of urban green space is 
expensive, conservation budgets are limited, and tools are needed to guide strategic 
protection decisions. Front Range planners use patch area as a criterion to prioritize 
grassland conservation, but the explanatory and predictive powers of patch area have 
not been comprehensively assessed. Using eBird community science data, I found 
that log-transformed grassland patch area was positively associated with the species 
richness of grassland birds and explained a large portion of its variance. However, 
95% simultaneous prediction intervals for species richness were wide, and those 
of the smallest and largest patches examined overlapped. Thus the model cannot 
precisely predict a number of species, and it should not be used to quantitatively 
evaluate the expected return on investment from financial allocations to protect or 
enlarge grassland patches. Nonetheless, the model’s explanatory power supports the 
use of grassland patch area as a general principle guiding conservation of grassland 
birds. Planners should consider it among a suite of other habitat characteristics and 
prioritize large, regularly shaped grassland patches situated close to other grassland 
patches and with limited nearby forest cover and urban development. 

As human populations grow and economic development proceeds, urban 
areas will continue to expand. In one global assessment, zhou et al. (2019) 
projected that by 2050 urban cover will exceed 1.68 million km2, a 40% in-
crease over 2012. Urbanization affects ecosystem composition (e.g., Chace 
and Walsh 2006, McKinney 2008), structure (e.g., Hahs and McDonnell 
2006), and function (e.g., Paul and Meyer 2001), and these effects extend 
beyond a city’s physical boundaries to include a larger regional “footprint” 
required for resource extraction and waste absorption (Leu et al. 2008, New-
man 2006). One ecosystem change associated with increasing urbanization is 
a reduction in the number of bird species as species that nest on the ground 
or in the interior of habitat blocks are lost and synanthropic species, be they 
native or exotic, increase (Chace and Walsh 2006, Marzluff 2001). Urbaniza-
tion drives changes in bird populations and communities through habitat 
loss and fragmentation, reduced connectivity, altered vegetation composition 
and structure, resource competition with invasive species, predation and 
nest parasitism, human disturbance, and other mechanisms (Marzluff 2001, 
Marzluff and Ewing 2001). The loss of urban biodiversity reduces human 
well-being, opportunities for research and education, local biodiversity, and 
other ecosystem services (Dearborn and Kark 2010). As a result, many cities 
plan to conserve urban biodiversity (Nilon et al. 2017).

For urban green spaces, area is a primary determinant of bird species 
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richness, and researchers have suggested that protecting large green spaces 
or enlarging already protected spaces should be effective ways to maximize 
richness or mitigate species loss (e.g., Callaghan et al. 2018, La Sorte et al. 
2020). Protecting and enlarging existing green spaces may be particularly 
important where habitats extend beyond a green space’s administrative bound-
aries, remaining vulnerable to conversion. In urban areas, conservation of 
green space is challenged by the high cost of land acquisition (Nolte 2020) 
and limited budgets. Thus resources must be allocated strategically, with the 
benefits of anticipated species conservation weighed against economic costs. 
For example, Wilson et al. (2007) modeled the relationship between species 
richness and area to assess the marginal benefit of conservation measures, 
including land acquisition, and to strategically allocate investments based on 
modeled marginal benefits. Such a strategic approach requires models that 
can reliably predict species richness from area. Existing statistical guidance 
addresses the evaluation of the explanatory and predictive performance of 
such models (Boecklen and Gotelli 1984, Power 1993), but, to my knowledge, 
previous researchers have not applied the full suite of evaluative statistical 
techniques to the models developed for conservation of urban green space.  

Across North America, grassland birds have declined by 53% since the 
1970s, the greatest avian decline in any biome (Rosenberg et al. 2019). Within 
Colorado, between 1966 and 2019, five grassland bird species declined (Sauer 
et al. 2020). Most of Colorado’s Front Range urban corridor, the state’s most 
populous region and commonly referred to as simply the Front Range, lies 
within the Shortgrass Prairie Bird Conservation Region (U.S. NABCI Commit-
tee 2000). A historical analysis revealed that the Front Range’s existing green 
spaces may not sustain all species of shortgrass prairie birds (Jones and Bock 
2002). A regional conservation assessment plans to use patch area as a factor to 
prioritize grasslands and other terrestrial habitats for protection, enhancement, 
and restoration (C. Hawkins, The Nature Conservancy, Denver, pers. comm.). 
To support conservation planning in the Front Range, I tested a model relating 
the species richness of grassland birds to the area of grassland patches, ignoring 
administrative boundaries of established green spaces. A model demonstrat-
ing a significant positive relationship would support protecting large urban 
green spaces or enlarging existing green spaces beyond current administrative 
boundaries to encompass the entirety of patches of natural grassland. I further 
evaluated the model’s predictive ability to determine whether it could be used 
to assess the marginal benefit of actions toward grassland conservation.   

METHODS

Study Area

The boundaries of my study area represent the intersection of the Front 
Range and the Shortgrass Prairie Bird Conservation Region (Figure 1). I 
defined the Front Range as the Denver–Aurora and Pueblo–Cañon City 
combined statistical areas plus the adjacent Fort Collins and Colorado 
Springs metropolitan statistical areas. Combined statistical areas are regions 
based on social (e.g., weekend recreation) and economic (e.g., commodity 
distribution) interactions between areas (census.gov). This region contains 
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Figure 1. Colorado’s Front Range (study area) and overlapping grassland patches. The 
study area represents the intersection between U.S. Census Bureau statistical areas 
(Colorado Springs, Denver–Aurora, Fort Collins, and Pueblo–Cañon City; census.gov) 
and the Shortgrass Prairie Bird Conservation Region (U.S. NABCI Committee 2000). 

5.0 of Colorado’s 5.8 million people (86%) (https://www2.census.gov/
programs-surveys/decennial/2020/data/, accessed 19 November 2021). Bird 
Conservation Regions are defined by their bird communities, habitats, and 
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challenges in natural-resource management. Falling in the Rocky Mountains’ 
rain shadow, the Shortgrass Prairie Bird Conservation Region is characterized 
by vegetation of limited height and diversity and supports some of North 
America’s birds in greatest need of conservation, such as the Mountain Plover 
(Charadrius montanus) and Burrowing Owl (Athene cunicularia; U.S. NABCI 
Committee 2000). For breeding grassland birds, one potential stressor is a 
shift from a grazing regime characterized by bison and prairie dogs to one 
characterized by cattle (U.S. NABCI Committee 2000).

Species Richness and Grassland Patch Area
From the 13 Colorado counties—Adams, Arapahoe, Boulder, Broomfield, 

Denver, Douglas, El Paso, Elbert, Fremont, Jefferson, Larimer, Pueblo, and 
Weld—overlapping the study area, I selected complete checklists submitted to 
https://ebird.org by either stationary or traveling observers from 2003 to 2019. 
Since 2002, eBird participants have reported bird occurrence and abundance 
through checklists, and for Colorado, as of 3 December 2021, observers had 
entered 1.3 million complete checklists. I filtered and retained checklists that 
included bird species for which the North American Bird Conservation Initia-
tive (2016) listed grassland as a major breeding or nonbreeding habitat. I further 
refined the species list by retaining species only if they were included in a recent 
breeding bird atlas of Colorado (Colorado Bird Atlas Partnership 2016) or their 
nonbreeding range overlapped Colorado (Billerman et al. 2022). I processed 
and filtered eBird data with the R package “auk,” version 0.6.0 (Strimas-Mackey 
et al. 2018). The grassland bird species recorded are listed in Table 1. 

I selected pixels identified as grassland (class value 71) in the National 
Land Cover Database 2011 (Homer et al. 2015), grouping them to define a 
patch if they shared an edge or corner. I chose to define patches by this crite-
rion rather than the administrative boundaries of urban green spaces because 
I viewed the extent of actual grassland to be more ecologically meaningful. 
Furthermore, as administratively defined green spaces do not encompass 
all remaining grasslands, a relationship between grassland patch area and 
bird species richness would suggest a conservation benefit to protecting 
large green spaces or expanding green spaces. I overlaid grassland within 
the study area on the map from the Protected Areas Database of the United 
States, version 3.0 (https://www.usgs.gov/gapanalysis/PAD-US/, accessed 12 
November 2022), to determine the percentage lying in unprotected areas or 
in areas lacking mandates, deed restrictions, or easements that should pre-
vent the conversion of natural habitat types. I used ArcGIS Pro version 2.8 
(ESRI, Redlands, CA) and QGIS version 3.28.0 (QGIA Assoc., 2022; QGIS.
org) for this process. 

I totaled the number of grassland bird species reported on complete 
checklists for eBird hotspots located within grassland patches. Hotspots are 
user-nominated public birding locations that observers can select when locat-
ing and uploading their data. Hotspots are not defined through a sampling 
design relating bird communities to grassland patch size, so eBird checklists 
do not currently cover all sizes of grassland patches within the study area. 
Thus conclusions should be limited to those patch sizes currently represented 
in eBird (see Results and Discussion). The number of hotspots in a grass-
land patch ranged from 1 to 7 (median: 1); in quantifying species richness, I 
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pooled checklists from all hotspots within a patch. To control for variation in 
observation effort, I excluded checklists representing observations of <5 min 
or >240 min, and to decrease the likelihood of spatial mismatches between 
checklists and patches, I used a checklist only if the distance the observer 
traveled was less than the perimeter of the grassland patch (Callaghan et al. 
2018). As the number of checklists available for the various patches differed, 
unstandardized richness values—values that did not account for different 
sample sizes—were unsuitable for comparing the patches’ bird communities. 

Following steps taken to model species richness for New york City 
green spaces on the basis of eBird data (La Sorte et al. 2020), I estimated 
the completeness of survey of each patch and extrapolated its asymptotic 

Table 1 Grassland Bird Species Reported on eBird Checklists 
from Front Range Hotspots between 2003 and 2019 

Scientific Name Common Name

Colinus virginianus Northern Bobwhite
Callipepla squamata Scaled Quail
Tympanuchus phasianellus Sharp-tailed Grouse
Tympanuchus cupido Greater Prairie-Chicken
Charadrius montanus Mountain Plover
Bartramia longicauda Upland Sandpiper
Numenius americanus Long-billed Curlew
Circus hudsonius Northern Harrier
Buteo swainsoni Swainson’s Hawk
Buteo lagopus Rough-legged Hawk
Buteo regalis Ferruginous Hawk
Athene cunicularia Burrowing Owl
Asio flammeus Short-eared Owl
Falco mexicanus Prairie Falcon
Tyrannus verticalis Western Kingbird
Tyrannus tyrannus Eastern Kingbird
Tyrannus forficatus Scissor-tailed Flycatcher
Lanius ludovicianus Loggerhead Shrike
Corvus cryptoleucus Chihuahuan Raven
Eremophila alpestris Horned Lark
Sialia currucoides Mountain Bluebird
Anthus rubescens American Pipit
Calcarius lapponicus Lapland Longspur
Calcarius ornatus Chestnut-collared Longspur
Rhynchophanes mccownii Thick-billed Longspur
Peucaea cassinii Cassin’s Sparrow
Ammodramus savannarum Grasshopper Sparrow
Chondestes grammacus Lark Sparrow
Calamospiza melanocorys Lark Bunting
Zonotrichia querula Harris’s Sparrow
Pooecetes gramineus Vesper Sparrow
Passerculus sandwichensis Savannah Sparrow
Dolichonyx oryzivorus Bobolink
Sturnella neglecta Western Meadowlark
Sturnella magna Eastern Meadowlark
Spiza americana Dickcissel
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species richness with the R package KnowBR, version 2.1 (Lobo et al. 2018). 
Completeness of survey refers to the percentage of extrapolated asymptotic 
richness represented by observed species richness. Completeness of survey 
and extrapolated species richness were based on a smoothed species-accu-
mulation curve in which the accumulated number of species reported in a 
grassland patch was plotted versus the number of eBird records. The eBird 
records for a patch encompassed all observations of grassland bird species, 
including observations of the same species across different checklists. I used 
the curve fitted by means of the exact estimator of Ugland et al. (2003) and 
adjusted to the rational function. Following Lobo et al. (2018), I defined a 
poorly sampled patch as one where (1) the final slope of the species accumu-
lation curve is >0.3, (2) the ratio of number of eBird checklists to number of 
observed species is <3, and (3) completeness of survey is <50%. I excluded 
all poorly sampled patches and retained all other patches, using their ex-
trapolated species richness to model its relationship to the area of grassland 
patches. The extrapolated richness values correspond to the probable number 
of species when the number of eBird checklists for the patch tends to infinity, 
thus accounting for the unequal number of checklists across patches. 

Statistical Analysis
I randomly split the data into two sets, one for model estimation (based 

on two-thirds of the patches) and one for prediction (one-third). To make 
the relationship between extrapolated species richness of grassland birds and 
extent of grassland patches (ha) linear, I log10-transformed the latter. 

Before models relating species richness and patch size serve as a basis for 
conservation policies, Boecklen and Gotelli (1984) urged they be evaluated 
statistically. If a model is fit by means of linear regression, researchers should 
assess (1) the adjusted value of r2, (2) the influence of patches on estimates of 
the model’s parameter, and (3) the precision of estimated richness (Boecklen 
and Gotelli 1984). If area is the primary factor guiding conservation, the 
adjusted r2 value should be ≥0.70, whereas if area is only a secondary factor, 
lower values may be acceptable (Boecklen and Gotelli 1984). I calculated 
Cook’s distance values for individual patches to evaluate their influence on 
the regression slope. To evaluate precision, following Boecklen and Gottelli 
(1984), I calculated 95% simultaneous prediction intervals. Conservation 
planners should not base specific conservation recommendations on a model 
relating species richness and patch size if prediction intervals span orders of 
magnitude (Boecklen and Gottelli 1984).

Power (1993) detailed an approach to assessing an ecological model’s 
ability to predict new observations that were not used as the basis for esti-
mating the model’s parameters. The framework outlined by Power (1993) 
examines prediction errors to look for evidence of (1) systematic bias, (2) 
inaccuracies, (3) non-normality, and (4) autocorrelation. Using the model 
developed in this study, I predicted the species richness of each grassland 
patch in the prediction data set, and I calculated the prediction error as the 
difference between richness predicted by the model and richness extrapolated 
as described in the last paragraph of the preceding section. I evaluated the 
presence of systematic bias in prediction errors by calculating a standardized 
bias variable (B) according to equation 3 of Power (1993). To gauge predic-
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tion accuracy, I calculated the sum of squared errors of prediction (Qe) by 
equation 4 of Power (1993). I determined whether prediction errors were 
normally distributed through a Shapiro–Wilks test. I used the R package 
“ape,” version 5.6-2 (Paradis and Schliep 2019), to conduct a Moran’s I test 
for spatial autocorrelation of prediction errors.

For all statistical analyses I used R, version 4.2.2 (R Core Team 2022) and 
set α = 0.05.

RESULTS

From 2003 to 2019, 15,664 complete eBird checklists were submitted 
from 39 grassland patches in my study area (model estimation: 26 patches; 
model prediction: 13). The median area of these patches was 199.0 ha; the 
range was 1.1–125,064.2 ha. The median of extrapolated species richness of 
grassland birds was 16.8, the range 2.4–32.5. The extrapolated species rich-
ness of grassland birds was positively related to the log10 of patch area with 
an adjusted r2 value of 0.26 (Figure 2). No observations in the estimation 
data set individually influenced the regression slope (F1,26 ≤ 0.30, p ≥ 0.59). 
In the estimation data set, however, the 95% simultaneous prediction inter-
vals for species richness of even the smallest and largest patches overlapped 
(Figure 2). Predictions of the species richness of grassland birds were not sys-
tematically biased (B = 0.37, p = 0.72), and there was no evidence of predictive 

Figure 2. General linear model relating species richness of grassland birds to log10-
transformed area of grassland patch in Colorado’s Front Range.
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inadequacy (Qe = 0.57, p = 0.85). Prediction errors were normally distributed 
(W = 0.93, p = 0.38) and spatially independent (Moran’s I = –0.03, p = 0.69).

By area, 81.1% of grassland within the study area had no protection from 
conversion of natural habitat types.

DISCUSSION

For the Front Range, species richness of grassland birds in patches of 
grassland was positively correlated with the patches’ log-transformed area, 
and four-fifths of the grassland within the study area was unprotected from 
conversion of natural habitat. Consequently, conservation planners should 
protect or enlarge existing Front Range green spaces to encompass grassland 
patches and conserve their bird communities. Limited resources are avail-
able for conservation, and predictions of the marginal benefits associated 
with protection or restoration of grassland could increase the efficiency of 
conservation. However, the predictive performance of the model relating 
species richness and patch area fell short of published recommendations, so 
the model should not be used to make specific predictions about the num-
ber of species that would be retained or gained as a result of specific actions 
toward grassland conservation. Despite its predictive limitations, the model 
explained a large amount of the variance in species richness, and patch area 
can be used alongside other characteristics of the patch and landscape to 
identify areas for conservation of grassland birds in the Front Range. 

Beyond patch area, conserving and maintaining the abundance and 
diversity of grassland birds with specific habitat requirements will require 
consideration of grassland configuration, grassland edges, matrix habitat, 
vegetation composition and structure, and food resources. Within my study 
area, relationships of grassland birds to their habitat in suburban Boulder 
have been studied by Bock et al. (1999), Haire et al. (2000), and Jones and 
Bock (2002). In this area, those grassland birds associated with mixed and 
tallgrass prairies persist better than do those associated with shortgrass prairie 
(Jones and Block 2002). Their abundance increases with the extent of their 
preferred grassland type (Haire et al. 2000). During nesting, their abundance 
decreases near the patches’ edges with suburban development (Bock et al. 
1999). In eastern Wyoming, just north of my study area, the number of spe-
cies of grassland birds along Breeding Bird Survey routes increased with an 
increasing proportion of herbaceous grassland and increasing species rich-
ness of grasshoppers (a food resource) and decreased with increasing distance 
between grassland patches, increasing density of edges between grassland and 
non-grassland covers, and the proportion of forests and wooded wetlands 
(Hamer et al. 2006). Species richness is an aggregate variable reflecting the 
presence and responses of multiple bird species, and the competing habitat 
needs of different species must be balanced. For example, breeding Mountain 
Plovers use heavily grazed sites, whereas breeding Lark Buntings are found in 
denser vegetation (Vickery et al. 2000). Through spatial analyses, Front Range 
planners should identify large, regularly shaped grassland patches situated 
close to other grassland patches and with limited nearby forest cover and ur-
ban development. Once patches are identified, additional field-based studies 
can be used to evaluate vegetation structure and composition, food resources, 
and other features not readily derived from available land-cover databases.   
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While patch area alone should not guide grassland conservation planning 
in the Front Range, my model did explain 26% of the variance (adj-r2) in spe-
cies richness of grassland birds. This is a large amount of variance explained 
given that a single, main factor of interest in ecological and evolutionary 
meta-analyses explains an average of 2.51–5.42% of the variance (r2; Møller 
and Jennions 2002). Patch area affects species richness via three non-exclusive 
mechanisms: passive sampling, disproportionate response, and heterogeneity 
(Chase et al. 2019, Connor and McCoy 1979, Helzer and Jelinski 1999). Pas-
sive sampling refers to large patches containing a larger sample of individu-
als and hence greater species richness than small patches. Disproportionate 
response results from species responding differently to different sizes of 
patches because of factors such as Allee effects, demographic stochasticity, 
and edge effects. Limitations to dispersal or habitat heterogeneity can aggre-
gate individuals of the same species to a greater degree in large patches than 
small ones, leading to a more heterogeneous species composition and greater 
species richness. Methods are available to assess the relative contributions 
of these three mechanisms by which species richness depends on patch size 
(Chase et al. 2019), and these assessments can guide grassland protection 
and management. For example, if reduced habitat heterogeneity is a strong 
driver of the effect, management could focus on increasing the structural and 
compositional diversity of the vegetation in small grassland patches. 

Community science data, such as those from eBird, are invaluable be-
cause of the extensive geographic and longitudinal coverage of the data, and 
these data characteristics enable applied analyses to address conservation 
and management issues at local, regional, and global scales (Sullivan et al. 
2017). Meaningful use of these data in applied analyses requires addressing 
potential errors and bias, including spatial bias in the observations’ locations 
(Johnston et al. 2021). In my study, eBird hotspots evinced spatial bias, as the 
distribution of sizes of grassland patches they represented (median 199.0 ha; 
range 1.1–125,064.2 ha) differed from the distribution of all grassland patches 
intersecting the study area (median 0.6 ha; range 0.1–289,785.5 ha). Thus my 
conclusions should be applied only to grassland patches falling within the 
range of patch sizes modeled. Efforts such as the National Audubon Society’s 
Western Rivers Bird Count (www.audubon.org/western-rivers-bird-count) 
have mobilized community scientists to address spatial gaps in eBird data. 
A similar effort could be organized to ensure that data on the Front Range’s 
grassland birds represent the full range of sizes of patches of grassland. 

Grasslands’ bird communities and other biological and physical features 
can supply ecosystem services such as regulating water flow, storing car-
bon, mitigating climate change, and providing opportunities for recreation 
(Bengtsson et al. 2019, Mitchell et al. 2015). Grasslands also have the potential 
to provide disservices, including acting as a fuel source for wildfires that 
threaten human communities. In the urbanizing Front Range, the area and 
configuration of grassland can be expected to influence biodiversity and the 
balance of such ecological services and disservices (Mitchell et al. 2015). 
Biodiversity, services, and disservices may relate to patch area differently 
(e.g., Grafius et al. 2018), so planners must consider tradeoffs when design-
ing landscapes. However, when the number of tradeoffs among biodiversity, 
services, and disservices becomes large, a decision can be too complex for the 
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application of simple decision-making rules (Hammond et al. 1999). In this 
context, models, including the demonstrated empirical relationship between 
grassland birds and patch area, are important tools enabling urban planners 
to consider these tradeoffs and to make transparent and defensible decisions 
optimizing landscapes for human communities and natural ecosystems.
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ABSTRACT: The Small-billed Elaenia (Elaenia parvirostris) is a small flycatcher 
common on the Atlantic slope of South America. The species breeds below 1000 
m elevation in open woodlands, gardens, and forest edges from southern Brazil to 
northeastern Argentina and migrates north to spend the nonbreeding season in the 
northern Amazon Basin. Since 2012, it has been documented as a vagrant to North 
America, with four records from the United States and Canada to date. On the basis 
of one photographed on Southeast Farallon Island on 4 September 2022, we record 
a fifth Small-billed Elaenia in North America, a first for California and the Pacific 
coast. Its novelty notwithstanding, it represents an outlier of an established pattern 
of vagrancy of tyrant flycatchers from South America reaching North America via 
overshooting or reverse migration.

OBSERVATION AND IDENTIFICATION

On 4 September 2022, around 16:40 PDT, we encountered an unusual fly-
catcher on Southeast Farallon Island, California (within the Farallon Islands 
National Wildlife Refuge; 37° 42′ N, 123° 00′ W), during a routine island-wide 
area search for migrant songbirds (Warzybok and Tietz 2022). It was found by 
Clements, who first observed the bird as it flushed from the lower branches 
of the “Coast Guard Tree,” one of two scraggly Monterey cypresses (Cupressus 
macrocarpa) on the island, to the densest foliage of the middle layers. After 
this initial movement, the bird settled in the top branches, where it remained 
nearly motionless for the few remaining hours of daylight, allowing study by 
Clements, Tietz, Jonah Benningfield, and Amanda Tveite. It did not vocalize 
during the period we observed it and was not seen the following day. This 
bird had arrived on a clear day with strong (16–32 km/hr) northwesterly 
winds, which tend to inhibit migrant landbirds from arriving on Southeast 
Farallon Island. On that day, in fact, this bird was noted as the only landbird 
arriving and was one of only three passerines observed. 

We first recognized the bird as an odd flycatcher, possibly a Willow Fly-
catcher (Empidonax traillii), but soon dismissed this possibility as the bill was 
too narrow, straight-sided and dark-tipped, the eyering was too well defined, 
and the breast seemed too pale (see Pyle 1997, Sibley 2014, Lee and Birch 
2023). The bill, eyering, and pale underparts recalled those of Gray Flycatcher 
(E. wrightii), but after studying and photographing the bird at length, we 
noted that the upperparts seemed too colorful, the forehead angle too steep, 
and the white wing markings too bold and contrasting (see Lee and Birch 
2023). Additionally, its behavior was unlike that of any Empidonax. We never 
observed the bird wag or flick its tail, switch perches, or sally, all behaviors 
commonly displayed by Empidonax (see Sibley 2014, Lee and Birch 2023). 
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When the bird finally did move several feet to a different perch, its movement 
was direct, deliberate, and more vireo-like than the generally flitty, sporadic 
movements of Empidonax flycatchers. It also had a bushy crown, which was 
occasionally blown into a crest by the strong northwest wind, another trait 
absent in Empidonax. Post-observation analysis of photos revealed a sharp 
contrast between the blackish inner and whitish outer web of each greater 
covert, which gave the wingbars a spotted appearance (see Jaramillo 2021). 
In the Gray Flycatcher and most other species of Empidonax, this color dif-
ference between the inner and outer webs of the tips of the greater coverts 
is diffuse, causing the wingbars to appear more solid (see Lee and Birch 
2023). We eventually ruled out that genus on the basis of the bird’s deliber-
ate movement, lack of tail flicking or wagging, and unusual wingbar pattern. 
While viewing the individual in the field, we began to suspect the bird was 
an elaenia, and our confidence grew after we compared our photos of the 
Southeast Farallon Island bird with photos of elaenias and Empidonax. After 
arriving at this initial tentative identification, we shared our description and 
photos with several people with expertise in Empidonax and elaenia identi-
fication, including Alvaro Jaramillo, Oscar Johnson, Peter Pyle, Ryan Terrill, 
and Kevin zimmer.

We focused our identification effort on the three species of elaenia that 
have occurred in North America: the Greenish (Myiopagis viridicata), 
Small-billed, and White-crested (Elaenia albiceps). We quickly eliminated 
the Greenish Elaenia as it lacks the obvious wingbars that this bird had (see 
Ridgely and Tudor 1994, Howell and Webb 1995). Distinguishing the Small-
billed and White-crested Elaenias by plumage alone is challenging, and this 
issue has led to much confusion and debate surrounding the identification 
of past vagrant elaenias to North America (Pyle et al. 2020, 2021, Jaramillo 
2021). These two species are visually similar and differences in plumage are 
subtle, but some field marks are nevertheless useful for identification (Jara-
millo 2021, Gorleri and Areta 2022). The White-crested Elaenia has white 
feathers in the crown that are conspicuous when the crest is erect. It lacks 
any white tips to the lesser coverts and has broader white tips to the greater 
and median coverts, creating the appearance of two solid white wingbars. 
The Small-billed Elaenia has very little if any white feathering in the crown 
and has white-tipped lesser coverts—which, when visible, create the appear-
ance of a faint third wingbar. In the Small-billed white tips to the outer webs 
of the greater and median coverts contrast sharply with the black tips of the 
inner webs, causing the bottom two wingbars to appear somewhat spotted. 
We also briefly considered the Lesser Elaenia (E. chiriquensis) and Olivaceous 
Elaenia (E. mesoleuca) but dismissed both of these because of dissimilarities 
in their plumage and their limited or nonexistent migratory tendencies (see 
Ridgely and Tudor 1994). 

The Farallon bird had no discernable white crown feathering, despite 
lengthy study of the individual in the field and photos. Even when a gust 
of wind ruffled the crown feathers into a more crest-like appearance, white 
feathers were not observed (Figures 1 and 2). In juvenile plumage the 
White-crested Elaenia lacks white crown feathering, but since that species’ 
preformative molt occurs from March to August, the white crown feathers 
should be present in September, when this bird was observed (see Pyle et al. 
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2015). Furthermore, in several photographs where the lesser coverts are not 
covered by the scapulars, white tips can be seen, confirming the presence of a 
mostly concealed third white wingbar (Figure 3). This third wingbar was not 
noticed in the field, perhaps because we were initially unaware of its useful-
ness in identification. Finally, photographs also revealed the lack of white on 

Figure 1. Small-billed Elaenia at Southeast Farallon Island, Farallon Islands National 
Wildlife Refuge, California, 4 September 2022. Note the erect crest lacking white 
feathers, broad white tertial edging, distinct contrast between the inner and outer webs 
of the tips of the greater coverts, and overall structure and coloration.

Photo by James R. Tietz

Figure 2. Small-billed Elaenia at Southeast Farallon Island, Farallon Islands National 
Wildlife Refuge, California, 4 September 2022. Note the overall appearance and 
posture, and bill and plumage coloration.

Photo by Nolan M. Clements
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the inner webs of the greater and median coverts, giving the wingbars a more 
spotted appearance (Figure 1). Given the features observed and advances in 
elaenia identification (see especially Jaramillo 2021 and Gorleri and Areta 
2022), we concluded that the Farallon bird was a Small-billed Elaenia. The 
opinions of those with more experience with this and similar species cor-
roborated our conclusion. The record has been accepted by the California 
Bird Records Committee (https://www.californiabirds.org/changelog.asp).

DISCUSSION 

The four Small-billed Elaenias recorded in North America previously 
occurred in the eastern half of the continent, the first in Chicago, Illinois, in 
mid-April 2012 (Gyllenhaal 2012). The other three all occurred, remarkably, 
in 2021: one photographed on Mustang Island near Port Aransas, Texas, on 
17 May (https://ebird.org/checklist/S88403963; Texas Bird Records Commit-
tee 2023); one banded at the Observatoire d’oiseaux de Tadoussac, 189 km 
northeast of Quebec City, Quebec, on 26 October (https://ebird.org/checklist/
S96748321; Comité d’Homologation des Oiseaux Rares du Québec 2022); 
and one at Waukegan, Illinois, 55 km north of Chicago, from 26 November 
to 7 December (Williamson 2022; many reports via https://ebird.org, e.g., 
https://ebird.org/checklist/S98467102). The White-crested Elaenia has been 
recorded twice in North America: one at South Padre Island, Texas, 9–10 
February 2008 (Lockwood et al. 2008) and one near Grand Forks, North 
Dakota, on 24 October 2020 (https://ebird.org/checklist/S75377945). Three 
unidentified elaenias, all likely Small-billed or White-crested, were seen near 
Pensacola, Florida, on 28 April 1984 (https://ebird.org/checklist/S95990765); 
at Moonstone Beach, Rhode Island, on 10 November 2008; and on Cudjoe 
Key, Florida, on 30 May 2021 (https://ebird.org/checklist/S89419095).

Figure 3. Small-billed Elaenia at Southeast Farallon Island, Farallon Islands National 
Wildlife Refuge, California, 4 September 2022. Note the white tipped lesser coverts, 
confirming the presence of a third wingbar, and the spotted appearance of the median 
coverts.

Photo by James R. Tietz
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When all previous records of elaenias in North America are pooled, spatial 
and temporal patterns of vagrancy seem to emerge. All have come from the 
eastern half of the continent. Eight of the nine previous sightings were during 
spring (April/May) or fall (October/November) migration. A similar propen-
sity to reverse migration in fall or northbound overshoot vagrancy in spring 
is well documented in several migratory tyrant flycatchers of the Southern 
Hemisphere (McCaskie and Patten 1994, Gilroy and Lees 2003, Newton 2008, 
Mlodinow and Irons 2009, Lees and Gilroy 2009, Howell et al. 2014). Besides 
the elaenias, other South American tyrannids that follow similar patterns of 
vagrancy include the Fork-tailed Flycatcher (Tyrannus savana), Variegated 
Flycatcher (Empidonomus varius), Piratic Flycatcher (Legatus leucophaius), 
and Crowned Slaty Flycatcher (Griseotyrannus aurantioatrocristatus). Of 
these, the Fork-tailed Flycatcher occurs most frequently and is well known 
north of the tropics from late August to early December, and from fewer 
occurrences from April to mid-July (McCaskie and Patten 1994, Howell et 
al. 2014). While the Fork-tailed Flycatcher has been recorded as far west as 
Washington State (Wahl et al. 2005), fewer than 5% of the several hundred 
records for the United States and Canada have been from the western half of 
the continent. Occurrences of the Variegated Flycatcher (ten records), Piratic 
Flycatcher (12 records), and Crowned Slaty Flycatcher (one record) follow 
a similar pattern, with nearly all records for the United States and Canada 
from the eastern half of the continent from mid-September through early 
November, with fewer reports in May and June (Mlodinow and Irons 2009, 
Howell et al. 2014); the one extreme exception is a Variegated Flycatcher from 
southeastern Washington in early September (Mlodinow and Irons 2009). 

Other tropical and subtropical tyrannids that breed much farther north 
than the Fork-tailed, Variegated, and Piratic flycatchers—in Mexico and 
near or within U.S. border states—also exhibit reverse migration in autumn. 
Among them are the Thick-billed Kingbird (Tyrannus crassirostris), Sulphur-
bellied Flycatcher (Myiodynastes luteiventris), Dusky-capped Flycatcher 
(Myiarchus tuberculifer), and most prominently Tropical Kingbird (Tyrannus 
melancholicus). The Tropical Kingbird, for example, is well known on the 
Pacific coast of the U.S. and Canada in autumn (see Campbell et al. 1997, 
Hamilton et al. 2007), with multiple occurrences as far north as southeast 
Alaska (Heinl and Piston 2009). Reverse migrants or vagrants following a 
similar pattern of misorientation have also occurred on Southeast Farallon 
Island. Since the 1970s, the Dusky-capped Flycatcher (one record), Vermil-
ion Flycatcher (Pyrocephalus rubinus; one record), Tropical Kingbird (38 
records), and Sulphur-bellied Flycatcher (one record) represent tyrant fly-
catchers originating much farther south and east that have been documented 
by Point Blue biologists on the island during the fall.

In this context and despite the exceptional novelty of this record, extreme 
northward vagrancy of the Small-billed Elaenia seems to fall within a broader 
pattern of extralimital occurrences of tyrant flycatchers. On the basis of these 
patterns, the Southeast Farallon Island bird was likely a reverse migrant. 
Records of elaenias in North America have been increasing in frequency 
over the last 50 years, perhaps as a result of observers’ increasing awareness 
of the occurrence and identification of this group of flycatchers. As more 
records of elaenias accumulate, expected times and locations of arrival may 
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be further solidified, which could reveal that the Small-billed Elaenia is a 
rare but expected vagrant to the west coast, or conversely that this species 
follows the pattern of other austral migrants and that this western record is 
truly exceptional.
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ABSTRACT: Billions of birds migrate under the cover of darkness, making them 
difficult to detect except by calls given in flight. Recording and identifying these 
calls can document the species of birds passing overhead and provide an index to 
their numbers. However, flight calls of some species are quite similar and difficult 
to tell apart. We investigated a method of identifying calls of several species whose 
calls are difficult to distinguish: the Solitary (Tringa solitaria) versus Spotted (Actitis 
macularius) Sandpipers and the White-crowned (Zonotrichia leucophrys) versus 
Brewer’s (Spizella breweri) and Clay-colored (S. pallida) Sparrows. We generated 
audiospectrograms of diurnal flight calls of known identity and inspected these for 
qualitative criteria by which the calls could be distinguished without the need for 
measurements or statistical software. We then tested the efficacy of these criteria 
on a new set of previously identified flight calls. Consideration of multiple criteria 
allowed identification of ~50% of one of the two types of sandpiper calls analyzed and 
~60% of the sparrow calls, so a significant fraction remained unidentifiable by this 
method. Nevertheless, we hope researchers and sound recordists will apply this guide 
to improve our understanding of migration throughout western North America. 
We also encourage recordists to contribute additional visually verified recordings 
to allow us or others to perform similar tests on other species and species groups. 

Many bioacoustical studies gather and archive large volumes of audio re-
cordings, but characterizing these recordings often proves significantly more 
difficult and time-consuming than their collection (Fristrup and Mennitt 
2012). Though technologies such as autonomous recording units allow us to 
study species we cannot easily observe (Clark et al. 1996, Fristrup and Clark 
2009, Fristrup and Mennitt 2012), software for analyzing acoustic data has 
not kept pace with analytical needs (Keen et al. 2014, Salamon et al. 2016). In 
many cases, researchers must identify calls individually, listening to record-
ings and visually inspecting audiospectrograms (visual representations of 
sound, commonly used in bioacoustics) of each. In the absence of software 
capable of sorting through and accurately categorizing calls, researchers need 
tools to aid species identification. This is particularly true in cases where 
different species produce similar calls, further complicating identification 
and analysis. 

Autonomous recording units are useful in studying the nocturnal migra-
tions of birds, as many species give characteristic vocalizations (nocturnal 
flight calls) in migration (Libby 1899, Graber and Cochran 1959, Evans and 
Mellinger 1999, Evans and O’Brien 2002, Farnsworth 2005, Farnsworth and 
Russell 2007). Although the nocturnal flight calls of many species are dis-
tinctive, some are similar to one or more other species, and researchers often 
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resort to lumping indistinguishable calls into categories that may contain 
many species (Evans and O’Brien 2002, Sanders and Mennill 2014a, Watson 
et al. 2016, Evans 2021). The content of these categories (e.g., the warbler and 
sparrow species in the “double-banded upsweep” and “zeep” complexes of 
nocturnal passerine calls) may even vary regionally, according to presumed 
distributions and migratory pathways. This limits the use of nocturnal flight 
calls for exploring questions concerning the natural history and conserva-
tion of these species, such as population trends, migratory pathways, and 
species’ responses to natural (Sanders and Mennill 2014b, Smith et al. 2014) 
and anthropogenic (Evans 2000, Watson et al. 2016) barriers to migration. 
Very few studies have attempted to distinguish species within such complexes 
(e.g., Landsborough et al. 2018). 

We carried out an acoustical study of avian nocturnal migration in 
Montana and Idaho from 2012 to 2019. On the basis of the identification 
challenges experienced in this work, we present here a set of guidelines that 
we hope will allow researchers to distinguish between two groups of birds 
with similar flight calls. We investigated flight calls of known identity from 
the Solitary and Spotted Sandpipers (Tringa solitaria and Actitis macularius, 
two call types). We also compared flight calls of the White-crowned Sparrow 
(Zonotrichia leucophrys) with those of Brewer’s (Spizella breweri) and Clay-
colored Sparrows (S. pallida), the latter two considered together as a group. To 
accomplish this goal, we identified distinctive features visible in spectrograms 
of these calls and developed visual identification tools to enable researchers 
to classify calls without specialized software or statistical tests. 

METHODS

Target Species

We selected target species from the species or species groups that pre-
sented identification challenges in the thousands of hours of recordings 
amassed from autonomous recording units operating in both western and 
eastern Montana and near Boise, Idaho, from 2012 to 2019 (Table 1). Our 
initial list included a variety of sparrows, warblers, thrushes, and shorebirds. 
We attempted comparisons only if we could acquire at least 10 recordings 
from each species or set of species that we wished to compare. Given the 
dearth of recordings from some of these species, this arbitrary cutoff seemed 
reasonable. The final species included in our analysis were the Solitary 
Sandpiper, Spotted Sandpiper, Brewer’s Sparrow, Clay-colored Sparrow, and 
White-crowned Sparrow. 

Descriptions of these species’ flight calls vary, and in some cases diurnal 
contact/location calls are given at night. In developing this method, we 
defined the calls involved by using the following terms, descriptions, and 
spectrograms. The Solitary and Spotted Sandpipers do not have specific 
flight calls (Nichols 1920, Oring 1968, Moskoff 2020, Reed et al. 2020) but do 
frequently call during migration (Paulson 1993). We analyzed the two most 
frequent shared call types recorded: “weet” calls and “short” calls (possibly 
the same as other authors’ “peet” calls, Reed et al. 2020). The Brewer’s, Clay-
colored, and White-crowned Sparrows all give similar “sip” or “tsip” calls in 
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a variety of contexts, including migratory flight (Hill and Lein 1985, Grant 
and Knapton 2020, Rotenberry et al. 2020). 

We used a variety of methods to assemble calls for analysis. We asked 
researchers and community scientists for recordings of flight calls of known 
identity. We also acquired recordings from two public archives, the Macaulay 
Library (https://www.macaulaylibrary.org) and Xeno-canto (https://xeno-
canto.org); these recordings accounted for the majority of the calls in our data-
set. For each target species, we searched the archival databases for recordings 
tagged as “flight call” or simply “call.” We listened to each recording to ensure 
the desired flight calls were clearly audible and not significantly overlapped 
by other sounds, as either could influence the results of our analysis. To 
ensure that species were identified correctly, we used only recordings where 
the species’ identity was visually verified by the recordist or came from an 
established collection or scientific study. Because of the scarcity of recordings 
of flight calls of most of our target species, we did not limit our selections to 
recordings made in the western United States; some recordings were made in 
other parts of the country or in the species’ winter range in South America, 
Central America, or Mexico. By including calls from disparate regions, we 
hope to include different regional dialects (if any) so that our findings might 
be useful in areas outside of the western United States. 

We amassed a total of 6606 calls from our target species (Table 1). Of these, 
we used 1913 as our initial training set and the remaining 4693 as a validation 
set to verify our findings. The calls in the training dataset came from Xeno-
canto; most of those in the validation set came from the Macaulay Library, 
supplemented with some provided by other researchers. 

Table 1 Numbers and Sources of Calls Compared

Analysis set and species 
Number of 

calls
Number of 
individuals

Source  
of callsa

Number of calls  
in comparison

Training set
Sandpiper “weet” 706

Solitary 435 32 A
Spotted 271 22 A

Sandpiper “short” 288
Solitary 173 11 A
Spotted 115 8 A

Sparrow 382
Brewer’s / Clay-colored 200 / 48 15 / 8 A
White-crowned 134 34 A

Validation set
Sandpiper “weet” 992

Solitary 189 14 A, R
Spotted 803 30 A, R

Sandpiper “short” 2530
Solitary 1252 24 A, R
Spotted 1278 21 A

Sparrow 920
Brewer’s / Clay-colored 107 / 11 13 A, R
White-crowned 802 20 A, R

aA, public archive; R, other researcher. 
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Visual Analysis
We attempted to differentiate between calls on the basis of features visible 

in audiospectrograms. These we generated in Raven Pro, setting the axes to 
the same scales: time axis 0.301 seconds/line, frequency axis 12,000 Hz/line. 
Visual features of the call spectrograms were greatly influenced by the axes’ 
scales, so setting the axes to the same scales each time was absolutely crucial. 
We identified visual features that we could assess as being either present or 
absent in each call, such as a sudden jump in frequency at the outset. Ad-
ditionally, we defined these features so that the presence of any feature in a 
given comparison always indicated one species, and the absence of that feature 
always indicated the other. Ultimately, the features we assessed were unique 
to each set of comparisons. 

In describing call features, we followed the terminology of Pieplow 
(2019) wherever possible. “Monotone” indicates a steady pitch, appearing 
as a horizontal line on the spectrogram. A “slur” is a directional change in 
the frequency of a call, appearing as a frequency contour angled either up or 
down. “Upslur” indicates a rise in frequency, “downslur” a fall in frequency. 
An “underslur” is a call or portion of a call with an initial fall and subsequent 
rise in frequency. “Overslur” denotes the opposite, a rise in frequency fol-
lowed by a fall. Additionally, we refer to the “dominant frequency contour” 
of call notes. This is a continuous sound that accounts for the majority of the 
note’s duration, to the exclusion of brief sounds occurring before, after, or 
during any discontinuous change in frequency such as a voice break. 

Voice breaks were a common type of discontinuity in our dataset, and in 
our analysis we made particular use of features related to voice breaks. A voice 
break is an abrupt rise or fall in frequency, analogous to switching between 
registers in the human voice. On a spectrogram, voice breaks appear as dis-
junctures between two vertically separated frequencies within a call. Despite 
the apparent discontinuity, a brief frequency contour connecting the starting 
and ending frequencies on either side of a voice break is often visible. We 
refer to this intermediate sound as an “inflection contour.” 

After identifying an initial set of features, we calculated the percentage 
of calls with those features for each comparison group, then eliminated fea-
tures in which the groups did not vary substantially. This left three or four 
features in each comparison that might be useful for distinguishing the spe-
cies in question. Next, for each comparison, we created several classification 
schemas that either identified each call by the presence or absence of these 
features or left it unclassified. For each schema, we determined the number 
of calls assigned correctly, incorrectly, or left unclassified. We then calculated 
confidence levels for correct identification in each schema. Schemas for each 
comparison varied from more to less conservative. Less conservative schemas 
made more identification errors and left fewer calls unidentified, while more 
conservative schemas identified fewer calls with higher accuracy and left 
more calls unidentified. 

To estimate how well these methods should perform on other datasets, 
we validated our model by applying the same methods to a novel set of calls. 
Because in two of three comparisons the validation trial outperformed the 
initial trial on test data, we pooled results from both the test and validation 
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trials to compute overall confidence levels. To make this classification tool 
more accessible to researchers and sound recordists, we also created an illus-
trated guide to facilitate its use (Appendix at www.westernfieldornithologists.
org/Appendix-Mathers-Winn-WB54-3.pdf).

RESULTS

All comparisons yielded features allowing us to distinguish the species 
and groups analyzed with high accuracy. For each comparison, we present 
the percentages of calls that were classified correctly, incorrectly, and left 
unclassified, along with confidence levels for correctly classified calls. Besides 
the results of the training and validation datasets pooled, we also present the 
best-performing schemas for each comparison, those that correctly classified 
the highest percentage of calls with a confidence level of 95% or greater. See 
Appendix at www.westernfieldornithologists.org/Appendix-Mathers-Winn-
WB54-3.pdf for descriptive statistics and a gallery of example spectrograms 
for each set of comparisons.

Solitary vs. Spotted Sandpiper: “Weet” Call
Four characteristics of the “weet” call distinguish the Spotted and Solitary 

Sandpipers: we designate these the “foot,” “knee,” “dip,” and “tail” (Figure 1). 
Foot. A call has a “foot” if it begins with a short monotone or nearly mono-

tone segment  at a frequency lower than the dominant frequency contour and 
this segment precedes either a voice break or a more gradual upward slur 
before the start of the dominant frequency contour. 

Knee. A call has a “knee” if near the onset of the note there is a voice 
break that contains a vertical or nearly vertical inflection contour joining the 
dominant frequency contour at a sharp angle, close to 90°. 

Underslur. A call has an underslur if the frequency of the dominant fre-

Figure 1. “Weet” call types given by the Solitary and Spotted Sandpipers during 
nocturnal migration. The Solitary Sandpiper call shows all four distinguishing features: 
(a) “foot,” (b) “knee,” (c) underslur, and (d) “tail.” The Spotted Sandpiper’s call lacks 
these features.
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quency contour falls and subsequent rises. This feature is subtle, with the 
frequency changing only gradually over the duration of the note. 

Tail. A call has a “tail” if there is a downslur at its end. This feature is typi-
cally brief and angled between 90° and 45° from the end of the dominant 
frequency contour. 

Each of these four features was more common in Solitary than in Spotted 
Sandpiper calls, but the traits’ incidence in each species varied considerably 
(Table 2). The incidence of these features was correlated, with correlation 
probabilities ranging from 30 to 90%, but we used all four because this allowed 
us to correctly identify the most calls. There was some overlap between calls 
of these two species in the characters we analyzed, but we correctly classi-
fied a large number of calls. Under the most conservative schema, only calls 
with all four features are classified as the Solitary, and only calls with none 
of these features are classified as the Spotted Sandpiper. Of the 1536 “weet” 
calls, this schema classified 22.1% correctly, 0.6% incorrectly, and left 77.3% 
unclassified. The confidence level was 97%, meaning that if an identification 
was made, there was a 97% chance that it was correct.

Figure 2. “Short” call types given by the Solitary and Spotted Sandpipers during 
nocturnal migration. The Solitary Sandpiper call shows all four distinguishing features: 
(a) “foot,” (b) “vertical,” (c) dominant frequency contour “straight or underslurred,” 
and (d) a “tail.” The corresponding call of a Spotted Sandpiper lacks a vertical onset, 
and its contour is not flat or U-shaped.

Table 2 Incidence of Features of the “Weet” Call of 
the Solitary and Spotted Sandpipers

Feature Solitary Spotted

Foot 72.9% 6.5%
Knee 89.8% 24.0%
Underslur 44.0% 6.9%
Tail 74.5% 44.7%
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Spotted vs. Solitary Sandpiper: “Short” Calls
For “short” calls, we used the “foot” and “tail” features as described for the 

“weet” call, in addition to two others: “vertical” and “straight or underslurred.” 
Vertical. We defined a “short” call as having a “vertical” component if the 

inflection contour appears vertical at any point. This feature differs slightly 
from the “knee” as described above because it does not require that the 
inflection contour join the dominant frequency contour at a sharp (nearly 
90°) angle (Figure 2). 

Straight or underslurred. A call is “straight or underslurred” if either of 
these terms describes the dominant frequency contour. Thus only overslurred 
calls do not meet this criteron. The presence of a tail can sometimes cause a 
call to appear overslurred, even when the dominant frequency contour is not. 
Therefore, if a tail is present, it should be ignored when this trait is assessed. 
Additionally, some calls may be slightly upslurred overall (frequency rises 
over the duration of the call). As long as the dominant frequency contour 
is not overslurred, these calls should still be classified as straight or under-
slurred, regardless of their overall angle or orientation on the spectrogram. 

As for the “weet” call, each characteristic is more common in the Solitary 
Sandpiper than in the Spotted. Again, features were correlated (correlation 
probabilities between 70 and 90%), and the two species’ calls overlap in these 
features. On the basis of all four criteria being met simultaneously, of the 2789 
“short” calls analyzed, 49.5% were classified correctly, 2.8% were classified 
incorrectly, and 47.7% were left unclassified. Percentages of calls with each 
feature are listed in Table 3. The confidence level for the pooled data was 
95%, meaning that if a call was classified, there was a 95% likelihood that 
the classification was correct.

Brewer’s and Clay-colored Sparrows vs. White-crowned Sparrow
After pooling the calls of the Brewer’s and Clay-colored Sparrows, between 

which we found no consistent difference, we identified three features of the 
calls’ spectrograms that might distinguish them from those of the White-
crowned Sparrow: falling contour, horizontal, and rising contour (Figure 3). 

Falling contour. A call meets this criterion if the dominant frequency con-
tour is preceded by a contrasting, sharply angled downslur. This downslur 
often but not always joins the dominant frequency contour at a 90° angle. 
Note that this feature is not the gentle downslur common in White-crowned 
Sparrow calls—the inflection contour is steep and forms an angle between 
45° and 90° where it transitions to the dominant frequency contour. 

Horizontal. We defined calls as “horizontal” if the dominant frequency 
contour is monotone, not slurred. If there is a voice break or other frequency 

Table 3 Incidence of Features of the “Short” Call of 
the Solitary and Spotted Sandpipers

Feature Solitary Spotted

Foot 92.4% 14.9%
Vertical 83.5% 25.7%
Straight or underslur 88.0% 72.3%
Tail 81.0% 63.4%
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modulation at the beginning or end of a “horizontal” call, it must form an an-
gle with the dominant frequency contour. This is in contrast to the dominant 
frequency contour gradually merging with a frequency modulation at the 
start or end of the call. This is important to note, as White-crowned Sparrow 
calls are often underslurred, and in some cases the central, lower-frequency 
portion of the note may appear flat (White-crowned Sparrow call in Figure 
3). In these cases, there is no obvious, contrasting frequency modulation 
that forms an angle with the dominant frequency contour, so the dominant 
frequency contour is not “horizontal.”

Rising contour. A call has a “rising contour” if the dominant frequency con-
tour is followed by a contrasting and sharply angled upslur. Again, it should 
be noted that this is not the gentle upslur of an underslurred White-crowned 
Sparrow call—the ascent is steep, and, as with a “falling contour,” the angle 
at the end of the dominant frequency contour is approximately 45° to 90°.

Each feature was more frequent in the Brewer’s/Clay-colored Sparrow 
complex than in the White-crowned Sparrow, but the consistency with which 
each of these appears in one species or complex varied (Table 4). Again, fea-
tures were correlated, with correlation probabilities ranging from 30 to 50%. 
The best-performing schema was the most conservative, classifying calls 
with all three features as Brewer’s or Clay-colored, those with none of these 
features as the White-crowned, and leaving the rest unclassified. Of the 1454 
sparrow calls analyzed, this schema correctly classified 66.2% correctly, 1.5% 
incorrectly, and left 32.3% unclassified. The confidence level for the pooled 
data under this schema was 98%, meaning that if an identification is made, 
there was a 98% chance that it was correct.

DISCUSSION

Audio recordings of flight calls allow us to identify and count birds that 
migrate at night, but because some birds cannot be reliably distinguished 
by their flight calls, or the criteria for distinguishing them have not yet 
been discovered, this method cannot be applied consistently. Therefore, we 
attempted to make progress on this front by finding new criteria that dis-
tinguish two sets of species with similar flight calls by using features visible 

Figure 3. Three features distinguishing calls of Brewer’s / Clay-colored and White-
crowned Sparrows: (a) initial “falling contour,” (b) dominant frequency contour 
“horizontal,” and (c) final “rising contour.”
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in audiospectrograms of those calls: the Solitary vs. Spotted Sandpipers and 
Brewer’s/Clay-colored Sparrows vs. White-crowned Sparrow. Using only 
features represented graphically, we were able to identify up to 60% of calls 
that would have been otherwise unidentifiable, with very low error rates 
(between 0.5% and 3%). These results should allow for acoustic analysts to 
make more species identifications, though we acknowledge that even with 
these tools, a large portion of calls will remain unclassified.

Our success in finding criteria to increase the resolution of identification 
for these species will improve the ability of researchers and community sci-
entists within their ranges to assess the migrants passing through their area. 
For us in Montana and throughout the Intermountain West, these distinctions 
will help illuminate migratory patterns in an area where research and data 
have been deficient by comparison to many areas of the United States. For 
example, the Spotted Sandpiper breeds commonly throughout our region 
(Reed et al. 2020), while the Solitary Sandpiper typically only passes through 
during migration (Davis 1961). We have just 42 observations of this species 
in the county where we conduct most of our research (https://FieldGuide.
mt.gov/speciesDetail.aspx?elcode=ABNNF01070). In Montana, the Solitary 
Sandpiper’s breeding range is much more limited, and the status of the popula-
tion is poorly known. Indeed, we currently lack any information on the timing 
and magnitude of Solitary Sandpiper migration in the Intermountain West; 
the only data on the schedule of its migration  inland come from farther east 
(B. Harrington, in Moskoff 2020). And though the Spotted Sandpiper breeds 
widely across Canada and south to the middle United States, its migratory 
patterns are also poorly understood (Reed et al. 2020). Differentiating the 
calls of these two species could provide benefits to our understanding of both. 

The scarcity of visually verified recordings limited our analyses to those 
comparisons for which samples were large enough to reveal patterns (we did 
not attempt any comparison of a species with fewer than 10 calls available). 
We excluded many comparisons of interest because we could not obtain an 
adequate sample of calls. In our region, we would like to improve means 
of distinguishing the calls of the Song Sparrow (Melozpiza melodia) and 
Fox Sparrow (Passerella iliaca) and those of species in the “double-banded 
upsweep” complex, such as the Tennessee Warbler (Leiothlypis peregrina), 
Nashville Warbler (L. ruficapilla), Orange-crowned Warbler (L. celata), 
Townsend’s Warbler (Setophaga townsendi), Ovenbird (Seiurus aurocapilla), 
and Vesper Sparrow (Pooecetes gramineus). Calls of the yellow-billed and 
Black-billed Cuckoos (Coccyzus americanus and C. erythropthalmus) are 
usually distinct, but where call variants overlap, a definitive identification 

Table 4  Incidence of Features of Flight Calls of the 
Brewer’s/Clay-colored and White-crowned Sparrows 

Feature
Brewer’s/

Clay-colored White-crowned

Horizontal 83.9% 29.5%
Falling contour 31.6% 1.8%
Rising contour 76.7% 18.7%
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is extremely difficult. If any criteria distinguish the calls of subspecies of 
Wilson’s Warbler (Cardellina pusilla pileolata vs. C. p. chryseola) and Brewer’s 
Sparrow (Spizella breweri breweri vs. S. b. taverneri), their application would 
improve understanding of their population status and life history (Paxton et 
al. 2013, Rotenberry et al. 2020). 

We call on recordists to target these species also, and ideally upload re-
cordings to a public archive. Anyone might then follow the methods we have 
presented to discover and test criteria evident in spectrograms for differentiat-
ing problem species. In other regions where more species have been recorded, 
researchers might find recordings in public archives already sufficient to apply 
our methods. Finally, this method need not be limited to flight calls but could 
be applied to any difficult-to-distinguish sounds, avian or otherwise. We hope 
additional efforts toward recording and archiving visually verified flight calls 
will reveal criteria for distinguishing additional species.  
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ABSTRACT: According to current literature, the Kelp Gull (Larus dominicanus) 
matures at the same rate and molts according to the same patterns as most other 
large gulls, such as the American Herring (L. argentatus smithsonianus) and West-
ern (L. occidentalis). The Kelp Gull, however, is widespread through the Southern 
Hemisphere, with separate populations occupying no fewer than four different 
climate zones and breeding at different times of the year; the molt of some of those 
populations appears to have not been studied yet. Here we demonstrate that many 
immature Kelp Gulls of the Peruvian population undergo much more extensive first 
and second prealternate molts than has been known so far and achieve an adult-like 
plumage aspect in as soon as 2.5 years rather than the usual 4. In these respects, 
these Kelp Gulls recall the yellow-footed Gull (L. livens) or subspecies heuglini and 
fuscus of the Lesser Black-backed Gull (L. fuscus). 

The Kelp Gull (Larus dominicanus) is thought to acquire its adult (or de-
finitive) plumage at four years of age and to go through two molts each year, a 
prebasic (or post-breeding) and a prealternate (or pre-breeding) molt. There-
fore, it is generally considered to be a “four-year” gull with a simple alternate 
molt strategy (Howell and Dunn 2007). The prebasic molt is complete, while 
the prealternate molt has been characterized as partial and rather restricted, 
limited to the head, body feathers, and some wing coverts and tertials (Jiguet 
et al. 2001, Olsen and Larsson 2004, Howell and Dunn 2007, Olsen 2018). 
However, observations by Chris Gibbins at Cape Town, South Africa (L. d. 
vetula), in June 2013 and by Ayyash at Lima, Peru (L. d. dominicanus), in 
October and November 2018 suggested that in these populations the partial 
molts may be much more extensive than previously thought. Adriaens et al. 
(2022) briefly touched upon this, stating that some Kelp Gulls “may have 
already moulted some primaries during their first cycle” (p. 22) and that “the 
partial moult [in second-cycle birds] can be even more extensive than in the 
first cycle and may include not just tail feathers and secondaries but also a 
number of primaries” (p. 156). 

Here, we quantify the extent of the first and second prealternate molts in 
Peruvian Kelp Gulls and show examples of interesting birds that contravene 
current knowledge, including individuals in which the primaries had been 
replaced seemingly randomly rather than in the standard sequence from the 
innermost primary (P1) to the outermost (P10). Our data are based on two 
trips to Lima, Peru: an exploratory trip in October and November 2018 by 
Ayyash, and a second in November 2021 by Adriaens. We supplemented our 
observations with photos from the Cornell Lab of Ornithology’s https://eBird.
org and from https://observation.org.



228

EXTENSIVE PREALTERNATE MOLTS IN PERUVIAN KELP GULLS

METHODS

We scored the number of molted primaries, secondaries (excluding 
tertials), and tail feathers in 631 first- and second-cycle Kelp Gulls, all 
photographed near Lima, Peru, 8–25 November 2021, a period of 17 days. 
Birds were photographed at four different locations along a 160-km stretch 
of coast (Figure 1), though primarily at Pantanos de Villa, Chorillos. At this 
lagoon, small flocks of Kelp Gulls come in to bathe from the nearby Pacific 
Ocean for brief intervals, and the turnover rate is high. Among the birds in 
our sample, 577 were approximately one year old and 54 were two years old. 
Birds could be recognized individually on the basis of their plumage, molt 
stage, and bill pattern, and we took care not to score the same individuals 
twice. We aged each bird by a combination of criteria, including the color and 
shape of the outer primaries (brown, narrow, and very pointed in the juvenile 
plumage; blackish, wide, and rounded in the succeeding second generation 
of feathers), the persistence of any juvenile secondaries or tail feathers, bill 
pattern (most notably the presence or absence of a red gonydeal spot like 
that of an adult), and pattern of underparts (mottled brown in one-year-
olds; clean white in two-year-olds). These same criteria have been verified 
in Lesser Black-backed Gulls (L. fuscus; Winters 2006, Koskinen and Rauste 
2006, Lindholm and Forsten 2010, Altenburg et al. 2011) and Western Gulls 
(L. occidentalis; Howell and Dunn 2007) of known ages. We categorized the 
one-year-old birds as those showing no active molt in their primaries (i.e., 
all primaries still juvenile or molt interrupted, leaving a mix of juvenile and 

Figure 1. Locations of study of molt of the Kelp Gull in Peru, November 2021.
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fully grown, first-alternate feathers), or as those with primaries in active molt. 
We use the term “interrupted molt” to refer to a molt that was either arrested 
or suspended (cf. Howell 2010). The distinction between active and inactive 
molt was not needed for two-year-old birds since none of these showed ac-
tively growing primaries. The number of three-year-old and adult birds we 
encountered near Lima was too small for meaningful analysis, but most of 
these older birds had not yet started to molt their primaries. We refer to the 
inserted molt in the first cycle as the “first prealternate molt”; see Pyle (2009) 
for a fuller treatment and discussion of this technical term.

We scored molt in the primaries according to the method outlined by 
the British Trust for Ornithology (Table 1; Ginn and Melville 1983). Thus 
each primary is given a score from 0 to 5 according to its molt stage. Because 
molt can be asymmetrical, we scored the molt of both wings, resulting in a 
maximum primary-molt score of 100 in birds that had replaced all primaries 
([10 primaries left × 5] + [10 primaries right × 5]). Because secondaries often 
cannot be easily counted in photographs, we estimated the percentage that 
had been replaced. We excluded the tertials from consideration and did not 
score them. To describe the sequence of tail-feather replacement, we carefully 
checked photos of 66 birds in which the spread tail was clearly visible and 
showed signs of rectrix molt, either active or interrupted. We scored each 
rectrix according to Table 1, for both sides of the tail.

RESULTS

One-year-Old Birds (Figures 2–15)

In our sample of 577 one-year-old birds, 12% did not show any signs of 
molt in their flight feathers (i.e., their primaries, secondaries, and tail feathers 
were all still juvenile; Figure 2), 32% showed interrupted molt in their flight 
feathers (e.g., all secondaries replaced but all primaries still juvenile; Figure 3), 
and 54% were actively growing flight feathers (Figures 6–14). Even by October 
(2018), slightly more than half of the one-year-old Kelp Gulls near Lima were 
actively molting their flight feathers.

The primary-molt score ranged from 1 to 87 in the actively molting birds 
and from 0 to 90 in the birds showing no actively growing primaries (Figure 
16), meaning that primary molt was interrupted in some (4 birds). Nearly 
half of all the birds showed signs of molt in their primaries, either active or 
inactive: 45% had a primary-molt score >1. Naturally, most of these were 
actively molting these feathers, but even in the sample of eight individuals 

Table 1 Values for Scoring the Molt of Kelp Gulls near Lima, Perua

Score Feather state

0 Old
1 Old feather missing or new feather invisible
2 New feather just emerging from sheath, up to one third grown
3 New feather between one and two thirds grown
4 New feather more than two thirds grown, but not complete
5 New feather fully grown
aFrom Ginn and Melville (1983).
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with no active primary molt, the score ranged from 1 to 90. This was due 
to one bird with one new and one growing primary in the right wing only, 
one bird with 13 new, fully grown primaries, one with 17, and one with 18 
(across both wings). These four birds therefore represented interrupted rather 
than active molt. The other four birds (with a primary-molt score of 1) were 

Figure 2. First-cycle Kelp Gull, Lima, Peru, 18 November 2021. Primary-molt score = 
0. Bird at a “normal” molt stage, with all flight feathers still juvenile. Of the one-year-
old Kelp Gulls near Lima in November 2021, 13% looked like this.

Photo by Peter Adriaens

Figure 3. First-cycle Kelp Gull, Lima, Peru, 9 November 2021. Primary-molt score 
= 0. Primaries still juvenile, but all tail feathers and all secondaries but the outermost 
have been replaced, after which molt was interrupted. Age based on the shape and 
color of the outer primaries (brown, very pointed, and therefore still juvenile; compare 
with the outer primaries in Figures 14–15 and on this issue’s back cover). Note also 
the streaked neck and the absence of distinct red gonydeal spot.

Photo by Peter Adriaens
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each missing one primary in one wing only, which, judging from the worn 
state of their plumage, we interpreted as plumage damage rather than active 
molt. Birds with unusually high primary-molt scores were already present 
during the first few days of our sampling (Figure 17). In a few birds the molt 
was apparently eccentric, the outermost primaries replaced while the inner 
primaries were still juvenile (Figures 10, 11). In 2021 we encountered only 
one such bird, but in 2018 birds with eccentric primary molt made up roughly 
3–5% of the sample.

A majority of the one-year-old birds, 60% (349 individuals), had replaced 
some secondaries (Figures 2–15), and 8% (47 individuals) had replaced all 
of them (Figures 9–15). Many birds had acquired new secondaries before 
starting to replace their primaries: 156 individuals (27%) showed some new, 
fully grown secondaries but no new primaries yet (Figure 3). Of the 47 birds 
with a full set of new secondaries, 5 had not started molting their primaries. 
In 128 birds, molt in the secondaries had been interrupted. Any replacement 
of the juvenile secondaries always included the inner feathers (close to the 
tertials) and was then either interrupted or continued outward, though some 
birds appeared to have replaced the central and outer secondaries in a more 
random order (Figure 6).

The state of the tail feathers could be assessed in 424 one-year-old birds. 
In this sample, two out of every three birds had acquired at least one new tail 
feather, and 166 birds (39%) had replaced all (Figures 3, 6–10, 14–15). New 

Figure 4. One-year-old Kelp Gull, Lima, Peru, 31 October 2018. Its visible primaries 
are still juvenile (brown, narrow, and very pointed), but the secondaries, which can 
be seen below the greater coverts here, have been replaced. All of the tertials have 
also been replaced—one of them (the central feather) already twice. The age of one 
year is further supported by the extensive brown mottling on the lower body and the 
absence of a red gonydeal spot.

Photo by Amar Ayyash
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tail feathers were often present even when primary molt had not yet started; 
this was the case in 159 birds (38%). Of the 166 birds with a completely new 
tail, 64 (15%) had not started molting their primaries (Figure 3). Similarly, 
new tail feathers were already present in 51 birds (12%) that had not yet 
replaced any secondaries.

Analysis of the tail-feather molt suggests that these feathers are usually 
replaced in the typical sequence from the central pair (R1) outwards; R1 had 
the highest average molt score, which then gradually declined for each tail 
feather up to R5 (Figure 18). This means that most of the subset of 66 birds 
whose tails we analyzed thoroughly had molted the central pair, and only a 
(small) minority had replaced R4 and 5. However, it is interesting (although 
not unusual) to see that the outermost tail feather, R6, was replaced more 
frequently than R5. Thus tail-feather replacement is not perfectly sequential. 
Thirteen birds had replaced both of the outermost tail feathers while R5 was 
still juvenile on both sides of the tail; an additional four birds had replaced 
one R6 while R5 was still juvenile. On the same note, five birds had already 
replaced some of the outer tail feathers (mainly R3, R4, and R6) while both 
of the central tail feathers were still juvenile or were missing. Tail molt was 
asymmetrical in 40 out of the 66 birds, meaning that the number and order 

Figure 5. One-year-old Kelp Gull, Lima, Peru, 2 November 2018. While this bird’s 
plumage appears less “advanced” or mature than the one in Figure 4, the molt of its 
flight feathers has progressed much further: at least three outer primaries are new, 
second generation. We believe these feathers to represent the first alternate plumage 
since in early November the second prebasic molt should still be limited to one or 
two inner primaries only. The age of this bird is revealed by the old, juvenile P10 
visible on the underside of the far wingtip, this feather being clearly narrower than the 
second-generation primaries, and so worn that its shaft projects at the tip. Note also 
the immature bill pattern and extensive mottling on the lower body.

Photo by Amar Ayyash
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Figure 6. One-year-old Kelp Gull, Lima, Peru, 16 November 2021. Primary-molt score 
= 10. Note the big gaps in the wing of this actively molting bird: most of its secondaries 
are missing, as well as three inner primaries. This indicates rapid replacement of these 
feathers. All tail feathers have been replaced at least once.

Photo by Peter Adriaens

Figure 7. One-year-old Kelp Gull, Lima, Peru, 15 November 2021. Primary-molt 
score = 10. Note the big gap in the outer wing, with half of the primaries missing. All 
tail feathers and half of the secondaries have been replaced, the latter already looking 
surprisingly adult-like. Age specified by the brown and sharply pointed juvenile 
outer primaries (compare with Figures 15, 19, and this issue’s back cover), the brown 
juvenile outer secondaries with just a narrow white tip, the streaked neck pattern, and 
poorly developed gonydeal spot. Note that the bill is already quite yellow, as it is also 
sometimes in one-year-old Baltic and Heuglin’s Gulls, and even first-cycle yellow-
footed Gulls (pers. obs.).

Photo by Peter Adriaens
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of replaced or missing feathers on the two sides of the tail differed. In addi-
tion, the patterns of the new pairs of rectrices sometimes differed, e.g., one 
R1 showing more extensive white than the other.

In 2021 our sample did not include any one-year-old birds with a complete 
set of replaced flight feathers (primary-molt score = 100 and all tail feathers 
and secondaries new), but in early November 2018 we noted at least two birds 
that had undergone so complete a molt (Figure 15; see also this issue’s back 
cover). Even though such advanced birds may resemble two-year-olds, we feel 
confident that we have correctly aged them: at least in October and November, 
the new, second-generation primaries of such advanced one-year-old indi-
viduals look clearly fresher and more glossy blackish than the worn, slightly 
brownish-tinged primaries (and primary coverts) of two-year-olds (see 
Figure 19 for comparison). Also, the bills and body plumage of two-year-old 
birds already resemble those of adults at that time of year, with an extensive 
red gonydeal spot, clean white head, neck, and underparts, uniformly black-
ish scapulars, and few (if any) brown spots on the white underwing coverts.

Two-year-Old Birds (Figures 19–21)
Our sample of 54 two-year-old Kelp Gulls included only two birds that 

had not started to molt their flight feathers. The vast majority (50 of the 54) 
showed interrupted molt, while one bird was actively molting its tail feathers 
and one lacked two primaries in its right wing, which may have been a sign 
of active molt or of damage to the wing.

Figure 8. One-year-old Kelp Gull, Lima, Peru, 11 November 2021. Primary-molt 
score = 28. Another example of a bird missing many flight feathers (notably, most of 
the secondaries in its left wing). Age determined by the color and shape of the outer 
primaries, which are clearly still juvenile. All tail feathers have already been replaced, 
at least once. Many secondaries in the right wing have also been replaced. Molt of the 
primaries, however, has proceeded only up to P4, indicating that the tail feathers and 
many secondaries were replaced earlier, as part of the prealternate molt. The primaries’ 
molt could be second prebasic, overlapping with the end of the first prealternate molt. 
The rather adult-like aspect of the new primaries and secondaries could perhaps be 
explained by the bird’s hormonal state, as it acquired these feathers later in spring 
than the tail feathers. 

Photo by Peter Adriaens
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The primary-molt score ranged from 0 to 95, as depicted in Figure 20. 
Most birds (67%) had not acquired any new primaries yet, but 11 birds (20%) 
had acquired more than 10, after which molt was interrupted (Figure 21). 
The starting primary was slightly variable. One bird had replaced P1, after 
which its molt was interrupted. In 11 molt had presumably started at P1 and 
then continued outward to anywhere from P4 to P9 before being interrupted 
(although one bird had skipped replacement of the juvenile P2 in its left wing). 
In two molt started at P2 and continued to P6–P10. One bird had replaced 
P3–P6 only, and one had replaced P4–P6 only.

Forty-five two-year-old birds (83%) had replaced some secondaries, and 
in 20% of the sample all secondaries had been replaced (11 birds). These 11 
birds were not all the same as those mentioned above with more than 10 new 
primaries; their primary-molt score ranged from as low as 10 (i.e., showing 
only two new fully grown primaries) to 95. Approximately half of the two-
year-old birds had acquired new secondaries before molt of their primaries 
began: 28 birds of the sample (52%) showed some new fully grown secondar-
ies but no new primaries yet.

We could assess tail molt in 40 two-year-old birds. In this sample, most 
individuals (88%) had acquired at least one new tail feather, and 25 (63%) 
had replaced all tail feathers. New tail feathers were often present even when 
primary molt had not yet started; this was the case in 26 birds (65%). Of the 
25 birds with a completely new tail, 15 (38%) had not yet started molting 

Figure 9. One-year-old Kelp Gull, Lima, Peru, 20 November 2021. Primary-molt score 
= 22. In this bird’s left wing, a new innermost primary, P1, is just starting to appear and 
P4 is missing, while P5 and 6 are new and P7 is growing. In the right wing, P1 and P6 
are missing, while P5 is new but still growing. Thus there appear to be three waves of 
molt in the primaries on the left and at least two on the right. The missing P1 could 
indicate the start of the second prebasic molt, but the new primaries were apparently 
acquired through an eccentric first prealternate molt. This bird’s age of one year is 
based on the brown color and pointed shape of the outer primaries, which are clearly 
still juvenile feathers. Note also the streaked neck, brown scapulars. and extensively 
brown lower body. In addition, other photos of this bird show an immature bill pattern.

Photo by Peter Adriaens
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their primaries. Four birds had acquired up to 12 new tail feathers but no 
new secondaries. Our sample of two-year-olds was too small for us to draw 
any firm conclusions about the sequence of rectrix replacement at this age. 
Only six birds that showed signs of rectrix molt were photographed with 
their tail fully spread. In these six birds, molt seemed to start from the central 
pair of feathers and then proceed outward on both sides of the tail, though 
one bird had replaced R6 while retaining the old R5. Tail-feather molt was 
asymmetrical in three of the six birds.

DISCUSSION

If we disregard the development from downy to full juvenile plumage, 
most first-cycle large gulls in general undergo their first complete molt (the 
“second prebasic molt”) at 9 to 11 months after fledging, when they are ap-
proximately one year old. This molt starts with the innermost primary and 
continues outward, one primary feather at a time (Howell and Corben 2000a, 
2000b, Howell et al 2003, Pyle 2008, Pyle et al. 2018). When molt reaches 
the outer primaries (typically P7–P8), the first rectrices are shed, followed 
shortly by the first few secondaries (Howell and Dunn 2007). In Peruvian 

Figure 10. One-year-old Kelp Gull, Lima, Peru, 1 November 2018. Primary-molt 
score = 41. This bird is remarkable in that it shows an eccentric first prealternate molt. 
On the left wing, the outermost three primaries have been replaced while all other 
primaries are still juvenile. On its right wing, the outermost five primaries are new, 
P5 is missing, and P1–4 are still juvenile. Apparently, that molt was interrupted, since 
all visible primaries are fully grown. All secondaries and tail feathers have also been 
replaced. This pattern, with tail feathers and secondaries replaced before the inner 
primaries, and eccentric, interrupted molt in the primaries, indicates an extensive 
first prealternate molt. 

Photo by Amar Ayyash
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Figure 11. One-year-old Kelp Gull, Lima, Peru, 24 November 2021. Primary-molt 
score = 29. Another bird with eccentric first prealternate primary molt: on the right 
wing, P9–10 are new, on the left P10 only is new. Note the small white mirror on the 
underside of the new P10, as also shown by a few one-year-old Baltic and Heuglin’s Gulls, 
and also that a new molt wave, the second prebasic, has started at the inner primaries 
(P1 new; P2 missing on left and growing on right). All secondaries and tail feathers 
had been replaced during the first prealternate molt. Age of one year attested by the 
worn, brown and pointed aspect of the retained, juvenile outer primaries (best visible 
on the left wing), the brown mottling on the belly, and the lack of a red gonydeal spot. 

Photo by Peter Adriaens

Figure 12. One-year-old Kelp Gull, Lima, Peru, 15 November 2021. Primary-molt 
score = 59. In the left wing, molt of the primaries does not follow the regular sequence: 
P4 is still growing (possibly growing after an adventitious loss), but P5 and 6 have 
already been replaced and are fully grown. All secondaries have been replaced. This 
bird’s molt is much more extensive than expected in November, indicating that some if 
not all of the new primaries were replaced previously during the first prealternate molt. 
Age of one year by the juvenile outer primaries (brown, narrow, and very pointed), 
immature bill pattern, heavily streaked neck, and barred undertail coverts. 

Photo by Peter Adriaens
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Kelp Gulls, however, this molt appears to be irregular, not only in its timing 
and extent but also its sequence. We found that in some Kelp Gulls the first 
molt of flight feathers seems to occur very early, possibly at 5 to 7 months of 
age, and the tail feathers and secondaries often appear to be molted before the 
primaries. In addition, Kelp Gull primaries are not always molted sequentially 
but sometimes randomly, and several primaries may be shed simultaneously 
rather than one by one, as judged from the large gaps in the outer wing of 
some birds (Figures 6–7). In these respects, molt in Peruvian Kelp Gulls re-
sembles that of the yellow-footed Gull (L. livens) and some taxa of the Lesser 
Black-backed Gull complex, including the Heuglin’s [L. (fuscus) heuglini] and 
Baltic (L. f. fuscus) (Jonsson 1998, Rauste 1999, Gibbins 2004, Pyle et al 2018).

A better understanding of the molt of these Kelp Gulls should start with 
knowledge about the timing of their breeding season in Peru. According to 
the available literature and local researchers, egg laying starts in late October, 
and the first full-grown juveniles are seen in December or January (Figueroa 
2010a, b, Carlos zavalaga in litt.; see also Table 2). This is at odds with the 
statement in Harrison et al. (2021) that the “breeding season [is] year-round 

Table 2 Estimated or Recorded Dates of Start of Egg Laying in Kelp Gull Colonies 
in South America

Location
Latitude 

(° S) Month Day

Expected start 
of second 

prebasic molt Reference

Atlantic coast
Argentina

Golfo San Jorge 45 Nov 21 Nov Figueroa 2010b
Punta Tombo 44 Nov 1 Nov Figueroa 2010b
Punta Léon 43 Oct 1 Oct Figueroa 2010b
Punta Pirámide 42 Oct 15 Oct Figueroa 2010b
Punta Rasa 36 Sep 24–26 Sep Mauco et al 2007
Islote La Pastosa 41 Oct 1–10 Oct yorio et al 1994
Isla Vernaci Sudoeste 45 Nov 15 Nov yorio and García-

Borboroglu 2002
Brazil

Bahía Saldanha 33 Oct 1 Oct Figueroa 2010b
Santa Catarina 27 Jul 15 Jul Figueroa 2010b
Isla Moleques do Sul 27 Jun 1 Jun Figueroa 2010b
Isla Guararitama 24 Jun 24–30 Jun Figueroa 2010b
Santa Catarina 27 Jul 24 Jul Branco et al 2009

Pacific
Chile

Coquimbo 29 Nov 15–20 Nov Chávez-Villavicencio 2014
(all) Sep–Dec Sep–Dec Garrido 2018
islote Pájaro niño 33 Nov–Dec Nov–Dec Simeone 2018

Ecuador
Salinas 2 Oct–Jan Oct–Jan Haase 1996

Peru
Punta Campana 5 Oct 21–23 Oct Figueroa 2010a
Isla Lobos de Afuera 6 Oct 22 Oct Figueroa 2010b
Isla Lobos de Tierra 6 Oct 22 Oct Figueroa 2010b
Punta Coles 17 Nov 14–20 Nov Figueroa 2010b

EXTENSIVE PREALTERNATE MOLTS IN PERUVIAN KELP GULLS
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Figure 14. One-year-old Kelp Gull, Lima, Peru, 20 November 2021. Primary-molt 
score = 87. A bird that underwent a very extensive primary molt: all primaries have 
been replaced, except for P3, which is still juvenile in the right wing (missing in the 
left wing, not visible here), and P2, which is missing in the right wing but new in the 
left wing. The extensive replacement of the central and outer primaries by November 
indicates that this replacement was part of an eccentric first prealternate molt, while 
the new P1 and missing P2 could indicate that the second prebasic molt has begun. 
Age of one year by the retained juvenile P3, two retained juvenile primary coverts, 
and extensive brown on the lower body and uppertail coverts. 

Photo by Peter Adriaens

Figure 13. One-year-old Kelp Gull, Lima, Peru, 20 November 2021. Primary-molt 
score = 34. Another bird that seems to have replaced its primaries in a random order: 
P1 is new, P2 is growing but is clearly shorter than the also growing P3 (best seen on 
the right wing), indicating that it is being replaced later. P4 is new (and fully grown), 
and P5 is growing (though not visible here), while P6–10 are still juvenile. Note the 
rather mature look of the new primaries. The age of this bird is revealed by the color 
and shape of its juvenile outer primaries (most obvious on the left wing), immature 
bill pattern, barred undertail coverts, and brown belly.  

Photo by Peter Adriaens
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in Peruvian Humboldt,” for which no source is mentioned and which is not 
borne out by the evidence: numerous photographs from Peru at https://eBird.
org and https://observation.org show birds in full juvenile plumage only from 
January to March, not year round. Similarly, we did not see any juvenile Kelp 
Gulls during our visits in October and November. Therefore the breeding 
season in Peru appears to be from October to February or March.

In general, first-cycle large gulls start their first complete (second prebasic) 
molt 10 or 11 months after fledging, so birds that acquire juvenile plumage 
in (late) December or January could be expected to start replacing their 
flight feathers from late October to December. By late November, such birds 
should therefore have an expected primary-molt score of 0–22 (for both wings 
together), yet 7% of the one-year-old Kelp Gulls in our November sample 
were clearly further ahead, with a score of 23–90; one bird scored 84 even as 
early as 8 November. Similarly, two-year-old birds should start replacing their 
flight feathers beginning in December, slightly later than their one-year-old 
juniors, and can therefore be expected to have a primary-molt score of 0 in 
November. Nonetheless, 31% of birds in our sample had scores >2, and two 
had reached a score of 80 by 8 and 9 November.

There are three possible hypotheses for these unusually high molt scores:

Figure 15. One-year-old Kelp Gulls, Lima, Peru, 1 November 2018. Primary-molt 
scores = 0 (left) and 100 (right). A nice comparison of the extremes of variation in molt 
at this age. The bird on the left has retained all of its juvenile flight feathers (as well as 
most of its juvenile wing coverts), while the bird on the right has replaced all of them, 
showing a full set of primaries, secondaries, and tail feathers representing the first 
alternate plumage. A retained juvenile central primary covert, heavily streaked neck, 
brown scapulars, barred uppertail coverts, and lack of the red gonydeal spot reveal 
the bird’s age of one year. The outer primaries are quite fresh and thus were acquired 
recently. In November a two-year-old Kelp Gull would show significant wear on its 
outer primaries, which by then would be approximately 6 months old. Compare with 
the brown tinge on the outer primaries on bird in Figure 19.

Photo by Amar Ayyash
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1. Could these extensively molting birds be migrants from a different popu-
lation that breeds much earlier? In Brazil, for instance, egg-laying starts 
in June, and the complete second prebasic molt may therefore start in 
June or July (Table 2) and be completed from November to January. This 
hypothesis is not the most plausible one, however, since South American 

Figure 16. Primary-molt scores of 563 one-year-old Kelp Gulls photographed near 
Lima, Peru, 8–25 November 2021. Birds with scores of 100 were observed only in 2018 
and are therefore not included in this diagram. Note break in the x axis and different 
scales across the two panels.
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Figure 17. Highest primary-molt scores per day of 576 one-year-old Kelp Gulls 
photographed near Lima, Peru, November 2021. Very few birds were sampled on 13 
and 21–23 November.
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Kelp Gulls are considered mainly resident, making only short-distance 
movements from the southern part of the range in winter and generating 
only a few extralimital stragglers (Olsen and Larsson 2004, Howell and 
Dunn 2007, Howell et al 2014). To reach coastal Peru, Brazilian Kelp Gulls 
would have to cross South America, over the Amazon basin and the Andes, 
or move south along the coast toward a colder climate zone before return-
ing north on the other side of the continent, a flight distance of more than 
10,000 km. Both scenarios seem highly unlikely. Moreover, if Brazilian 
birds were to migrate immediately after their breeding season, reaching 
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Figure 18. Average rectrix-molt scores of 66 one-year-old Kelp Gulls photographed 
near Lima, Peru, in November 2021.

Figure 19. Second-cycle Kelp Gull, Lima, Peru, 19 November 2021. Primary-molt 
score = 40. This bird’s partial second prealternate molt included all tail feathers, 
probably all secondaries, and four central primaries (P3–6). Age two years by the 
color (dark brown) and shape (rounded) of the outer primaries, which are retained 
second-generation feathers, presumably acquired through the second prebasic molt 
six months earlier.

Photo by Peter Adriaens
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Peru in October and November, one could expect some fresh juveniles 
among them, yet this plumage appears to be absent in Peru at that time 
of year. Similarly, given the large number (138) of first-cycle Kelp Gulls 
in our sample in which remex molt had been interrupted, if there were 
some migration one would expect such birds to turn up south of Peru. yet 
the photos available from Chile on eBird.org do not reveal any Kelp Gulls 
with interrupted molt in their primaries or secondaries.

2. Might a small minority of Peruvian Kelp Gulls breed year-round? Again, 
this does not seem the most likely explanation, since neither breeding 
activity nor birds with fresh juvenile plumage have been documented 
outside of the main breeding season.

3. The specifics of the molt indicate additional complexity. Could the first 
and second prealternate molts of some Peruvian Kelp Gulls be (almost) 
complete rather than partial? We infer that this is indeed the case: the 
rapid, simultaneous shedding of several remiges, the sequence of replace-
ment of the feathers (with tail feathers and secondaries often replaced 
before the primaries), and the large number of birds with interrupted 
molt recall the pattern seen in gulls in which extensive first prealternate 
molt has been well documented, such as the Heuglin’s and Baltic gulls. We 
conclude that one-year-old Kelp Gulls with high primary-molt scores in 
October and November, even those actively growing new primaries, are 
finishing their first prealternate molt, and will either complete this molt 
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Figure 20. Primary-molt scores of 54 two-year-old Kelp Gulls photographed near 
Lima, Peru, 8–25 November 2021.
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quickly or will interrupt it. Likewise, a high primary-molt score in two-
year-old birds at that time of year and interrupted flight-feather molt are 
signs of an extensive second prealternate molt.

This conclusion raises the question of why the Kelp Gull should have such 
an extensive prealternate molt, since such a molt is usually seen in long-dis-

Figure 21. Second-cycle Kelp Gull, Lima, Peru, 24 November 2021. Primary-molt 
score = 90. This bird’s partial second prealternate molt was so extensive that the 
plumage now closely resembles that of an adult. All primaries have been replaced, 
except the outermost (P10), which is still second generation. Molt was arrested when 
P9 was fully grown. Age as two years by the strongly brown color of the retained 
outermost primary (contrasting with the black of all other primaries, which are new 
and fresh) and by extensive black on the outer tail feathers. 

Photo by Peter Adriaens

Figure 22. Adult Kelp Gull, Lima, Peru, 18 November 2021. Primary-molt score = 
82. Even some adults appear to show rapid molt. This bird has two waves of molt in 
its primaries: one, presumably prebasic, in the inner primaries, where P3 and P4 are 
missing, and one, presumably prealternate, in the outermost primaries, where P10 is 
still growing. 

Photo by Peter Adriaens
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tance migrants, which may need to counter increased feather bleaching and 
wear caused by higher levels of ultraviolet radiation at more tropical latitudes 
(Howell 2010: 50). Prealternate molts are rarely complete in resident gulls. 
Examples include the yellow-footed Gull, in which the second prealternate 
molt may include a number of primaries (Howell and Dunn 2007, Pyle et al. 
2018, Adriaens pers. obs.), and the southernmost breeding populations of 
Heermann’s Gull (L. heermanni), in which some birds seem to replace all of 
their primaries during their first cycle (Howell and Wood 2004, Howell 2010). 
These gulls are exposed to intense tropical or desert sunlight year-round and 
therefore may need to replace their flight feathers more than once a year. The 
same is true for Peruvian Kelp Gulls, which live in a coastal desert climate 
where they are exposed to tropical temperatures and strong sunlight all year. 
In addition, Peruvian Kelp Gulls benefit from the food-rich waters of the 
Humboldt Current, which, except in years of El Niño, provides them with 
the energy needed to replace large feathers quickly (cf. Guerra et al. 1988, 
Howell and Corben 2000c). It is probably no coincidence that Franklin’s Gull 
(Leucophaeus pipixcan), another gull with a nearly complete prealternate 
molt, winters in this same region in huge numbers.

Although our observations of adult Kelp Gulls are limited, it seems that 
at least some adult birds show two simultaneous waves of molt in their 
primaries: one adult in Lima on 18 November 2021 was replacing its inner 
four primaries while also still growing P10 (Figure 22), and one adult photo-
graphed in the Galápagos Islands on 27 August 2013 exhibited a similar molt 
pattern (https://ebird.org/checklist/S63540336). Examples of adult large gulls 
with multiple simultaneous waves of molt in their primaries are very rare, but 
this molt sequence has also been documented in adult Lesser Black-backed 
and yellow-footed gulls (Pyle et al. 2018).

CONCLUSIONS

Peruvian Kelp Gulls may undergo rapid and extensive first and second 
prealternate molts, which in many ways recall those of Heuglin’s Gull. Most 
one-year-old birds (66%) in our sample from November had replaced ≥1 tail 
feather, and half of these birds had also replaced ≥1 secondary. In a small 
minority (at least 7%), the first prealternate molt also appeared to include 
some primaries, since in October and November these birds already had a 
primary-molt score >22, much higher than expected at that time of year. 
Some individuals had also interrupted their primary molt, which suggested 
that they were undergoing a rapid, incomplete first prealternate molt rather 
than a complete, second prebasic molt (Figures 10, 11, 14). In two-year-old 
birds, 88% had replaced ≥1 tail feather, 83% had replaced ≥1 secondary, and 
31% had replaced ≥1 primary. Replacement of the flight feathers seemed 
to occur sometimes in random order and quite rapidly, with many feathers 
shed simultaneously, leaving big gaps in the wings. A few two-year-old birds 
had already acquired completely white rectrices. New secondaries and inner 
primaries appeared surprisingly adult-like in some immature birds, even in 
a few one-year-olds. Peruvian Kelp Gulls’ plumage therefore seems to mature 
quickly, and second-cycle birds that undergo a nearly complete second preal-
ternate molt can look very similar to adults, as in some Lesser Black-backed 
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and yellow-footed gulls (Altenburg et al 2011, Pyle et al. 2018). Distinguishing 
these from third-cycle birds may not always be possible.
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NOTES

aN ECCENTriC PrEfOrMaTiVE MOlT WiTh 
iNCOMPlETE rEPlaCEMENT Of PriMary 
COVErTS iN a darK-EyEd juNCO 

D. JULIAN TATTONI, Earth Systems Program, Stanford University, 473 Via Ortega, 
Stanford, California 94305; davidtattoni@gmail.com

ABSTRACT: Though the Dark-eyed Junco has not been reported to replace 
any juvenile primaries during its preformative molt, one first-cycle bird captured at 
Stanford, California, in November 2022 had replaced all its remiges but the three 
innermost primaries. Thus it followed the eccentric pattern more frequently seen 
in other sparrows, wrens, and some tyrant flycatchers. This novel pattern may be an 
adaptation to the urban habitats that the junco has recently colonized.

Attention to variation in patterns of molt within a species is increasing, broaden-
ing our understanding of molt and demonstrating substantial variation on which 
natural selection may act (e.g., Fettig and Hathcock 2015, Pyle and Carnes 2022, 
Tattoni et al. 2022). A molt pattern describes the sequence and extent of feather re-
placement during a molt (Pyle 1997). All passerines follow either a “complex basic” 
or “complex alternate” molt strategy, characterized by a molt—the preformative (also 
called postjuvenile)—inserted within the first annual cycle of the bird’s life (Howell 
et al. 2003). Among North American passerines, plumage replacement in the pre-
formative molt is most commonly partial, including all the head and body feathers, 
a variable number of wing coverts, and occasionally the tertials (Pyle 1997). Less 
commonly, species may follow an eccentric preformative molt in which the outer 
primaries and inner secondaries are also replaced (Pyle 1997).

The Dark-eyed Junco (Junco hyemalis) is a well-studied species with a broad 
range across North America (Nolan et al. 2002). Its preformative molt is partial 
(Pyle 1997). Here, I present evidence of an incomplete preformative molt follow-
ing an eccentric pattern in an Oregon Dark-eyed Junco (oreganus group, likely J. 
h. pinosus) captured at my landbird-banding station along Los Trancos Creek at 
Stanford University, Santa Clara Co., California. I have operated an array of seven 
mist nets at this site approximately once weekly since 2019. Across the four years of 
banding, I have captured 73 individual Dark-eyed Juncos in their first plumage cycle. 

Following convention, I number the primaries from innermost (p1) to outermost 
(p9) and the secondaries from outermost (s1) to innermost (s9). On 22 November 
2022, I recaptured a first-cycle Dark-eyed Junco whose plumage was consistent with 
an eccentric preformative molt, which has not been previously documented in this 
species. Primaries 1–3 were contrastingly duller brown (in base and shaft color) 
and had more wear at the tips than p4–9 and s1–9 (Figure 1A–B). Additionally, the 
outer six primary coverts on the left wing (Figure 1C) and outer five on the right 
wing (Figure 1D) were contrastingly darker (in base and shaft color) and had less 
wear than the inner primary coverts. These observations suggest that during its 
preformative molt this individual replaced all its plumage except p1–3 and a few 
inner primary coverts. It was first captured and banded on 12 July 2022 in juvenile 
plumage with an incompletely (<1/3) pneumatized skull. Interestingly, there appears 
to be leucism in s9 on both wings (Figure 1A–B): the outer barbs are depigmented 
and whitish in a splotchy pattern. My observations of the population of the Dark-
eyed Junco at and near Stanford University suggest that individuals with leucism 
are not uncommon and should be captured annually. 
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While eccentric preformative molt appears scarce within this population (1/73), 
the plasticity in molt it represents may have important implications. Historically, 
the junco’s breeding habitat near Stanford was limited to coniferous forests at higher 
elevations, but the species expanded into the low-elevation urban areas of the Santa 
Clara Valley beginning in the 1990s (Bousman 2007). Similar expansions have 
been described elsewhere in coastal California around the same time (e.g., yeh and 
Price 2004). This change in habitat has likely exposed populations to novel selec-
tive pressures, some of which may act on molt. For example, life in scrubby, sun-
exposed habitats is thought to be an ecological driver of the evolution of eccentric 
preformative molt (Pyle 1998, Pyle et al. 2004, Guallar et al. 2021). Urban Dark-eyed 

Figure 1. Wings (A, left; B, right) of a first-cycle Dark-eyed Junco (Junco hyemalis) 
that followed an eccentric pattern in its preformative molt. Primaries 1–3 are 
contrastingly more worn and duller brown than p4–9 and all secondaries. Unusual 
for species with eccentric molt, this bird partially replaced its primary coverts (C, 
left; D, right); the white arrows point to the inner coverts retained from the juvenile 
plumage. There appears to be leucism (partial depigmentation) in s9 on both wings.

Photos by D. Julian Tattoni
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Juncos almost certainly experience greater sun exposure than their coniferous for-
est counterparts, suggesting an eccentric preformative molt could be adaptive in 
this novel environment. It is unclear whether the molt of the individual I captured 
reflects phenotypic plasticity that all individuals possess or a difference in genotype. 
If this molt pattern enhances fitness and is heritable, we may expect eccentric molt 
to increase in frequency among first-cycle birds in urban areas.

Among the stages of the avian life cycle, molt has received the least attention by 
professional researchers and community-based scientists alike (Bridge 2011, Kiat 
2023). A survey of ornithologists, birdwatchers, and bird banders found that <40% 
of respondents understood plumage-based molt terminology (Kiat 2023). Broadly, 
among those who study birds in the field there is a clear imbalance of knowledge 
with respect to breeding, migration, and molt, and this may foster a sense that molt is 
static rather than a dynamic life stage that continues to evolve as populations experi-
ence changing selective pressures. Although many bird banders have documented 
and published evidence of considerable plasticity in patterns of preformative molt 
(e.g., Elrod et al. 2011, Small et al. 2013), I advocate for increased research on molt 
in the context of ecology, evolution, and global change. Because molt is a critical 
stage in the lives of birds (Holmgren and Hedenström 1995, Dawson 2015), the 
expectation should not be that molt is fixed—even if most individuals follow similar 
patterns—but rather that variation will emerge since variation is a prerequisite for 
natural selection. 

With this framing, anomalous molt patterns become more interesting as they 
raise key questions on the nature of molt and evolution: to what extent are molt 
patterns driven by genetic versus environmental factors? Is an eccentric molt pat-
tern a heritable trait that may be passed down to our study individual’s offspring? 
How often does this trait appear in a population? Does this trait improve a bird’s 
fitness? As interest in researching molt increases, these questions will be important 
areas of investigation. 

I thank the staff of the San Francisco Bay Bird Observatory that have helped me 
maintain bird-banding along Los Trancos Creek, including Katie LaBarbera, Josh 
Scullen, and Dan Wenny. My research mentors Rodolfo Dirzo and Cindy Wilber 
provided valuable support. Esther Cole and Alan Launer from the Stanford Conser-
vation Program and Laura Jones from Stanford Heritage Services provided access to 
the study site and logistical support. This research was conducted on the unceded 
land of the Ramaytush Ohlone peoples and Muwekma Ohlone tribes.
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Photo by Gerardo Marrón of La Paz, Baja California Sur, Mexico:
Gray Vireo ( )
Sierra Juárez, Baja California, Mexico, 3 July 2021. Although Baja California represents 
only a small fraction of the breeding range of the Gray Vireo, the sierras Juárez and San 
Pedro Mártir support substantial populations—probably over 10,000 individuals. Some of 
these populations are in piñon–juniper woodland, but a large fraction is in treeless 
chaparral dominated by chamise ( ) and redshank ( ), 
as Lori Hargrove, Philip Unitt, Gerardo Marrón, Tonatiuh Gaona-Melo, and Gorgonio  
Ruiz-Campos report in this issue of . They also searched possibly suitable  
breeding habitat in the sierras La Asamblea and San Francisco in the central section of the 
peninsula but did not discover any southward extension of the breeding range.

Photo by Nolan Clements of Corvallis, Oregon:
Small-billed Elaenia (Elaenia parvirostris), Southeast Farallon Island, California, 
4 September 2022. This species breeds in South America from southeastern Bolivia and 
southern Brazil south to central Argentina. In its nonbreeding season it migrates north to 
northern South America, as far as the offshore islands of Aruba, Margarita, and Trinidad. 
Four individuals are known to have reached eastern North America previously, but this 
one on Southeast Farallon is the first for the West, as Nolan M. Clements and James R. 
Tietz report in this issue of Western Birds. Of other South American flycatchers occurring 
in North America as vagrants, only the Fork-tailed (Tyrannus savana) has so far reached 
as far west as the Pacific coast.




