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Photo by Floyd E. Hayes of Angwin, California:
Intersex Mallard ( ), John F. Kennedy Park, Napa, Napa County,  
California, 17 April 2023. 
In some species of sexually dimorphic birds, such as the Red-winged Blackbird, the  
plumage of females may become more male-like with age. One possible mechanism for  
this change is a decline in estrogen due to illness or age. In this issue of ,  
Floyd E. Hayes, Drielly N. Martins, and Christian X. Nunez review the examples of such 
intersex plumage in the Mallard through 235 years of literature, as well as an individual  
they followed in the field over two years. This individual continued to behave as a female  
in that it associated more with males than with other females. Yet in other cases described  
in the past, the intersex female’s behavior as well as plumage became more male-like, even  
to the point of the intersex bird mounting other females.

Photo by Herman T. Bohlman of Portland, Oregon, courtesy of the Oregon digital archive 
maintained by the libraries of the University of Oregon and Oregon State University:
California Gulls (Larus californicus), Lower Klamath Lake, Klamath Co., Oregon,  
late May 1905. 
In this issue of Western Birds, W. David Shuford brings to life the sad and confused history 
of the California and Ring-billed Gull colonies of the Klamath Basin, Oregon. Lower 
Klamath Lake, where in 1905 William L. Finley and Herman T. Bohlman found abundant 
nesting waterbirds, including over 1600 gulls, was subsequently drained. By 1921 it was 
reduced to an alkali desert and a peat bed that burned to ashes. Subsequently, thousands of 
gulls nested along the Link River below Upper Klamath Lake, along the Klamath River, 
and at Spring Lake, but these colonies too were abandoned in short order. In the 21st century, 
gull nesting in the Oregon portion of the Klamath Basin has been confined to intermittent 
colonies at Swan Lake and Gerber Reservoir.
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Front cover photo by © Bobby Wilcox of Burlington, Iowa: Abert’s Towhee 
(Melozone aberti), Yuma West Wetlands Park, Yuma, Arizona, 26 April 2021. 
Abert’s Towhee was one of 11 focal species whose temporal changes in abun-
dance Jennifer Ballard, Elisabeth M. Ammon, and Deborah M. Van Dooremo-
len modeled on the basis of 12 years of semimonthly year-round monitoring 
through habitat restoration along Las Vegas Wash, Nevada. Like that of other 
species associated with riparian shrubs, the abundance of Abert’s Towhee 
decreased over this period—evidence that even restoration that is successful 
by many measures may still take many years to pay off for some birds.

Back cover photo by © Matthew J. Baumann of Albuquerque, New Mexico: 
Connecticut Warbler (Oporornis agilis), Percha Dam State Park, Sierra Co., 
New Mexico, 10 September 2023. Nesting mainly in the boreal forest east of 
the Canadian Rockies and wintering in Bolivia (so far as is known), the elusive 
Connecticut Warbler has been noted as a vagrant in most western states. But 
this photo represents the first record of the species in New Mexico, as Nicholas 
T.Vinciguerra describes in this issue of Western Birds.
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BIRD COMMUNITY RESPONSES TO RESTORATION 
ALONG LAS VEGAS WASH, NEVADA

JENNIFER BALLARD and ELISABETH M. AMMON, Great Basin Bird 
Observatory, 1755 E Plumb Lane #256A, Reno, Nevada 89502; ballard@gbbo.org, 
ammon@gbbo.org; 

DEBORAH M. VAN DOOREMOLEN, Southern Nevada Water Authority, 100 City 
Parkway Ste. 700, Las Vegas, Nevada 89106; debbie.vandooremolen@snwa.com

ABSTRACT: In a 12-year study of seasonal bird use along Las Vegas Wash (Clark 
County, Nevada), an area undergoing intensive channel stabilization and riparian 
and wetland restoration, we found that total bird abundance and species richness 
significantly increased. In the late phase of the project, total bird abundance was 
greatest during the nonbreeding season and winter transition, and species rich-
ness was greatest during the fall transition. Species associated with riparian shrubs 
decreased, likely as a response to large-scale removal of non-native shrubs and the 
lag in recovery of a native shrub understory. Species associated with trees and the 
mid-story had a mixed response, with detections of those species previously most 
closely associated with non-native trees showing a negative trend, while those associ-
ated with native overstory plants showing an increasing or mixed trend. Detections 
of wetland and aquatic species increased significantly throughout the project. This 
study shows differential restoration responses of species based on their natural his-
tory, seasons of primary use of the site, and the lag time in recovery of particular 
vegetation elements that are used by various species assemblages. 

Monitoring of the effectiveness of restoration projects routinely includes 
bird assessments so the ecological benefits of the effort can be measured, 
but most studies focus primarily on landbirds during the breeding season 
(e.g., Gardali et al. 2006, Golet et al. 2008, Malcom and Radke 2008, but see 
Kus and Beck 2003, Golet et al. 2011, Latta et al. 2012, Dybala et al. 2015). 
In this study, we examine multi-year seasonal responses of the whole bird 
community to wetland and riparian restoration along Las Vegas Wash, a 
tributary of the Colorado River in southern Nevada. While the wash was 
historically ephemeral, it has become a perennial river owing to discharge 
of treated wastewater, urban runoff, and shallow groundwater. As discharge 
increased in the 20th century, it cut the channel deeper, degrading the wash 
and transferring significant amounts of sediment into Lake Mead. To address 
this issue, the Las Vegas Wash Coordination Committee, a 28-member com-
munity stakeholder group, came together in 1998 with the Southern Nevada 
Water Authority as lead agency. The committee developed the Las Vegas Wash 
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Comprehensive Adaptive Management Plan (Las Vegas Wash Coordination 
Committee 2000) to guide activities to halt the channel’s degradation, restore 
riparian and wetland habitats, improve water quality, and monitor wildlife. 
The Southern Nevada Water Authority implemented the plan, overseeing 
construction of approximately 20 grade-control structures (low dams or 
weirs) to impound and slow water flow to protect the channel bed from 
erosion, as well as the installation of more than 10 miles of rock riprap to 
protect the wash’s banks. Activities also included removal of the dominant 
tamarisk (Tamarix ramosissima), an aggressively growing non-native tree, 
and revegetation with native emergent vegetation and riparian and upland 
trees and shrubs. Because of the length of the channel, the scale of restoration, 
and the central importance of maintaining water flow and quality through the 
wash, construction occurred throughout the study period and occasionally 
disrupted areas previously restored.

The Mojave Desert surrounding the wash averages 10.6 cm of rain per 
year (National Weather Service 2022); the volume and consistency of water 
flowing through the wash therefore provides mesic habitats and resources to 
support a wide variety of wildlife, including a rich bird community. In this 
study we recorded approximately 44% of the species that have been found 
in Nevada, including 53 of conservation priority (GBBO 2018). Here, we 
examine the relationships between phases of the restoration project (early 
to late) and seasonal use by birds dependent on riparian trees, shrubs, and 
wetlands through 12 years of study. 

METHODS 

Study Area

Las Vegas Wash is the primary drainage of the Las Vegas Valley Hydro-
graphic Basin and is located in the southeastern portion of Las Vegas Valley 
in Clark County, Nevada. It extends approximately 20 km, flowing through 
the 1175-ha Clark County Wetlands Park and terminating in Las Vegas Bay of 
Lake Mead. The study area encompasses 8.7 km of the wash that is under ri-
parian and wetland restoration (Figure 1). In 2005, the riparian areas were still 
dominated by the non-native tamarisk, which also formed extensive stands 
perched on dry terraces; the uplands were dominated by the native creosote 
bush (Larrea tridentata). By the end of 2014, cover by non-native riparian 
vegetation had been greatly reduced as a result of removal, weir construction, 
and replanting with native plants, although non-native species remained 
common along the wash. By 2016, tamarisk cover had declined from 36% to 
4% (GBBO 2018). Cover of honey and screwbean mesquites (Neltuma glan-
dulosa and Strombocarpa pubescens, respectively) had collectively increased 
from 1% to 7%, surpassing tamarisk as the most abundant trees in the study 
area (GBBO 2018). Upland shrub cover (e.g., saltbushes such as Atriplex 
canescens and A. lentiformis) had also increased, from 15% in 2005 to 22% 
in 2016. Goodding willow (Salix gooddingii), Fremont cottonwood (Populus 
fremontii), and sandbar willow (S. exigua) were actively planted and passively 
established in the project area but were still limited (each 0–3% cover, in all 
years; GBBO 2018). Overall, vertical vegetation structure between 2 and 6 
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m declined over the course of the project (GBBO 2018). Emergent marsh 
vegetation, primarily bulrush (Schoenoplectus spp.), was planted in the chan-
nel, and southern cattail (Typha domingensis) and common reed (Phragmites 
australis) encroached from upstream sources.  

Active channel stabilization and revegetation took place the length of the 
study area throughout the study period. By the end of the first year (2006), 
nine weirs had been installed and 30 ha had been revegetated. By the end of 
the sixth year, 12 weirs had been installed and approximately 113 ha had been 
revegetated. By the end of the 12th year, 19 weirs had been installed and over 
200 ha had been revegetated.

Bird Surveys
Birds and vegetation of the study area were monitored from 12 February 

2005 to February 2009 by the San Bernardino County Museum and by the 
Great Basin Bird Observatory from 15 February 2009 to 30 January 2011 
and again from 1 September 2014 to 31 August 2017. We recorded all birds 
detected during standardized 5-minute counts (Ralph and Scott 1981) at 
permanently established geo-referenced survey points along the restoration 
area. The points were spaced at least 200 m apart and arranged on both sides 
of the channel. The study began with 26 survey points; 3 were added within 
a few months, and the total reached 31 by the end of the second year. Points 

Figure 1. Riparian restoration study area (in black) along Las Vegas Wash, Clark 
County, Nevada. Triangles represent survey locations.
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were distributed along the wash in wetland, riparian, and upland habitats, 
in areas that had already undergone stabilization and restoration and in 
those that had not. Weir construction shifted the channel in some locations, 
requiring 8 points to be replaced. We established these replacement points 
as close to the original location as was safely possible, up to 50 m from their 
original location. Surveys at some points were occasionally omitted because 
of inaccessibility from construction or flooding. We surveyed these points 
year round, approximately every 2 weeks over a 2-day period, for 26 surveys 
per year. Each survey began at a randomly selected point, and the order in 
which we visited survey points was rotated on successive visits. To capture 
the period of greatest bird activity, surveys began at sunrise and continued for 
approximately 5 hours. From 2009 to 2017 we used electronic rangefinders 
to record the distance from the observer to the bird as accurately as possible.

Data Analysis
Using the statistics software Stata (StataCorp 2015), we modeled total 

bird detections, species richness (i.e., number of species detected), and 
species-specific detections by negative binomial regression for count data. 
For all species-specific modeling, we included observations of 11 focal spe-
cies (species of conservation interest with a minimum of 900 detections) in 
separate negative binomial regression analyses. We apportioned these spe-
cies among three guilds: birds associated with riparian shrubs—the Abert’s 
Towhee (Melozone aberti), Song Sparrow (Melospiza melodia), and Yellow-
breasted Chat (Icteria virens), those associated with riparian trees—the 
Lucy’s Warbler (Leiothlypis luciae), Orange-crowned Warbler (Leiothlypis 
celata), Verdin (Auriparus flaviceps), Yellow Warbler (Setophaga petechia), 
and Yellow-rumped Warbler (Setophaga coronata), and those associated with 
wetlands—the Common Yellowthroat (Geothlypis trichas), Mallard (Anas 
platyrhynchos), and Red-winged Blackbird (Agelaius phoeniceus). 

All analyses included only bird detections within a 100-m radius of a 
survey point. We excluded observations of birds flying overhead, even those 
directly above a survey point, because these birds were generally not actively 
using the surveyed area. This allowed us to compare bird abundances by 
survey point and project phase, but it precluded analyses of species with 
a primarily aerial lifestyle, such as swallows (family Hirundinidae), swifts 
(family Apodidae), and nighthawks (family Caprimulgidae). 

On the basis of previous analyses (Braden et al. 2009), we defined the 
breeding season as the period between 15 March and 31 August, which 
encompasses the breeding periods of the majority of both year-round resi-
dent and migratory species. We excluded hatch-year birds from analyses of 
breeding-season data. The breeding season so defined also encompasses 
spring and early fall migration of several mid- and long-distance migrants, 
so, inevitably, some nonbreeding birds were included in breeding-season esti-
mates. The nonbreeding season was defined as 1 October through 31 January 
to include overwintering birds but exclude nesting of most resident species. 
The fall transition therefore includes September, and the winter transition 
covers February through mid-March. Further, we divided the 12 years of the 
project into the early phase (2005–2008), intermediate phase (2008–2011), 
and late phase (2014–2017). 
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We modeled species richness, total bird detections, and detections of fo-
cal species per survey visit by using season and project phase as explanatory 
variables, and an interaction between season and phase, where appropriate, 
such that we compared four models: (1) season, (2) phase, (3) season + phase, 
and (4) season + phase + season × phase. In addition, we included a null 
model as a baseline reference. 

We ranked models by Akaike’s information criterion (AIC) and evaluated 
them by their weight (wi; Burnham and Anderson 2002). Our multi-model 
comparisons of factors influencing total detections, species richness, and 
detections of focal species generally yielded strong support for a single model 
(weight of the top model ≥0.72 in all sets). Models for the Yellow Warbler, 
however, were more equivocal (wi = 0.54 and 0.45 for the top two models), 
but the interpretation for each was similar. For the sake of simplicity, we thus 
report only the results of the best-supported model within each set.

For each of these top models, we calculated the incident-rate ratios and 
associated p values of contrasts within restoration phases and seasons (Stata 
version 14.2, StataCorp 2015). Because not every survey visit included all 31 
points, we used the number of points per survey as an exposure variable in the 
analysis. An incident-rate ratio is the estimated change in species richness or 
overall detections for that phase or season relative to a baseline value, given 
that the other variables in the model remain constant. We based the models 
on project phase rather than time since restoration because of the complexity 
and differing schedules of weir construction, tamarisk removal, restoration 
plantings, and passive restoration.

We summarized raw counts (means and standard errors) by project phase 
and season, and represented these summaries in two ways. First, we plotted 
the total number of bird species and the number of bird detections per 40 
ha, converted from the fixed radius of 100 m around each point (3.14 ha), by 
survey visit in order to illustrate temporal variation in species richness and 
abundance and to show differences among phases. Second, we estimated 
richness and detections by season and phase from species-specific negative 
binomial models. Results were considered statistically significant at α = 0.05.

RESULTS

Total Bird Abundance

Counts varied by species, season, and phase of restoration (Table 1). The 
best-supported model of total bird detections included season, phase, and 
an interaction between the two variables (Table 2). During the early phase, 
there was no significant difference in detections between the breeding and 
nonbreeding seasons, but detections during the nonbreeding period were 
22% greater than during the breeding season in the intermediate phase, and 
68% greater in the late phase (Figures 2 and 3; Tables 1 and 3).

With respect to the fall transition and nonbreeding season, total detections 
increased significantly from the early phase to the intermediate phase. Across 
all seasons, detections during the late phase were significantly greater than 
during the early phase, but this difference was strongest for the nonbreeding 
and winter transition periods (2.3 and 3.4 times greater, respectively). For all 
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seasons but the fall transition, total detections during the late phase were also 
significantly greater than during the intermediate phase (Figure 3; Table 4). 
A large portion of this increase was driven by the creation and expansion of 
wetland and open-water habitats and the subsequent increases in waterbirds: 
during the nonbreeding season and winter transition, the proportion consist-
ing of coots, cormorants, ducks, gallinules, and grebes increased from 16% 
in the intermediate phase to 57% in the late phase.

Table 1 Mean Number of Detections (± Standard Error) within 40 ha of Dominant 
Species on Point Counts along Las Vegas Wash, Nevada, 2005–2017, by Season and 
Restoration Phasea 

Season and project phase

Variable

Breeding Fall transition

Early Intermediate Late Early Intermediate Late

Total birds 131.4 (4.7) 141.1 (7.1) 191.1 (9.7) 107.3 
(10.9)

156.1 (25.6) 173.7 
(12.7)

Species richness 34.1 (0.9) 34.0 (0.9) 45.7 (0.9) 36.2 (2.1) 43.2 (1.9) 46.3 (2.3)
Abert’s Towhee 14.4 (1.0) 11.0 (1.3) 8.3 (0.6) 18.7 (3.3) 14.5 (2.3) 10.2 (1.4)
Common Yellowthroat 8.8 (0.6) 10.1 (0.8) 10.7 (0.9) 5.3 (1.4) 4.4 (1.5) 5.4 (1.3)
Lucy’s Warbler 7.7 (0.9) 4.5 (0.6) 2.8 (0.4) 0.3 (0.2) 0.3 (0.3) 0.3 (0.3)
Mallard 1.0 (0.2) 3.4 (0.6) 8.6 (0.7) 1.2 (1.1) 7.4 (3.5) 10.7 (2.1)
Orange-crowned 

Warbler
0.4 (0.1) 0.3 (0.1) 0.5 (0.2) 4.0 (1.4) 6.6 (2.4) 7.3 (2.4)

Red-winged Blackbird 8.6 (1.1) 15.0 (1.4) 24.4 (2.0) 1.6 (0.5) 2.6 (1.3) 6.3 (2.4)
Song Sparrow 13.8 (0.8) 10.7 (0.7) 8.3 (0.5) 8.8 (1.6) 6.5 (1.5) 2.4 (0.4)
Verdin 4.7 (0.3) 5.6 (0.4) 6.7 (0.4) 4.7 (0.4) 7.1 (0.6) 7.1 (0.8)
Yellow-breasted Chat 5.8 (0.7) 4.2 (0.7) 2.4 (0.4) 0.7 (0.4) 0.9 (0.7) 0.3 (0.2)
Yellow-rumped 

Warbler
1.0 (0.4) 0.7 (0.3) 2.0 (0.7) 3.3 (1.5) 8.6 (7.2) 0.9 (0.7)

Yellow Warbler 2.4 (0.3) 5.0 (0.7) 2.9 (0.4) 0.4 (0.2) 1.9 (0.9) 2.3 (1.3)

Nonbreeding Winter transition

Early Intermediate Late Early Intermediate Late

Total birds 138.3 (6.9) 172.5 (12.4) 320.7 
(22.7)

113.4 
(12.6)

138.5 (9.0) 382.0 
(27.5)

Species richness 32.4 (0.9) 33.0 (1.2) 45.8 (0.9) 29.3 (1.4) 33.8 (1.7) 48.3 (2.1)
Abert’s Towhee 12.1 (0.6) 10.1 (0.7) 8.5 (0.6) 9.8 (0.5) 12.1 (1.9) 8.4 (0.7)
Common Yellowthroat 0.0 (0.0) 0.1 (0.1) 0.4 (0.2) 0.1 (0.1) 0.2 (0.1) 0.1 (0.1)
Lucy’s Warbler 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.1 (0.1) 0.0 (0.0)
Mallard 4.3 (1.1) 9.1 (1.4) 31.7 (4.3) 4.6 (2.6) 8.0 (1.1) 39.1 (7.3)
Orange-crowned 

Warbler
2.7 (0.3) 3.7 (0.5) 4.8 (0.9) 1.1 (0.2) 1.9 (0.6) 3.2 (1.0)

Red-winged Blackbird 10.9 (2.5) 4.4 (2.0) 8.2 (2.8) 1.3 (0.6) 9.4 (4.3) 10.2 (2.7)
Song Sparrow 9.8 (0.4) 6.8 (0.6) 4.2 (0.4) 12.0 (1.2) 8.5 (1.2) 7.1 (0.9)
Verdin 3.0 (0.3) 5.0 (0.4) 5.3 (0.3) 3.5 (0.8) 4.4 (0.7) 5.2 (0.5)
Yellow-breasted Chat 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
Yellow-rumped 

Warbler
16.1 (2.4) 33.0 (5.8) 24.1 (2.9) 5.8 (2.9) 4.7 (0.7) 12.0 (1.5)

Yellow Warbler 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)

aSee Methods for definitions.
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Table 2 Rankingsa of Models Describing Detections of Birds 
along Las Vegas Wash, Nevada, 2005–2017 

Model and variablesb AIC ΔAIC wi

Total detections
Season × phase 2886.83 0 1.00
Season + phase 2923.77 36.94 0.00
Season 3060.72 173.90 0.00
Phase 2953.80 66.97 0.00
Null 3087.37 200.54 0.00

Species richness
Season × phase 1468.27 2.23 0.24
Season + phase 1466.03 0 0.72
Season 1610.48 144.44 0.00
Phase 1471.53 5.50 0.05
Null 1610.84 144.81 0.00

Abert’s Towhee
Season × phase 1782.33 5.66 0.05
Season + phase 1776.67 0 0.83
Season 1809.70 33.03 0.00
Phase 1780.51 3.84 0.12
Null 1813.26 36.60 0.00

Common Yellowthroat
Season × phase 1173.30 0 0.98
Season + phase 1181.70 8.41 0.01
Season 1184.39 11.09 0.00
Phase 1499.73 326.43 0.00
Null 1496.23 322.93 0.00

Lucy’s Warbler
Season × phase 816.001 5.68 0.06
Season + phase 810.32 0 0.94
Season 824.68 14.36 0.00
Phase 1086.11 275.79 0.00
Null 1089.47 279.15 0.00

Mallard
Season × phase 1735.68 5.64 0.06
Season + phase 1730.05 0 0.94
Season 1850.50 120.45 0.00
Phase 1797.02 66.98 0.00
Null 1892.78 162.74 0.00

Orange-crowned Warbler
Season × phase 1099.09 9.25 0.01
Season + phase 1089.84 0 0.90
Season 1094.42 4.59 0.09

(continued)
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Species Richness 
The best-supported model of species richness included the additive effect 

of season and project phase (Table 2). Richness predicted by this model was 
significantly higher in the fall transition than in any other season (Figures 4 
and 5). Relative to the fall transition, predicted richness during the breeding 
season was 8% lower, during the nonbreeding season 11% lower, and during 
the winter transition 10% lower. Predicted richness also tended to be lower 
during the nonbreeding season than during the breeding season, though this 

Model and variablesb AIC ΔAIC wi

Phase 1222.55 132.71 0.00
Null 1224.26 134.42 0.00

Red-winged Blackbird
Season × phase 1941.11 0 1.00
Season + phase 1963.79 22.69 0.00
Season 1973.61 32.50 0.00
Phase 1993.64 52.53 0.00
Null 2004.56 63.45 0.00

Song Sparrow
Season × phase 1629.74 0 0.72
Season + phase 1631.67 1.92 0.28
Season 1717.16 87.41 0.00
Phase 1701.31 71.57 0.00
Null 1760.13 130.39 0.00

Verdin
Season × phase 1422.12 7.25 0.03
Season + phase 1414.87 0 0.97
Season 1448.73 33.86 0.00
Phase 1432.79 17.92 0.00
Null 1462.47 47.60 0.00

Yellow Warbler
Season × phase 794.35 0.34 0.45
Season + phase 794.01 0 0.54
Season 801.76 7.75 0.01
Phase 1009.49 215.48 0.00
Null 1010.59 216.59 0.00

Yellow-breasted Chat
Season × phase 795.72 9.97 0.01
Season + phase 785.75 0 0.97
Season 792.80 7.05 0.03
Phase 989.70 203.95 0.00
Null 990.69 204.94 0.00

Yellow-rumped Warbler
Season × phase 1594.92 0 0.82
Season + phase 1599.07 4.15 0.10
Season 1599.78 4.86 0.07
Phase 1710.12 115.20 0.00
Null 1709.84 114.92 0.00

aBy Akaike’s information criterion and inference based on model weight wi.
bRestoration phase (early, intermediate, or late) and season (breeding , fall transi-
tion, nonbreeding, or winter transition) were explanatory variables.
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Figure 2. Abundance of birds (number of detections per 40 ha), by date and restoration 
phase, during surveys of Las Vegas Wash, Nevada, 2005–2017.

Figure 3. Predicted bird detections per survey (±95% confidence intervals), by season 
and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.

difference was not significant at α = 0.05 (Figures 4 and 5; Table 5). Predicted 
species richness in the late phase was significantly greater than in the early 
and intermediate phases; there was no difference between the early and in-
termediate phases (Table 6). A large portion of this effect was driven by the 
increase in waterfowl and other wetland species.
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Riparian Shrub-Associated Species
Abert’s Towhee (present at study site: year round). The best-supported model 

explaining Abert’s Towhee detections included season and project phase, with no 
interaction between the two variables (Table 2). Estimated detections were signifi-
cantly higher in the fall transition than in the other seasons, with 28% fewer predicted 
detections in the nonbreeding season and winter transition, and 22% fewer detec-
tions in the breeding season (Table 5). Overall, Abert’s Towhee detections decreased 
significantly through the study (Figure 6). Predicted abundance was significantly 
lower in the intermediate and late phases than in the early phase (17% and 36%, 

Table 3 Incident-Rate Ratios and Probabilities Comparing Seasons (Breed-
ing, Fall Transition, Nonbreeding, and Winter Transition) by Project Phase 
(Early, Intermediate, and Late) for Models Containing Interactionsa 

Analysis and contrast

Phase

Early Intermediate Late

Total birds
Fall vs breeding 0.82 (0.042)
Nonbreeding vs breeding 1.22 (0.020) 1.68 (<0.001)
Winter vs breeding 2.00 (<0.001)
Nonbreeding vs fall 1.29 (0.016) 1.85 (<0.001)
Winter vs nonbreeding 0.82 (0.089) 0.80 (0.020) 1.19 (0.072)
Winter vs fall 2.20 (<0.001)

Song Sparrow
Fall vs breeding 0.64 (0.010) 0.61 (0.021) 0.29 (<0.001)
Nonbreeding vs breeding 0.71 (<0.001) 0.63 (<0.001) 0.51 (<0.001)
Winter vs breeding
Nonbreeding vs fall 1.77 (<0.001)
Winter vs nonbreeding 1.22 (0.063) 1.66 (<0.001)
Winter vs fall 2.95 (<0.001)

Yellow-rumped Warbler
Fall vs breeding 3.22 (0.036) 12.54 (0.004)
Nonbreeding vs breeding 15.49 (<0.001) 47.85 (<0.001) 11.93 (<0.001)
Winter vs breeding 5.59 (0.005) 6.79 (<0.001) 5.93 (<0.001)
Nonbreeding vs fall 4.82 (<0.001) 3.81 (0.096) 27.05 (<0.001)
Winter vs nonbreeding 0.36 (0.040) 0.14 (<0.001) 0.50 (<0.001)
Winter vs fall 13.43 (<0.001)

Common Yellowthroat
Fall vs breeding 0.61 (0.043) 0.43 (0.008) 0.50 (0.003)
Nonbreeding vs breeding 0.00 (<0.001) 0.01 (<0.001) 0.04 (<0.001)
Winter vs breeding 0.01 (<0.001) 0.02 (<0.001) 0.01 (<0.001)
Nonbreeding vs fall 0.01 (<0.001) 0.03 (<0.001) 0.08 (<0.001)
Winter vs nonbreeding
Winter vs fall 0.02 (<0.001) 0.04 (<0.001) 0.02 (<0.001)

Red-winged Blackbird
Fall vs breeding 0.18 (<0.001) 0.17 (<0.001) 0.26 (<0.001)
Nonbreeding vs breeding 0.30 (0.007) 0.34 (0.002)
Winter vs breeding 0.15 (<0.001) 0.42 (0.001)
Nonbreeding vs fall 6.90 (<0.001)
Winter vs nonbreeding 0.12 (<0.001)
Winter vs fall 3.60 (0.045)

aResults shown only for p < 0.100.
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Table 4 Incident-Rate Ratios and Probabilities Comparing Project Phases 
(Early, Intermediate, and Late) by Season (Breeding, Fall Transition, Non-
breeding, and Winter Transition) for Models Containing Interactionsa 

Analysis and contrast

Season

Breeding Fall Nonbreeding Winter

Total birds
Intermediate vs early 1.46 (0.034) 1.25 (0.010)
Late vs early 1.45 (<0.001) 1.62 (<0.001) 2.32 (<0.001) 3.37 (<0.001)
Late vs intermediate 1.35 (<0.001) 1.86 (<0.001) 2.76 (<0.001)

Song Sparrow
Intermediate vs early 0.77 (0.002) 0.69 (<0.001) 0.71 (0.041)
Late vs early 0.60 (<0.001) 0.27 (<0.001) 0.43 (<0.001) 0.59 (0.001)
Late vs intermediate 0.78 (0.002) 0.37 (<0.001) 0.63 (<0.001)

Yellow-rumped Warbler
Intermediate vs early 2.05 (0.002)
Late vs early 0.27 (0.094) 1.50 (0.034)
Late vs intermediate 2.93 (0.058) 0.10 (0.025) 2.55 (<0.001)

Common Yellowthroat
Intermediate vs early
Late vs early 1.22 (0.051) 13.12 (0.001)

Red-winged Blackbird
Intermediate vs early 1.74 (<0.001) 0.40 (0.069) 7.06 (0.001)
Late vs early 2.84 (<0.001) 3.98 (<0.002) 7.70 (<0.001)
Late vs intermediate 1.63 (<0.001)

aResults shown only for p < 0.100.

Figure 4. Species richness (number of species detected), by date and restoration phase, 
during surveys of Las Vegas Wash, Nevada, 2005–2017.
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Figure 5. Predicted species richness per survey (±95% confidence intervals), by season 
and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.

Figure 6. Predicted number of Abert’s Towhee detections per survey (±95% confidence 
intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.

respectively). Detections in the late phase were also significantly lower than in the 
intermediate phase (Figure 6; Table 6).

Song Sparrow (present at study site: year round). The best-supported model of 
Song Sparrow detections included season, phase, and an interaction between these 
two variables (Table 2). In all seasons, detections were significantly lower during the 
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Table 5 Contrast Results (Incident-Rate Ratios and 
Probabilities) for Models Lacking Interactions, Compar-
ing Seasons (Breeding, Fall Transition, Nonbreeding, 
and Winter Transition) across All Project Phasesa 

Analysis and contrast
All phases

(no interaction)

Species richness
Fall vs breeding 1.09 (0.027)
Nonbreeding vs breeding 0.96 (0.061)
Nonbreeding vs fall 0.89 (0.002)
Winter vs fall 0.90 (0.016)

Abert’s Towhee
Fall vs breeding 1.28 (0.014)
Nonbreeding vs fall 0.72 (0.001)
Winter vs fall 0.72 (0.003)

Yellow-breasted Chat
Fall vs breeding 0.16 (<0.001)
Nonbreeding vs breeding 0.00 (<0.001)
Winter vs breeding 0.00 (<0.001)
Nonbreeding vs fall 0.01 (<0.001)
Winter vs nonbreeding 0.00 (<0.001)
Winter vs fall 0.00 (<0.001)

Lucy’s Warbler
Fall vs breeding 0.07 (<0.001)
Nonbreeding vs breeding 0.00 (<0.001)
Winter vs breeding 0.01 (<0.001)
Nonbreeding vs fall 0.00 (<0.001)
Winter vs nonbreeding 1651106 (<0.001)
Winter vs fall 0.09 (0.031)

Orange-crowned Warbler
Fall vs breeding 15.69 (<0.001)
Nonbreeding vs breeding 9.70 (<0.001)
Winter vs breeding 5.23 (<0.001)
Nonbreeding vs fall 0.62 (0.021)
Winter vs nonbreeding 0.54 (0.001)
Winter vs fall 0.33 (<0.001)

Verdin
Nonbreeding vs breeding 0.78 (<0.001)
Winter vs breeding 0.77 (0.006)
Nonbreeding vs fall 0.70 (<0.001)
Winter vs fall 0.70 (<0.001)

Yellow Warbler
Fall vs breeding 0.43 (0.013)
Nonbreeding vs breeding 0.00 (<0.001)
Winter vs breeding 0.00 (<0.001)
Nonbreeding vs fall 0.01 (<0.001)
Winter vs nonbreeding 0.00 (<0.001)
Winter vs fall 0.00 (<0.001)

Mallard
Nonbreeding vs breeding 3.49 (<0.001)
Winter vs breeding 3.75 (<0.001)
Nonbreeding vs fall 2.21 (0.011)
Winter vs fall 2.38 (0.015)

aResults shown only for p < 0.100.
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late phase than during the early phase, by 40% (breeding season) to 73% (fall transi-
tion; Table 4). Detections during the late phase were significantly lower than during 
the intermediate phase for all seasons except the winter transition, and significantly 
lower during the intermediate phase than during the early phase for all seasons 
except the fall transition (Table 4). During all phases, detections were significantly 
lower in the fall and nonbreeding seasons than they were in the breeding season. This 
was particularly marked during the late phase, when fall detections of Song Sparrows 
were only 29% that of the breeding season, compared to approximately 60% during 
the early and intermediate phases. Though the rate of Song Sparrow detections in 
the nonbreeding season did not differ significantly from that in fall during the early 
and intermediate phases, during the late phase, nonbreeding detections were 77% 
greater than during the fall transition (Figure 7; Table 3).

Yellow-breasted Chat (present at study site: late April through late September). 
Yellow-breasted Chat detections varied by both season and phase, with no interac-
tion between the two variables (Table 2). Numbers peaked during the breeding 
season and in the early phase of the project (Figure 8). Predicted detections were 
significantly lower (84%) in the fall transition than in the breeding season, and, as 

Table 6 Contrast Results (Incident-Rate Ratios and Prob-
abilities) for Models Lacking Interactions, Comparing Proj-
ect Phases (Early, Intermediate, and Late) across All Seasonsa 

Analysis and contrast All seasons (no interaction)

Species richness
Late vs intermediate 1.32 (<0.001)
Late vs early 1.33 (<0.001)

Abert’s Towhee
Intermediate vs early 0.83 (0.016)
Late vs intermediate 0.77 (0.001)
Late vs early 0.64 (<0.001)

Yellow-breasted Chat
Late vs intermediate 0.54 (0.008)
Late vs early 0.40 (<0.001)

Lucy’s Warbler
Intermediate vs early 0.64 (0.013)
Late vs intermediate 0.61 (0.011)
Late vs early 0.39 (<0.001)

Orange-crowned Warbler
Late vs intermediate 1.38 (0.089)
Late vs early 1.71 (0.004)

Verdin
Intermediate vs early 1.35 (<0.001)
Late vs intermediate 1.13 (0.052)
Late vs early 1.53 (<0.001)

Yellow Warbler
Intermediate vs early 2.22 (<0.001)
Late vs intermediate 0.70 (0.084)
Late vs early 1.57 (0.026)

Mallard
Intermediate vs early 2.79 (<0.001)
Late vs intermediate 2.89 (<0.001)
Late vs early 8.09 (<0.001)

aResults shown only for p < 0.100.
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Figure 7. Number of Song Sparrow detections per survey (±95% confidence intervals), 
by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017, as predicted 
by primary model (season × phase; see Results).

Figure 8. Predicted number of Yellow-breasted Chat detections per survey (±95% 
confidence intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 
2005–2017.
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expected, this summer visitor was absent during the nonbreeding season and winter 
transition (Table 5). Yellow-breasted Chat detections were significantly fewer in the 
late phase than in the intermediate and early phases (46 and 60% lower, respectively; 
Table 6).

Riparian Tree-Associated Species
Lucy’s Warbler (present at study site: late March through late August). The best-

supported model of Lucy’s Warbler detections included season and phase, and lacked 
an interaction (Table 2). Lucy’s Warblers were detected almost exclusively in the 
breeding season, with some stragglers found during the fall and winter transitions; 
they were not recorded during the nonbreeding season (Figure 9; Table 5). Lucy’s 
Warbler detections decreased by 61% from their peak in the early phase to their low 
in the late phase (Figure 9; Table 6).

Orange-crowned Warbler (present at study site: late July through early May). The 
best-supported model of Orange-crowned Warbler detections included season and 
phase, and lacked an interaction between the two (Table 2). Relative to their breed-
ing season low, predicted Orange-crowned Warbler detections were more than 15 
times higher in the fall transition. Orange-crowned Warblers were also found in 
substantial numbers in the nonbreeding season and winter transition (Figure 10, 
Table 5). Detections were 71% greater in the late than in the early phase (Table 6). 
Though there tended to be more detections in the late phase than in the intermediate 
phase, the difference between these two was not statistically significant (Table 6).

Verdin (present at study site: year round). The best-supported model of Verdin 
detections included season and phase, and lacked an interaction between the two 
variables (Table 2). Verdins were detected in relatively high numbers in the breed-
ing season, with a trend toward an increase into the fall transition, though this was 
not significant (Figure 11; Table 5). Compared to the breeding season numbers, a 
significant decrease in predicted detections occurred in the nonbreeding season 
(22%) and winter transition (23%; Table 5). Verdin detections were at their lowest 
in the early phase but significantly higher during the intermediate (35%) and the 
late phase (53%; Table 6).

Yellow Warbler (present at study site: late March through late September). The 
best-supported model of Yellow Warbler detections included season and phase and 
lacked an interaction between the two variables (Table 2). Yellow Warblers were 
detected in greatest number in the breeding season, representing mostly local breed-
ers, with significantly fewer predicted detections (57%) in the fall transition, and 
almost none in the nonbreeding season and winter transition (Figure 12; Table 5). 
Yellow Warbler detections were lowest in the early phase, higher in the late phase, 
and highest in the intermediate phase (Figure 12; Table 6).

Yellow-rumped Warbler (present at study site: mid-September through late April). 
Yellow-rumped Warbler detections were best modeled with season, phase, and an 
interaction between the two (Table 2). As this species is a winter visitor to southern 
Nevada, its abundance was lowest during the breeding season, significantly higher in 
the fall (in all but the late phase) and winter transitions (all phases), and highest dur-
ing the nonbreeding season (all phases; Figure 13; Table 3). During the nonbreeding 
season, the Yellow-rumped Warbler was detected in the intermediate phase at a rate 
105% higher than in the early phase, but in the late phase this difference dropped 
to 50% (Figure 13; Table 4).

Wetland-Associated Species
Common Yellowthroat (present at study site: mid-March through mid-Novem-

ber). Common Yellowthroat detections were best modeled by season, phase, and 
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Figure 9. Predicted number of Lucy’s Warbler detections per survey (± 95% confidence 
intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.

Figure 10. Predicted number of Orange-crowned Warbler detections per survey 
(±95% confidence intervals), by season and restoration phase, at Las Vegas Wash, 
Nevada, 2005–2017.

an interaction between the two (Table 2). Detections were highest in the breeding 
season, significantly lower in the fall transition, and few in the nonbreeding season 
and winter transition (Figure 14). Though the difference was not statistically signifi-
cant, predicted detections during the breeding season were 22% higher in the late 
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Figure 11. Predicted number of Verdin detections per survey (±95% confidence 
intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.

Figure 12. Number of Yellow Warbler detections per survey (±95% confidence 
intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017, 
as predicted by primary model (season + phase; see Results).

phase than in the early phase (p = 0.051; Table 4). During the early phase, predicted 
detections in fall were 39% lower than in the breeding season (Figure 14, Table 3). 
During the late phase, this difference in fall widened to 50%. Interestingly, during 
the nonbreeding season, the yellowthroat became significantly more abundant in 
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Figure 13. Predicted number of Yellow-rumped Warbler detections per survey (± 95% 
confidence intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 
2005–2017.

Figure 14. Predicted number of Common Yellowthroat detections per survey (±95% 
confidence intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 
2005–2017.

the late phase: of the 37 individuals detected during the nonbreeding season, 73% 
were recorded in the late phase, only 5% in the early phase (Figure 14; Table 4).

Mallard (present at study site: year round). The best-supported model of Mallard 
detections included season and phase; there was no interaction (Table 2). The spe-
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cies was more abundant in the nonbreeding season and the winter transition than 
in the breeding season. The rate of detections increased significantly from the early 
to the intermediate phase and again from the intermediate phase to the late phase 
(Figure 15; Tables 5 and 6).

Red-winged Blackbird (present at study site: year round). The best-supported 
model for the Red-winged Blackbird included season, phase, and an interaction 
between these two variables (Table 2). In the early phase, the rate of detections in 
the breeding and nonbreeding seasons did not differ significantly, but later in the 
project, breeding numbers were significantly higher than nonbreeding numbers 
(Figure 16; Table 3). Overall, during the late phase, detections were significantly 
greater than during the early phase for all seasons except the nonbreeding period 
(Figure 16; Table 4).

DISCUSSION

The stabilization and restoration of Las Vegas Wash included removal 
of most non-native tamarisk, the creation of large wetlands as a result of 
the installation of weirs, and aggressive revegetation (Figure 17). Over the 
course of the project, tamarisk cover declined from 36% to 4%, mesquite 
cover increased from 1% to 7%, and upland shrub cover increased from 15% 
to 22%. Because of substantial channel erosion, several stands of tamarisk 
ended up on dry, tall terraces and could therefore not be replaced with mesic 
native riparian vegetation. Instead, these were replaced by upland shrubs, 
including saltbush.

In this 12-year study, we examined the year-round responses of the whole 
bird community, as well as those of select species from three habitat guilds, 
over three phases of the restoration project. Total bird abundance and species 

Figure 15. Predicted number of Mallard detections per survey (±95% confidence 
intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 2005–2017.
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richness both increased significantly from the project’s early phase to its late 
phase. Seasonally, total bird abundance was lowest during the fall transition, 
but species richness was highest at this time of year. 

Riparian Shrub-Associated Species
All three species associated with riparian shrubs declined from the early 

to the late phase of the project. We attribute this decline to the disturbance 
associated with the building of weirs and concurrent control of tamarisk. Not 
only tamarisk cover but density of all vegetation at heights of 2–4 m and 4–6 
m declined from 2005 to 2016 (GBBO 2018). Previous studies along Las Vegas 
Wash and the lower Colorado River found that bird abundances in non-
native and native vegetation are similar (Shanahan et al. 2011), particularly 
where non-native stands grow in wet soils or near surface water (Hinojosa-
Huerta 2006). Therefore, the removal of the previously dominant tamarisk 
likely displaced, at least temporarily, significant portions of the populations 
of birds associated with riparian shrubs. 

Specifically, Abert’s Towhee (Tweit and Finch 1994) and the Yellow-
breasted Chat (Hunter et al. 1988, Thompson and Eckerle 2022) both occupy 
riparian woodlands and mesquite bosques, habitats that include dense shrub 
understories. While mesquite has become the most abundant genus of tree 
along the wash through plantings and natural regeneration (GBBO 2018), 
in most areas it has not yet formed the dense stands formerly provided by 
the non-native tamarisk. 

Figure 16. Predicted number of Red-winged Blackbird detections per survey (±95% 
confidence intervals), by season and restoration phase, at Las Vegas Wash, Nevada, 
2005–2017.
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Riparian Tree-Associated Species
The results for this group of landbirds were mixed. For instance, the 

mesquite-associated Verdin increased with the significant gain of mesquite, 
while by the end of our surveys the cavity-nesting Lucy’s Warbler had not yet 
responded to the plantings. Given the variety of natural histories represented 
in this group, these results are likely related to different responses to the initial 
loss of overstory from tamarisk removal and construction and to the increase 
in native woodlands emerging from revegetation and channel restoration. 
Riparian woodlands reach maturity only after a long recovery period (Gardali 
et al. 2006) and the vegetation develops a complex physiognomy (Munro et 
al. 2011). Likely the bird community associated with these habitats continues 
to change as the trees and understory mature. Gardali et al. (2006) indicated 
that after 8 to 10 years restored riparian forests had matured sufficiently to 
provide natural cavities for small cavity-nesting species, but that prior to this 
period they suspected most avian use was for foraging only. 

Wetland-Associated Species
Of the three wetland-associated species we modeled, the Mallard and 

Red-winged Blackbird increased significantly through the study, and the 
Common Yellowthroat appeared to do so. We attribute these increases to 
a quick response to the increase in the extent of open water and emergent 
wetland resulting from weir construction and channel restoration. These 
increases may also reflect a wider trend, wetlands being the only biome 
in North America in which numbers of birds have increased since 1970; 

Figure 17. Calico Ridge Weir impoundment at the Las Vegas Wash: (A) 2000, pre-
weir construction, showing tamarisk perched on tall terrace; (B) 2005, following weir 
completion and initial revegetation; (C) 2017, mature.

A

b

C
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increases in waterfowl numbers have been particularly notable (Rosenberg 
et al. 2019). Breeding Common Yellowthroats are associated primarily with 
dense emergent wetland vegetation late in succession (Guzy and Ritchison 
1999), which may explain this species’ apparent increase. As native emergent 
wetland vegetation continues to mature, the abundance of breeding yellow-
throats should continue to increase. 

Although Mallards nest along the wash, we found this species primarily 
during the nonbreeding season, as southwestern North America provides 
winter habitat for multiple geographic populations (Drilling et al. 2020). Mal-
lard abundance significantly increased over the course of the project, as the 
species’ winter habitat requirements were met when the weirs created open 
water. Similarly, the increase of the Red-winged Blackbirds was likely due to 
the increased extent of wetlands. In both the intermediate and late phases, 
but not the early phase, the abundance of blackbirds was greatest during the 
breeding season. Red-winged Blackbirds breed in a wide variety of wetland 
vegetation (Yasukawa and Searcy 2019), and the recovery of marsh vegeta-
tion after construction of the weirs likely allowed the increase in breeding 
blackbirds observed after the early phase of the project.

CONCLUSIONS

Other studies have examined birds’ responses to riparian restoration 
(Farley et al. 1994, Gardali et al. 2006, Munro et al. 2011), but few have ex-
amined responses of the bird community at different phases of restoration 
year round. Farley et al. (1994) suggested that “quality riparian habitats for 
birds” at a site along the Rio Grande could be established through restoration 
in as little as 5 years. In contrast, we found that while habitat for wetland 
species may be established in so short a period, the complexity and extent 
of a functioning mature riparian woodland that supports the full suite of 
associated bird species may require more time. This extended period re-
quired for recovery may be prolonged when the restoration is phased over 
time and over different sections of river, as is typical for many such efforts. 
Division of the restoration into multiple phases, rather than concentration 
into a single effort, delayed the full recovery of mature riparian woodlands, 
but it likely prevented the collapse of the local populations of some species 
that use tamarisk-dominated habitat when native vegetation is not available. 
We found that initial vegetation removal disfavored some birds, particularly 
those associated with riparian shrubs, as has been demonstrated in previous 
studies of tamarisk-dominated habitat (e.g., Fleishman et al. 2003, Hinojosa-
Huerta 2006). However, removing tamarisk and growing native tree cano-
pies, through both active restoration and passive recovery, has benefited 
several canopy-associated species. 
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REVISITING THE PAST: HISTORICAL STATUS OF 
BREEDING RING-BILLED AND CALIFORNIA GULLS 
IN THE KLAMATH BASIN, OREGON 

W. DAVID SHUFORD, Point Blue Conservation Science, 3820 Cypress Dr., #11, 
Petaluma, California 94954; dshuford-ra@pointblue.org (current address: 1040 
Helen Ct., Petaluma, California 94954)

ABSTRACT: Three summaries of the historical and recent status of breeding 
Ring-billed (Larus delawarensis) and California (L. californicus) gulls in Oregon 
mention just two colony sites in the Klamath Basin—Upper Klamath Lake and 
Spring Lake—and lack numerical data for individual colonies. Nevertheless, nesting 
of gulls at Lower Klamath Lake before its water source was cut off in 1917 is well 
documented. Egg-set records, published literature, and archived field notes attest to 
nesting of both species before 1954 at two additional sites in the Klamath Basin, the 
Link and Klamath rivers. The largest known colonies up to that time were at Lower 
Klamath Lake (~2000 pairs, perhaps many more) and along the Klamath River below 
the town of Klamath Falls (~2000 pairs). Gulls no longer nest at these five sites, but, 
since at least 2000, they have nested intermittently at Swan Lake and Gerber Res-
ervoir. Though Gabrielson and Jewett (1940) considered the California Gull more 
abundant in southeastern Oregon than the Ring-billed, egg-collectors’ data from 
1926 to 1953 suggest the opposite, as in northeastern California. The California Gull 
may have been the more numerous of the two in the Klamath Basin when nesting 
and foraging habitat was dominated by wetlands, but the drying of Lower Klamath 
Lake and the great expansion of irrigated agriculture starting in the 1920s may have 
favored the Ring-billed. Trends in the Klamath Basin’s gull populations are unclear, 
but much nesting habitat has been lost. Documentation of the historical record of 
nesting gulls and other waterbirds is critical, as conservation efforts typically aim at 
restoring populations to some historical baseline, which can gradually shift lower 
with further declines and successive generations accepting a new status quo.

Both the Ring-billed Gull (Larus delawarensis) and California Gull (L. cali-
fornicus) have long bred in the Klamath Basin of California and Oregon. 
The recent and historical breeding status of these species has been fairly well 
documented for the California portion of the Klamath Basin (Shuford and 
Ryan 2000, Shuford et al. 2006, Shuford 2010, 2014, Doster and Shuford 2018). 
Documentation for the Oregon portion, however, is less thorough, and the 
summaries of historical nesting are brief and lack important details. Notably, 
various authors have reported breeding of the two species at Upper Klamath 
Lake, Oregon’s largest lake, but none have identified specific nesting locations 
or provided estimates of the size of any colonies.

The first well-documented account of gulls breeding in the Oregon por-
tion of the Klamath Basin is Finley’s (1907) detailed description of a mixed 
colony of Ring-billed and California gulls of “at least five hundred pairs” 
nesting on tule-mat islands in Lower Klamath Lake in 1905, before its inflow 
was diverted. Gabrielson and Jewett (1940) reported “one or more” colonies of 
the California Gull at Upper Klamath Lake and another recently established 
colony at Spring Lake, “a small pond a few miles out of Klamath Falls.” They 
noted that the Ring-billed Gull occurred in “each of the great colonies of 
California Gulls in … the Klamath Basin” but in smaller numbers than the 
California. Yet they identified only Spring Lake as a specific colony site of the 
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Ring-billed. F. Newton (in Conover 1983) reported both gull species “breed-
ing” at Upper Klamath Lake in 1979 but provided no estimate of the colony 
size or its location at the large lake. Gilligan et al. (1994) reported that “in 
recent years over 2000 pairs” of California Gulls had nested in the Klamath 
Basin, Klamath County, but they provided no actual colony location(s). Simi-
larly, these authors indicated that the California is joined by the Ring-billed 
at Klamath County colonies but provided no estimate of the size of the latter 
species’ population in this region. Butler (2003a) cited Conover (1983) and 
Gilligan et al. (1994) together for various estimates of nesting pairs of Cali-
fornia Gulls in Oregon during the early 1990s, including “2000 pairs in Lake 
(Pelican L., Warner Valley, and Summer L.) and Klamath counties (Upper 
Klamath L.).” It is unclear where Butler’s numbers came from, as Conover 
reported about 1000 breeding individuals (not pairs) for the two Lake County 
sites combined and no numbers for Upper Klamath Lake. The estimate of 
“over 2,000 pairs” by Gilligan et al. was for all of Klamath County. Butler 
(2003b) also cited Conover as evidence of Ring-billed Gulls nesting at Upper 
Klamath Lake. Except for Finley (1907), none of these sources cited any spe-
cific documentation, such as egg-set records, observers’ names, archived field 
notes, or pictures of colonies; Gabrielson and Jewett (1940) did not specify 
the locations of photos of a colony of each of the gull species they published.

This paper summarizes previously unpublished data on the locations and 
sizes of colonies of the Ring-billed and California gulls in the Klamath Basin 
of Oregon, attempts to reconcile this information with that provided in prior 
publications, and suggests how current avifaunal works can better represent 
the historical record by making use of online resources that have prolifer-
ated in recent years. With these data, I evaluate colonies’ longevity, how the 
historical baseline has changed over time, and what effect this might have on 
conservation measures for these or other species of waterbirds.

Study Area and Methods
The study area encompassed the key wetlands, water bodies, and sur-

rounding irrigated agricultural fields of the Upper Klamath Basin of Oregon 
(Klamath County and a small part of Lake County). I excluded the California 
portion of the basin (Siskiyou and Modoc counties) because the historical re-
cord of gull nesting there has already been well described. The Upper Klamath 
Basin (or just “Klamath Basin”) is defined as the combined watersheds of the 
Klamath (above Iron Gate Dam) and Lost rivers (USBR 1998; USGS map at 
www.usgs.gov/media/images/map-upper-klamath-basin).

For data on historical gull nesting, I searched for records of egg sets in 
the extensive collection of the Western Foundation of Vertebrate Zoology 
(https://wfvz.org/databases/) and the records of various other museums 
aggregated by the search portals VertNet (http://portal.vertnet.org/search), 
the Global Biodiversity Information Facility (www.gbif.org/), and Integrated 
Digitized Biocollections (www.idigbio.org). I also contacted curators, or 
searched online databases, for details on any egg sets in various museums, 
particularly in Oregon, including those at the University of Oregon, Oregon 
State University, Willamette University, Portland State University, the Uni-
versity of Oregon’s Charleston Marine Life Center and Oregon Institute of 
Marine Biology, and at the Clark R. Bavin National Fish and Wildlife Foren-
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sics Lab in Ashland. Furthermore, I examined, where available, the diaries/
field notes, correspondence, and articles of key field workers, including Ira 
N. Gabrielson (1918–1987), Stanley G. Jewett (1912–1939), and William L. 
Finley (1899–1955).

I also searched for any additional information on gull nesting in the 
Klamath Basin in the relevant seasonal reports published in Bird-Lore and 
its successors through North American Birds, the seasonal reports for vari-
ous subregions of Oregon, especially the south-central region, published in 
Oregon Birds, other published literature and unpublished reports, and obser-
vations from Klamath and Lake counties posted to https://ebird.org. Finally, 
I contacted various field ornithologists in Oregon for further information or 
leads on gull nesting in the Klamath Basin.

RESULTS

Colony Locations

I located records of 102 egg sets of the Ring-billed Gull and 84 egg sets 
(plus a downy chick) of the California Gull that had been collected in Klam-
ath County between 1926 and 1953 (Tables 1, 2). Many were collected from 
mixed-species colonies at the same location on the same or multiple dates. 
Gabrielson and Jewett (1940), Gilligan et al. (1994), and Butler (2003a,b) 
reported these gulls breeding in Klamath County at just two locations—Up-
per Klamath Lake and Spring Lake—but in none of the many cases where 
unpublished egg-set data specified a colony’s location did it correspond with 
either of these lakes (Tables 1, 2). Likewise, some brief published accounts 
used colloquial names for colony locations that matched those from egg-set 
records. Here I summarize knowledge of gull nesting at five sites historically 
occupied in the Klamath Basin, clarify ambiguous locations, and supply ad-
ditional detail on colony sizes. Two other colonies have been occupied since 
at least 2000, but earlier field workers may not have known about these sites.

Upper Klamath Lake. W. Wittich (in Mearns 1879) was based in Fort 
Klamath and collected birds for four years (1875–1878) near the fort and the 
north end of Upper Klamath Lake. He described a bare island that during the 
breeding season was “covered with the eggs of Water-birds of many species.” 
Also based out of Fort Klamath (September 1886 to August 1887), Merrill 
(1888) reported that “gulls of at least two species [probably Ring-billed and 
California] ... remained to breed on the islands in the lake.” Presumably both 
accounts refer to Bare Island, situated at the north end of Upper Klamath 
Lake; the lake’s other island, Buck Island, is about 14.5 km away at the south 
end. The Klamath Indians had villages and gathered food on both islands 
(KCHS 1997). Although Gabrielson and Jewett (1940) included Mearns 
(1879) and Merrill (1888) in their bibliography, they did not cite them, or any 
other sources, as documentation of gull nesting at Upper Klamath Lake. My 
searches of various other published sources, egg sets, and field notes did not 
uncover any additional convincing evidence of gull nesting at that lake. Bare 
Island was homesteaded by Euro-American settlers by at least the 1890s and 
occupied intermittently thereafter (Deller 1992). Their activities, including 
the raising of pigs and sheep, may have forced nesting gulls to abandon the 
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island. It is possible that documentation of gull nesting exists in some field 
worker’s unpublished notes, but, if so, that remains to be seen. Notably, Fin-
ley and Finley (1924) wrote, “The Upper [Klamath] Lake is a great feeding 
and resting lake, but for some reason it has not been a breeding place for the 
colonies of birds such as the Lower Klamath [Lake] before it was dried up.”

More recent suggestions of breeding at Upper Klamath Lake are not con-
vincing. F. Newton’s report (in Conover 1983) of both gull species “breeding” 
at Upper Klamath Lake in 1979 lacks support and may be based just on ob-
servations of gulls at that lake during the breeding season. Notably, Conover 
(1983) erred in reporting gulls’ status as breeding or their abundance for at 
least two sites, including Tule Lake, said to have large numbers breeding in 
1976 when in fact no gulls bred there that year (Shuford and Ryan 2000:147). 
Butler (2003a) cited Conover (1983) and Gilligan et al. (1994) in support of an 
estimate of 2000 pairs of California Gulls in Lake (Pelican L., Warner Valley, 
and Summer L.) and Klamath counties (Upper Klamath L.) combined during 
the early 1990s, though neither of the cited authors provided any numerical 
estimates of nesting gulls at Upper Klamath. Most telling, biologists at the 
Klamath Basin National Wildlife Refuge Complex flew aerial surveys to count 
colonial waterbirds nesting at Upper Klamath Marsh at Upper Klamath Lake 
from the early 1970s through 2015 and never saw any evidence of breeding 
gulls there (J. Hainline, J. Beckstrand pers. comm.). They likely would have 
seen any gull nesting on the lake’s two large islands—Bare and Buck—as 
their aircraft flew up the lake, and many people visit these islands, probably 
precluding nesting (J. Hainline pers. comm). 

Link River. At its south end, Upper Klamath Lake’s waters flow into the Link 
River and after 2.4 km enter Lake Ewauna, the outflow of which spawns the 
Klamath River. According to his field notes, on 22 June 1934, I. N. Gabrielson 
visited the Link River in company with W. L. Finley and H. M. Worcester, 
finding a “huge colony” of Ring-billed and California gulls (Gabrielson 
1931–1935). But for unknown reasons Gabrielson and Jewett (1940) did not 
note this river as a location for breeding gulls.

Klamath River. None of the books on the birds of Oregon reported gulls 
nesting along this river (Gabrielson and Jewett 1940, Gilligan et al. 1994, 
Butler 2003a,b), yet the vast majority of the egg sets available from Klamath 
County were ascribed to locations 7 or 10 miles (11 or 16 km) south of Klam-
ath Falls. Many data cards specify the location as along the Klamath River 
(Tables 1, 2). In fact, from 1938 to 1953 (the last year for which egg sets are 
available), the Klamath River was the only location in Klamath County from 
which egg sets were recorded. At the most thoroughly described site, 7 miles 
(11 km) below Klamath Falls, W. E. Griffee noted a large mixed gull colony 
“on a narrow strip of dry ground between the river and a marsh” with birds 
“nesting in scattered dense groups along a half mile of the river” (WFVZ 
EN-63964). It is unclear how much marshland remained in this area in 1938 
when Griffee wrote this summary, but a 1906 map showed extensive marshes 
on both sides of this stretch of the river from Keno upstream to beyond 
Miller Island (Weddell 2002, Figure 1). Currently, Furber Marsh is 11 or 16 
km south of Klamath Falls, east of the Klamath River and west of the railroad 
grade that was constructed across the marshes in the early 20th century. At 
Furber Marsh’s south end, that river formerly overflowed through the marshy 
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Klamath Straits into Lower Klamath Lake (Foster 2002). From the descrip-
tions collectors gave, the vicinity of today’s Furber Marsh and the Klamath 
Straits is likely where many of the egg sets were collected from 1938 to 1953, 
though apparently the habitat there is no longer suitable for gull nesting. 

The largest colonies attested from egg-set records for any location in 
Klamath County were along the Klamath River. At the mixed colony 11 km 
below Klamath Falls, W. E. Griffee collected 20 egg sets of the Ring-billed and 
20 of the California on 19 May 1938 and estimated there were about 1200 to 
1500 pairs of the former species and 300 to 400 pairs of the latter (Tables 1–2). 
The following year, he returned on 18 May 1939 and estimated that perhaps 
2000 pairs of gulls were nesting (e.g., MVZ EN-63983). This was echoed by 
P. T. Burtis, Jr., also collecting that day, who noted there were about 2000 

Figure 1. Locations of historical and recent nesting sites for the Ring-billed and 
California gulls in the Oregon portion of the Klamath Basin. Nesting has been irregular 
at all recent breeding sites. Historical and recent breeding sites in the California portion 
of the Klamath Basin are not depicted.
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birds of each species (MVZ Egg: 14229 and 14231). On the data card for a 
set of Ring-billed Gull eggs collected 10 miles (16 km) below Klamath Falls 
on 18 May 1953, C. Andresen noted “thousands nesting on banks of Klam-
ath River” (WFVZ EN-68339), and that California Gull nests were usually 
outside the edge of the Ring-billed colony, suggesting that the latter was the 
more numerous species.

Lower Klamath Lake. In 1905, W. L. Finley and his field companion and 
photographer H. T. Bohlman were appointed deputy game wardens by the 
Oregon authorities and tasked with guarding the extensive waterbird rooker-
ies in the Klamath Lake region against the ravages of plume hunters (Bird-
Lore 7:336–342). While cruising Lower Klamath Lake in 1905, they reported 
finding large rookeries of the Double-crested Cormorant (Nannopterum 
auritum), grebes, American White Pelican (Pelecanus erythrorhynchos), Great 
Blue Heron (Ardea herodias), California Gull, and Caspian Tern (Hydroprogne 
caspia), forming the most extensive bird colonies they had ever seen. These 
colonies were miles out from the main shore of the lake, where the birds were 
nesting on flat, floating tule islands. Among the throngs, there were three large 
colonies of the California Gull, the largest containing about 1000 pairs, the 
next about 600 (ibid., p. 338). Finley (1907), reporting on a (same?) trip to 
Lower Klamath Lake in 1905, described a mixed Ring-billed and California 
gull colony of “at least five hundred pairs” nesting on tule-mat islands. Chap-
man (1908) also visited the vast bird colonies on the lake in early July 1906 and 
found pelicans nesting on 15 islands and gulls and other species on at least 
a dozen more. Gulls were the most abundant birds in the rookery and were 
nesting on nearly every island; they appeared to be equally divided between 
the California and Ring-billed. On another visit in 1915, Finley (1915) noted 
that the main bird colonies were in the northwestern part of the lake, and 
the California Gulls that formerly nested with the pelicans and herons had 
moved to shallower water to the west. Things were soon to change drastically. 

Following initial water diversions for small private irrigation ventures 
by white settlers beginning in the latter half of the 19th century, in 1906 
the Reclamation Service began work on a massive reclamation project de-
signed to drain Lower Klamath Lake and convert the lakebed and marshes 
to farmland (Weddell 2002). Ultimately an embankment was constructed 
across the marshes with a gate at the Klamath Straits. When closed perma-
nently in the fall of 1917, the gate cut off all water from the Klamath River to 
Lower Klamath Lake. In the first year after closure, the flooded area of the 
lake decreased by about 53%, and it took about 5 years for most of the lake’s 
waters to evaporate. W. L. Finley further described the effects, noting that 
by the summer of 1921 “the whole country had been changed into an alkali 
desert in places and in other parts to a wide, dry peat-bed, which took fire 
and burned to a depth of several feet leaving a vast area of ashes” (Bird-Lore 
26:474). Still, in May 1922, I. N. Gabrielson visited the lake, and, despite its 
drying, reported that a “great colony” of California Gulls had re-established 
itself in an area of spring floodwater that was small compared to the original 
lake (Bird-Lore 24:226). By 1926, Lower Klamath Lake had been reduced 
from 344 km2 of marsh and open water to 8 km2 of open water (Akins 1970). 
As far as I can determine, the only subsequent record of gull nesting on the 
bed of the former Lower Klamath Lake is the observation of 96 and 3 nests 
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of the Ring-billed and California, respectively, on a low-lying island at the 
Noonan South Walking Wetland on 10 June 2009 (Doster and Shuford 2018, 
in which the 96 “breeding individuals” in table 1 should be 96 nests, pers. 
obs.). This site, located about 3.9 km east of the junction of Hwy. 97 and the 
Klamath Straits canal (42.0755° N, 121.7994° W), was a temporary seasonal 
wetland of 0.3 km2 created to benefit wildlife while increasing the productiv-
ity of agricultural land.

Spring Lake. Gabrielson and Jewett (1940) reported that both California 
and Ring-billed gulls bred at Spring Lake—14 km south of Klamath Falls—but 
provided no details or estimates of colony size. None of the egg sets collected 
or reports in Bird-Lore of gulls nesting in Klamath County are attributed 
to Spring Lake, but I deduce that colonies ascribed to “The Sump” in both 
sources pertain to Spring Lake. On 13 June 1926, I. N. Gabrielson located a 
“large colony” of California Gulls and one of about 20 pairs of Caspian Terns 
nesting on little islands on the west end of a small lake south of Klamath Falls 
known locally as “The Sump,” where no colony of this kind had been noted 
previously (Gabrielson 1922–1931, Bird-Lore 28:352–353). He suggested that 
these colonies had probably moved from Lower Klamath Lake. Gabrielson 
and Jewett (1940) noted that with the demise of the great colonies of Caspian 
Terns at Lower Klamath Lake after it dried that “in late years” the only colony 
in Klamath County was usually at Spring Lake. Hence if Gabrielson found 
Caspian Terns breeding at “The Sump” in 1926 that site must be synonymous 
with Spring Lake; otherwise, in 1940 he would have noted that there was a 
second nesting site for that species.

Evidently all gull eggs (and a downy chick) collected in Klamath County 
from 1926 to 1934 were from Spring Lake (i.e., “The Sump”), with the colony 
sometimes including one, other times two, gull species (Tables 1, 2). Dur-
ing this period, estimates of the colony’s size ranged up to 350 pairs for the 
California and 250 pairs for the Ring-billed (Tables 1, 2, Bird-Lore 34:280, 
Jewett 1912–1939). Occasional accounts noted short-term trends in gull 
numbers at “The Sump.” In June 1929, I. N. Gabrielson noted the mixed gull 
colony was “about the same size as two years ago” (Bird-Lore 31:349). In late 
May 1930, he reported that the colony was increasing, with several times as 
many of the Ring-billed and many more of the California than the previous 
year (Bird-Lore 32:291). 

Currently any gull colony would likely be seen from paved Spring Lake 
Road, which passes right along the east side of Spring Lake. Shuford et al. 
(2006) did not detect any gull nesting on surveys of Spring Lake on 19 June 
2003 and 15 June 2004. Neither did observers with the Klamath Bird Obser-
vatory (unpubl. data) on 6 June 2010 and 24 May 2011.

Swan Lake. On private land, this lake is about 2 km from the nearest 
public road, which may explain a lack of early records of gull nesting there. 
From aerial photos, Shuford et al. (2006) estimated that 5673 and 6604 pairs 
of the Ring-billed and 1832 and 1160 pairs of the California were nesting at 
Swan Lake on 12 May 2003 and 13 May 2004, respectively. G. Ivey (in litt.) 
estimated about 150 Ring-billed Gull nests at Swan Lake during an aerial 
survey for cranes in 2000. Doster and Shuford (2018) reported an estimated 
144 Ring-billed and 680 California gulls at Swan Lake on 20 May 2009, but on 
a return visit to the island for a total nest count on 25 May observers with the 
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Klamath Bird Observatory found no gulls but old empty nests, some broken 
eggshells, and canid tracks and scat (unpubl. data). It is unclear whether the 
colony was disrupted by predators or if nesting was not fully initiated. Surveys 
of Swan Lake on 8 and 20 June 2010, when it was dry, found no nesting gulls, 
but on 9 June 2011 biologists with the Klamath Bird Observatory estimated 
256 pairs of the Ring-billed there (unpubl. data). The limited data suggest 
gull abundance at Swan Lake is highly variable; numbers may be greatest 
when birds shift from other nearby colonies that are abandoned or reduced 
during drought. For example, the numbers at Swan Lake were highest in 2003 
and 2004, when intermittently large colonies at Meiss Lake in the California 
portion of the Klamath Basin were abandoned and those at Clear Lake were 
reduced (Shuford et al. 2006). In more extreme cases (e.g., 2009 and 2010), 
Swan Lake can be abandoned too.

Gerber Reservoir. Although Gerber Reservoir began filling in June 1925 
when the Bureau of Reclamation dammed Miller Creek, it is unclear when 
gulls first colonized it. From aerial photos, Shuford et al. (2006) estimated 
1024 and 1323 pairs of the Ring-billed and 0 and 63 pairs of the California, 
were nesting on islands in Gerber Reservoir on 12 May 2003 and 13 May 
2004, respectively. A survey at Gerber on 22 May 2009 found no active gull 
colony but about eight old cup nests, three broken eggshells, and one intact, 
bleached California Gull egg on a rock; surveys on 29 May 2010 and 15 June 
2011 did not detect any signs of nesting gulls (Klamath Bird Observatory 
unpubl. data). As at Swan Lake, gull numbers at Gerber Reservoir may be 
higher in some drought years when other traditional colonies are abandoned 
or reduced in size (Shuford et al. 2006). Gull nesting at Gerber is intermittent, 
as islands are not available in all years and sometime may emerge too late in 
the season for nesting (W. Watkins pers. comm.).

DISCUSSION

There are several reasons why locations of gull colonies in the Klamath Ba-
sin described in the published literature through 2003 (Lower Klamath Lake, 
Upper Klamath Lake, Spring Lake) may have differed from those attested by 
egg sets and a downy chick collected from 1926 to 1953. These include (1) loss 
of habitat at former colony locations, (2) the author’s lack of knowledge of egg 
sets or other material documenting colony sites, (3) assumptions of breeding 
at a specific location without documentation, and (4) authors calling colony 
locations by names that differ from those in primary sources. In the present 
case, identifying the factors responsible is made difficult because many prior 
publications do not cite any documentation for breeding locations, such as 
egg sets, specimens, archived field notes, pictures of colonies, attributions to 
specific observers, or personal observations.

Loss of habitat explains why egg sets taken from 1927 on were not from 
Lower Klamath Lake, which had disappeared by that time. But it is curious 
why Gabrielson and Jewett (1940) did not discuss gull nesting at Lower 
Klamath Lake earlier in 20th century during the lake’s prime (or Gabrielson’s 
observation of a colony of the California there in 1922 when the lake’s waters 
had largely dried). This despite reporting the former nesting of the Caspian 
Tern at Lower Klamath Lake, listing Finley’s (1907) paper on gull nesting at 
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Lower Klamath in their bibliography, and discussing the former nesting of 
the California Gull at Silver Lake, Lake County, Oregon. 

Some authors may have been unaware of egg sets collected prior to their 
publications, but this seems not to have been the case for Gabrielson and Jew-
ett (1940) at least. The preface for that book indicates that the manuscript was 
finished in June 1935 and only a few important records were added thereafter. 
Of those I have located, 55 of 102 egg sets of the Ring-billed and 52 of 84 of 
the California were collected prior to 1935 (Tables 1, 2). Additionally, during 
this period egg sets were collected over nine years by at least six individuals, 
including Jewett himself and two others (J. C. Braly and E. S. Currier) who 
were among the persons Gabrielson and Jewett (1940, preface) thanked for 
providing valuable records and notes. Thus they were clearly aware of the 
egg sets collected, and other observations, including their own, reported in 
Bird-Lore, documenting gull nesting at “The Sump.” What is unclear, however, 
is why they used Spring Lake as the name of record in their book without 
explaining this was synonymous with the colloquial name “The Sump,” which 
those authors and others had used exclusively when reporting in Bird-Lore 
and on egg-set record cards. That Gabrielson and Jewett (1940) omitted 
mentioning gull nesting on the Klamath River below Klamath Falls is due to 
collection of gull eggs there beginning in 1938, after the cutoff date of 1935 
for inclusion of records in that book.

In the category of questionable attribution of breeding to a location with-
out documentation, I include F. Newton’s (in Conover 1983) report of both 
gull species “breeding” at Upper Klamath Lake in 1979. Similarly, Butler 
(2003a) cited two sources for an estimate of 2000 pairs of the California 
nesting in Lake (two colonies) and Klamath (one colony, Upper Klamath 
Lake) counties during the early 1990s, though neither source provided any 
numerical estimate of nesting gulls at Upper Klamath Lake. Further reasons 
to discount these reports are outlined above.

Some confusion on gull nesting sites may stem from authors using local-
ity names that differ from common usage. Gabrielson and Jewett (1940) 
described gulls nesting in the Klamath Basin only at Upper Klamath Lake 
and Spring Lake, raising the question of why the egg sets collected by Jewett 
and associates, and reports of nesting in Bird-Lore prior to that publication, 
did not mention either of those lakes. As described above, Spring Lake is 
synonymous with “The Sump,” which was named as a colony location for egg 
sets and observations of nesting. Given that Gabrielson and Jewett (1940) did 
not discuss former nesting at Lower Klamath Lake prior to its being drained, 
it is unclear why they mentioned Upper Klamath Lake, as I can find no solid 
evidence of nesting there during the 20th (or 21st) century. One possible 
explanation is that they considered “Upper Klamath Lake” the entire system 
above Lower Klamath Lake, including that short stretch of the Klamath River, 
Lake Ewauna, and the even shorter Link River. Thus Gabrielson and Jewett 
(1940) may not have reported the Link River as one of the gull-nesting sites 
in Klamath County, despite Gabrielson’s observation of a colony there in 
1934, because they may have considered it among the “usually one or more” 
colonies of gulls at Upper Klamath Lake (ibid., p. 290).
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Relative Abundance of Ring-billed and California Gulls
There appear to be no published historical accounts of the relative abun-

dance of the Ring-billed and California gulls in the Klamath Basin. But for the 
colonies of southeastern Oregon overall, which include Klamath colonies, Ga-
brielson and Jewett (1940) considered the California a much more abundant 
breeder than the Ring-billed, and Gilligan et al. (1994) stated that the latter 
species accounted for less than 40% of nesters. Early accounts of the large gull 
colonies at Lower Klamath Lake are equivocal, with Finley emphasizing the 
California and Chapman reporting about equal numbers of the two species. 
The summary of colony counts from egg-set records from the mid-1920s 
to mid-1950s, however, suggests that the Ring-billed far outnumbered the 
California, at least in the largest colonies along the Klamath River. This is 
consistent with the pattern found from counts of colonies in the Klamath 
Basin of Oregon and California in 2003 and 2004, particularly at the largest 
colonies, which were in Oregon (Swan Lake, Gerber Reservoir) in those years 
(Shuford et al. 2006). A much higher ratio of Ring-billed to California gulls 
has also been a consistent pattern where those species overlap in northeastern 
California (Siskiyou, Modoc, Lassen, and Plumas counties), including that 
state’s portion of the Klamath Basin, since at least the late 1970s (Winkler 
1982, Shuford and Ryan 2000, Shuford et al. 2006, Doster and Shuford 2018). 
Also, away from breeding colonies, as in agricultural fields or at water bodies 
such as Lake Ewauna, the Ring-billed has greatly outnumbered the California 
since at least the late 1980s (D. Haupt and K. Spencer pers. comm.). It is pos-
sible that the California was the more numerous of the two in the Klamath 
Basin of Oregon when nesting and foraging habitat was dominated by wet-
lands, but with the drying of Lower Klamath Lake and the great expansion 
of irrigated agriculture starting in the 1920s, this pattern may have shifted 
in favor of the Ring-billed.

Importance of the Historical Record
It is extremely important to document the historical record of nesting 

gulls and other waterbirds given that current conservation efforts are typi-
cally predicated on reversing declines from some historical baseline. When 
discussing population trends, Shuford et al. (2018) stressed the need to be 
mindful of the trap of “shifting baseline syndrome,” which could hinder the 
establishment of suitable (i.e., more ambitious) conservation targets (Pauly 
1995, Soga and Gaston 2018). This happens when successive generations of 
scientists accept as baseline the population sizes that existed at the beginning 
of their careers and use this as the benchmark for evaluating changes (Pauly 
1995). With further declines and new generations of researchers accepting a 
new and lower baseline, this can result in a gradual shift of the baseline and 
thus an inappropriate reference point for evaluating losses or identifying 
conservation targets.

The perceived causes of this syndrome are many (Soga and Gaston 2018), 
but ones particularly pertinent to the present case are lack of familiarity with 
the historical literature and with the data available in scientific collections. 
These issues are compounded when avifaunal works covering all species in a 
large region are written, as finding obscure historical references and relevant 
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egg-set and specimen records can be laborious for just one or a few species, 
let alone for hundreds. Currently, however, this process can be streamlined by 
the use of online databases, which will improve in the future with increased 
digitization of records and integration of collections (Johnson et al. 2023). It 
should be recognized that for colonial nesters, the data cards accompanying 
the egg sets or the collector’s field notes are more likely to provide numerical 
estimates of abundance than they are for species widely distributed over the 
landscape. There are varying views on how field ornithology has changed 
over the years (Contreras 2000, Hochachka et al. 2001), but, regardless, egg 
collections are currently a greatly underused resource (Marini et al. 2020). 

Although populations of the Ring-billed and California gulls appear 
to have been increasing across their ranges in the western United States 
(Conover 1983, Shuford and Doster 2018), it is unclear if this is the case in 
the Klamath Basin because of the imperfect historical record of breeding sites 
and abundance. At least five former colony sites—Upper Klamath Lake, Link 
River, Klamath River, Lower Klamath Lake, and Spring Lake—are no longer 
occupied, and two recent sites—Swan Lake and Gerber Reservoir—are oc-
cupied irregularly. Regardless, it is very clear that the loss of wetlands that has 
affected gulls in the Klamath Basin has greatly reduced the regional popula-
tions of some other colonial nesters (e.g., American White Pelican) and likely 
others for which there are no adequate estimates of historical abundance (e.g., 
Eared, Western, and Clark’s grebes; Shuford et al. 2006).
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RESPONSE OF AN AVIFAUNAL COMMUNITY 
TO THE LA TUNA FIRE IN THE VERDUGO 
MOUNTAINS OF SOUTHERN CALIFORNIA
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ABSTRACT: In California’s coastal sage scrub and chaparral, fire reshapes the 
distribution of vegetation and the composition of bird communities, although 
the direction of the response in various habitats remains unclear. We investigated 
changes in the bird community at one site following the 2017 La Tuna Fire in the 
Verdugo Mountains of southern California. We found that the community’s diversity 
and evenness did not change, but the structure of foraging guilds did. Counts of 
omnivores and aerial and generalist foragers increased significantly, whereas counts 
of granivores and shrub foragers decreased. The number of insectivores decreased 
slightly, and ground foragers appeared unaffected. Principal components analysis 
suggests positive, neutral, and negative responses of birds associated with these 
guilds were driving differences in their abundances after the fire. We show how 
post-fire bird distributions may be related to fire severity, vegetation structure, and 
interspecific interactions. However, differences between our results and those of 
other studies suggest that patterns of bird community response to wildfire may be 
dictated by factors both related and unrelated to the fire over broader time scales.

The effect of wildfire on southern California’s flora and fauna is an area 
of continuing interest in ecology. However, post-fire changes to avifaunal 
communities in disturbed coastal sage scrub and chaparral have received 
limited attention and thus remain poorly understood. Some researchers 
have reported a decrease in avian species diversity in these habitats after 
fire (Moriarty et al. 1985, Stanton 1986, Newman et al. 2018), but others 
have reported an increase (Wirtz 1982, Mendelsohn et al. 2008). Studies of 
the effects on the proportions of feeding guilds have been more consistent 
but still not uniform (Wirtz 1979, 1982, Newman et al. 2018). For example, 
Newman et al. (2018) found that in chaparral prescribed fire had no effect on 
avian foraging guilds, whereas mechanical vegetation removal was associated 
with increased numbers of granivorous species. Additional study is needed to 
improve our understanding of the consequences that various fire regimes in 
California’s shrublands have for bird distribution and community structure, 
especially as these regimes change.

Various environmental factors can affect avian communities after distur-
bance. Longhurst (1978) hypothesized that heterogeneous seral plant com-
munities provide better habitat for many bird species as well as their prey 
because fire stimulates an abundance of new plant growth that may be more 
nutritious than older vegetative foods. Likewise, Knick et al. (2005) empha-
sized the importance of fire-mediated landscape heterogeneity for maintain-
ing avian diversity in sagebrush-dominated habitats. From these studies one 
might predict that wildfire should benefit birds. In addition, many birds may 
favor the edge effects arising from disturbance (Brawn et al. 2001). Research 
in these seral communities has shown that changes in vegetation cover can 
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be predictors of avian community structure (Stanton 1986, Brawn et al. 2001, 
Mendelsohn et al. 2008). Successional periods after chaparral wildfires can 
be positive, neutral, or negative for birds (Hargrove and Unitt 2018). Thus 
species vary in their responses to wildfire, probably because of differences 
in habitat preference. Birds that prefer open habitat for foraging may benefit, 
whereas those that require cover may not. It should therefore be expected 
that wildfire reshapes the diversity and guild structure of bird communities.

The 2017 La Tuna Fire provided an opportunity to study a bird com-
munity’s response to environmental change that may be related to an altered 
disturbance regime. We assessed whether (1) bird diversity and community 
evenness increased or decreased after the fire and (2) whether the structure 
of feeding guilds and use of foraging substrates changed. Because the fire 
regime in coastal sage scrub and chaparral is likely to be affected by future 
climate change, monitoring birds’ response is important to understanding 
changes in biodiversity within this ecosystem. These communities will be 
particularly sensitive as urbanization and environmental change encroach 
upon ecosystem processes (Brawn et al. 2001).  Frequent and intense fires 
can drive type conversion of these habitats (Keeley 2005, Keeley and Pausas 
2019), especially as more invasive non-native species become naturalized 
in disturbed areas of southern California’s shrublands, causing subsequent 
biodiversity losses.

METHODS

In September 2017 the La Tuna Fire burned 29.11 km2 within the Verdugo 
Mountains (Figure 1). Previously, the area was covered by climax mixed 
coastal sage scrub and chaparral, characterized by a high density of shrubs 
mostly 1–3 meters tall (Figure 2, Jordan pers. obs.). Dominant plant species 
included the California Sagebrush (Artemisia californica), California Buck-
wheat (Eriogonum fasciculatum), Laurel Sumac (Malosma laurina), Black 
Sage (Salvia mellifera), Blue Elderberry (Sambucus cerulea), and Lemonade-
berry (Rhus integrifolia). By the spring of 2019, few new shoots in the study 
area exceeded a height of 1 meter, although taller snags remained (Figure 2, 
Jordan pers. obs.). At this time the vegetation included a few recovering native 
shrubs such as A. californica, M. laurina, and S. cerulea, but the most abundant 
plant species were the native subshrub Deerweed (Acmispon glaber), invasive 
grasses such as Bromus spp., and the invasive forb Brassica nigra.

In 2016, Jordan selected a site in the Verdugo Mountains for monitoring 
bird communities in mixed coastal sage scrub and chaparral. All birds within 
~25 m of a 2–km transect on a ridge above La Tuna Canyon, at an average 
elevation of 410 meters were recorded (Figures 1 and 2). From 19 April to 
6 June 2016, six late-afternoon surveys each with 2.5 hours duration were 
completed (14 hours total). Following the same protocol 18 months after the 
fire, from 26 March to 2 May 2019, another six surveys were completed along 
the same transect (14.5 hours total).

Remote-sensing data, based on spectral reflectance in satellite imagery 
(Landsat 8 with 30 × 30-meter resolution; n = 126 quadrats), allowed us to 
quantify the magnitude of vegetation change due to the fire along the survey 
transect by means of the normalized difference vegetation index (NDVI). 
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Values greater than 0.3 indicated cover by a canopy, whereas values near 
zero indicated bare soil. We then used the difference normalized burn ratio 
(dNBR), based on changes in spectral reflectance along the transect before 
and after the fire, to estimate the fire’s severity. Following Key and Benson 
(2006), we classified values of this ratio into three categories: low (<0.27), 
moderate-low (0.27–0.44), and moderate-high (0.44–0.66). We selected 
these categories because patchy shrublands are less prone to high-intensity 
crown fires than are areas with more contiguous woody vegetation (Keeley 
et al. 2008). This ratio was calculated from both pre-fire and post-fire values 
as (band 5 – band 7)/(band 5 + band 7). The NDVI was calculated as (band 
5 – band 4)/(band 5 + band 4). Using this imagery, band 4 has a wavelength of 

Figure 1. Area of sampling location in the Verdugo Mountains with 30 × 30-m burn-
severity quadrats along the transect coded by categories of the difference-normalized 
burn ratio (dNBR). Inset map at lower right shows the 2017 La Tuna Fire’s perimeter 
with black rectangle showing the location of the monitoring transect; fire perimeter 
from Monitoring Trends in Burn Severity (https://www.mtbs.gov/).
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Figure 2. Vegetation along the transect through the Verdugo Mountains showing the 
severity of the 2017 La Tuna Fire and the ensuing habitat change. (A) 1½ years before 
the fire (spring 2016); (B) 1½ years after the fire (spring 2019).

A

b

RESPONSE OF AN AVIFAUNAL COMMUNITY TO THE LA TUNA FIRE



120

0.64–0.67 µm (red), band 5 has a wavelength of 0.85–0.88 µm (near-infrared), 
and band 7 has a wavelength of 2.11–2.29 µm (short-wave infrared II). Pre-fire 
data were based on images taken in August 2017; post-fire images were taken 
in September 2017. Rachman processed the data in ERDAS Imagine (Hexa-
gon, Stockholm) and generated the maps in ArcMap (ESRI, Redlands, CA). 

Because observations were limited to one site, we treated bird counts along 
each transect as replicate samples. We quantified diversity with Shannon’s in-
dex (Hʹ) and compared pre-fire and post-fire results with a two-sample t-test 
in Microsoft Excel (version 2206). Evenness was then calculated as H /ʹln s, 
where s = species richness, and likewise compared with a two-sample t-test. 
The assumptions of a general linear model were met for both variables. Fol-
lowing De Graaf et al. (1985), we categorized each species’ feeding guild as (1) 
granivore, (2) insectivore, (3) nectarivore, (4) carnivore, or (5) omnivore. Like-
wise, we categorized foraging substrates as (1) aerial, (2) shrub, (3) ground, or 
(4) generalist. Feeding-guild and substrate classifications were based on main 
food preferences (according to apparent breeding or nonbreeding status) and 
most common foraging locations, as described in the life-history accounts for 
each species available from the California Department of Fish and Wildlife 
document library (https://nrm.dfg.ca.gov/documents/Default.aspx; Table 1). 

To analyze the difference between pre-fire and post-fire surveys in the 
counts of birds by feeding guild and foraging substrate, we performed two 
separate likelihood-ratio (G) tests of independence by using the function 
GTest in R (R Core Team 2020). Because counts of flower-specialist shrub 
foragers also represent counts of nectarivores, we did not include them in the 

test for substrate differences. Then we used a covariance matrix of the count 
data in a principal-components analysis (by means of the function princomp 
in R) to investigate which guilds and substrates might explain the difference 
between pre-fire and post-fire transects. We determined the number of 
principal components to be analyzed from a scree plot showing the explained 
variance of each axis, generated with the function fviz_eig in R (Figure 3). 
Finally, using general linear models created with the function anova in R, 
we tested the principal-component scores from the axes explaining the most 
variance in guilds and substrates as one-way analyses of variance (ANOVA).

RESULTS

The mean NDVI within the study site changed from 0.3527 before the fire 
to 0.1668 one month after the fire, illustrating a significant loss in vegetation 
cover (paired t-test: t = 43.4, df = 125, P < 0.0001; Figure 4a). The post-fire 
dNBR of the 126 quadrats within our study site ranged from 0.20 to 0.58; 
6.4% ranked low, 59.5% moderate-low, and 34.1% moderate-high (Figures 1 
and 4b), showing how fire intensity varied. Lower severity is typical of forb 
and grasslands, whereas higher severity is typical of sage scrub and chaparral 
(Moreno and Oechel 1991). Generally, severity increases with the abundance 
of woody vegetation (Bolger 2002, Keeley and Brennan 2012). Before the 
fire, the transect site comprised a patchy mix of these vegetation types, so 
it is not surprising that most of our dNBR values indicated the fire was of 
moderate-low severity.

As measured by Shannon’s index, the bird diversity on pre-fire and post-fire 
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surveys did not differ significantly (t = –0.73, df = 10, P = 0.48; Figure 5a), 
and neither did evenness (t = 0.24, df = 10, P = 0.82; Figure 5b). There was, 
however, a highly significant difference in the counts of species by feeding guild 
(G = 69.6, df = 4, P < 0.0001; Figure 6a) and foraging substrate (G = 90.8, df = 
3, P < 0.0001; Figure 6b). Counts of granivores were lower (105 pre-fire vs. 49 
post-fire, a 53% decrease), whereas those of omnivores were higher (83 pre-
fire vs. 193 post-fire, a 133% increase). Counts of insectivores decreased only 

Table 1 Numbers of Birds Counted in Pre-Fire and Post-Fire Transects of the Ver-
dugo Mountains, and the Assignment of Species to Guild 

Species Common name
Pre-
fire

Post-
fire Feeding guild

Foraging  
substrate

Accipiter cooperii Cooper’s Hawk 1 2 Carnivore Aerial
Aphelocoma californica California Scrub Jay 21 44 Omnivore Generalist
Baeolophus inornatus Oak Titmouse 1 Omnivore Generalist
Buteo jamaicensis Red-tailed Hawk 4 7 Carnivore Aerial
Callipepla californica California Quail 4 4 Granivore Ground
Calypte anna Anna’s Hummingbird 5 12 Nectarivore Flowera

Cardellina pusilla Wilson’s Warbler 2 Insectivore Shrub
Cathartes aura Turkey Vulture 4 2 Carnivore Ground
Corvus brachyrhynchos American Crow 16 Omnivore Ground
Chamaea fasciata Wrentit 33 7 Insectivore Shrub
Chordeiles acutipennis Lesser Nighthawk 2 Insectivore Aerial
Corvus corax Common Raven 38 Omnivore Ground
Dryobates nuttallii Nuttall’s Woodpecker 1 Insectivore Shrub
Haemorhous mexicanus House Finch 31 Granivore Ground
Icterus cucullatus Hooded Oriole 1 Insectivore Shrub
Melospiza melodia Song Sparrow 1 Omnivore Ground
Melozone crissalis California Towhee 21 24 Omnivore Ground
Mimus polyglottos Northern Mockingbird 1 2 Insectivore Generalist
Passerina amoena Lazuli Bunting 13 Omnivore Generalist
Phainopepla nitens Phainopepla 4 Omnivore Generalist
Pipilo maculatus Spotted Towhee 18 11 Omnivore Ground
Piranga ludoviciana Western Tanager 1 Omnivore Generalist
Pheucticus 

melanocephalus
Black-headed Grosbeak 2 4 Insectivore Generalist

Psaltriparus minimus Bushtit 36 4 Insectivore Shrub
Sayornis saya Say’s Phoebe 2 Insectivore Aerial
Selasphorus sasin Allen’s Hummingbird 4 Nectarivore Flowera

Setophaga coronata Yellow-rumped Warbler 1 14 Insectivore Generalist
Setophaga nigrescens Black-throated Gray 

Warbler
1 Insectivore Shrub

Setophaga townsendi Townsend’s Warbler 1 Insectivore Shrub
Sialia mexicana Western Bluebird 1 11 Omnivore Generalist
Spinus psaltria Lesser Goldfinch 17 28 Granivore Shrub
Sturnella neglecta Western Meadowlark 2 Insectivore Ground
Thryomanes bewickii Bewick’s Wren 9 Insectivore Shrub
Toxostoma redivivum California Thrasher 12 12 Insectivore Ground
Tyrannus verticalis Western Kingbird 44 Insectivore Aerial
Zenaida macroura Mourning Dove 53 17 Granivore Ground
Zonotrichia leucophrys White-crowned Sparrow 36 Omnivore Ground

aShrub forager that feeds on flowers.
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slightly (97 pre-fire vs. 81 post-fire). Assessing the response of nectarivores (9 
pre-fire vs. 16 post-fire) and carnivores (9 pre-fire vs. 11 post-fire) is impaired 
by their low sample sizes. The comparison of foraging substrates revealed in-
creases in counts of aerial foragers (7 pre-fire vs. 55 post-fire, a 686% increase) 
and generalists (31 pre-fire vs. 89 post-fire, a 187% increase), but a decrease 
in counts of shrub foragers (97 pre-fire vs. 43 post-fire, a 56% decrease). The 
abundance of ground foragers changed little (159 pre-fire vs. 147 post-fire).

Figure 3. Scree plot showing variance explained by each principal component (i.e., 
dimension). The first two components explained 86% of the variance and were selected 
for analysis.
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Figure 4. (A) Means ± standard errors of the normalized-difference vegetation index 
(NDVI) before and after the La Tuna fire, showing a significant difference (n = 126 for 
each level). (B) Percentage of 30 × 30-m quadrats along the transect in three categories 
of the difference-normalized burn ratio (dNBR).
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The first two principal components combined to explain 86% of the 
variance and reflect the results of the G tests (Figure 7, Table 2). Changes in 
numbers of omnivores and aerial and generalist foragers were each correlated 
and associated with the first principal component. In contrast, changes in 
granivores and shrub foragers were correlated and associated with the second 
principal component, as were insectivores to a much lesser extent. Ground 
foragers were not strongly associated with either axis. Nectarivores and car-
nivores were poorly represented with principal components, so we excluded 
them from the analysis during model selection. The first principal component 
explained 44.5% of the variance and drove most of the difference between 
pre-fire and post-fire transects (F1,10 = 11.3, P = 0.007), whereas the second 
explained 41.5% of the variance but contributed less significance to the differ-
ences (F1, 10 = 3.7, P = 0.083). Although these results reflect short-term change, 
they illustrate the variability of positive, neutral, and negative responses of 
different birds to fire as found previously by Hargrove and Unitt (2018).

DISCUSSION

Previous studies have reported significant changes in bird community 
diversity following wildfire (Wirtz 1982, Moriarty et al. 1985, Stanton 1986, 
Mendelsohn et al. 2008, Newman et al. 2018), but our results did not identify 
such a pattern. Mendelsohn et al. (2008) proposed that differences in habitat 
preference by species are likely to drive patterns of post-fire bird distribu-
tion. In addition, those authors speculated that wide variation in vegetation 
structure after wildfire is likely to determine such patterns of distribution. 
Other studies similarly postulated that avian communities may benefit from 
habitat heterogeneity caused by wildfire (e.g., Longhurst 1978, Brawn et al. 
2001, Bock and Block 2005). In our study area, specific patterns of vegeta-

Figure 5. Means ± standard errors of (A) diversity and (B) evenness of bird species 
before (n = 6) and after (n = 6) the La Tuna fire. Between neither pair of measures is 
the difference significant.
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tion response to the heterogeneity of the fire’s severity (Figure 1) may have 
generated a habitat mosaic with multiple effects on avian diversity. Further-
more, the process of recolonization also depends upon time (Smucker et 
al. 2005) and species (Winchell and Doherty 2014). Moriarty et al. (1985) 
demonstrated that within one year of wildfire, avian diversity should increase 
gradually as habitats are recolonized. Since our post-fire surveys took place 
18 months after the study site had burned, the level of diversity observed was 
presumably due to colonization following subsequent periods of low diversity 
immediately after the fire. Wirtz (1982) reported a gradual increase in avian 
diversity over 42 months after wildfire in chaparral. However, our results 

Figure 6. Counts of individual birds on transects before (n = 6) and after (n = 6) the 
La Tuna fire, by (A) feeding guild and (B) foraging substrate. The difference between 
each pair of measures is significant.
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Figure 7. Principal-components analysis showing the association of feeding guilds 
and foraging substrates with pre-fire (blue) and post-fire (magenta) transects. The 
percentage of variance explained by each axis is given in parentheses.

Table 2 Loadings of Variables for Each Principal Component in Analysis 
of Species by Foraging Guild and Substrate

Principal component

Foraging guild 1 2 3 4 5 6 7

Granivore 0.620a 0.263 0.637 0.227 0.294
Insectivore 0.328 0.108 –0.576 –0.555 0.482
Omnivore –0.773 0.124 –0.169 0.496 0.210 0.256
Aerial –0.290 0.242 –0.434 0.565 –0.588
Shrub  0.180 0.557 0.275 –0.440 0.408 –0.112 –0.458
Ground –0.427 0.434 –0.676 0.101 –0.175 –0.283 –0.229
Generalist –0.315 0.560 0.165 –0.245 –0.698

aBoldface signifies a significant difference between the first two axes.

could also indicate that the fire’s severity along this transect was not sufficient 
to alter the richness and relative abundance of species (e.g., Smucker et al. 
2005). Because 66% of dNBR values represent plots burned at moderate to 
low severity (Figures 1 and 4b), it is possible that the habitat was not altered 
sufficiently to change avian community diversity.

Although changes in an avian community’s evenness after wildfire in 
California are not discussed in previous research, species’ abundances may 
reflect patterns of adaptation to disturbance. Sufficient niche space may 
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allow the birds of coastal sage scrub and chaparral to occupy the variable 
habitats created by wildfire. Longhurst (1978) suggested that such species 
may be adapted to heterogeneous vegetation presumably because it offers 
better habitat for their prey. Fire may maintain evenness if species are able 
to use a broader range of niches after it reshapes vegetation. In addition, the 
timing of wildfires may be related to the community’s response. Newman et 
al. (2018) suggested that chaparral birds are adapted to wildfires in fall, the 
usual season that this habitat burns. Because the 2017 La Tuna Fire burned 
in fall, perhaps evenness was maintained by species’ behavioral adaptations 
to the historic fire regime. One hypothesis is that plasticity in bird behavior 
causes the foraging strategies of some species to shift as resources change 
after disturbance.

The prediction that this fire prompted a change in guild structure due 
to a change in vegetation structure was supported by our results (Figures 
6a, b). Although Wirtz (1979, 1982) did not detect a significant change in 
guild structures after a previous shrubland wildfire in southern California, 
we found that such a change is possible. Newman et al. (2018) did find a 
significant change in guild structure following fire in chaparral but recorded 
higher numbers of granivores and ground foragers in response, contrary to 
our results. The association of omnivores and generalist foragers with prin-
cipal component axis 1 suggests that increases in these guilds were driving 
important differences between our pre-fire and post-fire surveys (Figure 7). 
Although flexible foraging strategies could benefit resident birds after shrub-
land fire, the abundance of omnivores and substrate generalists in the post-
fire surveys also reflects the presence of migrants such as the Yellow-rumped 
Warbler and White-crowned Sparrow. Moriarty (2013) reported increases in 
both species after wildfires in coastal sage scrub, and suggested they could 
benefit from foraging in disturbed habitat. In our study, granivores and shrub 
foragers were instead associated with principal component axis 2, suggesting 
that decreases in these guilds after the fire were also important. These results 
could reflect mortalities in some bird species (e.g., McClure 1981), but it is 
not surprising that strategies of foraging on plants would be unfavorable 
when perennial vegetation was just beginning to recover. In contrast to these 
explanations, the weak association of ground foragers with these axes indi-
cates that they were unaffected by the fire. Birds can demonstrate neutral or 
resilient responses to wildfire over successional stages (Hargrove and Unitt 
2018), which may have occurred in our post-fire surveys with ground foragers 
such as the California and Spotted Towhees. Our results further illustrate that 
the avian community’s response to wildfire in shrubland habitats may not 
always follow the same patterns and depends upon the constituent species’ 
life histories, seasonality, and habitat suitability related to vegetation recovery.

Over the first 18 months after the 2017 La Tuna Fire, the vegetation shifted 
from predominantly mature perennial shrubs to herbaceous annuals. Our 
results suggest that granivores were more strongly associated with perennials, 
whereas omnivores had a stronger association with annuals that proliferate 
rapidly while attracting insect prey for birds. Force (1981) predicted that 
insect diversity should increase substantially in response to the emergence of 
pioneer plant species immediately after wildfire in chaparral. Van Mantgem 
et al. (2015) specifically pointed to increases in ground-dwelling harvester 
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ants immediately after wildfire in coastal sage scrub and chaparral. Other 
insects also may survive the fire below ground or recolonize from adjacent 
unburned areas. Force (1982) reported conspicuous post-fire colonization by 
flower-visiting hymenopterans, phytophagous aphids and acridid grasshop-
pers, and more predatory syrphid, asilid, and bombyliid flies and coccinellid 
beetles. Whereas insectivores showed a weak negative response to the fire, 
omnivores and aerial foragers responded positively (Figure 7). It follows that 
post-fire omnivores frequently fed on flying insects in mid-air (e.g., hawking 
by Western Kingbirds, Jordan pers. obs.). In contrast, birds that strictly take 
insects from shrubs (e.g., foliage gleaners) were probably negatively affected 
after perennial vegetation had burned.

Patterns of species turnover present additional questions about what may 
cause shifts in avian community structure in burned habitat over time. Some 
migrants such as the Western Kingbird and Lazuli Bunting observed follow-
ing the fire were not observed in the study site previously. However, resident 
shrub-foraging insectivores such as the Bushtit, Wrentit, and Bewick’s Wren 
that were observed before the fire were less abundant in all post-fire surveys 
(Table 1). Very similar responses in bird abundance have been observed in 
burned coastal sage scrub (Stanton 1986), in chaparral cleared mechanically 
to simulate the effects of fire (Seavy et al. 2008), and after large shrubland 
wildfires (Mendelsohn et al. 2008, Hargrove and Unitt 2018).  By comparison, 
whereas all granivores observed before the fire (except for the House Finch) 
were also observed in post-fire surveys, their abundance was reduced, as 
indicated by their association with the second principal component axis 
(Figure 7). The apparent negative response of residents likely reflects their 
presence at the time the fire burned, whereas the positive response of migrants 
probably reflects their absence and more successful post-fire colonization 
(McClure 1981). In addition, some residents are resilient and can gradually 
recolonize post-fire habitat over longer time periods (Hargrove and Unitt 
2018). Moriarty (2013) found that an avian community had largely returned 
to its pre-fire composition within three years after coastal sage scrub had 
burned. Thus our results provide only a snapshot of avifaunal change shown 
at one phase of early succession.

Changes to bird communities’ diversity and structure in response to fire 
in coastal sage scrub and chaparral remain uncertain. Various studies’ results 
differ, implying that these communities may not always follow the same pat-
terns (Jones and Tingley 2021). Underlying variables such as differences in 
vegetation structure, fire intensity, season, and periods of post-fire coloni-
zation each have potential to influence community composition. A unique 
history of adaptation in bird species inhabiting sage scrub and chaparral 
may allow these avian communities to coexist with a natural fire regime and 
maintain diversity despite disturbance. Although it seems likely that guild 
structures will change following wildfire, we suggest that the response varies 
temporally. 

Coastal sage scrub and chaparral are facing novel environmental pressures 
that may lead to the extirpation of sensitive bird species in areas such as the 
Verdugo Mountains. As fire regimes in shrublands are altered by climate 
change and anthropogenic influence, long-term monitoring of their response 
to disturbance will become increasingly important for conservation. If re-
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placement of these shrub-dominated habitats by invasive forbs and grasses 
becomes prevalent, this information may guide management and help predict 
how bird species’ ranges may shift as the environment changes.
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ABSTRACT: Spontaneous sex reversal is a form of intersexuality in which 
one sex, usually a female, acquires traits of the other sex. We reviewed previously 
published accounts of intersex Mallards (Anas platyrhynchos) resulting from sex 
reversal, of which four individuals behaved as females and four behaved as males, 
and two of the latter mounted other females. Video analyses of an intersex Mallard 
in Napa, Napa County, California, revealed that it was less social, spending much 
more time alone than either sex of normal Mallards during the breeding season, and 
behaved like a female by spending much more time with males than with females. 
It is unknown why some intersex Mallards behave as females and others as males.

Intersexuality, the mixing of male and female traits in an individual 
(Armstrong and Marshall 1964), has been known in birds since antiquity, 
beginning with a description by Aristotle (384–322 BC) of female chickens 
acquiring male traits (Cresswell 1887, Forbes 1947). Sex in birds is genetically 
determined by sex chromosomes, males being homogametic (ZZ), females 
heterogametic (ZW). But sex differences in morphology and behavior are 
also strongly influenced by hormonal factors; perturbations of either genetic 
or hormonal factors may result in intersexuality (see reviews by Taber 1964, 
Owens and Short 1995, Clinton and Haines 1999, Birkhead 2008, Major and 
Smith 2016, Zhang et al. 2023). In birds, spontaneous sex reversal is the most 
common of several forms of intersexuality, occurring when one sex, almost 
always a female, acquires traits of the other sex. In female birds, only the left 
ovary is functional; if it ceases to function (usually because of disease) and fails 
to produce estrogen, the right gonad becomes masculinized and male traits de-
velop in many but not all species (Taber 1964, Owens and Short 1995, Clinton 
and Haines 1999, Birkhead 2008, Major and Smith 2016, Zhang et al. 2023).

Spontaneous sex reversal is easiest to detect in sexually dimorphic species 
of birds, including the Mallard (Anas platyrhynchos). Changes in the plumage, 
gonads, or behavior of masculinized female (i.e., intersex) Mallards have been 
reported anecdotally by various authors (Home 1799, Nilsson 1845, Korschelt 
1887, 1888, Tichomiroff 1888, Brandt 1889, Willey 1892, Lonnberg 1926, Ku-
roda 1960, Post and Kompanje 1992, Lehmus 2011, Sjögren and Waldenström 
2021). Goodale (1910) and Caridroit (1938) experimentally demonstrated 
that ovariectomized female Mallards acquire male basic plumage (Pyle 2005), 
but the plumage of castrated males does not change.

Although Brandt (1889) reviewed earlier reports of intersexuality in the 
Mallard, no comprehensive reviews have appeared in the literature subse-
quently. In this study we review the literature on the social and sexual behavior 
of intersex Mallards resulting from sex reversal and provide quantitative data 
from a new case study.
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Figure 1. An intersex Mallard (Anas platyrhynchos), presumably resulting from a 
female acquiring male traits after its ovary ceased to function, at John F. Kennedy 
Park in Napa, Napa County, California, 21 February 2021.

Photo by Floyd E. Hayes

METHODS

Literature Review

We initially used Google and Google Scholar to search for pertinent 
literature, using a variety of terms including “Anas,” “duck,” “intersex,” and 
“sex reversal.” Citations within these articles yielded additional references. 
We used Google Translate to assist with translation of five non-English 
languages into English.

New Case Study
We first encountered an intersex Mallard of unknown age in a pond at 

John F. Kennedy Park, Napa, Napa County, California (38° 16ʹ 11˝ N, 122° 
16ʹ 49˝ W), on 31 March 2020, and it remained resident through April 2023. 
The duck was identified as an intersex Mallard by its mostly black bill (typical 
of a female; bill entirely yellow except for the nail in a male), partially green 
head (never green in a female, but entirely green in a basic-plumaged male), 
and curly tail feathers (never curly in a female, but always curly in a male) 
(Figure  1). To quantitatively assess whether the intersex Mallard behaved 
more like a male or a female, we used cell phone and small point-and-shoot 
cameras to obtain 144.1 min of video of the intersex Mallard and 209.4 min 
of normal male and female Mallards in clear weather during the nonbreed-
ing season on 30 January 2022 and during the breeding season on 15 and 20 
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April 2021, 20 March 2022, and 11 April 2022. Because the Mallards were 
unmarked, we do not know the number of individuals examined in our 
videos, although we counted the number of adults of each sex present and 
calculated the sex ratio during the 2022 visits.

We subsequently analyzed the videos and recorded the number of seconds 
the intersex Mallard was less than or greater than two body lengths from the 
nearest Mallard, whose sex was identified. Similarly, we recorded this infor-
mation from normal Mallards, also identifying their sex. We used these data 
to compare the social behavior of the intersex Mallard with that of normal 
male and female Mallards. Because the data represented a time series and 
lacked independence, we did not test them statistically.

RESULTS

Literature Review

The first account of an intersex Mallard was published by Home (1799), 
who described a female duck in England that hatched in 1781 and laid eggs 
until 1789 (8 years old), when “curled feathers, peculiar to the drake, made 
their appearance in the tail” (indicating the bird was a Mallard). It quit lay-
ing and “frequently attempted to tread [mount] the other ducks, both in the 
water, and upon the ground; and they courted her in return,” indicating it 
behaved as a male, until 19 August 1791, when “she trod [mounted] a duck in 
the water” and “never afterwards suffered a drake to come near her” (p. 174).

From Scandinavia, Nilsson (1845) described a female duck that began to 
acquire “the costume of the male” (p. 404, translated from German) when 7 
years old and fully acquired male plumage at the age of 10 years. The species 
was not identified and the bird’s behavior was not described. This account 
was briefly mentioned by Darwin (1868).

From Germany, Korschelt (1887, 1888) described a female duck that 
hatched in 1871 and laid eggs until 1883 (12 years old). At the age of 13 years 
it began acquiring male plumage, including “curved feathers located on the 
tail” (Korschelt 1888:111, translated from French), and then died when 16 
years old. The duck “took on the habits of a male, which she had never shown 
before. She was looking to do the copulatory act on the females with whom 
she lived in company, and behaved in this quite like a real male” (Korschelt 
1888:111, translated from French).

After discussing the previous case, Brandt (1889) stated that an intersex 
Mallard of unknown age in Russia, described by “Tichomirow,” exhibited 
“the opposite behavior, since, according to the breeder, the duck avoided the 
males,” indicating that it behaved as a male, “but did not step on [mount] 
other ducks” (p. 112, translated from German). This description presumably 
refers to Tichomiroff (1888), who described the gonads of an intersex Mallard 
but did not describe its behavior.

From Germany, Willey (1892) described an intersex Mallard of unknown 
age that laid eggs for several years and then stopped laying eggs for 2 years, 
“although an opportunity to mate was given” (p. 60, translated from German).

Goodale (1910) experimentally removed the ovary of female Mallards and 
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afterward stated “All that can be said in regard to sexual behavior is that the 
castrated females seem quieter than the others” (p. 47).

Lonnberg (1926) described two intersex Mallards of unknown age in 
Sweden. The first became “inseparable friends” with a drake, indicating that 
it behaved as a female, although “no approach on the part of the male was 
observed.” But the following year “a change in the drakes’ behavior” occurred 
when “the pair was attacked by all the pond’s drake Mallards. It soon became 
clear to me that the attack concerned the female in an act intended to kill her” 
(p. 176, translated from Swedish), suggesting that the intersex Mallard was 
treated as a female and gang raped by male Mallards. The second intersex 
female “lived alone for two years and was not persecuted by the others” (p. 
178, translated from Swedish).

Hart (1936) described the genitalia of an intersex Indian Runner (breed 
of domesticated Mallard) whose tail feathers became curly in Australia, but 
did not describe its behavior.

Kuroda (1960) described four intersex Mallards of unknown age in Japan. 
The second “behaved like a male and lived as the number one with other 
female Mallards, but did not mate.” The behavior of the third was “always the 
same as that of the female” (p. 277, translated from Japanese).

From the Netherlands, Post and Kompanje (1992) described an intersex 
Mallard that acquired male traits after its 10th year but “still behaved as a 
female and was treated as such by the other ducks. Just as before she partici-
pated in pairings with those in the group of males” (p. 131, translated from 
Dutch) until she died during her 14th year. 

Lehmus (2011) provided photos of two intersex Mallards of unknown 
age and pointed out their similarity to hybrids with the Gadwall (Mareca 
strepera), but did not describe their behavior.

Sjögren and Waldenström (2021) described plumage changes in an in-
tersex Mallard of unknown age in Sweden over 6 years. It “usually rested 
together with male Mallards. Even in summer, when it was seen by the river, 
it was accompanied by males” (p. 71, translated from Swedish), indicating it 
behaved as a female.

New Case Study
In January 2022, the intersex Mallard at our study side was one of 88 Mal-

lards among which the ratio of males to females was 1.26. During the breeding 
season (March–April) this ratio ranged from 2.6 (n = 43) on 20 March to 3.6 
(n = 69) on 11 April 2022.

 During the breeding season, the intersex Mallard was less social, spending 
much more time alone, than either sex of normal Mallards, but during the 
nonbreeding season it was just as social as normal Mallards, perhaps even 
more so (Table 1). Normal female Mallards associated much more frequently 
with males than with other females, and normal male Mallards associated 
much more frequently with females than with other males, especially dur-
ing the breeding season (Table 1). The intersex Mallard associated more 
frequently with females than with males during the nonbreeding season but 
much more frequently with males than with females during the breeding 
season (Table 1).

We observed seven incidents of physical contact between normal Mal-
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lards, all during the breeding season. The four most aggressive incidents were 
instigated by males, including two males fighting head-to-head, a male chas-
ing a male–female pair and biting the male, a male biting a female on its back, 
and several males taking turns raping a female. Two incidents were instigated 
by females, whose bills briefly bumped the side and rear end, respectively, 
of males beside them. One incident occurred when the rear ends of a male 
and a female bumped incidentally as they were feeding. We never observed 
a physical encounter between the intersex Mallard and another Mallard.

DISCUSSION

Intersex Mallards are quite rare, occurring at a very low and unknown 
frequency. Although the male-biased sex ratio in our population is typical of 
the Mallard (Alisauskas et al. 2014), the apparently increased proportion of 
males during the breeding season was likely due to hidden females incubating 
eggs in nests in nearby vegetation (chicks were present during March and 
April). In the congeneric Northern Pintail (Anas acuta), intersex individuals 
represent 0.01–0.18% of the population (Chiba and Honma 2011). Studies 
attempting to quantify the proportion of intersex Mallards in the general 
population should do so prior to the nesting season, when nesting females 
are less likely to be hidden in vegetation.

During the breeding season, the intersex Mallard that we observed was 
less social than normal Mallards of either sex. Lonnberg’s (1926) second 
intersex Mallard “lived alone for two years,” suggesting that it, too, was less 
social than other Mallards. It is unknown how the degree of sociability varies 
among intersex Mallards.

During focal observations, the intersex Mallard associated much more 
frequently with males than with females, a behavior more characteristic of 
females than of males. And our intersex Mallard did not engage in physical 

Table 1 Time an Intersex Mallard, Normal Female Mallards, and Normal 
Male Mallards Spent Alone or within Two Body Lengths of Other Mallards 
at Napa, California

Type of association

January March April

% sec % sec % sec

Normal female Mallards
Alone 24.0 729 9.5 246 3.9 175
with ♀ 6.2 187 0 0 7.3 328
with ♂ 69.8 2118 90.5 2330 88.8 4006

Normal male Mallards
Alone 27.9 892 9.4 246 7.9 404
with ♀ 66.2 2118 89.1 2330 78.8 4006
with ♂ 5.9 188 1.5 38 13.3 676

Intersex Mallard
Alone 18.0 616 24.7 108 28.0 1340
with ♀ 48.5 1659 0 0 11.4 547
with ♂ 33.5 1146 75.3 329 60.6 2901
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contact with other Mallards, which is more consistent with female Mallards 
in both our study and other studies (Drilling et al. 2020).

Although our intersex Mallard clearly behaved and was treated by other 
Mallards as a female, previously published anecdotal accounts reveal that 
intersex Mallards vary greatly in their social and sexual behavior. In the lit-
erature we reviewed, four behaved as females and one of these was apparently 
gang-raped by males (Lonnberg 1926, Kuroda 1960, Post and Kompanje 1992, 
Sjögren and Waldenström 2021). Four behaved as males and two of these 
mounted females (Home 1799, Korschelt 1887, 1888, Brandt 1889, Kuroda 
1960). In the Northern Pintail, intersex individuals occasionally engage in 
male-like courtship behavior, but they have not been reported mounting 
females (Chiba and Honma 2011). Intersex domestic chickens have been 
reported mounting females (Taber 1964).

It is unknown why some intersex Mallards behave as females and others 
as males. Obviously much remains to be learned about the social and sexual 
behavior of intersex Mallards. Our method of quantifying the amount of time 
an intersex Mallard associates with males or females is a novel approach and 
could be used in future studies to assess whether such individuals behave as 
males or females.
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ABSTRACT: The Chestnut-sided Warbler (Setophaga pensylvanica) typically 
breeds in early successional deciduous forests of the northeastern United States and 
southeastern Canada. In recent decades, however, the species has become increas-
ingly regular as a vagrant in the western U.S. and Canada. Over several weeks in June 
and July 2023, near Gig Harbor, Pierce County, we observed the first documented 
breeding behavior of the Chestnut-sided Warbler in Washington State, including 
territorial singing by the male and nest-building by the female. The increase in early 
successional vegetation following logging or wildfires could favor the Chestnut-sided 
Warbler becoming a regular breeding species in the Pacific Northwest.

The Chestnut-sided Warbler (Setophaga pensylvanica) breeds across the north-
eastern United States and southeastern Canada (Byers et al. 2013), nesting in dense 
thickets within early successional habitat (Schill and Yahner 2009). In recent decades, 
however, the species has expanded its breeding range west, with confirmed breed-
ing records as far west as Alberta in Canada and Colorado in the U.S. (Byers et al. 
2013). With this westward expansion has come an increasing presence in the Pacific 
Northwest (encompassing the northwestern U.S. and British Columbia) as an annual 
vagrant during both spring and fall migration (Campbell 2015, Tweit et al. 2022). 
These vagrants often disperse quickly, staying in their detected location for only 
hours to days before continuing in migration (Merrill et al. 2019, Tweit et al. 2022). 
By contrast, we report the first observed breeding behavior of the Chestnut-sided 
Warbler in Washington State. This apparent attempt at breeding out of range is note-
worthy and implies there may be suitable breeding habitat for the Chestnut-sided 
Warbler in the Pacific Northwest, potentially reshaping the species’ future breeding 
distribution (Campbell 2015).

OBSERVATIONS

On 8 June 2023, in the privately owned Crescent Valley Watershed in Gig Harbor, 
Pierce Co., Washington, we encountered a singing male Chestnut-sided Warbler 
along a trail in a young riparian forest composed primarily of Red Alder (Alnus 
rubra) (Figure 1). We were eventually able to locate the bird visually, its black mask 
and white wingbars assisting in a confident identification as an adult male (Figure 
2). The bird was moving around frequently but continuously singing from various 
trees and bushes. The adult male remained in the area in the following days and 
continued to sing, as noted almost daily by many other observers. Subsequently, an 
adult female was also detected at the same location, potentially as early as 11 June, but 
first confirmed on 13 June by John Puschock. This bird had a yellow-green crown, 
yellowish tint to the back with less streaking than the male, a short chestnut stripe 
on the sides, and a streaky mask (Figure 2).

After the pair’s discovery, on both 13 and 15 June we observed the female gath-
ering and carrying nesting material and repeatedly returning to a specific cluster 
of alders, although a nest was never found (Figure 2). The pair was periodically 
documented through 3 July, and the male on 4 July, after which there were no fur-
ther detections. No nest, copulation, or fledglings were observed, leaving it unclear 
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Figure 1. (A) Location of the Crescent Valley watershed, Pierce Co., Washington. 
(B) Satellite imagery of the habitat and landscape. Layer credits: Washington State 
Parks GIS, ESRI, TomTom, Garmin, FAO, NOAA, USGS, EPA, USFWS, Earthstar 
Geographics, USGS, Washington Geospatial Open Data.

Figure 2. Chestnut-sided Warblers at Crescent Valley Watershed, Pierce Co., 
Washington. (A) Male (11 June) and (B) female gathering nesting material (15 June).

Photos by Mason Maron (A) and Cara Borre (B)

A b
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whether the pair nested at this location or simply exhibited early breeding behavior 
before moving on.

DISCUSSION

This record represents the first known potential attempt by the Chestnut-sided 
Warbler to breed in Washington, despite its unknown outcome. Detecting Chestnut-
sided Warbler nests can be difficult because of the species’ preference for nesting in 
dense vegetation (Lawrence 1948, Schill and Yahner 2009). Attempting to determine 
with certainty if these birds remained and continued nesting is also made difficult 
by behavioral changes, as warblers typically behave more secretively following 
the establishment of a successful nest (Wiley et al. 1994, Hobson and Sealy 1989). 
Regardless, the male’s extended territorial singing and the female’s nest-building 
activities represent breeding behavior (Ficken and Ficken 1965, Kroodsma et al. 
1989, Byers 1996). 

The occurrence of breeding behavior in Washington may be the result of two 
individual vagrants arriving in the same area around the same time, an event made 
more likely by the increased rate of Chestnut-sided Warbler vagrancy in Wash-
ington following the state’s first record in 1960 (Marshall 1970). To visualize the 
Chestnut-sided Warbler’s trends in the Pacific Northwest, we analyzed reports to 
eBird.org from 1970 to 2023, received by requesting the eBird Basic Dataset, version 
EBD_relMay-2024. We selected all observations from the Pacific Northwest region 
and used density-based clustering (DBSCAN) by location and time in ArcGIS Pro 

Figure 3. Total annual records from https://ebird.org of the Chestnut-sided Warbler 
in the Pacific Northwest from 1970 to 2023 with an exponential trend line and 95% 
confidence intervals. The Pacific Northwest is defined according to the “Cascadia 
bioregion boundary” map created by ArcGIS Online user “Aquila Flower” and 
available at https://www.arcgis.com/home/item.html?id=c6497941559d433da98e28
6fb3f63551.
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(ESRI, Redlands, CA) to ensure multiple observations of the same individuals were 
counted as only one record. We then used R (R Core Team 2024) in RStudio (Posit 
Team 2024) to prepare the data and the package “ggplot2” (Wickham 2016) to graph 
the annual trend in Chestnut-sided Warbler observations in the region. Our analysis 
showed a significant positive trend in annual records over time with an exponential 
model (factor of annual increase 1.0572, p < 0.001, R2 = 0.6932), supporting the 
claims of Campbell (2015) (Figure 3). 

The Chestnut-sided Warbler’s increasing presence in Washington and the sur-
rounding region may be attributed to changes in landscape composition and, more 
specifically, to the clearing of dense conifer forests and their subsequent replace-
ment by early successional habitat. Byers et al. (2013) suggested that the logging and 
removal of old-growth forests, replaced with shrubby, early successional woodlands 
and forests, is the primary factor driving the species’ westward expansion. Addition-
ally, Niemi and Hanowski (1984) found that the habitat conditions created by logging 
increase the density of nesting Chestnut-sided Warblers, allowing more individuals 
to nest successfully in logged habitat than in similar pre-logged habitats.

It is difficult to predict whether this instance of Chestnut-sided Warbler breeding 
behavior in Washington represents an incipient trend. According to Strittholt et al. 
(2006), approximately 72% of old-growth forest in the Pacific Northwest had been 
cleared as of 2006, primarily through logging. Additionally, though government 
restrictions have reduced logging of public old-growth forests in the Pacific North-
west, logging continues on both publicly owned and private timberland while annual 
losses of Washington’s old-growth forest to wildfires are increasing (Washington 
State Department of Natural Resources 2017, Reilly et al. 2017, 2022). Logging and 
wildfires both create more of the early seral habitat Chestnut-sided Warblers typi-
cally prefer within their normal breeding range (Halofsky et al. 2018, Phalan et al. 
2019). Therefore, coming years may expect a steady increase in the prevalence of the 
Chestnut-sided Warbler’s preferred breeding habitat in Washington, especially near 
the Cascade Mountains where coniferous forests are traditionally the predominant 
habitat type (Franklin et al. 1981). Simultaneously, continued habitat loss in the 
species’ historical breeding range due to agriculture, urbanization, overharvesting 
of timber, and active reforestation may further push birds westward (Confer and 
Pascoe 2003, Byers et al. 2013, Davenport 2023). Future research in which birds are 
fitted with GPS transmitters may further clarify the species’ spread west.
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NOTES

WIND EFFECTS ON AECHMOPHORUS GREBE 
NESTING COLONIES, LAKE ALMANOR, 
CALIFORNIA

STEVE YONGE and MARGARET WIDDOWSON, ICF, 2895 Churn Creek Road, 
Suite B, Redding, California 96002; steve.yonge@icf.com  

LAWRENCE WISE, Pacific Gas and Electric Company, 300 Lakeside Drive, 
Oakland, California 94612; Lawrence.Wise@pge.com

ABSTRACT: In late July and early August 2022, sustained winds of 13–42 km/
hr and winds gusts of 19–79 km/hr disrupted the colonies of the Western (Aech-
mophorus occidentalis) and Clark’s (A. clarkii) grebes nesting at Lake Almanor, 
Plumas Co., California. Many nests washed up on shore downwind of two nesting 
colonies. At this time, the decrease in the lake level from drawdown and evapora-
tion did not threaten the colonies, so the colonies’ nearly complete failure in 2022 
was due to windstorms. 

The Western Grebe (Aechmophorus occidentalis) and Clark’s Grebe (A. clarkii) 
are aquatic birds that nest colonially in shallow water, primarily in inland freshwater 
lakes. Their distribution is similar (La Porte et al. 2020), and they are often observed 
together. Both species build nests on rafts of submerged aquatic vegetation (open-
water nests) or in emergent marsh vegetation (marsh nests) (La Porte et al. 2020). 
Lake Almanor in Plumas County, California (Figure 1), supports thousands of nest-
ing Aechmophorus grebes annually. The birds typically nest between late June and 
mid-September (Ivey 2004, Plumas Audubon Society 2016). It is unknown when 
grebes started nesting on Lake Almanor, but there are reports of breeding behavior 
from the early 1970s (https://ebird.org/checklist/S25681006), records of nesting 
from the 1980s (D. Airola pers. comm.), and anecdotal observations of grebes at 
the lake back to the 1950s (Plumas Audubon Society 2016). 

The nest success of a grebe colony can be affected by various environmental and 
anthropogenic factors, including declining water levels (Lindvall and Low 1982, 
Reinsche et al. 2009), windstorms (Allen et al. 2008, La Porte et al. 2014, Hayes et 
al. 2022), predation (Lindvall and Low 1982), and human disturbance (Ivey 2004). 
Declining water levels have been reported to cause nest colony failure on Lake 
Almanor (Ivey 2004, Plumas Audubon Society 2016). Ivey (2004) observed 850 ac-
tive nests there on 23 August 2002, then on 11 October found most nests “stranded 
on shore” and concluded that it was “very likely that most nests in the colony were 
abandoned due to diminishing [water] levels.”

Colony failures due to other factors including windstorms and predation have 
been observed but not quantified. Windstorms have caused nest and colony loss 
on other lakes (Allen et al. 2008, La Porte et al. 2014, Hayes et al. 2022), and they 
reportedly impaired grebe nesting on Lake Almanor in 2012, 2014, and 2015 (Plumas 
Audubon Society 2012, 2014, 2015). In 2022, we observed and quantified the effects 
of windstorms on two grebe colonies on Lake Almanor. 

Lake Almanor is the primary storage reservoir for the Pacific Gas and Electric 
Company’s (PG&E) Upper North Fork Feather River hydroelectric project. PG&E 
manages the reservoir and hydroelectric project for uses both at the reservoir and 
downstream, including multiple environmental needs, recreation, water supply, and 
generation of electricity. To meet these demands, water is drawn from the reservoir 
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during the summer and fall, coinciding with the grebes’ nesting season. The average 
rate of water drawdown during the 2022 nesting season was 2.4 centimeters per day.

To improve our understanding of the factors that affect grebe colonies, we moni-
tored the grebes’ nesting activity on Lake Almanor from 2020 to 2023 (PG&E 2023). 
Because of a delay in colony monitoring in 2020 and lack of access to Lake Almanor 
during the Dixie wildfire in 2021, 2022 was our first full season of monitoring grebe 
nesting. During the nesting season we surveyed weekly from shore and kayak to map 
colonies and count active and inactive nests. In 2022, grebes nested in open water 
and constructed nests of submerged aquatic vegetation. That year, we documented 
six windstorms that disrupted two of five grebe nesting colonies on the reservoir: 
Goose Bay colonies 1 and 2 (Figure 1). 

Figure 1. Aechmophorus grebe nest colonies on Lake Almanor, Plumas County, 
California, in 2022. 
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Winds at Lake Almanor frequently increase during the afternoon, blow pre-
dominantly from the south-southeast, and often reach speeds that produce waves 
and whitecaps. To assess the wind’s effects on colonies during 2022, we monitored 
wind speed, direction, and duration from the Hamilton Branch weather station 
(station PG600; MesoWest, University of Utah 2022) on the northeast side of the 
lake (Figure 1). In addition to our weekly surveys, we also surveyed immediately 
after windstorms, which we define as winds roughly in the upper 10% of all wind 
measurements (wind speed, wind gust, and duration) recorded. Windstorms oc-
curred on average roughly 8 times per month (June–September) during the 2020, 
2021, and 2022 nesting seasons (station PG600; MesoWest, University of Utah 2022). 
During the post-windstorm surveys, we observed the colony, counted active and 
inactive nests, compared the colony’s location and size to that pre-windstorm, and 
we searched the shoreline downwind of the colony to determine whether nests had 
been blown ashore and beached. We define beached nests as those blown ashore or 
blown into shallow water during windstorms and found in a distinct wrack line on 
the downwind shoreline and define stranded nests as those that remained in place but 
were left above the water level because of drawdown and evaporation of the reservoir. 

On 29 July 2022, Goose Bay Colony 1 supported 1173 active nests. This colony 
was constructed in a large patch of sago pondweed (Stuckenia pectinata) in 0.6 to 
1.5 m of water and about 60 m offshore (i.e., the distance from the nest nearest to 
shore). On 2 August this colony had decreased to 23 active nests and the bed of 
sago pondweed was mostly gone. Along the western edge of Goose Bay, we then 
observed 94 beached nests and another 19 abandoned or partially destroyed nests 
floating 6 m offshore. Winds 18–42 km/hr and gusts of 27–79 km/hr were measured 
on 30 July between 15:50 and 19:00. From the abrupt disappearance of active nests 
and little change in water depths at the colony’s location, we conclude that this 
windstorm destroyed 1150 grebe nests (98%). Goose Bay Colony 1 did not recover 
from the windstorm, supporting a maximum of just 34 nests for the remainder of 
the nesting season.

On 6 August 2022, Goose Bay Colony 2 (Figure 1) supported 645 active grebe 
nests. The colony was constructed in northern water-milfoil (Myriophyllum sibiri-
cum) in approximately 1.6 to 2.2 m of water and lay about 549 m offshore. On 9 
August, Lake Almanor experienced another afternoon windstorm, with 8.3 hours 
of sustained winds of 13–32 km/hr and wind gusts of 21–51 km/hr. The next day, 
only two active nests remained, and the dense mat of northern water-milfoil that had 
dominated this colony was mostly gone. Along the downwind shoreline of Chester 
Meadows, we counted 640 beached nests (Figure 1), mostly on the windward side of 
partially submerged tree stumps at the Chester Meadows shoreline. Most nests were 
intact and had been blown ashore singly or in small clusters. From these observa-
tions, we conclude that the windstorm destroyed the colony. 

On 31 August grebes at Goose Bay Colony 2 had reestablished 222 nests that were 
200 m offshore in water 0.9–1.5 m deep. On 4 September, this colony had decreased 
to 12 active nests with the mat of water-milfoil still intact. During a follow-up kayak 
survey on 6 September, the colony was found to be inactive with 141 abandoned 
nests 150 m offshore in 0.6–0.8 m of water. We also found 135 beached nests (Figure 
1) along the shoreline downwind of this colony. Lake Almanor experienced four 
windstorms between 31 August and 3 September that evidently caused Goose Bay 
Colony 2 to fail for the second time. Afternoon and early evening windstorms on 
these 4 days lasted 4 to 7 hours and had average sustained winds of 14–27 km/hr 
and average wind gusts of 19–40 km/hr (maximum sustained winds were 32 km/
hr; maximum wind gust was 50 km/hr).

The cumulative result of these six windstorms was the destruction of 2003 nests 
in two colonies. Grebes continued to attempt to nest on Lake Almanor, establishing 
three other smaller colonies in the northwest portion of the lake. However, only nine 
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juvenile grebes were observed during surveys of the entire lake, and we concluded 
that in 2022 nesting on Lake Almanor was largely unsuccessful.

Nest stranding or receding water levels that threatened nesting were documented 
at two colonies: Catfish Beach, where we observed 158 stranded nests over the course 
of the nesting period, and Goose Bay Colony 3, where 87 nests were threatened by 
shallow water levels (Figure 1). While stranding and shallow water levels can con-
tribute to nest and colony failure at Lake Almanor, our observations demonstrate 
that windstorms destroyed most of the nests in 2022. 

Grebes are persistent and rapid nest builders (La Porte et al. 2020); their colonies 
can expand and contract rapidly (Parmelee and Parmelee 1997, Hayes et al. 2022), 
which can confound our ability to determine why colonies succeed or fail. Both 
declining water levels and windstorms can cause colonies to fail, and the role of 
each should be evaluated carefully. Frequent and thorough nest counts and colony 
monitoring are essential to distinguish between stranded and beached nests. 

We thank Pablo Herrera, Bud Widdowson, and Steve Avery, who helped with 
field surveys and other aspects of this continuing project, and John Brandon, Dan 
Airola, Jim Estep and Nicholas La Porte for their thoughtful review. We thank PG&E 
for funding and access to its property around Lake Almanor. 
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FIRST RECORD OF THE CONNECTICUT WARBLER 
IN NEW MEXICO

NICHOLAS T. VINCIGUERRA, Department of Biology and Museum of 
Southwestern Biology, University of New Mexico, MSC03-2020, Albuquerque, 
New Mexico 87131-0001; nvinciguerra@unm.edu

ABSTRACT: A Connecticut Warbler (Oporornis agilis) photographed and 
recorded calling at Percha Dam State Park, Sierra Co., New Mexico, on 9 Septem-
ber 2023 represented a first confirmed record for the state of New Mexico. Of the 
relatively few Connecticut Warblers found inland in western North America, this 
individual was a fall migrant, and the date is typical for other occurrences in the West.

On 9 September 2023, I found a Connecticut Warbler (Oporornis agilis) at Percha 
Dam State Park, about 34 km south of Truth or Consequences, Sierra County, New 
Mexico (32° 52ʹ 7˝ N, 107° 18ʹ 13˝ W). This area, at 1200 m elevation, is a riparian 
woodland of cottonwoods (Populus spp.) and willows (Salix spp.) embedded in a 
linear strip of agricultural lands along the Rio Grande within a matrix of desert 
grassland. At around 19:15, I detected a sharp metallic “chit” call along the river’s 
edge. Soon after, I observed the bird in a willow thicket about 1 m from the ground 
for about 1 minute at a distance of approximately 10 m. The bird reappeared for 
about 30 seconds at 19:20. I obtained one poor yet diagnostic photo of the bird and 
an audio recording of the call. Several other observers and I returned the following 
day to obtain further documentation. The bird was confirmed in the same general 
area through the late afternoon of 10 September 2023 by at least 16 observers.

The Connecticut Warbler appeared to be in immature plumage (see photo on 
this issue’s back cover). The eye ring was complete and not as thin as on a Common 
Yellowthroat (Geothlypis trichas). Its tail seemed short because of the long wings 
and undertail coverts. The bill was flesh-colored and slightly longer than on the 
loosely associated MacGillivray’s Warbler (G. tolmiei) seen on 10 September 2023. 
I heard its nasal, metallic “chit” note several times (Figure 1). On a few occasions, 
I saw the bird walking, not hopping like most other warbler species (video: https://
macaulaylibrary.org/asset/608783060). Additional documentation is archived in the 
Macaulay Library (www.macaulaylibrary.org). There are five previous sight reports 
of the Connecticut Warbler in New Mexico (September 1979, May 1991, August 
1997, June 2015, and September 2019), but none of these reports established the 
bird’s identity (S. O. Williams III, New Mexico Bird Records Committee, in litt.).

Formerly classified in the same genus as the Kentucky (G. formosa), Mourning 
(G. philadelphia), and MacGillivray’s warblers, the Connecticut Warbler is now 
considered the sole member of the genus Oporornis (Chesser et al. 2011). The breed-
ing distribution of the Connecticut Warbler spans the wet boreal forests of North 
America, from Canada south to northern portions of Minnesota, Wisconsin, and 
Michigan (Dunn and Alderfer 2006). The species winters in South America east 
of the Andes, but the exact limits of its winter range are poorly known (Pitocchelli 
et al. 2023). The migration route of the Connecticut Warbler is elliptical; in fall its 
route is normally more easterly than in the spring (Lincoln and Peterson 1979). 

Fall records of the species are rare in western North America despite a breeding 
range that extends west to northeastern British Columbia (Davidson et al. 2015), 
with records from Montana, Nevada, California, Arizona, Colorado, Idaho, Utah, 
and Wyoming (Roberson 1980, Dunn and Garrett 1997, Rosenberg and Witzeman 
1999, Carlisle et al. 2008, Faulkner 2010, Marks et al. 2016). Most of these records are 
from coastal California and nearby offshore islands. Inland records are few, reflecting 
in part a concentration of observers and the greater ease of finding a secretive spe-
cies in more open areas. This account establishes an additional record of a vagrant 
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for the state of New Mexico. The Connecticut Warbler remains undocumented in 
Alaska, Washington, and Oregon. Through March 2024, the New Mexico state list 
numbered 555 species, of which 51 are New World warblers (www.nmbirds.org).

Ethan F. Gyllenhaal, J. V. Remsen, Jr., and Richard E. Webster provided useful 
feedback on manuscript drafts. I thank the reviewers, Jeffrey S. Marks and Sartor O. 
Williams III, for providing comments that improved the manuscript.
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Figure 1. Call of the Connecticut Warbler at Percha Dam State Park, Sierra 
County, New Mexico, on 9 September 2023 (recorded by Nicholas T. Vinciguerra,  
https://macaulaylibrary.org/asset/608668924).
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BOOK REVIEWS

Field Guide to North American Flycatchers: Empidonax and Pewees, by Cin-
Ty Lee, illustrated by Andrew Birch. 2023. Princeton University Press, Princeton, 
NJ. Paperback, 168 pages, 55 color plus black and white illustrations, 19 maps, 53 
audiospectrograms. $19.95. ISBN: 97806912400626.

In this meticulously illustrated guide, Lee and Birch synthesize decades of 
birding, their own identification articles, and specimen research to demystify a 
supremely puzzling group of smallish flycatchers mostly of the genera Empidonax 
and Contopus, known as “empids” and “pewees,” respectively. They describe their 
approach as holistic, and it is, de-emphasizing plumage and what might be called a 
“field mark approach” in favor of gestalt plus a generous helping of seasonal status 
and geographical distribution. Once thought to be reliably distinguishable only in 
the hand—plucked from nets, or, before that, shot out of trees—flycatchers lend 
themselves well to identification that is strongly comparative and multi-dimensional. 
This book thus serves as an alternative to regional field guides or, especially, websites, 
both of which attempt to summarize and reduce the collective knowledge of birders, 
rather than leveraging and amplifying it as these authors have done.

Lee and Birch begin with a nearly 40-page introductory section laying out 
flycatcher-specific typology (where terms like “supralore” and “secondary stack” 
may be unfamiliar to even advanced birders). They then introduce head-related 
aspects of flycatcher identification, including relative head size, crown shape, and 
forehead angle. Bills are next (length, mandible color), followed by tail width, the 
dreaded primary projection, and eye-ring shape. Color gets a nod, but it follows 
contrast (wing contrast, underparts contrast). These discussions are followed by a 
fairly complex matrix of characters (13 categories, each with 3 or 4 subcategories), 
a “visual similarity map” with each species in its own color-shaded text bubble set 
at variable distances to indicate similarity, and a double panel of breezy, black-and-
white sketches showing each species, all of which will be more or less identical to 
most readers. But that’s the point.

The 100+ page “field guide” includes the illustrated comparative species accounts, 
which comprise “general identification,” “voice,” “range and habitat,” and finally 
“similar species.” Each species account includes multiple (stunningly accurate) illus-
trations by Birch of the focal species and similar ones, plus three or four spectrograms 
per species and two sets of highly detailed range (more precisely, migration-timing) 
maps, one emphasizing spring and the other fall (except for sedentary taxa). Separate 
“species” accounts are provided for certain species groups (e.g., the Hammond’s, 
Dusky, and Least flycatchers) that present identification challenges for even the most 
adroit birders in the U.S. and Mexico.

There is so much to like about this book, and the illustrations of posed birds—
the abundance of the drawings, and their accuracy—are the real stand-outs. Even 
the dowdy Gray Flycatcher is afforded eight separate sketches and paintings in its 
own account (plus a couple more here and there in other species’ accounts), basi-
cally showing how in slightly different poses it still looks like a Gray Flycatcher. 
As someone who has banded most of these species, and has seen all but the Pine 
Flycatcher (yes, Lee and Birch include the Pine Flycatcher!) many times over, I find 
the drawings are just spot-on.

The migration maps are also refreshingly accurate. One can quickly note the dif-
ferences between the arrival waves of, say, the Pacific-slope vs. Cordilleran flycatch-
ers (recently re-lumped as the Western Flycatcher); in this case, an April migrant 
in southeastern Arizona would be far more likely to be a Pacific-slope, yet in fall, 
all bets are off. These maps also help gauge the seasonal probability of a species in 
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different parts of its range; for example, in western Utah, Hammond’s is far more 
common in fall than spring, yet in southern California this is reversed. 

The only possible weakness I found is the brevity of the range and habitat descrip-
tions. With such excellent maps, I’m not even sure the range needs to be written out. 
But habitat type strikes me as one key to separating the empids, if not the pewees. 
To pick a few examples, the breeding habitats of those nesting in my local southern 
California mountains are listed as “shrubby riparian habitats (often around wil-
low thickets),” “lowland deciduous to coniferous forests … shaded microhabitats, 
preferring the understory or inner canopy,” and “open coniferous forests, chaparral 
habitats and scrubby riparian areas in the mountains and foothills.” While these 
characterizations are correct, I could not match up the species with such vague habi-
tat descriptions. And, virtually no description of stopover and wintering habitats is 
provided, though these can be especially helpful in distinguishing species that may 
not co-occur where most birders observe them on their breeding grounds (e.g., 
Yellow-bellied Flycatchers in the humid understory of shade-grown coffee, Least 
Flycatchers working the fence lines of adjacent pastures, and Willow Flycatchers 
out in the pasture itself).

But these are truly minor quibbles—most birders will have at least one decent 
“general” field guide before they move on to this one, and won’t care a whit that the 
habitat of Hammond’s Flycatcher isn’t exhaustively described; there are plenty of 
sources to peek at for that.

Daniel S. Cooper 

Bird: Exploring The Winged World. Phaidon, London. 2021. Hardback, 352 pages, 
305 illustrations. ISBN: 9781838661403.

This hefty, lushly illustrated coffee-table book is a set of more than 300 images 
curated by Phaidon staff and notable ornithological consultants. It is intended to 
celebrate the beauty and appeal of birds and illustrate the human relationship with 
birds and the narrative of the place of birds in art and culture throughout human 
history. There is an insightful introduction by author and fine artist Katrina van 
Grouw (The Unfeathered Bird, Princeton University Press, 2013) describing how the 
symbolism of birds has been featured throughout human history, from a fossilized 
Archaeopteryx to the Bald Eagle symbol of the United States. All forms of imagery 
are covered in this educational, illustrated encyclopedia, ranging from a petroglyph 
quail dating from 8000 BC (p. 276) to Doug Bowman’s Twitter logo Twitter Bird 
(p. 196). The images portray a range of media from physical art such as sculptures 
and jewelry, detailed oil paintings from 17th and 18th century masters, modern-day 
photographers, and the evolution of scientific bird art.

Below each image is a 3-column caption, explaining the life and work of the artist 
and offering a brief analysis of the image. As the images are ordered more by design 
rather than by date, there is a timeline (p. 328) beginning in 34,000 BC to highlight 
some of the most important milestones of bird art and bird symbolism.

This book covers the complete range of bird imagery, including physical art such 
as the Eames House Bird (artist unknown), Joseph Chaumet’s 19th-century hum-
mingbird jewel-encrusted brooch (p. 18) and Thomas Poulsom’s Lego Northern 
Lapwing (p. 22) from his book Birds from Bricks (2016). Modern art and impression-
ism are also represented, most notably Marcus Coates’ Common Sandpiper (p. 23), 
in which the detailed intricacies of the plumage have been boiled down to about 40 
pixel-like squares. Charley Harper’s bold, unique, and influential style is also here 
in the vibrant We Think the World of Birds (p. 179).
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Some of the more famous masters, many better known for portraits and land-
scapes, include Vincent van Gogh’s impressionist Four Swifts with Landscape Sketches 
(p. 45) and Pablo Picasso’s The Dove of Peace (p. 187). Not to be missed is Andrew 
Wyeth’s Soaring Turkey Vultures (p. 46), Frida Kahlo’s Me and My Parrot (p. 12), John 
Singer Sargent’s odd but technically stunning Studies of a Dead Bird (p. 41), 17th-
century pieces from Jan Asselijn’s striking The Threatened Swan (p. 97), and Carel 
Fabritius’ The Goldfinch (p. 209). What these works all have in common is technical 
excellence and understanding of the shape and structure of the bird (often lacking 
in contemporary bird studies). The birds are painted in dynamic, unconventional, 
but natural poses either facing the artist or departing. This is in comparison to more 
stilted but equally visually stunning work of scientific artists of the 18th and 19th 
centuries such as Thomas Bewick’s The Magpie (p. 19) and John James Audubon’s 
iconic and stylized American Flamingo (p. 177). Following in that same tradition in 
the 20th century were fine artists such as Charles Tunnicliffe (Golden Pheasant, p. 
210), some but not all of whose art featured specimens that were posed and painted 
in profile or in unnatural positions.

I was on the lookout for some of the work of other artists who most influenced me 
during the 20th century. I was not disappointed—much of their work was featured, 
and I couldn’t find any glaring omissions. As a young birder wanting to become 
a better artist, I often spent time thumbing through reproductions of the work of 
these artists who had a similarly profound impact on many other artists who came 
after them. I can’t mention them all, but Louis Agassiz Fuertes’ use of shadow and 
light in Nile Helmet Shrike (p. 121) reminds us why Fuertes is considered such an 
influence on many contemporary natural history artists. Capping off the highlights 
for me are Bruno Liljefors’ dramatic Hawk and Black-Game (p. 175), New Zealand 
artist Raymond Ching’s The Kiwi and The Goose (p. 227), which pushes the bound-
ary of dramatic poses, Lars Jonsson’s magnificent and moody Eternal Forces (p. 
281), Peter Scott’s Red-breasted Geese Flying over a Ploughed Field (p. 316), Darwin’s 
Galapagos Finches (p. 27), and field guide illustrations from David Sibley and Roger 
Tory Peterson (pp. 324, 325). A whole book dedicated to the evolution of scientific 
illustration and contemporary natural history could well include the works of others 
such as Hans Larsson, Ian Lewington, and Killian Mullarney, who are not featured 
in this book but are nonetheless crafting unique styles.

I had less of an interest in the photographs, but without doubt all the photos 
featured are remarkable in their own way. For me, two standouts were Frans Lanting’s 
rather painterly composed Macaws over River (p. 11) and Steve Torna’s dazzling and 
arresting Eared Grebes (p. 117).

Motion-picture imagery is included with a still from Alfred Hitchcock’s iconic 
The Birds (p. 35), which perhaps did more to play to the general populace’s fear of 
birds than did any other work featured in this book. The movie has been widely 
regarded as political allegory about the fear-mongering of the Cold War with a 
constant threat of nuclear bombs raining down from above and flocks of white gulls 
suggesting a nuclear cloud. Another evocative movie image is from Ken Loach’s 1969 
film Kes (p. 84), based on Barry Hines’ novel A Kestrel for a Knave. The movie was 
a surprise hit, and it pulls some emotional strings as it explores the relationship of a 
young working-class boy (Billy) who has a bleak future but finds hope and optimism 
through training his pet Eurasian Kestrel. The black-and-white still reproduced in 
Bird: Exploring The Winged World and featured on the movie’s posters depicts a close-
up of Billy staring wide-eyed in child-like innocence and awe at the Eurasian Kestrel 
on his gloved hand. In a way, this image perfectly sums up the human experience 
with birds. A sense of wonder, respect, a longing to be closer to these magnificent 
and beautiful creatures, which each of us has a personal responsibility to protect.

Andrew Birch

BOOK REVIEWS
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IN MEMORIAM

VIRGINIA P. JOHNSON, 1930–2024

Virginia Phillips Coughran Johnson (Gin-
ger to her family and friends) died on 4 

March 2024 at her San Diego home of more 
than 40 years. She was 93.

Ginger was born on 29 October 1930 
in Los Angeles, California, and grew up in 
Palos Verdes, California. She received her 
bachelor’s degree in fine arts from Pomona 
College, Claremont, California, in 1952.

Ginger was an active and enthusiastic 
birder for most of her adult life. In 1970 she 
became a founding member of the California 
Field Ornithologists (later Western Field Or-
nithologists) and one of the original editors 
of the journal California Birds (later Western 
Birds).  The other members of this pioneer-
ing group of San Diego birders were Guy 
McCaskie, Pierre Devillers, Alan Craig, Jean 
Craig, and Clifford Lyons. Ginger was known 
as Virginia P. Coughran at this time.

Ginger was intimately involved with the 
graphics, layout, printing, and publishing of the journal beginning with California 
Birds Vol. 1, No. 1, January 1970, and continuing through Western Birds Vol. 53, No. 
1, January 2022. This represents an impressive span of 52 years and an even more 
impressive total of 139 issues. In the inaugural issue of the journal the editors were 
Virginia P. Coughran, Alan M. Craig, Jean T. Craig, Pierre Devillers, Clifford R. 
Lyons, and Guy McCaskie. The main article of this initial issue of the journal was 
“A Checklist of the Birds of California” by G. McCaskie, P. Devillers, A. M. Craig, C. 
R. Lyons, V. P. Coughran, and J. T. Craig (pp. 4–32). Beginning in 1973 with volume 
4 the journal became Western Birds, and the editorial structure was changed. Alan 
M. Craig became the sole editor with a large editorial board (including Ginger, who 
was by now Virginia P. Johnson). Ginger’s role included “layout and cover design.” 
The first issue with a color cover was Vol. 12, No. 1, March, 1981. Ginger was still 
responsible for the layout and cover design, but, beginning with volume 13 in 1982, 
her title changed to “layout artist.” In 1987, beginning with volume 18, Philip Unitt 
assumed the job of editor of Western Birds, with Ginger still the layout artist. To 
better reflect her diverse responsibilities, Ginger’s job title was changed to “graphics 
manager” in Vol. 20, No. 4, December 1989. She retained this title for the rest of her 
tenure with Western Birds. For many years Ginger was also on the editorial board.

Ginger designed the Sabine’s Gull logo which appeared on the cover of the first 
issue of California Birds and on every issue of the journal since then. To learn more 
about the history of this simple but elegant logo see https://westernfieldornitholo-
gists.org/the-wfo-logo-a-brief-history/. The Sabine’s Gull logo also appears on the 
website pages, on other publications, and on WFO gear.

Ginger was involved in the affairs of Western Field Ornithologists in many other 
ways. She was a board member from 1984 to 1989. She attended nearly every annual 
conference up until her last at Albuquerque in 2019. In recognition of her service to 
WFO Ginger was presented the Alan M. Craig award at the 2010 meeting in Palm 
Desert, California. This award was given “for her many years of dedicated volunteer 
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effort on behalf of Western Birds, Western Field Ornithologists, and field ornithology 
in the west.” The Alan M. Craig award is given for “exceptional service, leadership 
and dedication to WFO over a sustained period of time.”  For more information 
about this prestigious award and further details about Ginger’s award, see https://
westernfieldornithologists.org/awards/alan-m-craig-award/. 

Ginger loved “birding with a purpose” and was involved in many different field 
projects for more than 60 years. She was a certified bird bander and set up a band-
ing station on Point Loma in San Diego every spring and fall for nearly 50 years. 
Undoubtedly, she provided valuable information to the U.S. Fish & Wildlife Service 
from these efforts. Ginger also participated in surveys of breeding California Least 
Terns in Mission Bay for many years. She contributed substantial data to the San Di-
ego County Bird Atlas (https://www.sdnhm.org/science/birds-and-mammals/proj-
ects/san-diego-county-bird-atlas/) and even helped me gather data for the Arizona 
Breeding Bird Atlas project. Ginger always looked forward to the Christmas Bird 
Count season in December and January and participated in the San Diego CBC for 
many years. She was proficient at finding warblers and other rarities in Balboa Park.

Ginger enjoyed traveling to other states and countries with friends on birding 
expeditions. Arizona was a favorite destination in the U.S., and she birded in Alaska 
and Texas as well. Foreign destinations included Canada, South Africa, Australia, 
Belize, Peru, and Costa Rica. No one seems to know the size of her life list, but it 
must be in the thousands. I know that her one big birding regret was never having 
seen a Northern Pygmy-Owl in the wild.

Ginger is survived by her four children Annie Marsch of Ramona, California, 
Bruce Coughran of San Diego, California, Bill Coughran of Custer, Washington, 
and David Coughran of Ormond Beach, Florida, as well as four grandchildren. She 
also leaves behind many lifelong friends. We will all miss this quiet and modest 
but extremely capable and accomplished woman. We will remember her for her 
enthusiasm for birds and her loving friendship.

Diana Herron

IN MEMORIAM: VIRGINIA P. JOHNSON, 1930–2024
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Wing Your Way to

San Diego, California

Western Field Ornithologists’ 47th annual conference

at the Dana on Mission Bay

9–13 October 2024

Register now at 

westernfieldornithologists.org/conference

Join us for 

• Field trips to over 20 des-
tinations

• Habitats from ocean and 
coast to canyons, valleys, 
forest, and desert

• Fall migration sure to pro-
duce the unexpected

• Thursday evening recep-
tion at the San Diego 
Natural History Museum

• Two afternoons of scien-
tific presentations, includ-
ing the latest research on 
the Light-footed Ridgway’s 
Rail

• Workshops on the propa-
gation of the Light-footed 
Ridgway’s Rail in captivity, 
bird specimen preparation, 
and reading of audiospectrograms

• Our always popular bird-sound identification challenge and photo-identification 
panel

• Saturday evening banquet with presentation by Dr. Kevin Burns, professor of or-
nithology at San Diego State University, specialist on the evolution of the tanagers, 
and member of the AOS North American checklist committee

Share your research! See call for papers and guidelines for presentations at:
westernfieldornithologists.org/call-for-papers-for-wfos-48th-annual-conference

See you in San Diego!
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Photo by Floyd E. Hayes of Angwin, California:
Intersex Mallard (Anas platyrhynchos), John F. Kennedy Park, Napa, Napa County,  
California, 17 April 2023. 
In some species of sexually dimorphic birds, such as the Red-winged Blackbird, the  
plumage of females may become more male-like with age. One possible mechanism for  
this change is a decline in estrogen due to illness or age. In this issue of Western Birds,  
Floyd E. Hayes, Drielly N. Martins, and Christian X. Nunez review the examples of such 
intersex plumage in the Mallard through 235 years of literature, as well as an individual  
they followed in the field over two years. This individual continued to behave as a female  
in that it associated more with males than with other females. Yet in other cases described  
in the past, the intersex female’s behavior as well as plumage became more male-like, even  
to the point of the intersex bird mounting other females.

Photo by Herman T. Bohlman of Portland, Oregon, courtesy of the Oregon digital archive 
maintained by the libraries of the University of Oregon and Oregon State University:
California Gulls ( ), Lower Klamath Lake, Klamath Co., Oregon,  
late May 1905. 
In this issue of , W. David Shuford brings to life the sad and confused history 
of the California and Ring-billed Gull colonies of the Klamath Basin, Oregon. Lower 
Klamath Lake, where in 1905 William L. Finley and Herman T. Bohlman found abundant 
nesting waterbirds, including over 1600 gulls, was subsequently drained. By 1921 it was 
reduced to an alkali desert and a peat bed that burned to ashes. Subsequently, thousands of 
gulls nested along the Link River below Upper Klamath Lake, along the Klamath River, 
and at Spring Lake, but these colonies too were abandoned in short order. In the 21st century, 
gull nesting in the Oregon portion of the Klamath Basin has been confined to intermittent 
colonies at Swan Lake and Gerber Reservoir.




