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From Behavior to Genes
to Species: A White-crowned
Sparrow Case Study
In an era of seemingly endless taxonomic revision, it’s im-
portant to remind ourselves what the point is: to accurately 
describe biodiversity. We do this so that we can identify it, 
learn about it, enjoy it, and protect it.

Recognizing biodiversity is nuanced. To understand it, 
one must learn how species evolve from common ancestors 
into “daughter” species. Evolution is affected by geography, 
climate, and interactions with other species. It is also af-
fected by the characteristics of the organisms themselves. 
As ecologists Marjorie Weber and Sharon Strauss review 
in a 2016 paper in Annual Review of Ecology, Evolution, and 
Systematics (47: 359–381), important organismal character-
istics include dispersal ability, behavioral and cultural fac-
tors, and a myriad of other traits that we can know only by 

studying species from multiple perspectives. As it turns out, 
much study has gone into the interplay between behavior 
and population differentiation right here in North America, 
with substantial emphasis on one of the continent’s most 
variable songbirds: the White-crowned Sparrow.

A key issue is the observation of song dialects, called 
one of the “raging controversies of the 1970s and 1980s” 
by Cornell University postdoctoral scholar David Toews 
in his 2017 primer on the topic in Molecular Ecology (26: 
2842–2844), available online (tinyurl.com/Toews-ME-WC-
SP). Dialects among White-crowned Sparrow populations 
brought up questions about how birds develop song, how 
that leads to regional variation (“dialects”), and how those 
dialects might affect evolution. The controversy helped ad-
vance a new understanding of how cultural evolution in-
teracts with biological evolution—with song dialects at the 
nexus between the two.

Even after the debate cooled down, a major knowledge 
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The White-crowned Sparrow exhibits considerable geographic variation across 
its extensive North American range; shown here is the nominate subspecies, 
leucophrys, which breeds in northeastern Canada. What forces promote evolu-
tionary divergence within species such as the White-crowned Sparrow? A study
by Sara Lipshutz and colleagues examines how song dialects might
play a role in speciation. Somerset County, Maine; May 2007.
Photo by © Garth McElroy.
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gap remained about whether song dialects 
can promote speciation. Any population with 
geographic variation—consider the numer-
ous subspecies within the White-crowned 
Sparrow—can undergo speciation, with the 
right mix of geographic, ecological, and be-
havioral conditions. White-crowned Spar-
rows are ideal for examining the behavioral 
conditions: If populations have different dia-
lects, and if individuals respond only or at 
least preferentially to their native dialect, is 
speciation possible?

R
ecognizing the knowledge gap, Sara 
Lipshutz, a biologist at Tulane University, 

and four colleagues undertook an ambitious 
research project: to test if behavioral respons-
es to song dialect line up with genetic diver-
gence between the two Pacific Coast subspe-
cies of White-crowned Sparrows, Zonotrichia 
leucophrys nuttalli and Z. l. pugetensis. The 
team measured genome-wide genetic diver-
gence between nuttalli and pugetensis from 
around their zone of introgression in northern 
California. They also quantified song diver-

gence and tested behavioral responses to song 
dialects throughout the introgression zone. 
Their findings, reported in 2017 in Molecular 
Ecology 26: 3011–3027) and available online 
(tinyurl.com/Lipshutz-ME-sparrows), required 
not only bioacoustic analysis of a vocalization 
database, but also a robust behavioral assay to 
parse out the song dialects to which individu-
als of both subspecies responded.

In her remarks to Birding, Lipshutz says, 
“This study was integrative because it com-
bined behavioral ecology approaches such as 
song analyses and playback experiments with 
molecular ecology approaches such as popu-
lation genetics and demographic modeling.” 
Lipshutz further notes that the resulting data-
set “spanned twelve years of research.”

The Lipshutz team’s project provides conclu-
sive evidence that song dialect and behavioral 
response together reinforce genetic divergence 
between nuttalli and pugetensis. These findings 

In line with recent findings by Sara Lipshutz, a 2001 study by Scott MacDougall-Shack-
leton and colleagues found that female White-crowned Sparrows of the oriantha sub-
species, breeding in the Interior West, prefer males whose song dialects match the one 
they grew up with. San Miguel County, Colorado; July 2017. Photo by © Bill Schmoker.

When two bird populations have diverged, song matters because it can either trig-
ger or restrict reproduction. In the case of the White-crowned Sparrow, the multiple 
subspecies sing diagnosably di�erent songs. Could those di�erences serve as a barrier 
between, say, the gambelii subspecies, shown here, and the three other subspecies 
whose ranges it overlaps? Seward Peninsula, Alaska; May 2009. Photo by © Brian E. Small.
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imply that boundaries between song dialects also function 
as boundaries to gene flow, further isolating populations 
with respect to their particular songs, behaviors, and genetic 
composition. With enough time, a separate species could be 
established.

The topic is full of opportunity for future investigators. As 
Lipshutz emphasizes, “The question of whether song differ-
ences can cause genetic differences that initiate the specia-
tion process…is still wide open.”

For now, these two White-crowned Sparrow subspecies 
offer a snapshot from what may be an early stage in the spe-
ciation process, which could also be playing out elsewhere 
in the extensive range of the White-crowned Sparrow. Such 
findings remind us that species aren’t static, and that taxo-
nomic revision—no matter how excessive it seems—is at 
heart an effort to accommodate our increasingly rich under-
standing of the dynamic biodiversity around us.

A Look Back in Time at the
Ecology of the Carolina Parakeet
The potential “de-extinction” of the Pleistocene megafau-
na—think wooly mammoth—has enraptured curious audi-
ences the world over. Surprisingly little research, however, 

has been directed at extinct species that aren’t fossilized. 
Yet as we head into the heart of the 21st century, we face 
mounting evidence that the planet is experiencing a sixth 
mass extinction, described by Anthony Barnosky and 11 
others in a 2011 paper in the journal Nature (471: 51–57). 
Should extinction research—beyond those flashy, Jurassic 
Park–style de-extinction efforts—be more at the forefront?

That question motivates the research of Kevin Burgio, an 
ornithologist at the University of Connecticut. Although 
the story of the Passenger Pigeon was prominent during the 
2014 centennial of the pigeon’s extinction (see coverage in 
the May/June 2014 Birding), few other North American avian 
extinctions have been thoroughly investigated. Case in point: 
the Carolina Parakeet, one of the world’s few temperate-
climate parrots. Beyond anecdotal accounts, little is known 
about its ecology, population dynamics, and even basic dis-
tribution—largely because rigorous, quantitative research to 
answer questions about this recently extinct psittacid has not 
been attempted. As Burgio tells Birding, “Nothing definitive 
is known about how or why they went extinct.”

Reconstructing the historical ecology of extinct species 
isn’t a merely academic exercise. Despite the loss of so many 
species in our lifetimes, we have a shaky understanding of 
the process of extinction. The Carolina Parakeet is a poi-
gnant species for a posthumous study of extinction because 
of the taxonomic group it represents: The parrots are the 
most threatened avian order, with 42% of the Psittaciformes 
listed as either endangered or threatened by the Internation-
al Union for Conservation of Nature. Looking to address this 
open research area, Burgio and two collaborators designed 
an innovative study, incorporating both cutting-edge scien-
tific techniques and approaches from the historian’s toolbox.

Their study is timely. With the 2014 centenary of the Pas-
senger Pigeon still in the rearview mirror, “The 100th an-
niversary of the death of the last captive Carolina parakeet is 
next year,” Burgio reminds us.

To build an occurrence database for the extinct parakeet, 
Burgio and his collaborators geo-referenced locality data 
from natural history collections. Next, they took to the li-
braries, scouring historical records for parakeet observations 
from 1564 to 1938, a task that took Burgio and two under-
graduates more than a year. Using these occurrences, along 
with historical climatic data, the team tested niche differ-
ences between the two Carolina Parakeet subspecies (east-
ern carolinensis and western ludovicianus), performed species 
distribution modeling, and reconstructed migratory routes.

Burgio and his team found that the Carolina Parakeet’s 
range was considerably smaller than previously thought. 

A Pacific Coast subspecies of the White-crowned Sparrow, pugetensis, 
diverged more than 12,000 years ago from another coastal subspe-
cies, nuttalli. Behavioral and vocal di�erences between pugetensis and 
nuttalli have long been known, but corresponding genetic di�erentia-
tion has not been conclusively documented—until now. Of particular 
interest is a causal pathway involving song di�erences, assortative 
mating, and gene flow. Snohomish County, Washington; July 2010. 
Photo by © Steven G. Mlodinow.
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They also found that the two subspecies’ 
distributions were almost entirely sepa-
rate, and that only the western subspecies was migratory. 
Their results were published in June 2017 in the jour-
nal Ecology and Evolution, available online (tinyurl.com/ 
Burgio-EE-parakeets).

The team’s findings, grounded in previously unknown 
natural history, might help explain why the parakeet went 
extinct so rapidly: The species’ range was especially limited, 
making it vulnerable to habitat loss. The results also sug-
gest that, despite the tropical affinity of most other parrots, 
migration was a key adaptation to the northern temperate 
climates—at least for the western subspecies ludovicianus. 

With studies like this, establishing the temporal and spa-
tial distributions of now-extinct species, there is a founda-
tion upon which to investigate the extinction process rigor-
ously—and in ways that advance far beyond the status quo, 
summarized by Burgio as: “Essentially, plot the coordinates 
of the sightings, ‘eye-ball’ them, and speculate.” Investiga-
tions may range from testing hypotheses about 
population structure, to resolving evolutionary 
history, to clarifying what part the Carolina Para-
keet might have played in its ecosystem, and be-
yond. Developing the tools to conduct such inves-
tigations not only makes it possible to understand 
how extinction happens, but also to prevent it in 
the first place.

Incubation Time:
Why Does It Vary So Much 
Among Di�erent Species?
Birding in the summer, perhaps even more than 
during migration, reminds us of the cyclical na-
ture of life on Earth. The events of the breeding 
season—territory establishment, courtship, nest-
building, egg-laying, incubation, and eventually 
fledging—occur more or less reliably and are sure 
to occur again next year. They play a major part 

in nature’s “rhythm”—which keeps bird-
ers going back into the field season after 
season.

But in experiencing this sequence of 
events, it can be too easy to assume that 
it occurs in synchrony among species. 
Although all temperate-breeding species 
have the same summer to work with, dif-
ferent species vary widely in their breed-
ing phenology. Different species court 
for different amounts of time, incubate 

for varying durations, etc. What determines that variation?
A recent study by ecologists Robert E. Ricklefs, Suzanne 

H. Austin, and W. Douglas Robinson highlights the risks as-
sociated with incubation.

B
irds are never more vulnerable to predators than while 
they’re being incubated, developing inside an egg. At the 

same time, incubating parents are themselves vulnerable, 
exposed to predators and the elements.

We might expect incubation time to be as short as pos-
sible, but it is surprisingly variable. In a 1974 paper in 
The Condor (76: 147–152), physiologists H. Rahn and A. 
Ar documented that incubation time varies by more than a 
factor two among birds with similarly sized eggs. Why do 
birds vary in the amount of time they take to incubate? Put 
another way, why isn’t there one optimal incubation time for 
eggs of a given size and in a given climate?

Audubon’s unforgettable depiction of a flock 
of Carolina Parakeets is perhaps the closest 
many of us have ever come to appreciating 
the natural history of Conuropsis carolinensis. 
A recent study by Kevin Burgio and colleagues 
adds significant new information to our aware-
ness of the species’ biology, including basic 
data on the parakeet’s range limits and
migratory behavior.

Incubation time in the Western Wood-Pewee generally lasts about two 
weeks. Why? A recent analysis suggests that sibling rivalry is a major driver of 
variation in incubation time among bird species. Photo by © Dale Armstrong.
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The study by Ricklefs and colleagues, published in 2017 
in The Auk (tinyurl.com/Ricklefs-Auk-Incubation), reopens 
this question.

The Ricklefs group argues that incubation is all about 
tradeoffs. For example, shorter incubation times minimize 
predation risk, but with a cost: Hatchlings are less devel-
oped and require greater parental care. Variation in incuba-
tion time also affects parents—their exposure to predators, 
weather, etc. And different species maximize, or optimize, 
these tradeoffs in different ways. The calculus of incubation 
tradeoffs is complicated.

W
ith this conceptual framework in place, Rickleffs and 
his collaborators took to reviewing the scientific litera-

ture for evidence of incubation tradeoffs. They found that in 
almost all studies, parental mortality at the nest is low—re-
gardless of how long their incubation times are. Thus, short 
incubation periods aren’t necessarily advantageous for the 
parents. Tradeoff optimization must, then, be driven pri-
marily by the young.

With this lead, the Rickleffs team homed in on an idea 
that may explain the extensive variation in incubation time: 

sibling competition. Some of the avian world’s longest incu-
bation times are in species with single-egg clutches; without 
any siblings to compete with for limited resources, there’s 
no hurry to hatch first. Moreover, in species with multi-egg 
clutches, the winner of sibling competition is almost always 
the first to hatch. When clutches comprise more than one 
egg, hatchlings start their lives by quite literally demonstrat-
ing the expression “The early bird gets the worm.”

But there are exceptions. Some species with multi-egg 
clutches incubate for long periods of time; in these species, 
however, hatching is generally staggered. If chicks hatch 
at different times, they reduce competition for limited re-
sources. In this scenario, there is reduced selective pressure 
to hatch first.

Sibling competition is an elegant explanation that enjoys 
some support, but it is also largely unexplored in studies 
of incubation time. Exciting questions remain: How does 
incubation time relate to parasite resistance, antibody diver-
sity, and longevity?—all factors with potential significance 
in sibling competition. Ultimately, the hope is to develop 
an empirical understanding of why different species have 
evolved such different breeding phenologies.
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