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wo hours before sunrise, I drive over a
deep-rutted dirt road through the empty
sagebrush country of Wyoming. The
temperature hovers around 10 degrees
Fahrenheit, but for the moment I’m grateful
for the cold. Once the sun rises and the mud
begins to thaw, the roads will become almost
unnavigable. The landscape is disorientingly
uniform, the darkness heightening the feeling
that I’m on a road to nowhere.
And in a sense, I am. The place where I stop
is unremarkable: a small pink flag tied to a bit
of sage. Nothing else suggests that this spot is
different from any other for miles around. But
in an hour’s time, this patch of sagebrush will
host one of nature’s most remarkable spectacles:

NEIL LOSiN (2)

12

Living Bird

On the previous
spread, several male
sage-grouse perform
their strut display
on a lek. At left, a
female sage-grouse
feigns indifference to
a male’s intense strutting efforts. Two male
sage-grouse (above)
clash violently over
a piece of prime lek
real estate, lashing
out at each other
with their wings and
feet. Scenes like these
play out each morning from late winter
to mid-spring at sites
throughout the West.
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the courtship of the Greater Sage-Grouse.
I grab my camera, binoculars, and portable
blind, and walk 100 yards by headlamp. A few
minutes later, everything is in the blind, and
I wait.
The black sky begins to soften, and the
shapes of the landscape slowly emerge. In the
foreground a grassy clearing appears, with a
few smooth hills behind and the white peaks
of the Wind River Range in the distance. With
these first signs of the approaching dawn,
sage-grouse start arriving. Unseen against the
steel-gray sky, they come gliding toward the lek
in groups, their wings producing a descending
whine like a squadron of bombers, punctuated
by helicopter-like thumping as they furiously
beat them to land.
Then I hear even stranger sounds. Weird
pops and whistles come from every direction,

along with rhythmic grunts and the sounds of
combat. Male grouse gradually materialize in
the growing light—first their white neck ruffs,
then their whole bizarre outlines. They are
huge birds, up to eight pounds apiece. Each is
outfitted with 20 spiky tail feathers held erect
and fanned, two inflated vocal pouches on his
chest, bare yellow “eye-combs” on his face, and
a tuft of thin black feathers, or filoplumes, on
the nape of his neck.
	I begin to identify the sources of the peculiar noises. Males emit the pops and whistles
during their elaborate “strut,” their inflated
chests bobbing up and down and colored vocal sacs exploding outward. Occasionally I see
two males in a quite different pose, crouched
side-by-side, facing opposite directions. They grunt back and forth,
and when posturing and grunting
won’t settle their differences they
resort to physical combat, pummeling
each other with their powerful wings.
The morning grows still lighter, and
I begin to see females. About half
the size of the males, they are clad
inconspicuously in mottled tans and
browns. Males cluster around them
and strut unabashedly, vying for their
attention.
By sunrise, 150 males and perhaps
half as many females crowd the
clearing. Each female is searching
for a male to sire her chicks, and
each male competes to sire as many
broods as he can manage. This is
the sight I came to see: a morning
on Cottontail Lek.
This scene is not unique. The
same sequence of events occurs
every morning from late winter to
mid-spring at sites throughout the American
West, as it has for countless millennia.
First described by Lewis and Clark in 1805,
the Greater Sage-Grouse (Centrocercus urophasianus) inhabits unspoiled sagebrush habitat
throughout the interior West, from southern
Alberta to northern New Mexico. For most of
the year, sage-grouse roam this desolate land
in small groups, eating sagebrush and keeping a low profile. But for a few months each
year, when amorous males gather to perform
their courtship rituals on traditional “leks,”
or strutting grounds, they become the most
spectacularly visible inhabitants of this landscape.
	Gail Patricelli, an assistant professor at the
University of California, Davis, studies the
Greater Sage-Grouse in Wyoming. I had the
opportunity to help with her research in 2006.

Patricelli and her research team have blurred the
line between basic and applied science, asking
fascinating questions about bird behavior and
addressing pressing concerns for sage-grouse
conservation.
Biologists have had more than a passing
interest in sage-grouse and their lek breeding
system for decades. During a one-week peak
in mating activity, female sage-grouse visit
leks, choose mates, then leave and raise their
broods with no help at all from males. Out of
dozens of eligible bachelors on each lek, just
one or two males are chosen again and again
by virtually every female.
One of these successful males might mate
20 times in a morning. A male in Montana
copulated 169 times during a single breeding season, while most of the males sharing
his lek didn’t mate at all. Much of Patricelli’s
research is aimed at discovering what factors

A male Greater Sage Grouse in Montana
copulated 169 times during a single
breeding season, while most of the males
sharing his lek didn’t mate at all.
determine a male’s success or failure in the
mating game.
The strut is a complex ritual: males “swish”
their wings against bristly breast feathers, then
emit a loud “pop,” followed by a “whistle” that
oscillates wildly in pitch and another “pop.”
The simultaneous visual display makes the strut
a dazzling multisensory show.
	Despite all of this pomp, the nature of female
preferences has remained elusive. “I think it’s
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Much of Patricelli’s research is aimed at
discovering what factors determine a male’s
success or failure in the mating game.
Research assistant
Sarah Lazazzero
uses a sound-pressurelevel meter to
measure the intensity
of the noise produced
by a gas-drilling rig
near a sage-grouse
lek. The mound of
earth between Sarah
and the rig was
left over after the
well pad was
cleared and leveled.
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fascinating that to a human observer all but a
few scruffy males look and sound identical,”
says Patricelli, “but to female sage-grouse, some
males are clearly far preferable to others.”
Previous work hinted that the amplitude,
or volume, of the male’s “whistle” might be
important. Acoustic amplitude is notoriously
difficult to measure in nature because it is
affected by distance, vegetation, soil features,
and the topography between the source and
receiver. Patricelli has overcome this difficulty
with an array of 24 microphones covering an
entire lek. I helped her and postdoctoral researcher Alan Krakauer dig shallow trenches

in Monument Lek and bury nearly a mile of
microphone cable under the frozen earth. The
arduous installation paid off: each morning of
the lekking season, the array yielded about 15
gigabytes of audio data to be analyzed in the
lab at the University of California, Davis.
The array lets Patricelli measure the amplitude
of male vocalizations from multiple locations
simultaneously and will help her test whether
loud males really are the most successful. She
and Krakauer are also investigating whether
males prefer to display on sites of high “acoustic
quality,” where their vocalizations are transmitted best.
One midnight in April, when the air was
still and no grouse were present, I headed to
Monument Lek with Krakauer and his team to
test the latter idea. We used a huge, lozengeshaped omnidirectional speaker to broadcast
controlled sounds, and we measured the
sound’s propagation in all directions using
eight microphones. As the bizarre speaker

sat on its stubby tripod legs emitting
unearthly noises, I felt more like I was
at the famed UFO site in Roswell, New
Mexico, than in Hudson, Wyoming.
We moved the whole assembly to
several males’ display sites in turn. After
a few hours of dragging the rig around
the lek in the dark, the sage-grouse’s
predawn arrival was imminent and we
had to pack up for the night. The data
from these experiments are still being
analyzed, but if male sage-grouse select
display sites based on their acoustic characteristics, we will have found one more
piece of the mate choice puzzle.
Sage-grouse produce some of the
most directional vocalizations known
among animals, meaning that they
are not equally loud in all directions.
Marc Dantzker and Jack Bradbury, two
researchers at the Cornell Lab of Ornithology, were the first to show that
the “whistle” is concentrated in two “beams”
offset about 30 degrees to the left and right of
a strutting male. Now, Patricelli and Krakauer
suspect that males may orient themselves to
direct these high-intensity sounds at females.
Empirically, this is a thorny problem—to
understand how males use their displays, we
really need to know what the female hears. And
following a female around with a microphone
just isn’t an option. Patricelli’s solution? Build
a robo-female.
Patricelli is no stranger to robots. For her

dissertation, she built a robotic female Satin
Bowerbird to test whether males of this Australian species adjust their courtship displays
based on female body language. “I found that
the male’s ability to respond to female signals
was about equally as important in explaining
his mating success as his ability to produce an
intense display,” Patricelli says. Males didn’t
just need to perform well to woo females, they
needed to know when to turn on—and turn
off—their charm.
The robotic female sage-grouse, or “fembot”
as Patricelli calls it, travels about the lek on
model railroad tracks and moves realistically,
controlled remotely by a researcher in a blind.
It records sound and video using an onboard
microphone and camera, so we can “see” and
“hear” from a female’s perspective during
courtship. The males are easily fooled—male
sage-grouse will copulate with virtually anything
that remotely resembles a female, including
piles of cow dung—and they court the robot
enthusiastically. Patricelli adjusts the fembot’s
location and body language to test whether
males “aim” their displays to maximize the
sounds the fembot perceives. The robot was
tested in 2006, and full-scale experiments began
in 2007.
Acoustic territory quality and directionality
are relatively new ideas in animal behavior.
“Previous researchers have had a hard time
measuring all of these sources of variation,”
says Krakauer, “but with technology such as
the microphone array and robot, we can show
how important they are.”
	It is impossible to predict exactly what we
will learn in the next few years, but we can

Above, after a morning spent wooing
unsuspecting male
sage-grouse, the
“fembot” rests on her
model train tracks at
Monument Lek. Gail
Patricelli (left) kneels
nearby, holding the
radio-controller she
uses to direct the
robotic sage-grouse’s
movements. The
fembot contains an
onboard camera and
microphone so that
researchers can see
and hear courtship
from the unique
perspective of a
female sage-grouse.

Summer 2007

15

NEIL LOSiN (2)

Early one morning, I set out with my assistant,
Sarah Lazazzero, to find the Speedway Lek. I
could see distant signs of energy development
west of Highway 191, but I marveled at the
unbroken sagebrush to the east. We passed a
small hand-painted sign that read “Entering
Sand Springs Forest,” followed by three tiny,
bedraggled-looking trees clinging to existence
on the roadside, the only vegetation that
dared to brave the wind and cold more than
a few feet above the ground. Fifty yards on,
another sign wryly noted: “Leaving Sand
Springs Forest.”
Finding the Speedway was not difficult;
minutes after leaving the highway, we found
ourselves surrounded by sage-grouse. Males
strutted and brawled, females milled about on
the snow, and several birds wandered across the
road just feet from our truck. The Speedway
was as impressive a lek as any I had visited—we
made a quick count of more than 120 males
and dozens of females.
The next morning, we consulted our maps to
find a lek called Big Fred, which had also been
populous in recent years. To reach Big Fred,
we drove through the Warbonnet gas fields,
where the once-empty sagebrush country was

pockmarked with natural gas wells and reticulated with roads. The lek was an easy walk from
the bare dirt “pad” surrounding an active gas
well. But while the Speedway was teeming with
sage-grouse just a few miles away, Big Fred was
almost barren. We scanned the lek repeatedly,
but kept reaching the same count: six males.
And in several visits, we never saw a female.
Leks all over the Upper Green River Valley
have suffered the fate of Big Fred. Matt Holloran of the University of Wyoming recently
finished a monumental study of sage-grouse
populations in the area. He found that male
attendance was plummeting at leks close to
roads, gas wells, and drilling rigs, even when
energy companies obeyed the Bureau of Land
Management (BLM) regulations intended to
protect the sage-grouse. The number of males
attending the most heavily impacted leks
dropped by almost 50 percent per year during
Holloran’s seven-year study. The exploration
of the Upper Green River Valley’s vast gas
reserves was having serious consequences for
sage-grouse.
When Patricelli learned about Holloran’s
research, she had already decided to study
sage-grouse courtship behavior in Wyoming.

Who’s Who?

We hope that understanding the impact of
noise will be the key to slowing the decline of
sage-grouse in the Upper Green River Valley.
Above, a naturalgas drilling rig in
western Wyoming’s
Green River Valley,
with its wastewater settling pool.
To gain a sense of
perspective, the red
spool on the ground
in front of the rig is
as tall as a man.
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already tell that it will be novel and exciting.
And now that Patricelli has developed these
technologies for her sage-grouse research,
other scientists may follow her lead in their
own studies of behavior in birds and other
animals.
Most of Patricelli’s research is conducted
near Hudson, Wyoming, on the eastern flank
of the spectacular Wind River Range. Here
the grouse are plentiful, and leks are packed
with males strutting and females shopping.

Elsewhere, however, sagebrush habitats—and
sage-grouse—are under threat.
The sagebrush ecosystem, which historically
covered 155 million acres of the West, is now
ranked third in the American Bird Conservancy’s “20 Most Threatened Bird Habitats in the
United States.” More than 70 percent of what
remains is publicly owned, yet only 3 percent
is protected. Sage-grouse have already declined
45 to 80 percent from historical levels, and
the decline continues as sagebrush habitat is
destroyed and degraded.
	I spent several weeks working in the Upper
Green River Valley near Pinedale, Wyoming.
Here, to the west of the Wind River Range, the
sagebrush landscape covers some of the richest natural-gas reserves on the continent, and
rapid development of these energy resources
threatens the sagebrush community.

At right, a male
sage-grouse struts
his stuff on a lek.
Researchers use the
pattern of white on
the strutting birds’
undertail coverts
to identify the
individual grouse.

Unlike female sage-grouse, human
researchers have a hard time detecting any differences among males.
But we have to know who mates
and who doesn’t. So how do we
tell which male is which?
Past research has shown that you
can tell one male from another
by the pattern of white undertail
covert tips the bird reveals when
he is strutting. Like human fingerprints, these “buttprints,” as
sage-grouse researchers call them,
are individually diagnostic.
On a typical morning at Monument Lek, three assistants observe
the birds from blinds, identifying
and noting the location of each
male every few minutes. Meanwhile,
high-definition digital video cameras record activity across the whole
lek. Comparing the video with the observational records, we can locate any male and
follow his activity for an entire morning.
For even greater detail, the microphone
array is also used as an “acoustic localization
system.” When a male struts, his vocalizations
reach each microphone on the lek at a slightly

different time; it takes longer for the sound
to travel to more distant microphones. We
can use a computer to triangulate a male’s
exact position when he performs each strut
display. These data help us map the extent
of his territory and discover whether he
prefers certain display sites over others.
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Author Neil Losin,
at right, notes the
time, location, and
details of noise
recordings collected
in the naturalgas fields around
Pinedale, Wyoming.
He was a research
technician in Gail
Patricelli’s lab at
the University of
California, Davis
from 2005 to 2006.

exhaust from their diesel generators, visual
disturbances, and vehicle traffic. So observation alone can’t confirm why the sage-grouse
are disappearing.
Back in Hudson, Patricelli and postdoctoral
researcher Diane Blackwood have figured out how
to separate noise from the other impacts. Here
there aren’t any actual drilling rigs nearby. So
Patricelli, Blackwood, and Ph.D. student Jessica
Blickley are performing a carefully controlled
experiment, introducing noise alone to four
leks and leaving four others undisturbed. Without the aid of a real drilling rig, reproducing
drilling noise at a realistic level is a challenge;
we destroyed several expensive speakers trying,
but eventually Blackwood found a setup that
worked.
With this large-scale noise playback experiment, the first of its kind, Patricelli will discover
18
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whether noise alone disrupts sage-grouse breeding behavior. We may not see an impact right
away; males are stubborn and tend to stay at
the same lek year after year. But yearling males
may not settle on leks with noise, so we may
begin to see the effects of noise in the second
year of the experiment. Patricelli recognizes
the possible impacts of the research. But the
potential rewards are great, and any negative
effects of the noise experiment should be local
and transient.
To make the playback experiment realistic,
we recorded the sound of gas drilling rigs near
Pinedale. Sarah and I employed autonomous
recording units, much like those being used
to search for the Ivory-billed Woodpecker in
Arkansas and Florida, to obtain noise samples
automatically on a 24-hour schedule. We recorded dozens of rigs and frequently met their
operators. We seldom encountered any resistance, and never belligerence, but invariably
the energy personnel insisted that development
was not harming wildlife. “There were a dozen
antelope right here on my pad yesterday,” they
might say, or “I almost stepped on a grouse
just this morning!”
And indeed, the Upper Green River Valley is still a stronghold for wildlife. Besides
being fine sage-grouse habitat, it is also the
wintering ground for some 40,000 pronghorn
and the largest mule deer herd in the United
States. For the moment, it’s still easy to see
these sagebrush symbols around Pinedale,
but they aren’t as numerous as they used to
be. Mule deer have declined by 46 percent in
the Pinedale Anticline Field since 2000, and
pronghorn avoid the heavily developed Jonah
Field. Brewer’s Sparrows and Sage Sparrows,
two sagebrush specialists, are also displaced by
gas development.
Amazingly, this has all happened in the
last decade. The pace of development is staggering. After a drilling rig is erected, it takes
a month or two to dig a well 8,000 to 20,000
feet through solid rock. The rigs run 24 hours
a day, seven days a week. When one well is
finished, the whole setup—a 100-foot-tall rig,
three or four house-sized generators, a dozen
office trailers, and other heavy equipment—is
dismantled and re-erected in a new spot, all in
just a few days, and the drilling begins anew.
Hundreds of wells are already operating
around Pinedale, and thousands more have
been authorized. So far, the BLM has been
cavalier about granting leases and has issued
numerous exceptions to the regulations intended to protect wildlife.
Studies like Matt Holloran’s that document
population declines are the first step toward

preserving wildlife. But to the natural-gas juggernaut, which marches under the banner of
energy independence and national security,
sage-grouse aren’t much of an obstacle. If we
want to conserve the sage-grouse, we need to
know how energy development causes their
decline.
Of all the possible threats to sage-grouse,
noise may be one of the simplest to address.
In the Powder River Basin of north-central
Wyoming, David Naugle of the University of
Montana has found a more complex mechanism underlying sage-grouse declines. Here,
coal-bed methane extraction, another energy
development process, creates wastewater pools
that become breeding grounds for mosquitoes
that carry West Nile virus (WNV). Together,
human disturbance and WNV have resulted in
an 86 percent decline in sage-grouse populations in developed areas of the Powder River
Basin since 2000.
Pinedale’s natural gas development doesn’t
produce as many wastewater pools, and the
area is too cold for West Nile virus to persist.
We hope that understanding the impact of
noise will be the key to slowing the decline of
sage-grouse in the Upper Green River Valley.
	If noise is the key, how might we proceed?
Better mufflers could be employed on the generators. When energy companies clear and level
a pad for drilling, the leftover earth could be
piled on the side of the rig facing known lek
sites, blocking much of the noise. And traffic
could be better controlled during lekking hours
from February to May. Measures like these are
easily within the reach of the energy industry;
EnCana, one of the big companies working in
the Upper Green River Valley, extracts about
$2.5 million worth of natural gas per day from
the Jonah Field alone.
With luck, Patricelli’s research will help
Wyoming’s wildlife managers recommend
measures that will allow sage-grouse and energy
development to coexist. Patricelli optimistically points out that, unlike some of the other
consequences of energy development, “noise
is mitigable.”
Back on Cottontail Lek, far from the hubbub
of Pinedale’s natural gas fields, my morning
with the sage-grouse is winding down. Most
of the females leave, but the males strut and
bicker among themselves for an hour or two
after sunrise, sometimes just feet from my blind
and oblivious to my presence. Their activity
surges when an occasional female wanders
onto the lek. The female looks disinterested,
feeding nonchalantly as the males vie for her
attention.
And then a moment arrives when one bird

Learn More on the Web
Gail Patricelli’s lab web site: Here you can read more about
Patricelli’s past and present research projects, see more images
from Wyoming, and even watch video captured by the fembot.
You can also learn about research conducted by Patricelli’s
graduate students and postdoctoral
researchers.
<www.eve.ucdavis.edu/gpatricelli/>
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But when his results were published, she realized that she could also help sage-grouse
conservation efforts.
One puzzling trend that emerged from
Holloran’s data was that leks to the east of
drilling rigs seemed to suffer a greater impact
than those to the west. Holloran knew that
prevailing winds near Pinedale blow from the
west, and that sound propagates better with the
wind than against it. He reasoned that noise
might cause grouse to abandon their leks.
Testing this idea, however, would be tricky.
After all, drilling rigs don’t just emit noise;
they cause a whole suite of impacts, including

Sagebrush Sea Campaign: This organization promotes public awareness of
sagebrush habitats in the American
West. On the group’s web site you
can find an excellent overview of
the natural history of the sagebrush
ecosystem, as well as a summary of
the ways human activity threatens
the sagebrush.
<www.sagebrushsea.org>

Upper Green River Valley Coalition: This grassroots organization is
an advocate for wildlife, sagebrush habitat, and clean air in the
Upper Green River Valley. The group’s web site is an excellent
resource for information about the energy development around
Pinedale and its environmental consequences.
<www.uppergreen.org>
SkyTruth Upper Green River Valley video: SkyTruth is an organization that uses satellite and other remote-sensing imagery to
raise awareness of environmental issues. The group has created
a dramatic 10-minute video about gas development in the Upper
Green River Valley, which can be viewed at the web site below.
<www.skytruth.org/ugrvvideo.htm>
thunders into the air, then another, then
dozens more, until the lek is empty. One pair
of males is left behind in a standoff, neither
willing to fly, lest the other think he has won.
This morning their departure is hastened by
a Rough-legged Hawk flying low over the lek.
Already restless, they flush and quickly disappear over a ridge, until tomorrow.
Sage-grouse have been a fixture of the
interior West since before humans arrived in
North America, and they have become a symbol
of our frontier. With the careful attention of
scientists such as Gail Patricelli, we are learning
the secrets of the sage-grouse’s amazing biology. And with sound conservation science and
responsive policy, we may continue to marvel
at their annual breeding rituals for centuries
to come.
n
Neil Losin is currently pursuing a Ph.D. in Ecology
and Evolutionary Biology at UCLA. He has been
photographing birds since 1999. Visit his web site
at <http://www.neillosin.com>.
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