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Here I sit a world away
Among old books that you will never read,
Thinking of you.

When you lie down

Among the night-cries of your brother birds,
Where leaf and cloud and stone

Enfold there intertexture without end,

My prayers go with you

Even so far as Cusco and La Paz,

The peaceful, mountain cradle of the stars.

Blanford Parker
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PREFACE

The future of Neotropical ornithology changed forever when Ted Parker died in
August 1993. We’ll never know exactly how it was changed, but we know it is going
to be different without him. Most of his first 40 yedrs were spent developing an
unrivaled knowledge of natural history, and he had just begun to acquire the confidence
and stature to apply that background to big problems. His death was, therefore, a
multidimensional tragedy. The first two papers in this volume provide many details
on Ted and his career, thus allowing this preface to be brief.

Soon after Ted’s death his legions of friends searched for ways to express their
appreciation for his friendship and his influence. This volume is one of those efforts.
A primary goal was to complete as many of Ted’s unpublished manuscripts as possible.
Otherwise, the only initial criteria for submission of manuscripts was that they involve
Neotropical ornithology, that at least the lead author was one of Ted’s friends, and
that Ted would have enjoyed reading the manuscript. We all hope that we succeeded
in the latter; certainly Ted would be gratified to see so many of his favorite themes
represented. Ted also would have appreciated the range in author experience, from
“household names” in Neotropical ornithology to students and non-professionals sub-
mitting their very first papers for peer-review. He would also have appreciated the
range in nationalities of the authors as well as the number of authors (15) from coun-
tries in the Neotropics.

I thank the many people who reviewed the manuscripts; each paper was reviewed
by at least two researchers. Lola de Quintela and Manuel Plenge graciously translated
many abstracts into Spanish. The Museum of Natural Science, LSU, provided logistic
and clerical support for completion of the manuscript; Marilyn Young was especially
helpful. John P. O’Neill donated his time to produce the cover artwork. Tom Schulen-
berg provided much sound advice and encouragement.

A special thanks is due to John M. Hagan III, editor of Ornithological Monographs.
John should really be listed as an official co-editor of the volume, but John declined
my requests to do this because he said that what he did was just part of his job as
editor of the series. But handling the headaches of more than 50 separate manuscripts
was far beyond the normal duties of an editor of a monograph series. John’s careful
editing improved many papers dramatically, and the countless hours of work that he
did for this volume merit special recognition. Special thanks also are due to his as-
sistants, Cammy Collins and Rebecca Hagan, for their work on copyediting the final
proofs. - : .

Publication of this volume was generously financed by the W. Alton Jones Foun-
dation, through J. P. Myers. Many people and organizations also contributed gener-
ously to this project through the Ted Parker Memorial Fund, LSU: ARA Records, R.
H. Barth, Jr., Will B. Betchart, James Bishop, Kevin J. Burns, Angela Chapman, Allen
T. Chartier, George W. Clayton, Ben and Lula Coffey, Mario Cohn-Haft, John B.
Crowell, Jr., Robert and Gail DeBellevue, Jonathan L. Dunn, Paul R. Ehrlich, Ethyl
Corporation, Peter and Alice Fogg, Daniel T. Forster, Kimball L. Garrett, William and
Marcella Hackney, James C. Hageman, Linda S. Hale, Tom and Jo Heindel, Franklyn
K. Hoover, Ned K. Johnson, Jody Kennard, Cecil C. Kersting, Ralph and Gail Kinney,
Joseph P. Kleiman, Christopher P. Kofron, Lancaster County Bird Club, Paul Lehman,
George A. Loker, David O. Matson, Harold B. Morrin, S. H. Mudd, Ted and Dorothy
Parker, David N. Pashley, Robert R. Reid, Jr., Jack Reinoehl, Mark B. Robbins, Scott
K. Robinson, Sammie Rodden, Douglas A. Rossman, Judith A. Schiebout, Donna and
Greg ‘Schmitt, Peter E. Scott, John P. Sevenair, Frederick H. Sheldon, Alfred E. and
Gwen B. Smalley, Peter A. Soderbergh, Curtis C. Sorrells, Ronald J. Stein, James R.
Stewart, Jr., John W. Terborgh, Guy A. Tudor, Peter D. Vickery, Victor Emanuel Nature
Tours, Carol Walton, David and Melissa Wiedenfeld, Kevin J. Zimmer, and Dale A.
Zimmerman.

Long may you run, Ted, long may you run.

J. V. Remsen, Jr.
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IN MEMORIAM: THEODORE A. PARKER III,
1953-1993 '

MARK B. ROBBINS,! GARY R. GRAVES,? AND J. V. REMSEN, JR.?
\Division of Ornithology, University of Kansas Museum of Natural History,
University of Kansas, Lawrence, Kansas 66045, USA;
2Bird Division, National Museum of Natural History, Smithsonian Institution, Washington,
D.C. 20560, USA; and
3Museum of Natural Science, Louisiana State University, Baton Rouge,
Louisiana 70803, USA

We face the impossible task of summarizing in a few pages the brilliant life of our friend,
Ted Parker. Those who knew Ted will understand our dilemma. For those who did not, we share
some reminiscences of a charismatic and remarkable biologist, one who in our opinion was the
most gifted field ornithologist of the 20th century.

Ted was born into a nurturing family in Lancaster, Pennsylvania, on 1 April 1953. One of his
earliest memories was of his grandmother taking him to Lancaster’s North Museum when he
was six years old. Ted immersed himself in natural history and decided at an early age that he
wanted to become a naturalist. Birds, reptiles, amphibians, and butterflies of the Lancaster area
were all subjected to his penetrating focus, and he spoke fondly of the times he spent on field
outings with his younger brother, Blanford. An example of Ted’s modus operandi during his
middle-school years was his approach to shell collecting. Not content with beachcombing or
buying shells from commercial outlets, he spent hours at local fish markets dissecting fish in-
testines in search of rare deep sea mollusks. Ted was a devoted conservationist from his child-
hood days, and as a senior in high school he conducted an environmental impact statement for
the Lancaster Waterworks. By his own account, he was bored with the educational curriculum,
and his predilection for birds came to the forefront as a teenager. His reputation as a ‘‘birding
phenom” was born during this period.

During the last semester of his senior year in high school, Ted embarked on an attempt to
break a bird-listing record, the number of species seen in the United States and Canada in one
calendar year, that had stood since the 1950s. With the help of Harold Motrin and other friends
he criss-crossed the United States several times in the spring and summer of 1971. During the
fall he enrolled in the University of Arizona, strategically chosen for its proximity to good birding
localities. Ted smashed the listing record, but wryly recounted that he was forced to drop every
course, except golf, during his first two semesters because of his chronic birding. Although his
start in college was inauspicious, Ted’s birding exploits earned him national recognition among
birdwatchers and mention in the Reader’s Digest. He rapidly became an authority on Arizona
birds and within two years assumed the editorship for the southwest region of American Birds.
Ted majored in biology but later switched to anthropology to avoid organic chemistry and phys-
ics. In later years, he often joked that superfluous college course requirements impeded his
pursuit of worthwhile knowledge. All too often, extraordinarily gifted but unconventional stu-
dents become lost in academic gristmills. Fortunately, some of Ted’s professors at Arizona en-
couraged Ted to channel his prodigious birding talent into mainstream ornithology (e.g., with H.
R. Pulliam, 1979, Fortschr. Zool. 25:137-147).

Ted made his first trip to Mexico and the Neotropics during his second semester at Arizona.
In a sense he never returned. Birding with Ted in Mexico was not for the fainthearted, and sleep
was accommodated only after exhaustion had a firm grip. After birding all day and then catching
the evening chorus of nightjars and owls, it was back in the car for an all-night drive, dodging
animals on the road, with the radio blaring rock-and-roll. The dawn chorus heralded that a new
locality had been reached. These extended trips resulted in significant discoveries from Jalisco
to Chiapas and some of his first contributions to the scientific literature (1976, Amer. Birds
30:779-782).

During his stint at Arizona, when Ted was not planning his next trip to Mexico, he was
devouring literature on the Neotropics. Serious students of any discipline would have been awe-
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Fic. 1. Ted examining one of his favorite groups, the cotingids, at LSU in September 1990. He wrote a
number of the species accounts in Snow’s The Cotingas (1982). Courtesy of The Advocate. Photo by Stephan
Savoia.

struck by the amount of time he spent studying and his degree of retention. Dorm furniture and
bed were buried by books and papers, and his room became the focal point for naturalists and
birdwatchers. Nightly discourses on birds, cacti, or any of a hundred other natural history topics,
were sprinkled with liberal politics.

In spring 1974, George Lowery phoned his former student, Steve Russell, to see if there were
any promising students at Arizona interested in helping Louisiana State University (LSU) survey
the birds of Peru. Russell knew just the person. Ted’s acceptance of LSU’s offer was immediate
and unqualified, even when told that he would have to cut off his shoulder-length hair to meet
Lowery’s genteel standards. Unfortunately, Lowery, who died in January 1978, did not live long
enough to appreciate fully how fortuitous he was in landing Ted. During that initial trip, Ted
spent nearly eight months in Peru, traveling the length and breadth of the country collecting bird
specimens. By the end of the expedition, Ted had acquired Hudnuco-accented Spanish from his
Peruvian field companion, Reyes Rivera, and a keen insight into local customs that would serve
him well during the remainder of his life. Ted’s passion for taping bird vocalizations blossomed
on the 1974 expedition. Afterwards, he was seldom seen in the field without a bulky reel-to-
reel tape recorder. Not content with exhausting whirlwind trips and anecdotal observations of
rare birds, he also began studying avian communities in single localities for months at a time.

Another maturing event was his marriage to Susan Allen in 1976. However, much to the
chagrin of his benefactors, Ted’s extended field expeditions interfered with university course
work, delaying his graduation until 1977. That he finished at all is a testament to the efforts of
Susan, as well as to the encouragement of his friends, especially John O’Neill, then curator of
birds at LSU.

Almost immediately after they were married, Ted and Susan departed for a seven-month
expedition to Peru. At Explorer’s Inn, the future Tambopata Reserved Zone, Ted fine-tuned what
was to be one of his most valuable contributions to Neotropical ornithology—the avifaunal site
inventory. Until recently, inventories had been largely based on the cumulative record of museum
specimens, captured and released birds, and sight records. In the old museum tradition, thorough
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first description of the chick of the Horned Guan (Oreophasis derbianus) (1976, Amer. Birds 30:779-782).
Photo by Mark B. Robbins.

inventories in species-rich Amazonian sites required thousands of man hours and years to com-
plete. Ted focused on vocalizations. With the use of tape playback, he methodically tracked
down almost every avian sound in the rain forest, and more importantly, remembered everything
he had heard. Ted demonstrated to his skeptical colleagues at LSU that inventories as he con-
ducted them were an order of magnitude more efficient than those based on traditional methods.
In hindsight, we view the ‘“‘Parker inventory’’ as a methodological revolution. Although identi-
fying Neotropical birds by voice has a long history, no one had done it as well or applied it as
effectively as Ted. By the mid-1980s, he was so proficient that he could inventory 80-90% of
any local avifauna from Mexico to southeastern Brazil in a few mornings. By the time of his
death he had deposited an astonishing 15,000+ recordings in the Library of Natural Sounds
(LNS) at Cornell University. Although Ted championed the use of sound recordings in inventory
work (1991, Auk 108:443-444), he continued to collect specimens until the end of his life. Over
his 19 years association with LSU, he added over 3,000 specimens to the collection.

Ted’s long absences in the field created strains in his marriage and soon he and Susan parted.
After the divorce, LSU and Baton Rouge would be his home, at least spiritually, for the re-
mainder of his life.

From the mid-1970s through the 1980s Ted’s primary source of income came from leading
bird tours, mainly for Victor Emanuel Nature Tours. This gave him the unprecedented oppor-
tunity to study bird communities in literally hundreds of locations in the Neotropics. From 1974
through 1993, Ted averaged six months annually in the field. In part through the success of his
tours, Ted rapidly achieved the reputation as the foremost authority on the identification and
distribution of Neotropical birds. His Peruvian tours quickly gained fame, as over 700 species
were routinely recorded. But the number of species recorded was secondary to the enthusiasm
and appreciation of the Neotropical avifauna that Ted conveyed to his tour participants. Ted was
the consummate tour leader—he combined unsurpassed birding skills, an audiophilic memory,
and museum background with a disarming lack of ego. Under the guise of a tour co-leader,
MBR witnessed first hand the chemistry between Ted and participants during a West Indian tour
in 1988. Most participants, many of whom had booked several previous tours with him, wor-
shipped Ted. His charming personality coupled with his unrivaled knowledge endeared him to
a vast community, ranging from the general public to the most intractable of all groups, politi-
cians and the military. Kenn Kaufman (1993, Amer. Birds 47:349-351) effectively related one
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of Ted’s greatest assets, that of conveying information to people without offending them; he
made them feel as if they were part of the inner circle.

Ted labored on and off for 15 years on the species accounts for Birds of Peru. Given the
enormity of the task (1700 + species), and the fact that he spent much of the year in the field
obtaining additional data, his colleagues teased Ted that he wouldn’t finish the project until he
quit field work, which of course everyone knew would never happen. Nevertheless, he was
surprisingly productive during his brief stays in Baton Rouge. Between 1977 and 1990, he
authored 37 technical papers, 2 audiocassettes, and 1 annotated check-list. This was no easy task
for him because attending to his voluminous correspondence and ‘““decompressing” between field
trips often required weeks. He would often lose himself for hours playing and watching basket-
ball as well as studying specimens and literature on Neotropical birds. It was a common and
predictable event, from his college days up to his last years, to find him sweating profusely in
black high-top Converse basketball shoes, with a white towel wrapped around his neck, watching
a basketball game after he had just spent a couple of hours playing on the court. His obsession
for basketball was second only to his love of birds, and he never missed an LSU game when
he was in Baton Rouge. At home he was frequently found reposing on the couch editing his
tape-recordings and filling out LNS data forms while watching basketball. One minute he would
be shouting “Did you see that play!”’, and in the next instant he would point out some barely
audible vocalization in the background of a recording.

In 1980, Ted met Carol Walton, and in 1985 they were married. Ted’s insatiable thirst for field
work continued, and his ambivalence toward domestic activities caused their marriage to suffer
the same fate as his first. With every passing year, more demands were made of Ted’s time, but
he made sure that he was with his family at Christmas, and he made every effort to make it
back to Lancaster during the sweet-corn harvest. His appreciation for good food was well known.

Ted’s presence set LSU apart from other Neotropical programs. He was a beacon for pro-
spective graduate students from around the country even though his official connection with
LSU was only as a research associate. Ted’s comprehensive knowledge gave him a unique view
of the links between a species’ vocalizations, foraging behavior, habitat preference and its bio-
geography and systemic relationships. His accomplishments there drew further attention, when
he, John O’Neill, and the LSU program were the focus of Don Stap’s book, A Parrot Without
a Name: the Search for the Last Unknown Birds on Earth. Stap devoted several pages to how
Ted discovered a new species of flycatcher by first hearing its song. Ted’s contributions to the
LSU program were recognized with a posthumous honorary Ph.D.

We are among the legions that acknowledge picking his brain. One only needs to peruse the
Neotropical literature for the past two decades to get a feel for how generous he was. It would
be difficult to find a serious student of Neotropical ornithology who did not incorporate some
of Ted’s knowledge in their work. Jon Fjeldsd and Niels Krabbe (1990, Birds of the High Andes)
perhaps said it best: “In particular we thank Theodore A. Parker III for an enormous amount of
life history data. As he is by far the greatest capacity on the life histories of Neotropical birds
there ever was, his contribution to our knowledge of Neotropical birds can not be stressed
strongly enough.”

Regardless of his audience, Ted was not timid in conveying the urgency needed to conserve
the world’s fauna. Brent Bailey, of Conservational International, recounted an unforgettable
meeting that CI’s Bolivian representative, Guillermo Rioja, and Ted had with the Vice President
of Bolivia. At the end of one of Ted’s classic conservation diatribes, which Rioja was certain
would result in them being asked to leave, the Bolivian official leaned forward at the table and
said, “It is people like you that have made your country great.”’ Murray Gell-Mann, the Nobel
laureate physicist and avid birdwatcher, was exposed to Ted’s haranges during joint field work
in South America, and, like so many others before him, was deeply impressed by Ted’s field
skills. Gell-Mann was also a director of the John D. and Catherine T. MacArthur Foundation,
and he helped encourage the MacArthur Foundation to fund Ted’s idea of a Rapid Assessment
Program (RAP), through Conservation International. The core of the RAP team was formed from
a handful of eminent biologists, each of whom brought years of experience in the tropics: Ted,
botanists Alwyn Gentry and Robin Foster, and mammalogist Louise Emmons. The premise of
the RAP program was to assess quickly, usually in a few weeks, the diversity and uniqueness
of an area, and then to transmit the results, via a rapidly published report, to conservationists,
biologists, administrators, and politicians. As Ted argued, the RAP protocol was an effective
way to obtain sufficient data for guiding conservation priorities in the tropics, where land use
changes can occur with frightening rapidity. Nevertheless, he and his RAP colleagues were well
aware of the importance, both to science and to conservation, of the more classical, long-term
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surveys. Ted was instrumental in persuading the MacArthur Foundation to fund some traditional
faunal inventories.

Ted’s successes and recognition in conservation soothed some of the bitterness that he had
felt about being snubbed by some mainstream ornithologists, who in spite of their academic
credentials held but a fraction of Ted’s knowledge about Neotropical birds. Ted was always
amused by, and often galled, by the cadre of ‘“‘experts” who spent little time in the field. He
mellowed a bit by his late-30s, knowing that the ‘“arm-chair”’ biologists would eventually be
swept away by the tidal wave of new information and ideas generated by field people like
himself.

Ted was well aware of the extraordinary risks that he took by working in remote areas. Upon
recounting his many close calls, ranging from dodging animals and vehicles on Mexican roads
to having his and John O’Neill’s boat full of specimens sunk by Aguarunas, to being chased by
a stone-throwing mob in Peru, even the most seasoned field person would shake their heads.
However, Ted had no aspiration of becoming a martyr, and the thing that he feared most about
doing field work was having to rely on small planes to get him to many otherwise inaccessible
sites. His fear was well-founded, because on at least two prior occasions, once while flying
through a severe thunderstorm in the eastern Peruvian Andes and the other during a landing at
an abandoned airfield in Bolivia, he was nearly killed.

On 3 August 1993, Ted, Al Gentry, Jaqueline Goerck, one of Ecuador’s leading conserva-
tionists, Eduardo Aspiazu, and two Ecuadorian biologists, Alfredo Luna and Carmen Bonifaz,
left Guayaquil in a small plane on a routine mission to survey the rapidly diminishing forest in
southwestern Ecuador. No flight path had been filed, navigational errors were made, and in the
late afternoon the plane crashed into a remote mountain cloaked in a cloud bank. The pilot and
Eduardo died shortly after impact, and Al passed away during the night. The following morning,
Jaqueline, suffering a broken ankle and spinal injuries, and Carmen struggled down the forested
mountain side and brought help that afternoon. By then, Ted had died, and Alfredo barely
survived. In all likelihood, the knowledge that ebbed away over those few hours will require
decades to recover, if ever.

At the time of his death, Ted was probably the happiest he had been during his professional
career, as a result of the success of RAP, the recent and imminent publication of several other
long-term projects, and his engagement to Jaqueline Goerck. In the months before his death, Ted
talked about spending less time in the field, settling down, and having children. One can only
speculate what Ted would have accomplished if he had lived. It is certain that his role in the
conservation of tropical biotas would have continued to accelerate, and his storehouse of knowl-
edge would have come to fruition through his publications and collaboration with others. Such
monumental tasks as finishing Birds of Peru will be left to his colleagues, with the impossible
burden of attempting to reach the expectations generated by Ted’s involvement.

Envious of the amount of time Ted spent in the field, we vicariously lived his adventures and
recounted fond memories of distant camps and forest trails. Many of us took for granted that
we could ride his train for years to come. In an interview less than a year before his death, Ted
related that he wanted the following words from a Robert Frost poem carved on his tombstone:
“Two roads diverged in a wood, and I took the one less traveled by.” Ted steadfastly took the
less traveled road and we were fortunate to have been his friends and colleagues along the way.

Susan Allen Lohr, Harold Morrin, John O’Neill, and Thomas Schulenberg helped illuminate
reminiscences of an extraordinary individual.
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ABSTRACT.—Ted Parker died in August 1993 at age 40, in an airplane crash while
conducting aerial assessments of threatened habitats in Ecuador. Parker’s two decades of
work in the Neotropics strongly influenced many field ornithologists. Although he pub-
lished numerous papers, the majority of his data and many of his ideas were never
published. Through example, conversations, and extensive correspondence, he directly
influenced the methodology and conceptual orientation of many others. We summarize
his major discoveries and highlight his primary themes, particularly the importance of
knowledge of (a) bird vocalizations for faunal surveys, and (b) voice, habitat, and for-
aging behavior for systematics. His Rapid Assessment Program, sponsored by Conser-
vation International, was a landmark approach for conservation biology.

REeSUMEN.—Ted Parker muri6 en agosto de 1993, a la edad de 40 afios, en un accidente
de avi6n mientras realizaba una evaluacién aérea de los hébitats amenazados en el Ec-
uador. Las dos décadas de trabajo del Sr. Parker en el Neotrépico influenciaron fuerte-
mente a muchos ornitélogos de campo. Aunque €l publicé numerosos articulos cienti-
ficos, la mayoria de sus datos y muchas de sus ideas nunca fueron publicadas. Mediante
su ejemplo, sus conversaciones, y su extensa correspondencia, €l influenci6 directamente
la metodologia y orientacién conceptual de muchos otros. Resumimos sus mayores des-
cubrimientos y resaltamos sus temas primarios, en particular la importancia del conoci-
miento de (a) las vocalizaciones de las aves en los levantamientos de fauna, y (b) la voz,
el habitat y el comportamiento alimentario en la sistemética. Su Programa de Evaluacién
Répida, patrocinado por Conservation International, marcé un hito en la manera de
enfocar la biologia de la conservacién.

“Walking through South American forests with Ted Parker, I found myself
agreeing with the superlative opinions I had heard expressed about him. Of
all the ‘highly skilled field ornithologists I have accompanied, he was the most
impressive.”’

(Gell-Mann 1994:334)

Ted Parker died after the plane in which he was conducting aerial reconnaissance for Con-
servation International crashed in a remote area in western Ecuador on 3 August 1993. Three
others died in the accident, including botanist Alwyn Gentry (see Hurlbert 1994) and Ecuadorian
conservationist Eduardo Aspiazu. Parker’s death was a tremendous personal tragedy to his fam-
ily, his fiancée Jaqueline Goerck, and legions of friends. His death also was a devastating tragedy
for Neotropical ornithology and conservation. Our goal is to outline his major accomplishments
and to show how he influenced research on Neotropical birds. Because we focus on his scientific
contributions, we provide only minimal details on his personal background. For more compre-
hensive information, see the tributes and memorials published after his death (e.g., Emanuel
1993; Kaufman 1993; Myers 1993; O’Neill 1993; Remsen 1993; Schmidt-Lynch 1993; Stevens
1993; Zimmer 1993; Anon. 1994; Forsyth 1994; Jammes 1994; Collar 1995; Foster 1995; Muth
1995; Schulenberg 1995; Bates and Schulenberg 1997; Robbins et al. 1997). An issue of Bird
Conservation International (Schulenberg and Collar 1995), with 15 research papers in his honor,
was dedicated to his memory.

During his childhood in Lancaster, Pennsylvania, Ted showed an exceptional aptitude for
learning natural history information. Encouraged in his studies by his parents and brother Blan-
ford, and assisted by the local bird-watching community (especially Harold Morrin), Ted had
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already accumulated a thorough knowledge of North American birds (and of many other animal
groups) by the time he was a teenager. During his final year of high school, he set a new national
record for the number of bird species seen in North America in a calendar year (Parker 1972).

As an undergraduate at the University of Arizona, he assimilated the details of the region’s
ornithology so quickly that he became a regional editor for American Birds (Parker 1973a, b,
1974a, b) and a member of the Arizona bird records committee (Speich and Parker 1973),
positions typically reserved for long-time residents rather than youthful new arrivals. He also
gathered data on sparrow populations and habitat preferences for H. R. Pulliam that led to two
major papers on bird ecology (Pulliam 1975; Pulliam and Parker 1979).

At the same time, Ted began to explore the tropics of Mexico, using Tucson and the influence
of its many naturalists as a launching pad. His circle of naturalist friends in Tucson included
Susan Allen, Steven Hilty, Peter Hubbell, Terry Johnson, Kenn Kaufman, Andy Mack, Mark
Robbins, Jim Silliman, Steve Speich, Doug Stotz, and Allan Zimmerman. Often with them as
his companions, Ted made 22 trips to Mexico from 1972 through 1974, lasting from one to four
weeks each and covering virtually every state in the country.

In 1974, Steve Russell and Jim Stewart persuaded George H. Lowery, Jr., of the Museum of
Zoology at Louisiana State University (LSU), to include Ted on an LSU expedition to Peru.
Parker had already memorized the names, both English and scientific, and distributions of all
South American birds, without having set foot there. His extraordinary talents at bird identifi-
cation were quickly recognized by Lowery and John P. O’Neill, both of whom encouraged Ted
to continue his association with LSU. From then on, Ted was a frequent participant on LSU
expeditions. Ted’s association with LSU helped catalyze a life-long passion for South American
birds, especially those of Peru. From 1974 to 1990, he participated in 17 expeditions, lasting
1-7 months each and totaling approximately 47 months, to Peru, Bolivia, and Panama. His first
technical paper on the birds of Peru (O’Neill and Parker 1976) appeared when he was only 23
years old. Despite spending most of his college years in Peru or Mexico, Ted earned a Bachelor’s
degree in Anthropology from the University of Arizona in 1977 and then moved to LSU and
Baton Rouge. Although Ted considered becoming a graduate student, he believed that he could
accomplish more by opting for a “research associate’ affiliation that would let him spend as
much time as possible in the field. The standard quip was that . . . ““Ted wasn’t going to let class
work interfere with his education.” Ted supported himself during this period by leading more
than 50 birding tours, primarily for Victor Emanuel Nature Tours, for whom he helped establish
a strong South American program; these trips also enabled him to visit many new areas in the
Neotropics. In 1990 he accepted a full-time position at Conservation International as Senior
Scientist and Director of the Rapid Assessment Program, but maintained close ties to LSU.

Part of Parker’s influence on Neotropical ornithology was through his writing. Although only
40 when he died, Ted had published 47 papers on Neotropical birds in technical journals, as
well as five Rapid Assessment Program monographs, four audio-cassettes, and seven popular
articles (see complete bibliography following Literature Cited). He also wrote an annotated
checklist of the birds of Peru (Parker et al. 1982), co-authored the ICBP Red Data book on
threatened birds of the Americas (Collar et al. 1992), and was a key collaborator on a major
work on the ecology and conservation of Neotropical birds (Stotz et al. 1996). This level of
productivity was exceptional for one without a degree in biology and for one who was in the
field roughly six months of every year. Nonetheless, Ted was frustrated not to have published
more. Only a small fraction of Parker’s ideas and factual discoveries actually appeared in print.

Much of Ted’s influence on Neotropical field ornithology was not through his publications as
much as his personal interactions with other naturalists, from lengthy correspondence to all-night
conversations. It was during these intense discussions that Ted outlined his ideas and philosophy
with characteristically persuasive arguments, charm, and passion. His enthusiasm was inspira-
tional and contagious. One of Ted’s greatest gifts was his ability to make other people see the
potential, and to find excitement in, the projects or research in which they were involved. Many
ornithologists who had such experiences with Ted were influenced profoundly and modified their
research outlook and methodology accordingly. His influence was particularly over the staff and
students at LSU. Besides the authors, those at LSU during Ted’s tenure who published on tropical
bird biology were: John M. Bates, Michael J. Braun, Robb T. Brumfield, Donald W. Buden,
Angelo P. Capparella, Steven W. Cardiff, Angela Chapman, R. Terry Chesser, Mario Cohn-Haft,
Guy Cox, Tristan J. Davis, Donna L. Dittmann, J. William Eley, Mary C. Garvin, John A.
Gerwin, Gary R. Graves, Shannon J. Hackett, David H. Hunter, Nedra J. Klein, Robert S.
Kennedy, Andrew W. Kratter, Scott M. Lanyon, Gary D. Lester, Curtis A. Marantz, Manuel
Marin A., Peter P. Marra, Paul McKenzie, John J. Morony, David C. Moyer, John P. O’Neill,
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Fic. 1. Geographic distribution of Ted Parker’s fieldwork in North America south of Canada.

David N. Pashley, A. Townsend Peterson, H. Douglas Pratt, Carlos E. Quintela, Mark B. Robbins,
Gary H. Rosenberg, Kenneth V. Rosenberg, Peter E. Scott, T. Scott Sillett, Daniel A. Tallman,
Erika J. Tallman, Francisco J. Vilella, David A. Wiedenfeld, Morris D. Williams, and Robert M.
Zink. The list of persons similarly influenced beyond LSU would be enormous and would in-
clude, just as a start, all authors in this volume.

The breadth and depth of Ted’s experience in the Americas was remarkable for someone so
young. Localities from his field trips (Figs. 1 and 2) illustrate his thorough coverage of the
hemisphere. From 1974 to 1993, he spent a total of approximately 115 months (9.6 years) in
the field in the Neotropics, or roughly six months per year, and visited 22 countries. Thus his
field experience was incomparable among contemporaries, and of historic proportions.

Parker had the ability not only to remember facts accumulated during field-work but to inte-
grate them into an overall picture. He knew the habitat, voice, and foraging behavior of nearly
all 4,000+ species of New World birds. Particularly after he began collaborating regularly with
Robin Foster and Al Gentry during their work for Conservation International, Ted learned a
great deal about tropical plant communities. The breadth of Ted’s knowledge, combined with a
questioning mind and a rare talent for synthesis, allowed him to see patterns that no one else
had seen or could detect. His insights often amazed and intimidated academic ornithologists.
Original ideas, difficult to generate for most of us, flowed from Ted. When his colleagues dis-
covered something that Ted had not already realized, from natural history anecdote to general
pattern, they regarded it as a major triumph. Mixed with the tragedy of his death is that he had
just begun to put his ideas in writing, and many of these were buried in papers with titles that
did not reflect the ideas contained. Most of the facts are in his book on Neotropical birds (Stotz
et al. 1996). Parker was primarily responsible for the database in this book, a massive matrix of
3,751 species by 47 variables (e.g., habitat, elevational range, guild) for each species—or roughly
175,000 data entries. However, most of the original ideas concerning the patterns revealed by
these data had not been written down at the time of his death.

Ted had superior hearing abilities. He became the expert on Neotropical bird voices by com-
bining this natural talent with hard work. He recorded thousands of individual birds, lugging
heavy recorders and awkward microphones everywhere, often through rugged terrain and in pre-
dawn darkness. He spent countless hours studying his recordings of bird vocalizations. Ted’s
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FiG. 2. Geographic distribution of Ted Parker’s fieldwork in South America and the Lesser Antilles.

more than 15,000 cuts represented approximately 25% of all recordings at the Library of Natural
Sounds at the Comell Laboratory of Ornithology as of 1994 (G. E Budney, pers. comm.). Ted,
who served on the Lab’s Administrative Board, also recruited many other recordists to contribute
their tapes to the LNS. These contributions, both direct and indirect, were instrumental in shaping
the LNS into the world’s largest sound library.

To put Parker’s expertise in proper context, consider that when he started taping to identify
South American birds by voice, only a handful of pioneers had begun recording Neotropical
bird voices. Few records and no audiotapes of Neotropical bird sounds were then available.
Likewise, published descriptions of the voices of most Neotropical species did not exist; indeed,
the voices of most Neotropical birds were unknown. Few field guides were available to help
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even with visual identifications. Ted learned largely by first recording the voice and then col-
lecting voucher specimens to insure that his identification was correct; therefore, his specimens
and tape-recordings are doubly valuable.

On LSU expeditions, Parker prepared roughly 2,750 bird specimens and collected many hun-
dreds more that were prepared by others. Almost all his specimens are housed at the Museum
of Natural Science, LSU; a few are at the Museo de Historia Natural, Universidad Nacional
Mayor de San Marcos, Lima, Peru, and the Museo Nacional de Historia Natural, La Paz, Bolivia.
The following taxa have been named for Ted: a genus of cardinaline grosbeak (Remsen 1997);
the Ash-throated Antwren, Herpsilochmus parkeri (Davis and O’Neill 1986); the Subtropical
Pygmy-Owl, Glaucidium parkeri (Robbins and Howell 1995); a species of Cercomacra antbird
(Graves 1997); a species of Scytalopus tapaculo (Krabbe and Schulenberg 1997); a species of
Phylloscartes tyrannulet (Fitzpatrick and Stotz 1997); a subspecies of the Coppery Metaltail,
Metallura theresiae parkeri (Graves 1981); a species of carabid beetle, Batesiana parkeri (Erwin
1994); and a species of chewing louse, Furnariphilus parkeri (Price and Clayton 1995). Parker
described the following bird taxa: Schizoeaca fuliginosa plengei and Uromyias agraphia squa-
migera (O’Neill and Parker 1976); Pipreola riefferii tallmanorum and Chlorospingus ophthal-
micus hiaticolus (O’Neill and Parker 1981); Grallaricula ochraceifrons (Graves et al. 1983);
Thryothorus eisenmanni and Thryothorus euophrys schulenbergi (Parker and O’Neill 1985); new
subspecies of Myrmoborus leucophrys and Phrygilus alaudinus (O’Neill and Parker 1997); and
a new species of Tolmomyias (Schulenberg and Parker 1997).

Ted’s influence can be seen in seven major areas:

1. Importance of thorough knowledge of vocalizations for surveying tropical bird communi-
ties. Everywhere Ted went, he proved that knowledge of bird distribution, particularly tropical
bird distribution, was incomplete until sampled by someone skilled in voice identifications. He
showed that few tropical bird communities had been thoroughly surveyed and that even at well-
studied localities, common species had been overlooked. Others before him had, of course,
recognized the importance of vocal identification, but no one else dramatized and communicated
more broadly its importance. Perhaps the best example was Ted’s visit to the Cocha Cashu study
site in Peru’s Manu National Park, where John Terborgh’s team of competent ornithologists had
been studying the birds for more than a decade before Parker’s visit. In only a few weeks, Ted
added 20 species to what was already the most thoroughly studied tropical forest locality in the
world. Among Parker’s discoveries was the Rufous-fronted Antthrush (Formicarius rufifrons),
known from just two female specimens until he found it at Manu by hearing and then tape-
recording an unfamiliar antthrush song (Parker 1983).

Parker’s knowledge and skill allowed him to detect an undescribed species by voice and to
know that it had to be an undescribed species before he collected it. In 1983 at his Sucusari
study site in Peru, Parker heard an unfamiliar Tolmomyias flycatcher. Knowing the voices of all
other species in the genus, Ted knew that this was certainly a new species (Schulenberg and
Parker 1997). Adding to the novelty was that it was not discovered at some remote or previously
unvisited locality but on the banks of the Napo River near Iquitos, just the kind of river-bank
locality most accessible to, and frequently visited by, ornithologists for more than a century. It
was the Amazonian equivalent to discovering a new species of bird from the side of an interstate
highway. This discovery by Ted was a focal point of Stap’s (1990) book, which received many
enthusiastic reviews (e.g., Plimpton 1990).

Parker showed repeatedly that by knowing their voices, species thought to be rare and local
were often actually common and widespread, from inconspicuous canopy tyrannids such as
White-lored Tyrannulet (Ornithion inerme; Parker 1982) to large, unmistakable birds like Noc-
turnal Curassow (Nothocrax urumutum; Parker, in press). He teased us all mercilessly when we
presented him our tape-recordings from areas we had visited—‘‘Now,” he’d say, *I can find out
what was really there.”” One of Ted’s most frequent sermons was that any tropical bird species
not prone to frequent mist-net capture was much more common than recent literature indicated.
All this led to his influential commentary on the overwhelming importance of knowledge of
voices in surveying tropical birds (Parker 1991).

2. The importance of voice in determining taxonomic relationships. As Parker accumulated
an encyclopedic knowledge of the songs and calls of Neotropical birds, the patterns of relation-
ship that they often revealed became evident. For example, the plantcutters were considered a
separate and distinctive family, the Phytotomidae, until Parker noted how similar the voices of
plantcutters were to those of Ampelion cotingas. Subsequently, Lanyon and Lanyon (1989), using
biochemical and morphological characters, found that the plantcutters and Ampelion were sister
taxa. Likewise, Parker predicted from voice that ‘“Synallaxis” gularis did not belong in that
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genus, a result confirmed by biochemical data (Braun and Parker 1985). The ‘‘species accounts’
sections of his many papers on natural history contain many additional hypotheses on relation-
ships based on voice (e.g., Parker et al. 1985).

At a different taxonomic level, Parker frequently pointed out in conversation that defining
species limits by abrupt, dramatic shifts in vocal characters would result in the elevation of many
hundreds of subspecies of Neotropical birds to species rank. He was frustrated by the amount
of time required to document properly and publish all these examples. It seemed futile to him
to spend several months on one such project when he knew of literally hundreds of such ex-
amples. Although many such examples were mentioned briefly in his papers, the vast majority
of them remained in Parker’s head, although he alerted many of his colleagues to them and
Parker encouraged them to work out the details (e.g., Kratter 1997).

3. The importance of foraging behavior in taxonomic relationships. Parker watched birds with
an exceptional eye for detail, particularly with respect to foraging behavior. He synthesized the
details of foraging behavior into patterns that he believed often revealed phylogenetic relation-
ships. For example, Ted recognized that the antwren genus Myrmotherula with its 30 or more
species, contained at least two distinctive species groups: those that persistently foraged in dead
leaves suspended above ground (Remsen and Parker 1984), and those that did not. Hackett and
Rosenberg’s (1990) genetic study indicated that these two groups indeed represented not only
different lineages but that these lineages were not each others’ closest relatives.

4. The interrelationship between foraging behavior and habitat selection in understanding a
species’ biogeography. Ted discovered not only that many bird species were restricted to the
vicinity of bamboo thickets but also that these birds often had specialized foraging behaviors
associated with features of their special habitat (Parker 1982). Such compound specialization
explained their restricted geographic distributions. Similarly, Parker (1981) pointed out that Po-
lylepis woodland, which occurs in tiny relictual patches in the Andes high above cloud-forest
elevations, supports several bird species restricted to this woodland, and that some of these
species have specialized foraging behaviors or diets that explain this restriction.

5. The importance of general natural history knowledge. Ted’s involvement with professional
ornithology coincided with a period of dramatic increase in the emphasis on theoretical and
quantitative aspects of avian ecology and systematics. Although Parker’s limited background in
mathematics prohibited him from active involvement in such analyses, he was nonetheless deeply
interested in conceptual issues. Ted was greatly dismayed, however, by his perception that an
increasing proportion of researchers and students devalued general natural history knowledge.
He was alarmed by encounters with students and professors who were more interested in which
statistical tests were appropriate for their data analyses than in the basic biology of their study
organisms. He delighted, therefore, in pointing out errors generated by ignorance of natural
history that he found in publications, and how better knowledge of the bird’s natural history
would have changed their design or interpretation. One mistake that he often ridiculed, in part
because it was so prevalent in Neotropical ornithology, was equating differences in mist-net
capture rates with differences in relative abundance, without taking into account the radically
different movement and spacing patterns that make some species much more prone to capture
(Remsen and Parker 1983). Fortunately, it is once again becoming a popular theme that extensive,
accurate knowledge of natural history is at the core of good science and good scientists (e.g.,
Wilson 1994, Noss 1996).

Parker’s species accounts in his many papers on natural history of Neotropical birds set the
standard for a generation of field ornithologists. When composing our own accounts of little-
known species, we modeled them after Ted’s accounts and revised them from the viewpoint of
“what would Ted say?”

6. The importance of voice, foraging behavior, and habitat in field identification. Field iden-
tification of tropical birds, especially those of forests, is notoriously difficult. Parker greatly
influenced the field skills of a generation of Neotropical field ornithologists by insisting that
subtle differences in plumage, criteria that have received increasing attention among experts in
the Northern Hemisphere, were nearly useless as field marks in most tropical habitats. He
preached instead the importance to field identification of knowing not only voice but also for-
aging behavior, posture, habitat, and microhabitat—in other words, everything about the way a
bird behaves in life, not just a narrow view of ‘“‘what it looks like.”” His seminal paper on foliage-
gleaner identification (Parker 1979) revolutionized the manner in which many of us approached
field identification. As the reigning expert on Neotropical field identification, Parker was besieged
by people who sent him detailed descriptions of plumages, accompanied by proposed identifi-
cations, often of species that would never occur in the regions; habitats, or microhabitats where
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sighted. When such descriptions were accompanied by notes on voice and behavior, Parker
usually could point out the correct identification.

7. Tropical conservation requires rapid assessment programs. Ted left an indelible imprint
on Neotropical conservation. He had three special talents that were the key elements of his
influence. First, his comprehensive knowledge of Neotropical birds and his genius for synthe-
sizing this knowledge into patterns gave him a unique overview of their conservation status.
Second, his extraordinary ability at bird identification allowed him to survey avifaunas more
rapidly and more accurately than anyone previously imagined. Third, Ted was charming. From
campesinos living next to parks, to Nobel scientists, to movie stars with funds to donate, to
presidents of countries, they all loved talking with him, because they could tell he was well-
informed and passionate about his beliefs. Finally, unlike many scientists, Ted was willing to
become involved.

These ingredients were all essential to Ted’s innovative conservation program, the Rapid As-
sessment Program (RAP), which he designed and directed for Conservation International from
1989 until his death. The RAP design was to assemble a team of world experts on the field
identification of organisms, such as birds, whose conservation status could be assessed and then
to survey these groups in the target region over a relatively short time, usually about one month.
The RAP team members then analyzed their survey data to evaluate the region’s importance to
Neotropical conservation (Parker and Bailey 1991; Parker and Carr 1992; Foster et al. 1994;
Parker et al. 1993a; Parker et al. 1993b; Parker et al. 1993c). Under RAP protocol, it could take
less than a year from when the survey was completed to formal conservation recommendations
to those in power. This was indeed rapid compared to traditional approaches.

Consequently, Ted’s Rapid Assessment Program rankled some mainstream conservation bi-
ologists, who preached that a proper inventory should be more thorough and should include the
entire biota, not just a few well-known taxa (see Roberts 1991; Abate 1992). Ted privately
labeled this criticism the ‘“what-about-the-nematodes’ approach. He of course agreed that a more
thorough inventory would be better, and nothing would have pleased him, the-all-around-natu-
ralist, more than a complete survey of the biota, nematodes and all. But Ted knew that tropical
habitats would be all but gone by the time traditional inventories were conducted, by the time
all those species of nematodes were properly identified, and so he argued for concentrating on
those indicator organisms that can be identified most efficiently and whose conservation status
can be assessed.

So, the RAP team shrugged off criticism, generated tremendous publicity for conservation in
the popular press (e.g., Booth 1990, Germani 1990, Conniff 1991, Wolf 1991, Lipske 1992, Reed
1992, Churchman 1993), and accomplished so much so quickly that soon many other conser-
vation organizations were talking about creating their own RAP versions. A photo of Parker in
action for the RAP team has already appeared in at least one general biology text (Solomon and
Berg 1995). RAP is clearly Ted’s most important legacy for conservation.

That Ted accomplished what he did should inspire all young ornithologists. Ted showed what
can be accomplished, with minimal academic credentials, by total dedication to learning and by
publishing his findings in technical journals. We can only wonder what he would have accom-
plished had he had 80 years, instead of 40. Ted Parker has already influenced a generation of
young ornithologists here and in Latin America. They are now doing fieldwork in the Parker
tradition, and hopefully they can help make up for the 40 years we didn’t get. We have tried to
capture the essence of Ted Parker’s influence by quantifying it and reducing it to facts and
categories. We believe, however, that this approach of describing the whole by listing its parts
fails to portray the true strength and pervasiveness of his influence in Neotropical ornithology,
in part because Parker’s charisma, so obvious to those who knew him, cannot be captured
adequately by words alone.

Although we have attempted to be as clinical as possible in our assessment of Parker’s influ-
ence, we cannot end without noting what is well known to all who knew Ted, namely that he
was loved by many and considered a close friend by hundreds of ornithologists, birders, natu-
ralists, and conservationists. He gave his time enthusiastically to help and encourage hundreds
of people, from prominent scientists to beginning students. Now it remains for those of us
influenced by Ted to make the most of what he taught us.
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Female and male (top) of Cercomacra parkeri sp. nov. and females of C. tyrannina crepera (Panama,
lower left) and C. t. tyrannina (northern Colombia, lower right). From a painting by Larry McQueen.
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COLORIMETRIC AND MORPHOMETRIC GRADIENTS
IN COLOMBIAN POPULATIONS OF DUSKY
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ABSTRACT.—Two morphologically similar antbirds, Cercomacra tyrannina and C. par-
keri sp. nov., are sympatric in the foothills of the Cordillera Occidental and Cordillera
Central of the Colombian Andes. The two taxa appear to replace each other elevationally:
C. tyrannina—sea level to ca. 730 m; C. parkeri—ca. 1,130 to 1,830 m. Colombian
populations of C. tyrannina exhibit significant clines in plumage color and size that are
consistent with the predictions of Gloger’s and Bergmann’s ecogeographic rules.

RESUMEN.—Dos hormigueros morfolGégicamente similares, Cercomacra tyrannina'y C.
parkeri sp. nov. son sympatrica en las lomas de las Cordilleras Occidentales y Central
de las Andes Colombianas. Las dos taxa probablemente se reemplazan a diferentes ni-
veles: C. tyrannina—nivel de mar ca 730 m; C. parkeri—ca. 1,130 to 1,830 m. La
poblacién de C. tyrannina Colombiana demuestra significante clines en el color de plu-
maje y tamafio que es consistente con las reglas ecogeogrificas de Gloger y Bergmann.

The Dusky Antbird (Cercomacra tyrannina) is a polytypic species that ranges from southern
Mexico through Central America to eastern Brazil (Peters 1951). Recently I discovered that the
series of Cercomacra tyrannina from Colombia examined by Chapman (1917), Meyer de
Schauensee (1950), and Wetmore (1972) were actually composed of two regionally sympatric
taxa, the widespread C. tyrannina (including C. t. tyrannina and C. t. rufiventris) of the lowlands
and a distinctive, undescribed highland taxon.

This paper focuses on the geographic variation, taxonomy, and systematics of C. tyrannina
species complex in Colombia west of the Andes. First, I present a formal description of the new
taxon based on female plumage and morphology. A second objective is to analyze patterns of
geographic and elevational variation in plumage color and morphology in the trans-Andean
populations of Cercomacra tyrannina.

MATERIALS AND METHODS

I quantitatively evaluated the external morphology and plumage color of museum specimens
of adults of the Cercomacra tyrannina species complex from trans-Andean populations in Co-
lombia. Measurements of wing chord, tail length (from point of insertion of central rectrices to
tip of longest rectrix), tarsus length, bill length (from anterior edge of nostril), and bill width (at
anterior edge of nostril) were made with digital calipers to the nearest 0.1 mm.

Color of the plumage of the crown, upper breast, and center of back was determined with a
reflectance spectrophotometer (Colorscan, Hunter Laboratories) equipped with a 12-mm sample
port. Each color measurement was independently replicated three times and averaged for anal-
ysis. Specimens with ruffled or worn body plumage were omitted. Geographic variation in plum-
age color of Cercomacra tyrannina is more pronounced in females than in males, a widespread
trend among antbirds (Hellmayr 1929). For this reason, the spectrophotometric evaluation of
color was restricted to females. Brown and rufescent plumage is susceptible to post-mortem
color change over time. However, nearly all females used in this study were collected by M. A.
Carriker, Jr., and K. von Sneidern in the 1940’s, and so this limits potential biases caused by
differences of post-mortem change. [The diagnosis of males is uncertain at present and will be
" addressed in a future paper.]
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Colorimetric characters were described in terms of opponent-color coordinates (L, a, b) (Hun-
ter and Harold 1987). The “LAB” system is based on the hypothesis that signals from the cone
receptors in the human eye are coded by the brain as light-dark (L), red-green (a), and yellow-
blue (). The rationale is that a color cannot be red and green or yellow and blue at the same
time. Therefore, “redness” and “‘greenness” can be expressed as a single value a, which is
positive if the color is red, negative if green. Likewise, “yellowness” or “‘blueness” is expressed
by b for yellows and —b for blues. The third coordinate L, ranging from 0 to 100, describes the
“lightness” of color; low values are dark, high values are light. For example, consider the
opponent-color coordinates of breast color for two hypothetical specimens: (1) L = 40, a = 20,
b = 40; and (2) L = 50, a = 15, b = 35. The breast of the first specimen is darker and more
saturated with red and yellow than that of the second specimen.

Geographic coordinates of collecting localities were taken from Paynter and Traylor (1981).
Elevational data were recorded from specimen labels whenever possible, otherwise from Paynter
and Traylor.

I used principal components analysis (PCA) to reduce the dimensionality of data and to fa-
cilitate the analysis of color and morphology in two dimensions. Color analyses were performed
on coirelation matrices derived from untransformed variables, whereas morphology was analyzed
with log-transformed variables and covariance matrices (Wilkinson 1989). Mensural differences
between the taxa were evaluated with r-tests. When appropriate, a-levels (0.05) were adjusted
for the number of simultaneous tests. Least-squares regression lines were projected on bivariate
scatterplots for heuristic purposes, not for hypothesis testing. Clinal variation of plumage color
and morphology in Colombia was illustrated by plots derived from trend-surface analyses of raw
and principal components data (SURFER, Golden Software, 1987).

Cercomacra parkeri sp. nov.
Parker’s Antbird

Holotype.—National Museum of Natural History (USNM), No. 436469; adult “laying” female
from La Bodega, on the north side of the Rio Negrito on the road from Sonsé6n to Narifio, ca.
5,800 ft. [1,768 m], on the eastern slope of the Cordillera Central, depto. Antioquia, Colombia;
collected 16 June 1951 by M. A. Carriker, Jr.; original number 20461.

Diagnosis.—Cercomacra parkeri females are most similar to those of C. tyrannina crepera
of Central America, but differ as follows: (1) auriculars of C. parkeri brownish-gray instead of
rufescent; and (2) eyering and lores gray or brownish-gray rather than brown or rufescent. The
white intrascapular patch, variable in size in C. t. crepera, is absent or vestigial in female parkeri.
Male C. parkeri tend to have olivaceous rather than gray flanks but cannot be distinguished by
plumage color from all specimens of C. t. tyrannina. Mean tail length of C. parkeri is signifi-
cantly longer than that of Colombian populations of C. t. tyrannina (Table 1).

Description of holotype.—All qualitative color comparisons were made under Examolites
(Macbeth Corp.). Crown gray with faint olive-brown tint becoming progressively more olive-
brown on the mantle, scapulars, lower back, rump, and upper tail coverts (Table 2). Contrasting
intrascapular patch absent. Outer webs of wing coverts, alula, remiges, and rectrices dull olive
brown. Concealed inner webs of remiges dark grayish-brown. Lores and anterior half of eyering
pale gray. Preorbital bristles black. Sides of neck and distal two-thirds of auricular feathers gray,
concolor with the crown; rachi of auriculars basally white or pale buffy-white. Underparts from
chin to undertail coverts rich rufescent, darkest and most saturated on the upper breast. Opponent-
color coordinates (L, a, b) based on the average of three independent measurements: crown
(27.1, 1.3, 7.4); back (27.2, 2.3, 10.7); and breast (46.3, 16.2, 39.4) (compare with Table 2). Soft
part colors of dried specimen: upper mandible brownish-black; lower mandible horn-colored,
brownish-black near the tomia; feet and tarsi, brownish-black.

Measurements of holotype (mm).—Wing (60.6), tail (61.7), tarsus (21.3), bill length (9.7), bill
width (4.6).

Distribution.—Females are known from the western slope of the Cordillera Occidental and
northern and eastern slopes of the Cordillera Central of the Colombian Andes (3,700 to 6,000
ft 1,128 to 1,829 m]) (Fig. 1). Males provisionally assigned to C. parkeri on the basis of
elevation (collected above 1,000 m) occur on the western slope of the Cordillera Oriental, depto.
Santander, in addition to known localities for females.

Etymology and dedication.—This taxon is named for my friend and brother-in-arms, Theodore
A. Parker III (1953-1993), who put his life on the line for the cause of nature conservation.
Those of us privileged to have known him witnessed the ascension of a savant—the most talented
field ornithologist of our generation, and perhaps the best in history.
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TABLE 1

RANGES, MEANS (= SD), AND SAMPLE SIZES OF SELECTED MEASUREMENTS (MM) OF COLOMBIAN
POPULATIONS OF Cercomacra tyrannina AND C. parkeri. MALE SPECIMENS WERE ASSIGNED TO
SPECIES BASED ON ELEVATION. SIGNIFICANT P-VALUES (TWO-TAILED T-TEST), BY SEX, BETWEEN C.
parkeri AND C. tyrannina, WERE ADJUSTED FOR THE NUMBER OF SIMULTANEOUS TESTS, 0.05/10
= 0.005: * = P < 0.001

parkeri tyrannina
Characters é ? ) ?

Wing chord 61.7-66.8 58.1-63.0 60.8-66.5 56.2-64.4
64.2 £ 1.6 60.8 £ 14 63.7 £ 1.6 603 *1.9

=16 n=11 n=46 n=47
Tail length 57.0-69.8 58.9-64.7 51.6-63.6 50.0-62.6
*63.3 £3.9 *60.6 + 2.0 57129 551*33

n=14 n=10 n=45 n =238
Tarsus length 21.1-24.1 21.1-23.8 21.0-239 20.6-23.4
229 0.9 224 0.8 22.6 £ 0.8 22.0 0.6

n=17 n=11 n =45 n=45
Bill length 9.8-11.7 9.7-11.2 10.3-12.5 9.7-114
10.6 £ 0.5 10.4 = 0.6 11.0 £ 0.5 105 £ 0.5

n=16 n=10 n=239 n=41

Bill width 4,0-5.0 4.1-4.8 4.3-54 4.3-54
47 *+0.3 *44 +0.2 47 0.3 4.8 +0.2

n=17 n=11 n=46 n=46

Specimens examined (Colombia).—Cercomacra parkeri (females). Depto. Antioquia: La Bo-
dega (USNM holotype); La Frijolera (AMNH 133482, USNM 256136 [formerly AMNH
133483]); Valdivia (USNM 402341, 402347, 402348). Depto. Bolivar: Volador (USNM 398011).
Depto. Caldas: Hacienda Soffa (USNM 436463, 436464); La Selva (ANSP 158180). Depto.
Valle del Cauca: ““Salencio’ on Novita trail (AMNH 111924).

Males provisionally assigned to C. parkeri on the basis of elevation (collected above 1,000
m). Depto. Antioquia: Botero (USNM 426347, 426348); La Bodega (USNM 436470); La Fri-
jolera (AMNH 133484); Valdivia (USNM 402342, 402343, 402344, 402345, 402346, 402349).
Depto. Caldas: La Selva (ANSP 158181); La Soffa (USNM 436466, 436467, 436468). Depto.
Risaralda: Pueblorrico (ANSP 158179). Depto. Santander: Virolin, 6,000 ft. (USNM 373602).
Depto. Valle del Cauca: Palmira (AMNH 108924, 108925).

Cercomacra tyrannina (females, sample size in parentheses). Depto. Antioquia: El Pescado

TABLE 2

SPECTROPHOTOMETRIC MEASUREMENTS (RANGE, MEAN, AND STANDARD DEVIATION) OF OPPONENT-

COLOR COORDINATES (L, A, B) OF FEMALE Cercomacra parkeri AND TRANS-ANDEAN COLOMBIAN

PopPULATIONS OF C. tyrannina. SIGNIFICANT P-VALUES (TWO-TAILED T-TEST) WERE ADJUSTED FOR
NUMBER OF SIMULTANEOUS TEsTs 0.05/9 = 0.0056: * = P < 0.001; ** = P < 0.0001

Color characters

Lightness Red Yellow
L a b

parkeri Crown 25.3-28.9 1.3-19 59-8.2
(n=11) 274*13 ** 1.6+0.2 ** 68+09
Back 26.3-29.9 1.7-2.6 6.3-10.7
*28.1 1.1 2103 * 80x13
Breast 40.0-49.0 15.9-18.8 36.7-43.0
452 = 3.0 173+ 1.1 398 £ 1.8
tyrannina Crown 24:3-32.6 1.8-4.3 8.4-16.8
(n=47) 29,1 +2.0 28 £0.6 11.8 16
Back 26.2-35.0 1.7-3.5 5.8-15.3
305 £2.1 25*05 10.7 £ 22
Breast 37:9-55.8 12.0-20.1 342-42.8

475+ 44 16.5 2.0 39221
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Fig. 1. Distribution of examined specimens of Cercomacra tyrannina (circles) and C. parkeri (triangles)
in Colombia: (top) females; (bottom) males provisionally assigned to species by elevation—C. tyrannina (sea
level to 1,000 m) and C. parkeri (above 1,000 m). The type locality of C. parkeri, La Bodega, depto.
Antioquia, is indicated by a star. Some symbols represent two localities. Dotted lines approximate the divides

of the three Andean cordilleras. Degrees of north latitude and west longitude appear along the side and
bottom.

(2); Hacienda Belén (4); Tarazid (1); Puerto Valdivia (2). Depto. Antioquia/Cordoba: Quimar{i
(1). Depto. Cordoba: Quebrada Salvajin (2); Socorré (3); Tierralta (4). Depto. Bolivar: Santa
Rosa (6). Depto. Cauca: Rio Saija (1). Depto. Chocé: Acandi (3); Alto del Buey (3); Andagoya
(2); Rio Jurado (3); Ungufa (1). Depto. Narifio: Barbacoas (1). Depto. Norte de Santander:
Bellavista (1). Depto. Risaralda: Santa Cecilia (1). Depto. Santander: Hacienda Santana (4).
Depto. Tolima: Honda (1). Depto. Valle del Cauca: Punto Muchimbo (2).

Males assigned to C. tyrannina by elevation (sea level to 1,000 m). Depto. Antioquia: El
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Pescado (1); Hacienda Belén (4); Tarazd (1); Valdivia (3); Villa Arteaga (1). Depto. Bolivar:
Puerto Nuevo (2); Santa Rosa (6); Volador (2,500 ft) (1). Depto. Cauca: Rio Saija (1). Depto.
Chocé: Acand{ (3); Alto del Buey (1); Andagoya (1); Rio Jurado (3). Depto. Cordoba: Quebrada
Salvajin (3); Socorré (3); Tierralta (2). Depto. Narifio: Guayacana (3). Depto. Risaralda: Santa
Cecilia (2). Depto. Santander: Hacienda Santana (5). Depto. Valle del Cauca: Punto Muchimbo
).

Large series of C. tyrannina from Middle America (Mexico, Honduras, Costa Rica, Panama),
Ecuador, Venezuela, and Brazil were also examined, as well as smaller series of C. laeta, C.
serva, C. manu, C. cinerascens, C. nigricans, and C. nigrescens.

Behavior, vocalizations, and ecology.—Unknown.

RESULTS

I addressed the relationship of C. parkeri and C. tyrannina along the lines broached by the
following questions.

(1) Are patterns of plumage color and morphological variation within tyrannina and parkeri
different?

(2) Does parkeri represent the end point of a phenotypic continuum that corresponds to ele-
vational gradients?

(3) Do environmental or physical barriers separate the elevational ranges of the two taxa?

(4) Should parkeri be recognized as a subspecies of C. tyrannina or as a separate species?

PLUMAGE COLOR

Color correlates among plumage regions.—Colorimetric values from the three plumage
regions (crown, back, breast) of female C. tyrannina specimens were significantly correlated
(Table 3). For example, lightness of the crown, back, and breast were positively correlated.
Redness of plumage regions was also positively correlated. By comparison, only the crown and
back exhibited significantly correlated values for yellow. Lightness values were uncorrelated or
negatively correlated with the saturation of red and yellow. In other words, darker specimens of
C. tyrannina were more richly colored.

None of the color correlates for C. parkeri (Table 3) were significant when P-values were
adjusted for the number of simultaneous tests (n = 36). Nevertheless, the relationship among
colorimetric- characters in C. parkeri seems to differ substantially from those exhibited in C.
tyrannina. For example, when the signs of the correlation coefficients for C. parkeri and C.
tyrannina (Table 3) were compared, only 16 of 36 possible pairwise correlations had the same
sign for both species—about the number that would be expected by chance. Most significantly,
the lightness of the back and redness of the crown were positively correlated in C. parkeri,
whereas lightness and redness of the dorsal plumage (crown and back) of C. tyrannina were
negatively correlated.

Plumage color differences between C. tyrannina and C. parkeri.—The crown of C. parkeri
was significantly less saturated with red and yellow than in C. tyrannina, whereas the back of
C. parkeri was both lighter and less yellow than that of C. tyrannina (Table 2). Most significantly,
values for yellowness of the crown of the two species did not overlap, unlike breast color. A
bivariate plot of factor scores for plumage color confirms the difference between the two taxa
(Fig. 2, Table 4).

Geographic variation of C. tyrannina.—Annual rainfall ranges from approximately 1,500 mm
in the middle Cauca and Magdalena valleys to more than 8,000 mm in the headwaters of the
Atrato and San Juan rivers on the Pacific slope of the Cordillera Occidental (see Haffer 1967,
1975; Fig. 1.3 in Instituto Geographico ‘“‘Agustin Codazzi’’ 1982). In general, annual rainfall
increases westward along transects drawn from the lower Rio Magladena to the Gulf of Urabd
on the Caribbean coast and the depto. Choc6 on the Pacific coast.

Female plumage color (n = 47 individuals) appeared to vary along rainfall gradients. Trans-
Andean populations are currently divided into two subspecies, C. t. tyrannina and C. t. rufiven-
tris. Wetmore (1972: 190) noted that C. t. rufiventris was ‘“merely a transition from the northern
crepera [which ranges from southern Mexico to central Panama] to typical C. tyrannina tyran-
nina, found through most of Colombia, southern Venezuela and northwestern Brazil . . . occa-
sional specimens in the area assigned to rufiventris are as pale as the average tyrannina.” Spec-
trophotometric measurements confirm his observations; C. t. tyrannina and C. t. rufiventris spec-
imens are combined in the following analyses.

Lightness of the back (#* = 0.18, P < 0.01) and breast (2 = 0.09, P < 0.05), but not the
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Fic. 2. Bivariate plot of factor scores (PCA I and II) from a principal components analysis of plumage
color in female Cercomacra tyrannina and C. parkeri (see Tables 2, 3, and 4).

crown (2 = 0.06, P > 0.10), was negatively correlated with longitude, which in turn appears
to be roughly correlated with rainfall. Saturation of dorsal (crown and back) and ventral (breast)
plumage with red was positively correlated with longitude: crown (2 = 0.33, P < 0.0001); back
(* = 0.39, P <:0.0001); and breast (> = 0.14, P < 0.01). Saturation of yellow in dorsal, but
not the ventral plumage, also was positively correlated with longitude: crown (2 = 0.22, P <
0.001); back (** = 0.22, P < 0.001); and breast (r* = 0.01, P > 0.50).

Specimens from the Pacific coast in the Chocé region and the Gulf of Urab4 are darker and
significantly more saturated in pigments expressed as red and yellow (Fig. 3). Clinal gradients
are steepest near the base of the northern tip of the Central Andean Cordillera (compare Fig. 1
and Fig. 3). These data are conveniently summarized by PCA 1 (Fig. 4), which was positively
correlated with longitude (> = 0.26, P < 0.001). PCA 2 was uncorrelated with longitude (2 =
0.00, P > 0.87). :

Only lightness and yellow of the breast (©* = 0.46, P < 0.0001) were positively correlated

TABLE 4
FAcTOR LOADINGS FROM A PRINCIPAL COMPONENTS ANALYSIS OF OPPONENT-COLOR COORDINATES
(L, A, B) of Female Cercomacra parkeri AND TRANS-ANDEAN COLOMBIAN POPULATIONS OF C.
' tyrannina (SEE FIG. 2)

PCA Axes

Crown

Back

Breast

Percent variance
explained

lightness L
red a
yellow &
lightness L
red a
yellow &
lightness L
red a
yellow b

0.10
0.92
0.84
-0.14
0.84
0.87
-0.09
0.29
—-0.00

34.9

0.79
0.06
0.35
0.80
-0.10
0.07
0.83
-0.73
0.09

294
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Fic. 3. Geographic variation of crown redness, and yellowness of crown, back, and breast of female C.
tyrannina in Colombia (see Table 2). Note the difference in isoline orientation between dorsal and ventral
yellowness. Degrees of north latitude and west longitude appear along the side and bottom.

with latitude. Color clines of the dorsal and ventral plumage thus appeared to be somewhat
orthogonal to one another. PCA 1 (2 = 0.03, P > 0.25) and PCA 2 (»2 = 0.02, P > 0.42) were
uncorrelated with latitude (Fig. 3). In sum, geographic variation in female plumage of C. tyr-
annina is consistent with the expectations of Gloger’s ecogeographic rule, which posits that
populations in more humid environments tend to be more heavily pigmented.

Elevational variation of C. tyrannina and C. parkeri.—Although the elevational range of C.
tyrannina is narrow in Colombia (sea level to 915 m in the Serranfa del Baudo), significant
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FiG. 4. Trend surface analysis of factor scores from a principal components analysis of plumage color of
female C. tyrannina. Degrees of north latitude and west longitude appear along the side and bottom.

elevational clines in plumage color were observed. Two of the nine possible color/plumage
characters of female C. tyrannina were negatively correlated with elevation: yellowness of the
crown (# = 0.11, P < 0.03) and back (#* = 0.10, P < 0.03), although these probabilities fall
above the adjusted P-value when all characters are considered simultaneously (Table 5). In
general (8 of 9 correlation coefficients were negative), plumage color was less rufescent at higher
elevations.

Perhaps owing to small sample size (n = 11) of female C. parkeri, none of the colorimetric
variables were significantly correlated with elevation (Table 5). However, the relationship be-
tween elevation and plumage coloration in C. parkeri differed qualitatively from that in C.
tyrannina (Fig. 5). Only two of nine correlation coefficients had the same sign for both species
(Table 5)—a result not expected by chance (binomial test, P < 0.01). Collectively, these data
demonstrate the distinctiveness of C. parkeri.

TABLE 5
PEARSON CORRELATION COEFFICIENTS OF THE RELATIONSHIP BETWEEN COLORIMETRIC VARIABLES
AND ELEVATION FOR FEMALE C. parkeri AND C. tyrannina. NONE OF THE P-VALUES WAS
SIGNIFICANT WHEN ADJUSTED FOR THE NUMBER OF SIMULTANEOUS TESTS FOR EACH SPECIES o =

0.05/9 = 0.0056

parkeri tyrannina

Crown lightness (L) 0.14 -0.14
red (a) -0.08 -0.19

yellow (b) -0.20 -0.33

Back lightness (L) 0.21 —-0.05
red (a) 0.61 -0.21

yellow (b) 0.53 -0.32

Breast lightness (L) 0.43 -0.11
red (a) —-0.46 0.07

yellow (b) 0.13 -0.07
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Fic. 5. Relationship of the ‘“‘yellowness™ of back plumage of female C. tyrannina (circles) and C. parkeri
(triangles) with elevation. Least-squares regression lines for the two species are illustrated for comparison.

MORPHOLOGY

Morphological correlates within subspecies.—The correlative relationships among morpho-
logical variables of female C. tyrannina and C. parkeri (Table 6) differ significantly. Seven of
ten correlation coefficients for pairs of variables of.the two species had the same sign. Wing
chord/tarsus and wing chord/bill length correlations were significantly positive for C. tyrannina
but strongly negative for C. parkeri. These differences reflected a fundamental dissimilarity i in
morphological shape.

Morphological differences between C. tyrannina and C. parkeri. —From pooled samples of
specimens (Table 1), the tail of male and female C. parkeri was significantly longer than that of
C. tyrannina, and the bill width of female C. parkeri was significantly narrower.

Geographtc variation of C. tyrannina.—Although this study focused on a fraction of the
species’ geographic range, females exhibited significant patterns of morphological variation in
Colombia (Table 7). Wing chord and tail length were: significantly correlated with Iongitude.
Factor scores (PCA 1) derived from a pnnc1pa1 components analysis of wing chord, tail length,
and tarsus length were significantly correlated with longitude (= = 36, 2 = 0.34, P < 0.0002)
and uncorrelated with latitude. The size of females increased from the Pacific slope eastward to
the upper Magdalena Valley (Fig. 6).

PCA 1 factor scores derived from morphology (wing, tail, tarsus) were significantly correlated
with PCA 1 scores derived from the analysis of nine plumage color variables (n = 36, r* = 0.17,

TABLE 6 °
PEARSON CORRELATION COEFFICIENTS OF MORPHOLOGICAL MEASUREMENTS OF FEMALES. C.

barkeri (N = 9-11) ABOVE THE DIAGONAL, C. tyrannma (N = 33-46) BELOW THE DIAGONAL:
- * = P <0.005, **—P<00005

‘Wing . Tail Tarsus Bill length Bill width
Wing — ' 0.21 -0.57 -0.34 0.02
Tail 0.35 —_ -0.41 -0.27 0.18
Tarsus 0.51%* —-0.09 — 0.35 0.02
Bill length 0.44% 0.03 0.42 — 0.37

Bill width 0.06 0.22 0.05 0.16 -
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TABLE 7
PEARSON CORRELATION COEFFICIENTS FOR THE RELATIONSHIP BETWEEN MORPHOLOGICAL
MEASUREMENTS AND LATITUDE AND LONGITUDE FOR FEMALE C. tyrannina. SAMPLE SI1ZE IN
PARENTHESES. SIGNIFICANCE: * = P < 0.01, ** = P < 0.005.

Latitude Longitude
Wing 0.03(47) * —0.39 (47)
Tail 0.19 (38) ** —0.61 (38)
Tarsus -0.18 (45) —0.17 (45)
Bill length —0.26 (41) 0.11 (41)
Bill width —0.28 (46) 0.22 (46)

P < 0.024). This suggests that both morphology and plumage color are labile and respond
adaptively to environmental gradients.

Elevational variation of C. tyrannina and C. parkeri—Two of five morphological characters
of female C. tyrannina were positively correlated with elevation (Table 8). Populations inhabiting
the Andean foothills and the Serranfa del Baudo, depto. Choc6, had longer wings and tails and
presumably greater body masses than lowland populations. In contrast, body size of C. parkeri
(wing, tail, tarsus) was uncorrelated with elevation. However, bill length was negatively corre-
lated with elevation (Fig. 7). These data reinforce the conclusions drawn from the analyses of
plumage color—that C. parkeri was morphologically distinct and did not represent the end point
of an elevational cline of C. tyrannina.

DISCUSSION

Subspecies of Cercomacra tyrannina in Colombia.—Patterns of geographic variation in color
and morphology among Colombian females of C. tyrannina are complex and defy simple tax-
onomic categorization. In general, populations from the drier interior were paler in color and
larger than those from coastal localities. However, trend-surface projections demonstrated that
clinical patterns varied among the chosen color characters, often discordantly. Should the smaller,
darker Pacific slope populations, “7T. c. rufiventris,” continue to be recognized taxonomically?
Although color clines appear to be steepest near the northern end of the Cordillera Central,
where does one draw the dividing line between rufiventris and nominate tyrannina? Any such
division would be arbitrary at best. I agree with Haffer and Fitzpatrick (1985) that subspecies

1

73 °W

Fig. 6. PCA I factor scores from an analysis of body size of female C. tyrannina. Degrees of north
latitude and west longitude appear along the side and bottom.
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TABLE 8
PEARSON CORRELATION COEFFICIENTS FOR THE RELATIONSHIP BETWEEN MORPHOLOGICAL
MEASUREMENTS AND ELEVATION FOR FEMALE C. parkeri AND C. tyrannina. SAMPLE SIZE IN
PARENTHESES. SIGNIFICANCE: * = P < 0.05; ** = P < 0.005

parkeri tyrannina
Wing 0.03 (11) ’ *% 0,43 (46)
Tail 0.21 (10) ** 0.34 (38)
Tarsus 0.32 (11) 0.02 (44)
Bill length * —0.74 (10) 0.13 (40)
Bill width 0.21 (11) 0.13 (45)

names should be applied only to populations that exhibit relatively uniform character “‘plateaus”
separated by zones of rapid phenotypic change. Applying trinomials to a series of populations
whose phenotypes imperceptibly grade into one another denies statistical reality. In the absence
of well-defined subdivision between coastal and interior populations, I recommend that C. ¢
rufiventris (Lawrence) be placed in the synonymy of C. t. tyrannina (Sclater).

The roughly parallel clines in size and color of female C. tyrannina that corresponded to
rainfall gradients suggest ecophenotypic adaptation, although environmental induction also may
be partially responsible (James 1983). Color variation in this species is the best-documented case
of Gloger’s rule in the Neotropics. Size variation is subtle, but the statistically significant trend
toward larger birds from drier interior locations and at higher elevations is consistent with the
expectations of Bergmann’s ecogeographic rule (see James 1970; Murphy 1985).

Is C. parkeri a species or a subspecies of C. tyrannina?—In contrast to the clinal variation
among lowland populations, the distinction between highland (C. parkeri) and lowland (C. tyr-
annina) “dusky” antbirds is discrete. The intraspecific relationship of morphological and color
characters differed between the two taxa, as did the relationship between plumage and morpho-
logical variables and elevation. No evidence of plumage intermediacy between the two taxa was
found.

A narrow elevational hiatus may occur between the two species. C. tyrannina has been re-
corded up to 730 m in the Andean foothills, well below the range of C. parkeri (ca. 1,130-
1,830 m). Females of both species have been collected along elevational transects at two local-
ities (Table 9). Based on M. A. Carriker’s specimens, catalogs (1947-1948), and field maps
(deposited in USNM), elevational gaps of 885 m and 518 m, respectively, were recorded between
C. parkeri and C. tyrannina along the El Pescado-Valdivia and Santa Rosa-Volador transects.
Carriker did not distinguish between the two taxa in his field catalog and collected specimens
of both opportunistically. In other words, he made no special effort to obtain ‘‘dusky antbirds”
at higher elevations, perhaps because they were relatively common throughout the humid low-
lands of northern Colombia. Thus, the actual width of the elevational hiatus at the two localities
in the late 1940’s could have been much narrower or nonexistent. In any event, there is no
evidence of physical or environmental barriers between the two taxa. Ecological, behavioral, and
biochemical data are needed to conclusively determine the specific relationship of parkeri. How-
ever, specimen data and elevational distributions indicate that parkeri is a biological species
rather than a subspecies of C. tyrannina. 1 cautiously suggest that the burden of proof lies with
those who would disagree.

Within the genus Cercomacra, at least three taxa appear to be restricted to the lower slopes
of the Andes: (1) C. parkeri from Colombia; (2) C. nigrescens aequatorialis (Zimmer 1931)
from eastern Ecuador; and (3) C. nigrescens notata (Zimmer 1931), including C. n. jelashtei
(Carriker 1933), from eastern Peru. The elevational limits of a fourth taxon, C. tyrannina vicina
(Todd 1927), are imperfectly known, but it may be restricted to the foothills of the eastern slope
of the Cordillera Oriental in Colombia and the Andes of Venezuela.

Zimmer (1931) noted that Cercomacra nigrescens aequatorialis and C. n. notata were more
similar in coloration to one another than either taxon was to C. n. fuscicauda, of the adjacent
lowlands. Whether or not the lowland and highland populations of C. nigrescens are in genetic
contact is unknown. However, the finding of discrete differences between C. parkeri and C.
tyrannina suggests the possibility that a similar situation may occur between highland and low-
land taxa of C. nigrescens.
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Fic. 7. Relationship of bill length and elevation for C. tyrannina (circles) and C. parkeri (triangles):
females (top); males (bottom). Note that the slopes of the least-squares regression lines were of different
sign for the two taxa. Intercepts and slopes for females were 10.48 + 0.00025 X elev. for tyrannina and

12.82 — 0.00175 X elev. for parkeri; for males, 10.97 + 0.00009 X elev. for tyrannina and 12.02 — 0.00096
X elev. for parkeri.

EPILOGUE

Speciation.—Although our knowledge of cryptic sibling species in the Andes is rudimentary
(e.g., Graves 1987; Arctander and Fjeldsd 1994; Whitney 1994), allopatric distributions may be
the rule among recently evolved, geminate taxa (Mayr 1963). Because of the relatively short
distances between the lowlands and the crest of the Andes, genetic isolation and differentiation
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TABLE 9

LOCALITIES (ELEVATIONS) WHERE FEMALE C. parkeri AND C. tyrannina HAVE BEEN COLLECTED
ALONG THE SAME ELEVATIONAL TRANSECT

Transects
El Pescado-Valdivia, depto. Antioquia Santa Rosa-Volador, depto. Bolivar
tyrannina tyrannina
El Pescado Santa Rosa
198 m (USNM 402360) 610 m (USNM 392645)
335 m (USNM 402361) (USNM 392815)
(USNM 392875)
Puerto Valdivia (USNM 392876)
110 m (AMNH 133489) (USNM 392878)
(USNM 398012)
parkeri parkeri
Valdivia (above Sevilla) ‘Volador
1220 m (USNM 402341) 1128 m (USNM 398011)

1250 m (USNM 402347)
1448 m (USNM 502348)

La Frijolera
1524 m (AMNH 133482)
(USNM 256136)

of C. parkeri (vis-a-vis C. tyrannina) is unlikely to have occurred along elevational gradients in
the Colombian Andes (Graves 1988). A likely scenario is that parkeri evolved in allopatry in
the lowlands, perhaps in the Cauca Valley, and was later displaced by tyrannina to mid-elevation
foothills of the Andes after secondary contact.

Conservation.—Cercomacra parkeri, like many other Andean forest birds (Graves 1985,
1988), has a limited geographic distribution and elevational range. These factors translate to
small population sizes and vulnerability to extinction. Mid-elevational forest in Colombia is
rapidly disappearing (Hilty 1985), and most remaining forest patches are second growth or have
been degraded by selective cutting. Because Cercomacra antbirds occur frequently in second
growth, tangled thickets, forest edge, and stream-side vegetation, C. parkeri may be better off
than primary forest obligates.

Summation and the future.—Avian speciation in the Andes and adjacent lowlands, especially
the ecological and evolutionary processes that permit the co-existence of sister taxa, remain terra
incognita despite more than a century of study. In a field in which narrative models are the
norm, few hypotheses regarding differentiation and speciation have been tested quantitatively.
The study of geographic variation in Neotropical birds also has a long tradition, but, again, only
a few papers have quantitatively explored variation in morphology or plumage color or the
ecological or evolutionary implications of character gradients. Why? Not only are pertinent data
difficult to obtain but also the few ornithologists specializing on the systematics, taxonomy, and
evolutionary biology of Neotropical birds have been reluctant to embrace quantitative methods.
As a consequence, the poverty of our collective knowledge of quantitative patterns of geographic
variation and their relationship to environmental gradients and speciation is overwhelming.

Ted Parker did not spend his time performing statistical analyses of character gradients or
formulating null models of mixed-species flocks, but more importantly he collected data and
observations that made my research on these topics possible. That was part of his genius. In a
letter written many years before his death, Ted expressed his philosophy and work ethic: ““ ...
as long as I can see and hear and write I'll be ready for any kind of field work.” He was an
incredible resource of unique and unpublished data on Neotropical birds. Ted amazed his col-
leagues and inspired generations of students. Now, we go it alone.

In homage to his spirit, we must abandon the comfort of our academic offices for the wild
parts of the planet while there is still time and rededicate our efforts to discover new facts—
new information about the ecology, behavior, genetics, morphology, systematics, and distribu-
tions of birds. In final tribute to Ted’s life, we must then do meaningful things with what we
have learned.
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ABSTRACT.—We describe a new species of tyrant flycatcher (Tyrannidae) based on
nine specimens from the forested Andean foothills of southeastern Peru and one speci-
men from adjacent northern Bolivia. The new form appears most closely related to
Phylloscartes flaviventris. We cite evidence that the latter species is endemic to the coast
range of northern Venezuela. We hypothesize that these two sister-species are more
distantly related to a third, P. superciliaris, which has a relictual distribution in mid-
montane forests of Middle America and the northern Andes. The new species is an
obligate member of mixed-species flocks and forages high in the canopy of intact primary
forest. In Peru it inhabits moist forest between 650 and 1,200 m elevation; elevational
range may be somewhat lower in Bolivia, but even there the species is confined to the
foothills. Conservation of large tracts of these vanishing forests is essential for the per-
sistence of this and many other species narrowly restricted to the Andean foothills.

RESUMEN,—Decribimos una especie nueva de atrapamoscas (Tyrannidae), conocida de
nueve ejemplares de los bosques himedos premontanos del sudeste de Peni, y un ejem-
plar del norte de Bolivia. El pariente mas cercano de la nueva especie es Phylloscartes
Sflaviventris, que es endémico a las montafias de la costa venezolano. Nuestra hip6tesis
es que Phylloscartes superciliaris es el pariente mds cercano a esta par de especies.
Phylloscartes superciliaris, también, tiene una patrén de distribucién de tipo-reliquia en
los bosques de elevaciones medias en América Central y los Andes al norte. La nueva
especie es un miembro obligado de bandadas mixtas, y forrajea en las copas de bosque
primario. En Peri, la distribucién elevacional estd limitada entre 650 y 1,200 m. La
distribucién elevacional en Bolivia puede ser un poco mas baja, pero todavia la especie
est4 limitada a los bosques premontanos. Es esencial la conservacién de dreas grandes
de estos bosques, que son desapareciendo, para la persistencia de esta especie y muchas
otras, que son especialistas dependientes de los bosques premontanos en los Andes.

In 1899 the German collector Otto Garlepp obtained a small, yellowish tyrant flycatcher near
the town of Marcapata, in the forested Andean foothills of southeastern Peru (male; depto. Cuzco,
1,000 m; collector’s number 1398; Mus. Berlepsch no. 43968). Hellmayr (1927: 349) correctly
predicted that this specimen would ‘“doubtless prove to be an undescribed form,” noting several
ways in which it differed from the Venezuelan endemic, “Pogonotriccus” (= Phylloscartes)
faviventris. In 1972 John Terborgh and John Weske mist-netted, photographed, and released an
unidentified tyrannid (see frontispiece), at their “Camp 0’ on the Cordillera Vilcabamba, depto.
Apurimac, Peru (685 m). They suspected this to be the same form as Garlepp’s specimen but
did not encounter the species again (Terborgh, pers. comm.).

In 1981 JWF located and collected several specimens of this same species in the lower Cos-
fiipata Valley of southeastern Peru, and in 1982 DFS collected a single male near Puerto Ber-
mudez, depto. Pasco, Peru. We later discovered the species to be a regular member of mixed-
species canopy flocks in foothill forests throughout southeastern Peru. Theodore A. Parker I
also encountered the species at several localities in the foothills of southern Peru and in depto.
La Paz, Bolivia, and in 1995 Bret Whitney, Alan Perry and Marcelo Hinojosa secured one
specimen from depto. Beni, Bolivia.

37
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TABLE 1
MEAN LINEAR MEASUREMENTS! (MM * S.D.) OF THREE ‘“‘RUFOUS-LORED’’ SPECIES IN THE GENUS
Phylioscartes
flaviventris
parkeri _— superciliaris
Male * Female
Male (rn = 6) Female (n = 3)* n=2) (n = “1"y Male (n = 8) Female (n = 4)

Wing 529 = 09 48.5 = 2.3 53.5 47.5 56.8 = 3.3 536 £ 13
Tail 484 + 1.1 450 £ 14 50.8 46.0 533 35 532 * 1.6
Tarsus 162 * 0.2 152 £ 0.8 17.6 16.0 17.1 £ 0.6 17.1 £ 0.3
Culmen 12.1 = 0.1 113 £ 0.3 12.2 11.7 127 £ 2.0 129 £ 03
Bill tip 6.5 + 04 6.0 = 0.0 6.6 6.3 6.7 £ 0.5 76 02
Bill width 3.7 04 39 0.1 4.0 4.0 40 = 0.2 3.7+02

! Culmen measured from base to tip, bill tip measured from anterior edge of nares to tip, bill width measured at anterior edge of nares.

2 Measurements of female parkeri exclude one immature i ller than the others.

3 An d speci of P. flavi; is (AMNH 498860) presumed female on basis of small size.

In Peru the new species occupies a narrow elevational zone in tall, upper tropical forest, mainly
between 650 and 1,200 m. This spectacular ecological setting was among Ted Parker’s favorite
haunts. We hope that the attention Ted helped bring to the diverse and seriously threatened
Andean foothills will continue to further their long-term protection.

Phylloscartes parkeri sp. nov.
Cinnamon-faced Tyrannulet

Holotype.—Field Museum of Natural History (FMNH) 315959; male (skull 20% pneumatized)
collected on ridge above Hacienda Amazonia, depto. Madre de Dios, Peru, 12°57'S, 71°11'W,
elevation 1,050 m; collected and prepared 23 November 1983 by John W. Fitzpatrick (field
catalog # 83-075).

Diagnosis (see frontispiece)—Similar in plumage and size to P. flaviventris of northern Ven-
ezuela (Table 1), but differs as follows: cinnamon-rufous lores and eyering darker and lores
slightly wider; crown grayish-green contrasting with green nape and back, not dark brownish
olive nearly matching back; auricular patch pale cinnamon-buff, narrowly bordered with blackish,
not extensively black with only a few buffy feathers; chin and throat pale yellowish-white, not
bright yellow; yellow breast and flanks suffused and indistinctly streaked with olive, not clear
bright yellow throughout; outer webs of greater and median secondary coverts edged and broadly
tipped pale yellow forming wingbars with indistinct proximal edges, not wingbars clearly de-
marcated against all-black coverts; mandible black, not pale flesh at base. Differs from P. su-
perciliaris by being slightly smaller (Table 1) and in many details of plumage: in parkeri,
underparts yellow, not pale gray; tips to secondary coverts and innermost remiges pale yellow
contrasting with rest of wing, not light green and concolor with rest of wing; auricular patch
cinnamon-buff diffusely edged brownish black, not largely white with solid black border forming
a complete and distinct ring connecting with the black malar stripe; crown grayish-green con-
trasting with green nape and back, not umform slate gray with the gray extending posteriorly
onto nape.

Description of holotype.—Dorsum and rump Olive-Green (Color #46; capitalized color names
and numbers from Smithe 1975). Entire crown, except narrow band on lores and forecrown,
distinctly grayer than back, closest to Glaucous (#79) but lightly suffused with olive. Lores,
eyering, and forecrown rich Cinnamon-Rufous (#40), nasal tufts creamy white. Faint postocular
streak white. Distinct ““‘facial patch” consists of broad auricular patch pale cinnamon-buff, near-
est Cinnamon (#39), bordered. above and posteriorly by broad, dusky band and, along malar
region, by narrow and indistinct dusky band. Chin whitish, faintly tinged pale yellow laterally
and grading into darker yellow throat. Breast and flanks broadly but indistinctly streaked dull
Olive-Green; midabdomen and undertail coverts clear, pale Spectrum Yellow (#55). Thighs olive.
Wings generally dusky to blackish, but edges of secondaries bright Yellowish Olive-Green (#50)
to Olive-Yellow (#52); greater and median secondary coverts broadly tipped and narrowly edged
pale Olive-Yellow forming two distinct wingbars. Primary coverts blackish, narrowly edged
Olive-Green matching dorsum. Outer web of innermost secondary broadly edged pale yellowish-
white, this broadening distally to form conspicuous pale spot on closed wing; traces of this
terminal spot also present on adjacent four secondaries. Rectrices dusky, edged same Yellowish
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Olive-Green as on secondaries. Six long rictal bristles on both sides of gape, the longest 8.5
mm. Soft parts in life: iris dark brown, bill entirely black, tarsus and feet medium gray. No molt
evident.

Measurements of holotype (mm).—Wing chord 51.5; central rectrices 49.0; tarsus 16.2; cul-
men, from base 12.0, from anterior edge of nares 6.0; bill width at anterior edge of nares 3.2.
Mass 8.1 g. Testes < 1 mm, not enlarged.

Geographic distribution.—Known from foothill forests of the eastern Andes in central and
southeastern Peru and adjacent northern Bolivia. The northernmost specimen is from depto.
Pasco (Puellas, km 41 on Villa Rica-Puerto Bermudez highway; Louisiana State University
Museum of Zoology 106326), where considered uncommon by Schulenberg et al. (1984; listed
as P. flaviventris in that publication). T. A. Parker also found the species in depto. Hudnuco
(Parker et al. 1991), probably at La Divisoria (T. S. Schulenberg, pers. comm.), about 180 km
NNW of the Pasco locality. Farther south, where primary forest remains at appropriate elevations,
we have found parkeri common in the foothills of the Peruvian departments of Cuzco and Madre
de Dios. Parker found the species in similar foothill forest at Cerros del T4vera, depto. Puno
(Parker and Wust 1994). The single Bolivian specimen is from depto. La Paz, Prov. Franz
Tamayo, near San Jose de Uchupiamonas, above Rio Tuichi and below Serrania de Eslabon, in
the Parque Nacional Madidi (14°16'S, 68°6'W by gps, fide B. Whitney). The southernmost record
comes from the Serrania Pilon, depto. Beni, at 875 m (Parker et al. 1991, uncataloged tape
recordings deposited at Cornell Library of Natural Sounds, LNS).

Elevational distribution.—All Peruvian specimens and all sight records by the authors in Peru
are between 650 and 1,200 m. However, V. Emmanuel and T.A. Parker III found the new species
in forest along the Rio Urubamba at 1900 m below Machu Picchu, depto. Cuzco, in July 1985
(TAP unpubl. fieldnotes; V. Emmanuel, pers. com.). The Bolivian specimen is from 570 m (fide
B. Whitney; recorded as 535 m on label). Between 1980 and 1985 we conducted thorough
inventories along elevational gradients on the foothill ridges of Cerro de Pantiacolla (depto.
Madre de Dios) and above Atalaya (near Hacienda Amazonia, depto. Madre de Dios), and along
the *“Cosiiipata Highway’’ on the main Andean slope (above Pilcopata, and near the Rio Tono,
both depto. Cuzco). The new species was most reliably encountered from 900 to 1,100 m on
the main slope, and from 700 to 900 m on outlying ridges. Although we never encountered the
species above 1200 m, the exact upper limits to its distribution remain to be determined.

Specimens.—Peru (n = 9): one male (LSUMZ 106326) from Puellas, km marker 41 on road
from Villa Rica to Puerto Bermudez, depto. Pasco; two males (FMNH 315959 [holotype],
323129) and one female (FMNH 323128) from type locality; one immature female (FMNH
323127) from Cerro de Pantiacolla, depto. Madre de Dios; two males (FMNH 311513, 311514)
and one female (FMNH 311512) from slopes above Consuelo, km marker 65 on Cosnipata Valley
road, depto. Cuzco; one “male” (?; measurements suggest female) from Marcapata, depto. Cuzco
(Mus. Berlepsch 43968).

Bolivia (n = 1): one male (Col. Boliviana de Fauna 02949) from depto. La Paz (locality given
above).

Etymology.—Named in honor of our friend, the late Theodore A. Parker ITI, whose skill in
the field, unbridled enthusiasm for birds and conservation, and twinkling smile the authors will
sorely miss, always.

REMARKS

Juvenal plumage.—One specimen is an immature female (FMNH 323127; skull 10% pneu-
matized, ovary tiny and translucent) collected 18 November 1985 at 720 m on the Cerro de
Pantiacolla. The plumage pattern of this specimen is similar to that of adults, but the plumage
is somewhat fluffy and decomposed, especially below. Also, the rufous lores are distinctly paler,
the crown greener, underparts paler, and breast slightly more mottled with greenish compared to
adults.

Sexual dimorphism.—Males average 7% to 9% larger than females in linear dimensions (Table
1), but the sexes are similar in plumage. Plumage variation among the paratypes is related to
age (see above) and molt conditions (see below).

Breeding and molt—The only direct evidence of breeding was the presence of presumed
family groups in several flocks during November 1985, one of which included the immature
specimen mentioned above. Enlarged gonads are clearly documented on the labels of five spec-
imens: the single Bolivian male (collected 25 August 1995, no molt), three Peruvian males (4
August 1985, no molt; 11 and 24 November 1981, both in heavy wing, tail, and body molt),
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and one Peruvian female (9 November 1981, some body molt only). The three specimens without
enlarged gonads were collected on 8 April 1982 (light body molt), 13 August 1985 (central
rectrices half-grown, no wing molt), and 23 November (no molt). These data suggest a late dry-
season breeding period, reaching its peak between August and November, as is typical of most
bird species of lowland and foothill forests in southern Peru and northern Bolivia (pers. obs.).
Molt appears to coincide with or immediately follow breeding.

Behavior.—Like all other members of its genus, P. parkeri virtually always forages in mixed-
species flocks. On the same forested mountain slopes where P. parkeri occurs in Peru and
Bolivia, P. orbitalis forages mainly in understory flocks, P. ventralis is in both understory and
subcanopy flocks, and P. ophthalmicus typically accompanies mixed-species flocks in the sub-
canopy and canopy. P. parkeri normally forages much higher than these congeners, often at the
highest portions of the forest canopy. In the vicinity of the type locality, where we surveyed
mixed-species canopy flocks in detail, about a third of them at appropriate elevations contained
parkeri, usually a pair or a pair plus one or two presumed immatures. These typically foraged
near the treetops, most often among sparse, small-leaved foliage near the outermost branch-tips
of taller trees, including emergents.

Treetop habits would make parkeri one of the most challenging flock members to spot and
identify, but its diagnostic ‘‘gnatcatcher-style” foraging behavior facilitates detection. During
active foraging the tail is held horizontal or slightly above horizontal and the wings are held out
slightly from the body. Often both wings are flashed partially outward simultaneously while the
bird hops steadily out along a thin perch, alternately facing one side then the other. We did not
detect any of the more deliberate, single-wing elevations with pauses, such as those performed
by some other members of the genus Phylloscartes (and by other tyrannid genera such as Lep-
topogon and Mionectes). The tail rarely is fanned. Sallies for prey mostly consist of upward or
outward hover-gleans (Fitzpatrick 1980, Remsen and Robinson 1990) less than 1 m long, taking
prey from the undersides of leaves. Similar behavior was described in Parker et al. (1991).

Vocalizations.—During late dry season and early wet season (i.e., July through December)
individuals intermittently sang while foraging. In addition, individuals occasionally ceased active
foraging and vocalized from a stationary perch (during which time the tail was held outward or
slightly downward, but not vertical). We noted and tape-recorded only two types of vocalizations
during dozens of encounters with P. parkeri. The more common call was a single, sharp note
uttered at irregular intervals of 0.5 to 2.0 s (chevron-shaped note in Fig. 1). The second vocal-
ization—a short, sweet trill—usually followed a deliberate series of call notes. The trill lasted
about 0.5 s, beginning at the same pitch as the call but rising sharply then falling back down
(Fig. 1). These trills were typically separated by up to 20 s, with call notes uttered periodically
between them. Both sexes appeared to sing; for example, we recorded one active bout (Library
of Natural Sounds cut 76068) which included many trills given in rapid succession by a presumed
pair in the close company of at least one immature, presumably their offspring (collected, see
above).

Systematics.—As surmised by Hellmayr (1927), P. parkeri and P. flaviventris very likely are

"sister-taxa. Within Phylloscartes, only these two species and P. superciliaris have well-defined
rufous lores and eyering, and only parkeri and flaviventris also have bold facial patterns con-
taining buffy or rufous feathers. Both parkeri and flaviventris also have bright yellow underparts,
bright yellow wingbars, and yellow tips to the inner remiges, resulting in extremely similar
overall plumage patterns. As described above (see Diagnosis), many plumage differences also
exist, however, and we have no hesitation in recognizing parkeri at the species level. Species-
level treatment is further justified by the considerable difference in the sound and structure of
the primary vocalizations of the two forms (Fig. 1).

We hypothesize that Phylloscartes superciliaris is a sister taxon to the parkeri-flaviventris
clade because it is the only other species in the genus with well-marked rufous lores and eyering
and a bold facial pattern. It differs considerably from the parkeri-flaviventris clade, however, by
averaging somewhat larger (Table 1), lacking wingbars and spots on the inner remiges, having
grayish white underparts, and having a predominantly white face patch.

The active, ‘“‘gnatcatcher-style” foraging behavior of parkeri also characterizes certain other
species of Phylloscartes, including flaviventris and superciliaris. Some members of the genus,
however, including Phylloscartes orbitalis and P. ophthalmicus, forage with more deliberate
pauses while searching for prey and with the tail held nearly vertically downward. We strongly
suspect that this behavioral dichotomy within Phylloscartes reflects two phylogenetic groups
within this large tyrannid genus. This hypothesis remains to be investigated.

Two other members of the ‘“gnatcatcher-style” foraging group also have tinges of cinnamon
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Fic. 1.

Spectrograms of typical vocalizations of Phylloscartes parkeri (A, B) and P. flaviventris (C, D).

Call notes of P. parkeri are the isolated, chevron-shaped notes, one of which also immediately precedes the
trill in A. Both examples of P. parkeri, perhaps by different sexes or by an adult and an immature, from

recording o
Dios, Peru,

f actively vocalizing family group made 18 November 1985, Cerro Pantiacolla, depto. Madre de
by J. W. Fitzpatrick (Library of Natural Sounds 76068). Recordings of spontaneous songs iden-

tified as P. flaviventris recorded by Steven L. Hilty, 12 January 1990, Parque Nacional Henri Pittier, Maracay,
Venezuela (C; LNS 52689) and by John C. Arvin, 20 January 1996, same locality (D; uncataloged).
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Fig. 2. Map of northeastern South America and adjacent Middle America, showing sight and specimen
localities of Phylloscartes parkeri (solid squares), plus specimen localities of P. flaviventris (solid triangles),
and P. superciliaris (open squares). Question mark identifies the type locality of P. flaviventris, which we
believe to be an error on the original labels (see text); we suspect that flaviventris is endemic to the Vene-
zuelan coast range.

or rufous about the lores and face. Both species are from the eastern lowlands of Brazil. Phyl-
loscartes roquettei is known from the type specimen and a few recent sight records in dry forest
bordering the rio Sdo Francisco (Willis and Oniki 1991, incl. sonograms; Collar et al. 1992).
Phylloscartes sylviolus is more widely distributed in the forests of southeastern Brazil, plus
adjacent Paraguay and Argentina. These two species lack the bold face patterns of the three
rufous-lored species discussed above, however, and they may not be closely allied with the three
Andean, rufous-lored species.

Biogeography.—We suspect that the huge geographic gap between P. parkeri and P. flavi-
ventris (Fig. 2) is even bigger than published locality data suggest (Traylor 1979). It is likely
that P. flaviventris actually is restricted to the coastal mountain range of northern Venezuela,
even though two localities mentioned in the original description of flaviventris (Hartert 1897)
are from the Mérida Andes. Phylloscartes flaviventris has not been positively recorded outside
the Venezuelan coast range despite a century of exploration in the Mérida Andes since the species
was described. Furthermore, considerable evidence exists that the collecter of the specimens
referenced by Hartert, Albert Mocquerys, mislabelled many specimens, and that he definitely
collected numerous specimens from the coast range during an appropriate time period prior to
Hartert’s description (Zimmer and Phelps 1954).
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Phylloscartes parkeri, P. flaviventris, and P. superciliaris may constitute a relictual species-
group (Fig. 2). All three species occupy similar, natrow elevational zones in humid forests from
lower to middle montane elevations. As mentioned above, P. flaviventris apparently occurs only
in the coastal mountains from Aragua to Miranda, where it occurs from 750 m to 1,400 m.
Phylloscartes superciliaris is poorly represented in collections and has a patchy distribution (Fig.
2), seemingly replacing the flaviventris-parkeri complex from 600 to 1,200 m. in Costa Rica
(Stiles and Skutch 1989) and western Panama (Ridgely and Gwynne 1989), eastern Panama
(Cerro Tacarcuna), Venezuela (Sierra de Perija), the eastern Cordillera of Colombia (Rio Virolin,
1,700 m.; Hilty and Brown 1984), southern Ecuador (Cordillera Cutucu, 1,700-1,750 m., Rob-
bins et al. 1987; Cordillera del Condor, 1700 m.; Krabbe and Sornoza 1994), and extreme
northern Peru (C. del Condor, T. S. Schulenberg, pers. comm.). South of the recently discovered
Ecuadorian and Peruvian populations of P. superciliaris, a gap exists from the Rio Marafion to
depto. Pasco in Peru (Fig. 2). Whether this gap is real or a collecting artifact remains unknown.
Sight records of P. parkeri in central and southern Peru and in Bolivia, and its occurrence on
both main slopes and isolated ridges, suggest that the new species is nearly continuously dis-
tributed along the Andes from central Peru to northern Bolivia (Fig. 2).

Ecology and conservation—Phylloscartes parkeri joins the considerable list of bird species
whose distributions are confined to a narrow elevational range along the base of the eastern
Andes. The narrowest of these elevational zones tend to occur in the Upper Tropical Zone,
between 500 and 1,500 m (Stotz et al. 1996). In southern Peru, P. parkeri is relatively common
only from 650 to 1,200 m, making it among the narrowest of all the foothill specialists. This
narrow range combined with treetop habits probably help explain why the species went unrec-
ognized for so long.

Phylloscartes parkeri is limited to primary evergreen forest having an intact and relatively
tall canopy. Neither of us has recorded the species among the many mixed-species flocks we
have censused in second-growth forest, even where the species is common in adjacent, intact
forest. For example, JWF and colleagues spent 45 days inventorying birds between 900 and
1400 m on the main Andean slope of the Cosfiipata Valley (near Consuelo, depto. Cuzco), during
October and November 1981. Selective logging had been underway for several years in this
area, producing irregular openings in the forest canopy up to several hundred m across. Older
openings were regenerating, and many contained dense stands of bamboo (Guadua sp.; see also
Fitzpatrick and Willard 1990). Mixed-species flocks were still common throughout this forest,
but we found P. parkeri only in two canopy flocks (both at 1,000—1,100 m). These two flocks
occupied tall, intact forest on the two steep hillsides near our camp that had thus far escaped
selective logging. We strongly suspect that persistence of P. parkeri (along with many other
species occupying this diverse elevational zone) absolutely depends upon protection of large,
virgin stands of Upper Tropical wet forest along the Andean foothills. Important national parks
that contain complete elevational transects, and good populations of P. parkeri, include Parque
Nacional Manu in southeastern Peru and the newly established Parque Nacional Madidi in north-
ern Bolivia.
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Three new species of tapaculo (Scytalopus): Chusquea Tapaculo (S. parkeri), female upper left, male upper
right; Ecuadorian Tapaculo (S. robbinsi), male bottom left; Chocé Tapaculo (S. chocoensis), bottom right
(male above, female below). From a watercolor painting by Jon Fjeldsa.
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ABSTRACT.—The taxonomy of the genus Scytalopus (Aves; Rhinocryptidae) is revised.
Full descriptions of the 10 Ecuadorian taxa are given, with some indication of their
annual cycle, and details of their vocalizations, habitats, and geographical distribution.
Notes are given on all extralimital forms, and a new taxonomy based on vocal data, and
often supported by new distributional and genetic data, is proposed. The number of
species in the genus rises from 11 to 37, two or three of which remain unnamed. Two
additional populations are identified as being distinct, but their geographical distributions
have not been satisfactorily delimited. Sonagrams of most taxa are presented.

Three new species are named and described. Full species status is proposed for most
taxa ranked as subspecies by Zimmer (1939) and Peters (1951). Several of these species
have sympatric distributions, and others have different songs. Allopatric taxa with the
same body mass and elevational distributions, and with relatively similar, but yet dis-
tinctive songs are united into superspecies.

RESUMEN.—Se revisa la taxonomia del género Scyralopus (Aves; Rhinocryptidae), uno
de los géneros més problematicos del mundo. Se dan descripciones completas de los 10
taxa ecuatorianos, con algunas indicaciones sobre su ciclo anual, y detalles de sus vo-
calizaciones, habitats, y distribucién geogrifica. También se dan notas sobre todas las
formas extralimitales, y se propone una nueva taxonomia basada en datos de vocaliza-
ciones, en muchos casos respaldados por nuevos registros geograficos y andlisis gené-
ticos. El mimero de especies en este género sube de 11 hasta 37, dos o tres de ellas
permanecen innominanadas. Adicionalmente dos poblaciones han sido claramenete iden-
tificadas, pero su distribucién geogréfica todavia no estd satisfactoriamente delimitada.
Sonogramas de las vocalizaciones conocidas para casi todas las especies se presentan.

Tres especies nuevas han sido nominadas y descritas. Se propone el status de especie
para la mayorfa de los taxa ubicados como subespecie por Zimmer (1939) y Peters
(1951). Algunas de estas especies tienen distribuciones simpdtricas, otras tienen cantos
diferentes. Taxa allopétricos con el mismo peso corporal y la misma distribucién alti-
tudinal, y con cantos relativamente similares pero atn distintos, se agrupan en superes-
pecies.

Taxonomically Scytalopus is one of the most complicated of all bird genera. Even the diagnosis
of taxa has been problematic, and only recently has headway been made in the study of the
relationships among taxa.

The taxonomy of Scytalopus long was based on the analysis of Zimmer (1939), which entailed,
among other revisions, the description of no fewer than nine new taxa. Even so, Zimmer, working
entirely from museum material, was not satisfied with his own results. Little further progress
was made until recent years, when museum ornithologists became familiar with these birds in
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the field. Beginning in the late 1970s, our own experiences with the genus quickly convinced
us that the taxonomy of the genus was confused. Working at first independently, and then for
many years in collaboration, we have studied these birds in the field and museum, solicited
information from other field workers, and attempted to apply our expanding knowledge to the
classification of the group. During the course of our work on the genus in the last decade, it has
become clear that the traditional morphological approach is not at all sufficient to delimit species
in this genus. Allopatric forms inhabiting the same ecological zone are not necessarily conspe-
cific, and genetic data (Arctander and Fjeldsd 1994) show that such taxa are often not each
other’s closest relatives. Species of Scytalopus are extremely similar by plumage characters and
structure, and differ from each other primarily in vocalizations, in body mass, and in elevational
distribution, although some have diagnostic plumage patterns. Many individual specimens cannot
be unequivocally assigned to a species because plumage differences often become apparent only
when comparing large series of specimens collected within the same decade. The collecting and
weighing of specimens of known song types at known elevations, and comparison of material
collected in the same decade, has made it possible to clarify some of the confusion.

Our preliminary results have formed the basis for several recent, somewhat differing classi-
fications of the genus (Fjeldsd and Krabbe 1990; Ridgely and Tudor 1994; Parker et al. 1996),
and have helped inspire independent studies as well (Whitney 1994). To date, however, most of
the underlying documentation for our classification has not been published. This paper, then,
represents an overdue “‘progress report” for our ongoing studies of Scytalopus. It treats in depth
only the taxa occurring in Ecuador. We also include new distributional and vocal data on a
number of extralimital forms, and point out additional taxonomic problems. We compare the
traditional taxonomy (i.e., that of Peters 1951 and of the describers of new taxa published later)
with one that we suggest. We are well aware that we have not “‘solved’ all taxonomic problems
in Scytalopus, and we regard our classification as provisional on certain points. We outline
remaining problems or areas of uncertainty, and encourage additional studies of these poorly
known, but fascinating birds.

GENERAL DESCRIPTION OF THE GENUS

Tapaculos of the genus Scytalopus (Gould 1837) are small (13 to 43 g), usually dark gray
birds. Almost exclusively montane, and primarily Andean, they are found from Costa Rica to
Panama, and through the Andes from Colombia and Venezuela to Cape Horn. They also are
found in the coastal mountains of Venezuela, and from eastern and southeastern Brazil into
adjacent Misiones, Argentina (Peters 1951). A possible Scytalopus has been found in Quaternary
deposits on Cuba (Olson and Kurochkin 1987).

The foraging behavior described for an individual of Scytalopus schulenbergi (Whitney 1994)
agrees with our 20 or 30 observations of forest species, and is probably typical for the genus.
None was ever seen reaching up, and none gleaned green foliage with leaves more than a few
millimeters in size. We can add several observations of birds using tunnels through piles of
rocks, tussocks of grass, moss-covered roots, or root tangles on banks or steep slopes while
foraging. We have seen S. unicolor latrans spend up to an hour in the same thicket and sit on
the same perch for up to 30 s, but most foraging birds observed were active and moved along
persistently, covering up to 75 m in 20 min. They feed almost entirely on arthropods, usually
tiny insect imagos, mostly gleaned from mosses, dead twigs, or grass (pers. obs. both authors;
Whitney 1994). One adult among 15 S. vicinior had eaten a 4 to 5-cm grasshopper, one a 2-cm
imago scarab beetle. Only 4 of over 300 stomachs we examined contained vegetable matter: a
single juvenile among 36 S. canus opacus had eaten a berry, and three among four S. [super-
ciliaris] zimmeri had their stomachs crammed with tiny seeds. Thus there is little evidence of
trophic segregation of the species. Up to 60 individual arthropods were present in some stomachs.

Scytalopus tapaculos typically inhabit dense forest understory, shrubbery, or dense bunch grass
or moss. They often seem reluctant to fly, and usually do so for only short distances. We have
not seen birds naturally fly more than 3 m and consider them nearly flightless. The longest flight
we have witnessed, and which was heavily labored, was of a bird that escaped handling at chest
level and flew ca. 20 m across a creek. When they escape handling, they usually flutter to the
ground and dart into cover without flying. They could be described as ‘‘agoraphobic.”

These tapaculos sing and respond to playback of song mainly for two or three hours after
dawn and for an hour before dark, but occasionally at other times, if the sky is overcast (pers.
obs.). They often are shy of humans. After playback of their voice, they usually approach through
dense thickets, crossing small open spaces with great speed, but occasionally (males only) an
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immediate, direct attack on the tape-recorder takes place; during attacks or when fleeing, they
are exceptionally rapid (pers. obs.).

They often occur in high densities, as judged from numbers of birds vocalizing and the rapidity
with which collected birds are replaced (pers. obs. N.K.). The aversion of most taxa to open
habitats and their weak flying abilities render them poor dispersers. Their narrow elevational
montane distributions, which are subject to fragmentation by geological and climatic changes,
give them unusual opportunities to differentiate in isolation.

Owing to the dense habitat in which they are found and their active foraging mode, their life
history is difficult to study, but apparently they stay in close pairs during breeding. The few
known nests (Johnson 1967; Skutch 1972; Rosenberg 1986; Sick 1993; and two nests of Scy-
talopus affinis found by N.K.) were globular structures of grass, moss, and roots, one also with
some feathers, with a side entrance, hidden near or just under the ground under cover of moss
or bunch grass. As far as is known, clutch size is two, and eggs are white. Eggs of S. indigoticus
took 15 days to hatch (Sick 1993). A brood patch has so far been noted only in females (pers.
obs. N.K.). Males defend their territory vigorously during breeding. They may respond to the
songs of other Scytalopus species, but do so much more consistently to voices of their own
species.

As in several rhynocryptid genera the feathers of the lores and forehead are more or less
erect.

Unusual (and possibly unique) among passerine birds is the complete lack of skull ossification
in the genus. In many other suboscine passerines the skull apparently only ossifies partly (see
Miller 1963; Winkler 1979), but during our own collecting of over 300 specimens of 22 of the
taxa that we include in Scytalopus, we have never seen signs of even an incipient ossification.
We therefore consider reports of specimens with partly or completely ossified skulls in error.

Few plumage features serve to distinguish the taxa. Sexual dimorphism is also weak. Females
are usually somewhat smaller and paler than males, and have more brown in their plumage. A
large percentage of the individuals have one or two albino feathers in their plumage. Albinism
usually occurs on different feathers of different individuals, but occasionally it is inbred. Most
of a Scytalopus population may show identical partial albinism, but in one sex only. For example,
in a series of 15 specimens of S. canus opacus from Cordillera las Lagunillas, southern Loja,
Ecuador, seven of eight males (and three more seen), but none of four females, have a prominent
white patch on the wing-coverts, whereas in a series of S. parvirostris from Cordillera Col4n,
depto. Amazonas, Peru, a similar spot is present in four out of six females, but in none of the
six males.

The plumage sequence is not well known, but more or less asymmetrical molt is the rule
rather than the exception. Birds generally molt into plumages with less brown. We therefore
consider only the grayest birds true adults. The very large proportion of immatures and subadults
to adults in series of specimens, despite that mainly territory-holding birds are collected, and the
very gradual transformation in each molt, suggest that several molts are needed to attain full
adult plumage. Generally the brown, juvenal plumage is more or less barred with dusky or black
(the amount of barring being extremely variable even within one population: see under S. canus
opacus and S. unicolor subcinereus). Subadults often have silvery feather-tips on the belly and
have variable amounts of brown in the plumage. Adult plumages are predominantly gray or
black. In many species the adults have brown-barred flanks; in some, the vent and rump also
are barred. Other plumage variations, which may be more or less developed, are: brownish tail,
whitish belly, whitish throat, whitish supercilium, silvery fore-crown, a white central crown-
patch, and straight bars versus scallops on the flanks. The iris is dark brown. The bill is dark
gray to blackish in Andean forms. The feet in all Ecuadorian forms are gray-brown to blackish
brown on the frontal and lateral surfaces, light gray-brown to gray-brown on the medial surfaces,
generally lightest in S. parkeri and S. robbinsi (described below, p. 81 and 78). A reversal of
the pigmentation of the feet (yellowish or dull reddish, and palest on the frontal and lateral
surfaces) is found in a few non-Ecuadorian forms (S. zimmeri, S. superciliaris, and S. indigoti-
cus).

The plumage colors in Scytalopus change (“fox’’) quickly in dried museum skins (pers. obs.
both authors; Whitney 1994). Gray pigments become considerably paler over just a few years
and may eventually take on a brownish tone; brown pigments become more reddish but change
at a slower rate. This makes it difficult to compare old and recent material. The descriptions in
this paper, therefore, are restricted to recent material except when otherwise noted.
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TAXONOMY

The morphological similarity of many Scytalopus taxa gives few clues about the relationships
of allopatric forms. Variation in characters is often subtle, overlapping, and, especially in the
case of plumage characters, difficult to quantify. Many taxa merely show lack of any distinctive
characters. We also are reluctant to unite taxa on the basis of what few plumage characters as
do exist, because we fear that some such characters may be homoplastic. We only feel confident
in using plumage characters to unite taxa in cases in which such an interpretation is supported
by additional evidence (e.g., similarities in elevational distribution among different taxa).

Although many individual specimens cannot be assigned to a given species by plumage alone,
certain plumage differences do become apparent on larger series of recent specimens of known
song-type. Each song-type is associated with a distinctive elevational distribution (as was re-
ported for Bolivia by Whitney [1994]). Specimens of birds belonging to a given song-type are
of the same size (primarily as indexed by body mass). Measurements of wing, tail, tarsus, and
bill (Table 1) also differ among the taxa, but with more overlap than body masses. The number
of rectrices ranges from eight to 14, but may vary within at least six taxa (Table 2). No differ-
ences in wing formula, tarsal scutellation, feather-shape and rigidity, or microscopic location of
feather pigmentation could be discerned. Apparently voice is the major factor in species rec-
ognition. :

We generally treat as species the allopatric taxa that differ in territorial songs. We are aware
of some cases (e.g., between the northern and southern populations of S. canus opacus) in which
call notes vary between populations that have  similar or identical songs. Such variation in vo-
calizations presumably reflects underlying genetic variation as well, but we are reluctant to
recognize populations of taxa purely on the variation in calls. This reluctance stems in part from
an assumption, admittedly untested, that the song is more important in species-recognition and
pair-formation than is a call. Although we strongly doubt it, the different calls might not be
homologous.

Our treatment gives species rank to the majority of the vocally known taxa previously treated
as subspecies. We do not change the taxonomic status of vocally unknown taxa. We unite into
superspecies the morphologically distinguishable taxa that show some vocal similarities, and that
occupy similar habitats at similar elevations.

This approach is based partly on the positive correlation between vocal and genetic differences
found in the genus by Arctander and Fjeldsd (1994); on the assumption that vocal characters are
as important as, or more important than, morphological characters; and on the assumption that
vocal characters are entirely inherited in Scyfalopus. Although the latter assumption has not been
demonstrated specifically for tapaculos, it may be true of all sub-oscines (Kroodsma 1982, 1984).

A comparison of the traditional taxonomy and the one that we propose is presented in Table 4.

METHODS

During the last decade we have tape-recorded several hundred individual birds of the genus
Scytalopus at a number of sites in Ecuador; these data form the core of the distribution sections
of the species accounts below. More than 200 individual tapaculos (Appendix), representing all
the call-/and song-types heard, were called in with voice playback and then shot or netted, with
a blood-sample extracted for DNA-sequencing, and the number of rectrices counted. All speci-
mens were weighed and sexed by gonad inspection. Elevation, locality, and stomach contents
were also recorded on the specimen labels. These series of specimens of known song-type form
the basis of the descriptions below. We also examined the Scyzalopus specimens in all major
museum collections, to check the previously published distributions of morphologically identi-
fiable species.

Capitalized color names in the descriptions refer to Ridgway (1912).

Only juveniles and females with active gonads (largest ovum over 2 mm and oviduct greatly
thickened and curled) or a brood patch have been used to assess timing of breeding. The material
is limited, but apart from single August juveniles of Scytalopus chocoensis (described below, p.
75) and S. spillmanni, there is no sign of breeding of any species in Ecuador between late May
and late September, i.e., during the dry season in the highlands and on the Pacific slope. If data
of males with enlarged gonads are included, breeding birds have been found throughout the year
except in May (n = 4) on the east slope, and in August (n = 14) (no May and June specimens)
on the west slope.

Acronyms of museums and acoustic libraries cited in the text are: American Museum of
Natural History, New York (AMNH); Academy of Natural Sciences of Philadelphia, Philadel-
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phia, Pennsylvania (ANSP); British Museum (Natural History), Tring, U.K. (BMNH); Bioak-
ustisk Laboratorium, Aarhus, Denmark (BLA); British Library of Wildlife Sounds, London
(BLOWS); Coleccién Boliviana de Fauna, Museo de Historia Natural, La Paz, Bolivia (CBF);
Carnegie Museum of Natural History, Pittsburgh, Pennsylvania (CM); Escuela Politécnica Na-
cional, Quito, Ecuador (EPN); Fundacién Miguel Lillo, Tucuméin, Argentina (FML); Field Mu-
seum of Natural History, Chicago, Illinois (FMNH); Instituto de Ciencias Naturales, Universidad
Nacional de Colombia, Bogot4d, Colombia (ICN); Los Angeles County Museum, Los Angeles,
California (LACM); Library of Natural Sounds, Cornell Laboratory of Omithology, Ithaca, New
York (LNS); Louisiana State University Museum of Natural Science, Baton Rouge, Louisiana
(LSUMZ); Museum of Comparative Zoology, Harvard University, Cambridge, Massachusetts
(MCZ); Museo Ecuatoriano de Ciencias Naturales, Quito, Ecuador (MECN); Museo de Historia
Natural, Universidad Nacional Mayor de San Marcos, Lima, Peru (MHN); Musée d’Histoire
Naturelle, Neuchitel, Switzerland (MHNN); Museu Nacional, Rio de Janeiro, Brazil (MNRJ);
Museu de Zoologia da Universidade de Sdo Paulo, Brazil (MZUSP); Naturhistoriske Riksmuseet,
Stockholm (NRS); Phelps Collection, Caracas, Venezuela (PCC); National Museum of Natural
History, Washington, D.C. (USNM); Western Foundation of Vertebrate Zoology, Camarillo, Cal-
ifornia (WFVZ); Zoological Museum, University of Copenhagen, Copenhagen (ZMUC).

VOCALIZATIONS

Sonagrams of most non-Brazilian taxa are shown in Figures 1 to 85. Earlier discussions of
Scytalopus vocalizations documented by sonagrams are found in Vieillard (1990) (most Brazilian
taxa), Fjeldsd and Krabbe (1990) (most Andean taxa), and Whitney (1994) (some Bolivian and
Peruvian taxa).

Over 600 tape-recordings, representing 35 of the roughly 42 taxa in the genus, were available
for this study. Some 350 of our own recordings are from Ecuador, and sonagrams of these
recordings form the basis for the descriptions in the following section. Descriptions of pitch
(frequency) of vocalizations are complicated by the usual presence of genuine overtones (har-
monics). The first overtone (second harmonic) is usually the loudest, but this may vary among
species, or even individually (see under vocalizations of S. unicolor latrans). The pitch and
shape of individual notes, and the rate of delivery are generally distinctive for each taxon. They
may vary in one individual in different states of excitement (compare Figs. 11 and 12), but as
is typical of most suboscine passerines (see Ridgely and Tudor 1994), vocalizations generally
show lack of plasticity over geographic distance. A study of syringeal morphology in Scytalopus
might reveal variations comparable to those found in some other suboscines (see Prum 1992).

Most Scytalopus vocalizations are repetitions of a single note, given from 1 to 34 per second.
In some taxa the song consists of a rapid trill. Analyses of mitochondrial DNA sequences suggest
that these trilled songs have developed independently several times in the genus. For example,
S. schulenbergi has a rapid trilled song (Fig. 8) that resembles that of S. parvirostris (Fig. 6).
The closest known relative of S. schulenbergi (J. C. da Silva, pers. comm.), however, is an
unnamed taxon from depto. Apurimac, Peru, with a very different song (Fig. 35).

Functions of the different vocalizations are not always easy to infer. We assume that songs
are homologous across taxa, but it is possible that there is more than one kind of song. For
example, the song of the male S. parkeri during duets (pair-formation?) is different from its
territorial song (Figs. 82 and 79). Some vocalizations appear to be contact calls (Fig. 3), others
distress calls (Fig. 4), and others might serve both as territorial patrol calls and contact calls
(Fig. 48).

We have some evidence for seasonal variation in the repertoire of some taxa. For example,
only male songs and female (contact?) calls of Scytalopus robbinsi were heard in El Oro in
September, whereas at the same site in November only high-pitched, descending series from
females were heard.

Territorial advertising songs of most species are given only at large intervals (one to three
times) during the morning and evening. During sunny days birds normally do not respond to
playback of their song between 0800 and 1700 hr. During territorial disputes song may be given
nearly continuously for up to 30 min. Male songs during territorial disputes sometimes differ
from the usual advertising song (compare Fig. 79 with 80 and 61 with 62). As pointed out by
Whitney (1994) scolds (alarms) are often relatively similar in different species, but the territorial
songs of Scytalopus caracae (Fig. 77) and S. a. atratus (Fig. 14) sound much like scolds of
other species. Some species appear to have fewer kinds of vocalizations than others. High-
pitched descending series of notes by females sometimes initiate duets with males (Figs. 81 and
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TABLE 1

MEASUREMENTS OF BODY MASS AND LENGTH OF WING, TAIL, TARSUS, AND BILL OF ECUADORIAN
Scytalopus TAPACULOS. TAXA ARRANGED BY INCREASING MEAN VALUES FOR MALES

Males Females
N Mean Range N Mean Range
Body mass (g):
opacus (north) 23 16.2 13.9-17.9 7 14.8 13.4-15.5
opacus (south) 9 16.5 15.0-17.8 3 15.7 15.0-16.0
latrans (west) 15 18.2 16.8-20.9 14 16.9 15.5-18.0
subcinereus 4 18.8 15.9-20.0 7 16.7 14.2-19.1
latrans (east) 8 18.8 17.5-19.6 5 17.5 15.8-20.0
robbinsi 8 19.6 18.1-21.0 3 19.1 18.7-19.5
chocoensis 17 21.0 19.0-22.5 5 19.0 17.0-20.1
parkeri 13 225 21.0-24.4 4 20.1 18.8-22.3
vicinior 14 225 20.5-24.6 2 23.6 22.9-24.2
spillmanni 36 25.2 21.0-30.0 5 24.1 20.0-29.5
atratus 7 26.2 24.6-32.5 1 253 —
micropterus 9 29.7 27.0-32.5 — — —
Wing (flat) (mm):
robbinsi 8 539 52.0-55.0 3 56.5 52.0-59.0
latrans (east) 6 54.7 53.0-56.0 2 58.5 57.0-60.0
chocoensis 20 55.3 52.0-60.0 8 52.6 47.6-58.0
subcinereus 4 56.2 54.0-59.0 7 52.6 49.0-59.0
opacus (north) 22 57.2 52.0-63.0 4 553 54.0-56.0
vicinior 13 573 55.0-60.0 3 58.5 57.0-60.0
latrans (west) 20 57.5 53.0-63.0 19 56.2 49.0-63.0
opacus (south) 8 57.8 55.0-59.0 1 56.0 —
atratus 8 60.1 55.0-65.0 2 60.5 59.0-62.0
micropterus 15 614 59.9-64.0 1 64.0 —
spillmanni 38 61.9 56.0-67.0 7 58.4 56.0-62.0
parkeri 14 62.9 59.0-66.0 5 61.4 58.0-65.0
Tail (mm):
robbinsi 8 36.0 34.0-39.2 3 37.2 35.7-39.0
chocoensis 19 38.7 33.8-40.7 9 36.9 34.0-38.5
latrans (east) 6 393 37.0-41.0 2 40.0 37.0-43.0
latrans (west) 18 39.8 36.0-45.0 18 374 34.0-40.1
subcinereus 5 40.4 39.0-42.0 7 37.2 34.0-42.3
opacus (north) 19 428 35.4-46.7 4 39.8 39.0-42.0
opacus (south) 8 43.4 39.0-47.0 1 41.7 —
parkeri 13 44.5 42.3-50.0 5 443 42.0-48.0
spillmanni 35 453 39.0-54.0 7 41.7 38.0-45.0
atratus 8 472 44.0-52.0 2 44.7 42.4-47.0
vicinior 11 48.1 46.0-52.0 1 435 —
micropterus 12 53.5 48.0-59.0 1 58.0 —
Tarsus (mm):
latrans (east) 5 21.9 21.0-23.1 2 214 21.2-21.6
robbinsi 4 222 22.2-22.3 3 21.6 21.2-22.0
chocoensis 8 222 21.2-25.0 2 214 21.1-21.7
opacus 27 225 20.8-24.2 8 20.8 19.8-22.0
latrans (west) 12 22.6 20.5-24.0 12 21.6 20.0-23.1
subcinereus 3 229 22.2-234 6 21.2 20.6-21.7
vicinior 9 235 22.8-24.3 2 23.5 22.8-24.1
spillmanni 18 24.5 22.2-26.0 5 24.0 23.5-24.2
parkeri 14 24.6 23.8-25.3 3 22.0 21.0-23.0
micropterus 6 24.9 24.3-254 1 26.0 —
atratus 6 25.5 24.7-26.2 1 22.6 —
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TABLE 1
CONTINUED
Males Females
N Mean Range N Mean Range
Bill from fore edge of operculum to tip (mm):

opacus 19 5.5 5.0-6.1 1 5.1 —
parkeri 8 6.4 6.1-7.0 — —_ —
latrans (west) 10 6.4 5.6-7.0 3 5.7 5.3-6.2
subcinereus 2 6.5 5.8-7.1 — — —
latrans (east) 2 6.7 6.3-7.0 2 6.6 6.5-6.6
robbinsi 5 6.9 6.6-7.2 — — —
spillmanni 14 7.0 6.1-7.6 2 6.8 6.4-7.1
vicinior 9 74 6.6-8.3 — — —
atratus 3 7.4 7.3-1.7 —_ — —
chocoensis 7 7.7 7.5-8.1 2 6.6 6.5-6.6
micropterus 4 7.8 7.5-8.2 — — —

82), but are sometimes given alone, in which case the function is less clear. Both males and
females are often attracted to playback of their various vocalizations, but strong responses usually
are elicited only by playback of male territorial song.

DESCRIPTIONS OF ECUADORIAN TAXA WITH NOTES ON EXTRALIMITAL FORMS

In the following section we give accounts of the Scyfalopus species that are found in Ecuador,
presenting for each taxon a brief diagnosis (generally valid only for Ecuador), and detailed data
on plumage, voice, habitat, elevational, and geographic distribution in Ecuador. In addition, we
briefly discuss extra-limital taxa that have been regarded as conspecific with taxa found in
Ecuador, and we provide comments on taxonomy. Measurements of Ecuadorian taxa are given
in Table 1. Comparisons of elevational ranges are given in Table 3. A comparison of different
classifications of the genus is given in Table 4. Geographical distributions in Ecuador are shown
in Figure 86. Elevational distributions in Ecuador are shown in Figures 87 and 88.

Scytalopus unicolor, sensu Zimmer 1939

Zimmer (1939) described three new taxa, subcinereus, intermedius, and parvirostris, which
he united, together with latrans, as subspecies of S. unicolor. That at least two species were
included in Zimmer’s S. unicolor became evident when we by 1983 had learned that the vocal-
izations of parvirostris and latrans, as detailed below, are entirely different. Furthermore, the
distribution of parvirostris may overlap with that of intermedius in north-central Peru. Series of

TABLE 2
RecTrRIX NUMBER IN ECUADORIAN Scytalopus TAPACULOS. ENTRIES IN EACH COLUMN SHOW THE

NUMBER OF INDIVIDUAL SPECIMENS PER TAXON THAT POSSESS THE INDICATED NUMBER OF
RECTRICES

Number of rectrices

Taxon 8 10 11 12 13 14
opacus 3 29
latrans (west) 12 2 6
latrans (east) 1 3
subcinereus 1 8 1
spillmanni 14 1 2
parkeri 16
vicinior 2 11
chocoensis 11
robbinsi 8
atratus 2 4

micropterus 4
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TABLE 3

ELEVATIONAL DISTRIBUTION OF Scytalopus IN ECUADOR. TAXA ARE ARRANGED BY INCREASING
MEAN ELEVATION (M)

Mean Range

Generalized characterization of elevational distribution in Ecuador:

chocoensis 700 350-1,065%
robbinsi 975 700-1,250
atratus 1,250 850-1,650
micropterus 1,725 1,250-2,100
vicinior 1,800 1,250-2,350
parkeri 2,700 2,250-3,150
spillmanni 2,700 1,900-3,500
subcinereus 2,750 1,500-4,000
latrans 2,990 1,975-4,000
opacus ' 3,465 3,050-3,980
Pacific slope in provs. Carchi and Esmeraldas:
chocoensis 700 350-1,065*
vicinior 2,000 1,650-2,350°
spillmanni 2,775 2,350-3,200
latrans 3,225 3,100-3,350
opacus 3,690 3,400-3,980
Pacific slope in prov. Pichincha:
vicinior 1,675 ‘ 1,450-1,900¢
spillmanni 2,625 1,900-3,350
latrans 3,285 2,700-3,870¢
Pacific slope in prov. Azuay:
robbinsi 1,070 890-1,2500*
subcinereus 2,750 1,500-4,000
Amazonian slope in prov. Napo:
atratus 1,275 1,200-1,350¢
micropterus 1,675 1,250-2,100
latrans 2,225 2,000-2,450¢
spillmanni 2,800 2,100-3,500
opacus 3,650 3,350-3,950
Amazonian slope in prov. Zamora-Chinchipe:
atratus 1,150 1,050-1,250¢
micropterus 1,700 1,400-2,0000
latrans 2,200 2,100--2,300
parkeri 2,825 2,300-3,350
opacus 3,350 3,050-3,650

2 Might range higher and lower. In Colombia known down to 250 m, in Panama up to 1,465 m.

b May formerly have ranged lower.

¢ Probably ranges lower. In prov. Cotopaxi known down to 1,250 m.

4 Might range higher and lower. On Pasochoa, prov. Pichincha, known up to 4,000 m, in prov. Cotopaxi down to 2,300 m along clearings.

< Probably ranges lower. :

fMight range higher and lower. In prov. Zamora-Chinchipe known down to 1,050 m, in prov. Morona-Santiago up to 1,650 m and possibly
down to 850 m. In prov. Napo reportedly up to 1,950 m at Cosanga (P. Greenfield, M. Lysinger, both, pers. comm. to N.K.).

8 Might range higher and lower in disturbed areas. There are old prov. Napo specimens labelled “Baeza, 1830 m™ and ‘“‘Papallacta, 3100”.

h Might range slightly higher and lower.

two taxa, consistent in morphology with parvirostris and intermedius, were collected in sympatry
on Cordillera Coldn, depto. Amazonas (LSUMZ). There also exists a single tape-recording (B.
Whitney) of a bird (not collected) with a parvirestris-like song, obtained within the range of
intermedius. Unfortunately vocal and genetic data are lacking for intermedius, but we presume
that this parvirostris-like recording corresponds to the birds with parvirostris-like morphology
collected nearby, strongly suggesting local sympatry of these taxa.

Likewise, we have no knowledge of the voice of nominate unicolor, which, like intermedius,
has only a small distribution in northern Peru. Consequently, although there is evidence for more
than one species within the taxa in Zimmer’s polytypic S. unicolor, we are not certain of the
relationships of nominate unicolor to other taxa, and the taxonomy of all these forms cannot be
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TABLE 4 )
PROVISIONAL TAXONOMY OF Scytalopus TAPACULOS. THE LINEAR SEQUENCE IS ARBITRARY
Zimmer 1939; Peters 1951 Krabbe and Schulenberg 1997 Comments*
Scytalopus unicolor unicolor Scytalopus unicolor unicolor a
Scytalopus unicolor subcinereus Scytalopus unicolor subcinereus
Scytalopus unicolor intermedius Scytalopus unicolor intermedius a
Scytalopus unicolor latrans Scytalopus unicolor latrans b
Scytalopus unicolor parvirostris Scytalopus parvirostris b
Scytalopus speluncae Scytalopus speluncae
Scytalopus macropus Scytalopus macropus
Scytalopus (femoralis]:
Scytalopus femoralis femoralis Scytalopus femoralis
Scytalopus femoralis micropterus Scytalopus micropterus
Scytalopus [bolivianus):
Scytalopus femoralis bolivianus Scytalopus bolivianus
Scytalopus femoralis atratus Scytalopus atratus atratus b, d, f
Scytalopus femoralis confusus Scytalopus atratus confusus c f
Scytalopus femoralis nigricans Scytalopus atratus nigricans f
Scytalopus femoralis sanctaemartae Scytalopus sanctaemartae e
Scytalopus argentifrons Scytalopus argentifrons argentifrons
Scytalopus chiriquensis Scytalopus argentifrons chiriquensis c
Scytalopus [panamensis):
Scytalopus panamensis panamensis Scytalopus panamensis
Scytalopus panamensis vicinior (in part) Scytalopus chocoensis
Scytalopus robbinsi
Scytalopus panamensis vicinior (in part) Scytalopus vicinior e
- Scytalopus [latebricola)
Scytalopus latebricola latebricola Scytalopus latebricola
Scytalopus latebricola meridanus (in part) Scytalopus meridanus b
Scytalopus latebricola meridanus (in part) Scytalopus infasciatus (7) (unnamed ?)
Scytalopus latebricola caracae Scytalopus caracae e
Scytalopus latebricola spillmanni Scytalopus spillmanni
Scytalopus parkeri
Scytalopus lindigoticus]:
Scytalopus indigoticus Scytalopus indigoticus
Scytalopus psychopompus a, c
: Scytalopus novacapitalis
Scytalopus magellanicus magellanicus Scytalopus magellanicus e
Scytalopus magellanicus superciliaris Scytalopus superciliaris superciliaris g
. Scytalopus superciliaris santabarbarae a,c g
Scytalopus magellanicus zimmeri Scytalopus zimmeri g
Scytalopus magellanicus simonsi Scytalopus simonsi g
Scytalopus magellanicus urubambae Scytalopus urubambae g
Scytalopus unnamed species
Scytalopus unnamed species
Scytalopus magellanicus altirostris Scytalopus altirostris g
Scytalopus magellanicus affinis Scytalopus affinis g
Scytalopus magellanicus opacus Scytalopus canus opacus g
Scytalopus magellanicus canus Scytalopus canus canus ag
Scytalopus magellanicus griseicollis Scytalopus griseicollis griseicollis
Scytalopus magellanicus fuscicauda Scytalopus griseicollis fuscicauda a,g
Scytalopus magellanicus fuscus Scytalopus fuscus b, e

Scytalopus magellanicus acutirostris

Scytalopus acutirostris
Scytalopus schulenbergi

*a = voice unknown; b = two or more species may be involved; ¢ = doubtfully valid; d = population south of the Rio Marafién vocally
distinct and perhaps closer to Scytalopus nigricans. Treatment by Ridgely and Tudor (1994) when differing from traditional taxonomy: e =
distinct species; f = subspecies of S. bolivianus; g = subspecies of S. griseicollis.
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Fics. 1-85. Sonagrams of most non-Brazilian taxa of Scytalopus tapaculos. Except when otherwise noted
recordings are from Ecuador. Last locality modifier is province (Chile, Argentina, Ecuador), department
(Bolivia, Peru, Colombia), or state (Venezuela). Dates are denoted day/month/year. PB = after playback, i.e.,
recorded in response to a tape-recording of the individual’s or the species’ voice. NV = natural vocalization,
i.e., recorded without the stimulus of tape playback. Roman numerals refer to the original N.K. tapes (avail-
able from N.K. upon request), following numerals to counter of tape-recorder used.

satisfactorily resolved on present knowledge. In their uniform plumage, for what it is worth,
unicolor and intermedius appear more similar to the northern taxa (latrans and subcinereus) than
to parvirostris.

We suggest that the best taxonomic solution at the moment is to unite the northern forms into
one polytypic species, S. unicolor (including subcinereus, intermedius, unicolor, and latrans),
and to regard S. parvirostris as an independent species. This approach is conservative because
it masks subtle, but consistent, vocal differences between subcinereus and latrans, and even
between populations of latrans east and west of the Andes, as detailed below. We suspect that
our S. unicolor, like Zimmer’s before us, will prove to include more than one species. We
continue to investigate this complex, but, because vocal and genetic data are lacking or are
incomplete for two of these taxa, we are reluctant to introduce further taxonomic changes, until
new information becomes available. :

UNICOLORED TAPACULO Scytalopus unicolor latrans
(Hellmayr 1924; type in FMNH)

Brief diagnosis.—Relatively small. Depicted in Fjeldsd and Krabbe (1990, pl. XLI 3a). The
only Ecuadorian tapaculo (except subcinereus male) that may lack brown in the plumage. Even
when some brown is present, the brown is usually unbarred and less extensive than in congeners,
but a few individuals cannot, unless they weight more than 18 g, be separated from dark and
fully adult males of S. canus opacus.

Plumage.—Adult male (n = 19): Fourteen western birds uniform: Chaetura Drab, Dark Mouse
Gray, Chaetura Black, or Blackish Mouse Gray. Five eastern birds uniform black and may
represent a different subspecies (see voice). Adult female (n = 14): Twelve western birds between
Hair Brown and Chaetura Drab, Chaetura Drab, or Chaetura Black. Ten uniform, two with an
almost indiscernible wash of Dresden Brown to Olive Brown on the tips of some flank feathers.
One of two eastern birds similar, the other darker (Blackish Mouse Gray), about as dark as
western males. Immature/subadult male (n = 2). Two western birds. One Fuscous Black with a
faint wash of Dresden Brown to Olive Brown on thighs. One Dark Mouse Gray, with a wash
of Dresden Brown to Mummy Brown on flanks, thighs, tertials, and edges of remiges, and with
traces of Mouse Gray barring on flanks, thighs, and tertials; two primaries and a tertial in the
left wing fresh or growing, uniform Blackish Mouse Gray. Immature/subadult female (n = 3):
Two western, one eastern bird. One molting from juvenal into fairly uniform plumage, Dark
Mouse Gray above, Light Mouse Gray below, distinctly lighter than its fresh-plumaged presumed
mother, which is uniform Chaetura Black. One has 5 mm broad Cinnamon tips to the feathers
of lowermost belly and vent, and has traces of this color as faint bars on the flanks and under-
tail coverts. The eastern bird similar to the latter but with even less brown, despite exhibiting
juvenal primary-coverts, alula, and flight feathers except tertials. Juvenal female (n = 2): One
western bird, molting. Crown and side of head between Ochraceous-Tawny and Cinnamon-
Brown, mantle between Cinnamon-Brown and Brussels Brown, throat between Clay Color and
Tawny-Olive, lower belly Cinnamon-Buff. Flanks obscurely barred gray and Tawny-Olive. Ax-
illars Cinnamon-Buff. Wing-coverts and inner tertial Cinnamon-Brown with dusky bases and
subterminal bar, remiges Dark Mouse Gray narrowly edged Cinnamon-Brown, inner remiges
with narrow Cinnamon-Brown tips and faint indications of a presubterminal bar. One eastern
bird (ANSP 176878) similar, but lores and feathering along the mandibular rami near Clay Color,
contrasting somewhat with adjacent areas; feathers of lores also narrowly fringed black. Throat
near Light Ochraceous-Buff. Rectrices unmarked, dark gray. Juvenal male (n = 1): One western
bird, aberrant (ZMUC 80073). This schizochroic specimen had pinkish bill and feet, and the
gray colors replaced with pallid gray, and appears uniform pale brown at a distance. We have
seen several old museum specimens (NRS, BMNH) that we believe also represent the juvenal
plumage of latrans. They all have less batring on the underparts than juvenals of other Ecua-
dorian species.
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Figs. 1-11. Scytalopus unicolor latrans: 1. Excited song by pair, female fast, male slow. PB. Lloa,
Pichincha, 2,700 m, 21/7/84. Both collected. N.K. 2. Song on east slope. PB. Cutuci, Morona-Santiago,
1,525 m, 1/7/84. T.S.S. 3. Call. NV. Yanacocha, Pichincha, 3,400 m, 30/9/83. N.K. 4. “Brzk”, presumably
by a female or young. PB of female. Yanayacu, Pichincha, 3,700 m. 7/3/92. XLVIIA 410-417. N.K. Scy-
talopus parvirostris: 5. Male song. PB. Playa Pampa, Pasco, Peru, 2,325 m, 24/6/85. Collected. T.S.S. 6.
Song. PB. Machu Picchu, Cuzco, Peru, 2,600 m, 13/7/83. N.K. 7. Song. PB. Siberia cloud forest, Santa Cruz,
Bolivia, October 1983. T. A. Parker. Scytalopus schulenbergi: 8. End of male song. NV. Below Abra Malaga,
Cuzco, Peru, 3,000 m, 4/12/83. Collected. N.K. 9. Call. PB. Below Abra Malaga, Cuzco, Peru, 3,350 m,
21/7/85. T.S.S. 10. Call. NV. Above Sandia, Puno, Peru, 2,800 m, 25/12/83. N.K. Scytalopus unicolor sub-
cinereus: 11, Excited male song. PB. Sural, Azuay, 2,650 m, 4/3/91. Collected. XXIIA 381-385. N.K.

Annual cycle in Ecuador (n = 13).—Juvenals: 7, 7 October; 7, 19, 20 March; 27 April; 2,
10 May (all prov. Pichincha); 11 July (prov. Morona-Santiago). Brood patch: 5 January (female)
(west prov. Cotopaxi). Active ovary: 7 March (prov. Pichincha); 15 March (southeast prov.
Carchi). Nest: 8 October (near Baiios, prov. Tungurahua) (Skutch 1972).

Vocalizations in Ecuador.—Song a repeated note 2-8 times/s (fastest at high excitement, such
as countersinging birds). The song also may be given by both sexes in duet, with the song of
the female slightly higher-pitched than that of the male (Fig. 1) (also Fjeldsd and Krabbe [1990,
p- 425 sonagram 2]). Song on most of the east slope (Papallacta, prov. Napo southwards; Fig.
2) averages faster than in remainder of Ecuadorian range, the notes are sharper, and the song is
more frequently rhythmic, reminiscent of that of subcinereus. A song often begins with a “stut-
ter,”” in which notes may be given singly, less often in doublets or triplets. In the song, the
fundamental note is frequently loudest, 1.2-1.4 kHz, but first and second overtones almost equal-
ly as loud, and occasionally the first overtone is louder than the fundamental. Each note is about
0.06 s long, the pitch rising in the beginning, and then descending smoothly to the end.

The call of both sexes is a single note that resembles song notes in pitch and overtones, but
is given singly or in a series of two or three at irregular intervals. Each note is distinctly rising
throughout (Fig. 3). Commonly heard in the west, rarely in the east.

An excited “‘brzk” (Fig. 4) is only heard infrequently. On two occasions it was found to be
given either by a female or its young, and was interpreted as a distress call.

Habitat in Ecuador.—Humid forest undergrowth, Chusquea bamboo or Neurolepis cane, hu-
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FiGs 12-19. Scytalopus unicolor subcinereus: 12. Normal male song, each note with a double quality.
NV. Same bird as previous. XXIIA 386-395. N.K. 13. Call of female with young. PB. Sural, Azuay, 2,650
m, 4/3/91. Both collected. XXIIA 306-324. N.K. Scytalopus atratus atratus: 14. Male song. PB. Hollin road,
Napo, 1,350 m, 11/10/92. Collected. LIXB 216-224. N.K. Scytalopus bolivianus: 15. Song. PB. Calabatea,
La Paz, Bolivia, 1,400 m, October 1983. T. A. Parker. 16. Song. PB. Chapare road below Miguelito, Cocha-
bamba, Bolivia, 1,800 m, 30/10/83. R. A. Rowlett. 17. Call. PB. Calabatea, La Paz, Bolivia, 1,400 m, October
1983. T. A. Parker. Scytalopus sanctaemartae: 18. Song. NV. Below Cincinnati, above Campana, nw-slope
of Santa Marta mountains, Colombia, 1,480 m, 6/2/84. S. Hilty. 19. “Brzk”. PB. Santa Marta mountains,
Colombia, 1,700 m, early January 1994. P. Coopmans.

mid Polylepis scrub, shrubbery, swampy areas, along ditches. Opportunistic and often numerous
in second growth, entering relatively dry regions through riparian shrubbery. Where in contact
with S. canus opacus, S. u. latrans haunts more humid and broad-leaved shrubbery or bamboo
rather than ericaceous scrub. Where syntopic with S. spillmanni, S. u. latrans may be found
slightly more at edge and in open or drier understory.

Distribution in Ecuador.—Two nearly isolated populations, differing somewhat vocally and
in color, but not notably in measurements. One at 1,975—-4,000 m on the Pacific watershed south
to northern prov. Caiiar, just “spilling over” and down to 2,750 m on the east slope along the
Colombian border in the Sucumbios region, and to 3,000 m in Napo at Oycacachi. Another
locally at 1,975-2,450 m on the east slope from Papallacta, prov. Napo, southwards; known also
from the outlying ridges of Sumaco (prov. Napo), Cutucd (prov. Morona-Santiago), and the
highest parts of Cordillera del Céndor (prov. Zamora-Chinchipe) (EPN). Birds recorded at 2,600
m on Volcian Tungurahua, prov. Tungurahua, may also belong here. The eastern form may
deserve taxonomic recognition. It meets subcinereus along the right bank of the Rio Paute, prov.
Azuay, where N.K. recorded both song-types, but their voices, and the plumage of subadult
female (one such collected), are so similar that intermediates are difficult to identify on this
basis.

UNICOLORED TAPACULO Scytalopus unicolor subcinereus
(Zimmer 1939; type in AMNH)

Brief diagnosis.—Relatively small. Adult males uniform blackish like intermedius and east
Ecuadorian latrans. Adult females considerably paler and with extensively brown flanks that are
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FiGs. 20-27. Scytalopus atratus nigricans: 20. Song. NV. Cerro El Teteo, Tachira, Venezuela, 1,050 m.
P. Schwartz. Scytalopus new species?: 21. Song. PB. Finca Merenberg, Huila, Colombia, 2,200 m, 18/10/86.
B. Whitney. Scytalopus atratus “‘atratus’: 22. Part of song. NV. lirillo, San Martin, Peru, 1,350 m, 26/7/86.
T.S.S. 23. Part of song. NV. Jirillo, San Martin, Peru, 1,350 m, 27/7/86. T.S.S. Scytalopus micropterus: 24.
Song. NV. Cutucd, Morona-Santiago, 1,750 m, 24/6/84. T.S.S. 25. Call/alarm, possibly female. NV. Guaca-
mayos, Napo, 2,035 m, 23/8/91. XXVIIIA 231-232. N.K. Scytalopus femoralis: 26. Song. PB. Abra Patricia,
Amazonas, Peru, 2,250 m, 7/9/83. N.K. Scytalopus canus opacus: 27. Male song. PB. Limén road, Azuay,
3,400 m, 13/12/91. Collected. XI.A 12-22. N.K.

uniform or obscurely and faintly barred; paler than female intermedius, but usually darker than
female unicolor. Wings and tail distinctly shorter than in S. parkeri. Flanks not distinctly barred
as in S. robbinsi. Subadult male with barred flanks much paler than S. robbinsi. Juveniles variably
barred or uniform below, but much paler than latrans.

Plumage.—Adult male (n = 2): Uniform black, morphologically indistinguishable from males
of east Ecuadorian “latrans™. Adult female (n = 5). Deep Mouse Gray, Dark Mouse Gray, or
Blackish Mouse Gray. Flanks, under-tail coverts, and in all but one, also the lower belly Tawny-

Olive; usually rump and sometimes upper-tail coverts and lower sides also more or less washed
with this color; either uniform or with faint and obscure blackish barring on the flanks. Axillars
rather light, between Pinkish-Buff and Cinnamon-Buff. One specimen has nape, back, wings,
and upper-tail coverts faintly washed with brown, and has Pallid Gray edges to the feathers of
the throat and belly, giving a slightly streaked effect. Immature/subadult male (n = 2): Both
molting from juvenal plumage, one with large bursa, slightly enlarged testes and singing; the
other without bursa and with small testes. Wings, upper-tail coverts, most of tail, lower sides
and flanks Tawny Olive, barred dusky on wing-coverts, tertials, upper-tail coverts and flanks.
Some rectrices brown and dark-barred at their tip, others uniform, dark gray. Lower belly Pink-
ish-Buff. No older subadults from Ecuador were available, but two males from Porculla, depto.
Lambayeque, Peru (ANSP), and Cruz Blanca, depto. Piura, Peru (LSUMZ), have some dull
brown mixed into the flanks; the first is paler gray than adults. Juvenal male (n = 1): Crown,
side of head, mantle, and back between Dresden Brown and Mummy Brown, feathers narrowly
tipped blackish, wing-coverts Dresden Brown, each with blackish tip and central bar. Remiges
Chaetura Drab, narrowly edged Mummy Brown. Inner tertial much like wing-coverts, next two
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Figs. 28-37. Scytalopus canus opacus: 28. Female part of duet, probably pair-formation. PB. Near Pa-
pallacta, Napo, 3,900 m, 14/10/83. N.K. 29. Male call. PB. Cerro Mongus, Carchi, 3,600 m, 22/3/92. Col-
lected. XIL.VIIIA 61-65. N.K. 30. Call. PB. Cerro Chinguela, Piura, Peru, 1980. T. A. Parker. Scytalopus
affinis: 31. Female alarm near nest (male collected). NV. Quebrada Pucavado, Ancash, Peru, 4,100 m, 16/2/87.
N.K. 32. Male song. PB. Chinancocha, Quebrada Llanganuco, Ancash, Peru, 9/2/86. T.S.S. Scytalopus alti-
rostris: 33. Song (?). Not seen. PB. Bosque Unchog, Hudnuco, Peru, 3,500 m, 15/11/83. N.K. Scytalopus
unnamed species: 34. Song. NV. Millpo, Pasco, Peru, 3,650 m, 8/7/85. T.S.S. Scytalopus unnamed species:
35. Male song. PB. Nevado Ampay, Apurimac, Peru, 3,500 m, 17/3/87. Collected. N.K. 36. Call. NV. Nevado
Ampay, Apurimac, Peru, 3,500 m, 18/3/87. N.K. Scyralopus urubambae: 37. Song. NV. Near Totora, Rio
Ucumare, Santa Teresa valley, Cuzco, Peru, 3,700 m, December 1990. G. Engblom.
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like remiges, but with a narrow Dresden Brown subterminal bar. Rump and upper-tail coverts
barred blackish and Antique Brown. Chin and throat Cinnamon-Buff, grading to Clay Color on
rest of underparts, feathers of the entire underparts narrowly tipped dusky, those of belly, flanks
and under-tail coverts also with a presubterminal dusky bar. Rectrices Chaetura Drab, central
pair uniform, remainder with faint barring of Dresden Brown. Two birds described by Zimmer
(1939) also have barred underparts. Juvenal female: Five were described by Zimmer (1939),
four nearly uniform ochraceous or dull ochraceous below, one completely barred below. Three
of these were re-examined and found to have more or less uniform brown backs. One from
Canchaque, depto. Piura, Peru (LSUMZ), similar, but with light-brown feathers of nape scalloped
with blackish. Below all with pale ochraceous breasts and bellies, the relatively bright, buffy,
lower bellies barred.

Annual cycle in Ecuador (n = 4).—Juvenal: 4 March. Active ovary: 6 February; 5 March; 12
April.

Vocalizations in Ecuador.—The normal song (Fig. 12) is sharper than that of latrans, and
each note has a double quality, the first part sharp (0.013 s long). The excited song (Fig. 11) is
very much like that of larrans, but with a different spectrum of harmonics, and of a somewhat
sharper quality, as seen by all notes being slightly peaked, rather than most notes smooth and
rounded as in latrans (Fig. 1).

The song is also more rhythmic than latrans, with a short pause after the slightly lower first
note followed by a varied number of 2-5 or more similar notes (Fig. 12); pauses between phrases
usually 0.2-1.0 s, excited song continuous (Fig. 11).

The first overtone is loudest, 1.6-2.2 kHz. In low-pitched notes the second overtone is rela-
tively loud, the fundamental and third overtones are barely audible, in higher-pitched notes the
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FiGs. 38-45.  Scytalopus simonsi: 38. Male song. NV. 70 road km west of Cochabamba on Oruro road,
Cochabamba, Bolivia, 3,850 m, 14/4/87. N.K. 39. Female call. PB. Above Cuyocuyo, Puno, Peru, 3,600 m,
22/12/83. Collected. N.K. Scytalopus zimmeri: 40. Song. NV. Cerro Campamiento (20°48’S, 64°30'W), Chu-
quisaca, Bolivia, 2,700 m, 23/9/91. J. Fjeldsd. Scytalopus superciliaris superciliaris: 41. Song. PB. Above
Tafi del Valle, Tucumén, Argentina, 2,400 m, ca. 1989. R. S. Ridgely. Scytalopus magellanicus: 42. Song.
NV. Parque Nacional Nahuelbuto, Malleco, Chile, 1,300 m, 25/8/85. B. M. Whitney. Scytalopus fuscus: 43.
Song. PB. Parque Nacional Campana, Santiago, Chile, 450 m, 6/12/87. B. Whitney. Scytalopus acutirostris:
44. Male song. NV. Carpish tunnel, Hudnuco, Peru, 2,760 m, 9/2/87. Collected. N.K. 45. Male song. PB.
Same bird as previous cut. N.K.

fundamental is almost as loud as the first overtone, and the second overtone barely audible;
apparently any sound between 0.9 and 2.6 kHz is loud irrespective of whether it is an overtone
or a fundamental.

Call (Fig. 13; also Fjelds& and Krabbe [1990, p. 425, sonagram 1]) given by both sexes is
similar to that of latrans, sometimes with a harsher quality, and often given in slow series of 1—
3 notes.

As in latrans a rarely heard, excited “brzk’ is given, presumably by the female or young,
during distress.

Habitat in Ecuador.—Humid and semi-humid forest undergrowth and shrubbery, including
small and secondary patches along streams and ditches into the arid zones. Also mixed Polylepis-
Gynoxys woodland. Tolerates drier conditions than congeners, but invades humid forest in ab-
sence of competitors. Where syntopic with S. parkeri, S. u. subcinereus avoids stands of bamboo.

Distribution in Ecuador.—1,500—4,000 m. Southwestern Ecuador from the Pacific slope in
prov. Azuay, the Cajas plateau, and the inter-Andean slopes of Cuenca valley south and west on
the inter-Andean and Pacific slopes, including all the more-or-less isolated mountains over 2,000
m. Along the right bank of Rio Paute, it meets east slope latrans near Amaluza, where both
song-types can be heard. Here its range also overlaps with that of S. spillmanni. Elsewhere on
the west slope of the Eastern Andes subcinereus is replaced above by S. canus opacus with no
overlap. On the Pdramos de Matanga both occur right to the crest, S. canus opacus on the eastern
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FiGs. 46-57. Scytalopus acutirostris: 46. Male call. NV. Same bird as previous cuts. N.K. Scytalopus
vicinior: 47. Song. NV. La Planada, Narifio, Colombia, 1,800 m, January 1989. E Lambert. 48. Call. NV.
Parque Nacional Farallones, Valle del Cauca, Colombia, 1,950 m. 13/1/83. B. Whitney. 49. Call. NV. Parque
Nacional Farallones, Valle del Cauca, Colombia, 1,950 m. 3/1/83. B. Whitney. 50. Female call. PB. Mindo,
Pichincha, 1,700 m, 15/11/92. Collected. XLIIIA 340-345. N.K. 51. Female call. PB. Maquipucuna, Pichin-
cha, 1,775 m, 31/3/93. Collected. LXVIIIA 339-343. N.K. 52. Female end of very high-pitched descending
series. Mindo, Pichincha, 1,700 m, 2/11/91. XXXVIB 121-122. N.K. Scytalopus panamensis: 53. Alarm?
Headwaters of Rio Tigre, Cerro Tacarcuna, Choc6, Colombia, 1,150 m, October 1990. M. Pearman. Scytal-
opus chocoensis: 54. Song. PB. El Placer, Esmeraldas, 670 m, 13/8/87. T.S.S. Collected. 55. Male song. PB.
El Placer, Esmeraldas, 670 m, August 1987. T.S.S. 56. Female call. PB. Alto Tambo, Esmeraldas, 550 m,
16/2/92. Collected. XLVB 201-209. N.K. 57. “Brzk” and beginning of song. “Brzk’” presumably given by
a female. NV. El Placer, Esmeraldas, 670 m, 5/7/84. N.K.

slope, subcinereus on the western. Near the top they occur in similar habitat within 20 m of one
another but on their respective slopes. On the Pacific slope in prov. Azuay, subcinereus is
replaced below by S. robbinsi with little or no overlap.

Distribution beyond Ecuador of S. [unicolor].—In Venezuela S. unicolor latrans is known
from the Andes of edos. Mérida and Tachira at 1,800-2,200 m (AMNH, Berlin Museum; see
also Meyer de Schauensee and Phelps [1978]). In Colombia it is known from all slopes of the
three main Andean chains, ranging from 1,800 to 3,800 m (AMNH, BMNH, FMNH, LACM,
NRS, USNM, WFVZ). Three recently collected specimens, two from the east slope and one
from the west slope of the Eastern Andes in depto. Cundinamarca (ICN) show the same black
color found in eastern Ecuadorian birds. Birds from depto. Antioquia in the Central Andes sound
closest to the west Ecuadorian birds (tape-recordings by N.K.). In Peru birds singing like those
in east Ecuador occur east of the Huancabamba valley in northern depto. Cajamarca (Cerro
Chinguela, 2,000 m [Parker et al. 1985; T. A. Parker tape-recordings in LNS]). Others collected
in Peru without vocal data, but taken nearby at Chaupe, depto. Cajamarca, northeast of Huan-
cabamba, 1860 m [AMNH]; and at Lomo Santo above Jaen, depto. Cajamarca, 1,525 m
[AMNH], undoubtedly also belong here. S. unicolor intermedius (Zimmer 1939; type in AMNH)
occurs in depto. Amazonas in the northern end of the Central Andes, Peru (AMNH, ANSP,
BMNH, LSUMZ), and similar specimens have been taken further south in depto. San Martin
(Puerto del Monte, 3200 m [LSUMZ]). A male from Chira, 2,290 m (ANSP) was referred to
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Fics. 58-68. Scytalopus robbinsi: 58. Song. NV. Piiias, El Oro, 900 m, 12/6/85. M. B. Robbins. 59.
Female single-note call. NV. Pifias, El Oro, 900 m, 26/9/90. VIIB 221-230. N.K. 60. Female descending
series. PB. Piiias, El Oro, 900 m, 16/11/91. Collected. XXXVIIA 45-78. N.K. Scytalopus spillmanni: 61.
Song. PB. Above Tandayapa, Pichincha, 2,300 m, 29/7/84. T.S.S. 62. Male excited (short rising trills). PB.
Maldonado road, Carchi, 2500 m, 20/11/90. Collected. XIIB 195-200. N.K. 63. Alarm. PB. Above Tanday-
apa, Pichincha, 2,300 m, 29/7/84. T.S.S. 64. Female long, slowly descending series as also given in duet.
PB. Apuela road, Imbabura, 2,300 m, 12/6/87. Collected. VIIB 272-274. N.K. 65. “Brzk” presumably given
by a female. NV. Llanganates, Napo, 3,300 m, 27/5/92. XLIXB 217-219. N.K. Scytalopus latebricola: 66.
Call. PB. Santa Marta mountains, Colombia, 2,350 m, January 1994. P. Coopmans. Scytalopus meridanus:
67. NV. Los Frailes Hotel, Mérida. Venezuela. P. Coopmans. 68. Alarm. NV. Universidad Los Andes (ULA)
forest, Mérida, Venezuela, 2,200 m, 18/1/94. G. Engblom.

latrans by Zimmer (1939), who believed the locality to be north or west of Rio Marafién. As
far as it is now known, however, Chira is south and east of the river, so the specimen is pre-
sumably referable to intermedius.

S. unicolor subcinereus occurs in northern Peru at 1,220-3,200 m on the Pacific slope of
Western Andes in depto. Piura (Palambla, 1,220 m [AMNH, ANSP]; El Tambo, 2,800 m [ANSF,
MHN]; Cruz Blanca, 1,700-3,200 m [Parker et al. 1985, tape-recordings by T. A. Parker in
LNS]), depto. Lambayeque (Porculla, 1,830 m [ANSP]), and depto. Cajamarca (vicinity of Cas-
cabamba, 2,400-2,900 m [MHN and tape-recordings by N.K.]; Hda. Taulis, 1,700—2,700 m
[AMNH, MHN]; Nancho and [=] Montafia de Nancho, 2,350 m [MHN, Warsaw Museum]). It
seems possible that subcinereus crosses over to the east slope of West Andes in depto. Cajamarca.
A male and a female from Cutervo, depto. Cajamarca, 3,000 m (BMNH, Warsaw Museum),
were ascribed to S. magellanicus by Taczanowski (1884), then to latrans by Hellmayr (Cory
and Hellmayr [1924]). Zimmer (1939) discussed them and left them in latrans, although the
description of a dark male and a pale (molting) female with a nearly uniform juvenal tail suggests
they belong with subcinereus, as might a specimen from Tambillo [1,770-2,440 m] (MHN).

The pale Scytalopus unicolor unicolor (Salvin 1895; type in BMNH) is definitely known from
farther south on the eastern slope of the Western Andes, Peru, in southern depto. Cajamarca
(Cajabamba, 2,750 m [AMNH, BMNH]) and depto. La Libertad (Huamachuco, 3,170 m
[AMNH]; Succha [AMNH]; Soquidn, 2,000 m [ANSP]), and has been recorded also from the
Pacific slope in depto. Cajamarca (Chugur [AMNH]; Sunchubamba, 2,650 m [MHN]) (Koepcke
1961). Chugur is north of the southernmost locality known for subcinereus. Zimmer (1939)
pointed out that two males from Chugur are no darker than some topotypical specimens of
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Figs. 69-78. Scytalopus meridanus: 69. “Bzrk”. NV. ULA forest, Mérida, Venezuela, 2,200 m, 18/1/94.
G. Engblom. 70. Song. NV. ULA forest, Mérida, Venezuela, 2,200 m, 18/1/94. G. Engblom. 71. Alarm. NV.
Near Lagrita, east Taichira, Venezuela, 2,680 m, 21/10/88. B. Whitney. 72. Call. NV. Near Lagrita, east
Tachira, Venezuela, 2,680 m, 21/10/88. B. Whitney. Scyralopus “‘meridanus” (= S. infasciatus?): 73. Song.
NV. Parque Nacional Chingaza, Cundinamarca, Colombia, in tall mossy forest, 3,100 m, February 1989. E
Lambert. 74. Short rising trills. Same bird as in Fig. 73. NV. E Lambert. 75. Alarm. East of Bogotd, Cun-
dinamarca, Colombia. P. Coopmans. Scytalopus caracae: 76. ‘‘Brzk’’. NV. Near Colonia Tovar, coastal mts,
Aragua, Venezuela, 1985. J. P O’Neill. 77. Song of same individual as in Fig. 76. PB. J. P. O’Neill. 78.
Alarm. PB. Near Colonia Tovar, coastal mts, Aragua, Venezuela, 26/2/91. D. Fischer.

unicolor. The morphological differences between unicolor and subcinereus are not great. In view
of this similarity, and the geographic proximity of these taxa, it is possible that they intergrade.
Such intergrades would be difficult or impossible to detect morphologically, however. Again, we
can only lament the paucity of information on nominate unicolor.

Populations that currently we treat as Scyralopus parvirostris (Zimmer 1939; type in AMNH;
the type from La Paz, Bolivia, and a molting juvenal from Machu Picchu, Peru, depicted in
Fjeldsd and Krabbe [1990, pl. XLI 4¢c and 4b]), occur in central Peru from Cordillera Colin,
depto. Amazonas (LSUMZ; no vocal data but the series is consistent in morphology with S.
parvirostris) and Florida, depto. Amazonas (one tape-recording by B. M. Whitney), south at
least to Machu Picchu, depto. Cuzco, Peru. Scytalopus parvirostris is also found from depto. La
Paz south to depto. Santa Cruz, Bolivia, in which area it occurs up to 3,200 m (AMNH, ANSP,
FMNH, LSUMZ, NRS, ZMUCQC).

The rate of delivery (notes/s) of the song of Scytalopus parvirostris varies from 21 (depto.
Pasco, central Peru) (Fig. 5) to 14 (Machu Picchu, depto. Cuzco) (Fig. 6), to 20-28 in deptos.
Cochabamba and Santa Cruz, Bolivia (Fig. 7). Also, the elevational distribution of birds that we
assign to S. parvirostris varies latitudinally. In central Peru (depto. Pasco) they range from 1,800
to ca. 2,400 m, whereas in Bolivia the elevational range is ca. 2,000-3,200 m (Whitney 1994),
and the elevation for the type locality of S. parvirostris was reported to be 3300 m (Zimmer
1939). As also noted by Whitney (1994), further work might show that more than one species
is involved in what we here call S. parvirostris (the name sylvestris Taczanowski, 1874 may be
available for the central Peruvian population).

Some puzzling recordings from the Amazonian slope in depto. Cuzco (below Abra Milaga,
3,000 m, subad. male [ZMUC 80007] tape-recorded by N.K. [Fig. 8] and 3,350 m, tape-recorded
by T.S.S. [Fig. 9]), and in depto. Puno (above Sandia, 2,800 m [tape-recording by N.K.; Fig.
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Figs. 79-85. Scytalopus parkeri: 79. Male song. NV. Cord. del Céndor, Zamora-Chinchipe, 2,100 m,
July 1993. T. A. Parker. 80. Male excited song. PB. Lim6n road, Morona-Santiago, 3,100 m, 9/6/84. Collected.
N.K. 81. Beginning in duet, female highest pitched. NV. Limén road, Morona-Santiago, 2,280 m, 18/6/84.
Female collected. N.K. 82. Later in same duet as Fig. 8§1. N.K. 83. Call (typical of male). NV. Acanam4,
Loja, 3,100 m, 13/2/91. XXIA 335-367. N.K. Scytalopus macropus: 84. Song. NV. Bosque Unchog, Huan-
uco, Peru, 3,500 m, 17/11/83. N.K. Scyralopus argentifrons argentifrons: 85. Song. PB. Parque Nacional
Monteverde, Costa Rica, 24/5/79. O. Jakobsen.

10]) referred to under parvirostris in Fjeldsd and Krabbe (1990) appear to be representatives of
a recently discovered species. This species, Scytalopus schulenbergi, which is found above par-
virostris, was described from deptos. Puno, Peru, and La Paz and Cochabamba, Bolivia, by
Whitney (1994). Two individuals tape-recorded (and one of them collected) at Abra Malaga sang
like Bolivian birds. Scolds recorded at both Abra Madlaga and in depto. Puno are slightly softer
than scolds of Bolivian birds.

We do not know where to place two specimens with relatively pale gray chests and bright
brown, unbarred flanks from depto. Ayacucho (NE Tambo, 2,600 and 3,390 m [LSUMZ]). They
might represent an undescribed taxon.

Scytalopus femoralis, sensu Zimmer 1939

Zimmer considered the forms bolivianus (Allen 1889; type in AMNH), femoralis (Tschudi
1844; type in MNN), micropterus (Sclater 1858; type in BMNH), confusus (Zimmer 1939; type
in AMNH), atratus (Hellmayr 1922; type in CM), and sanctaemartae (Chapman 1915; type in
AMNH) as subspecies of S. femoralis. Zimmer noted that some specimens that he included in
this polytypic species exhibited a white spot on the forecrown, but evidently considered the
presence or absence of this white crown spot to be an individually variable character. Later
nigricans (Phelps and Phelps 1953; type on deposit to AMNH) also was described as a subspecies
of Zimmer’s S. femoralis.

T.S.S. and others found that in Peru and Ecuador Zimmer’s Scytalopus femoralis encompassed
two sympatric species. Birds with a white crown spot differ from birds without it in vocalizations
and by being darker, smaller, relatively shorter-tailed, by often having white tips to the belly
feathers, and also by generally occurring at lower elevations, at ca. 1,070-2,030 m, whereas
dark-crowned birds occur at ca. 1,300-2,300 m. Specimens (LSUMZ) documenting the co-oc-
currence of both types along the same elevational transects in Peru were collected on the Cor-
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FiG. 86. Geographical distribution of Scytalopus tapaculos in Ecuador. Light gray shading indicates areas
between 1,200 and 3,000 m elevation, dark gray shading for areas above 3,000 m. For Scytalopus unicolor,
circles represent the subspecies latrans, and triangles represent the subspecies subcinereus.
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Figs. 87 and 88. Elevational distribution of Scyralopus taxa in Ecuador. X-axis is latitude in degrees,
y-axis is elevation (m). Fig. 87. Amazonian slope including Cordillera de Cutucii and Cordillera del Céndor.
Fig. 88. Pacific slope, in the south including the western slope of eastern Andes. Square Scytalopus canus
opacus, star S. parkeri, diamond S. spillmanni, circle S. unicolor latrans, triangle pointing up S. unicolor
subcinereus, plus S. micropterus, asterisk S. atratus, triangle pointing down S. vicinior, triangle pointing left
S. robbinsi, pentangle S. chocoensis. Vertical hatching known areas of overlapping ranges, slanting hatching

treeline.
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dillera Col4n, depto. Amazonas; along the trail from Cumpang to Utcubamba, depto. La Libertad;
and in the Carpish Mountains, depto. Hudnuco. This same pattern was discovered in 1984 in
Ecuador in Cordillera de Cutucd, prov. Morona-Santiago, later also in provs. Napo and Zamora-
Chinchipe (ANSP, MECN, ZMUC).

Clearly Zimmer’s Scytalopus femoralis is in need of revision. The nomenclature of the dark-
crowned birds is relatively straightforward. Birds along the eastern slope of the Andes from
southern Colombia (where crossing over to the head of Magdalena valley) south to northern
Peru north of the Rio Marafién, are the large, very long-tailed micropterus. Those populations
from northern Peru, just south and east of the Rio Marafién south to central Peru, are what
historically have been referred to nominate femoralis (but see below). Thus these taxa are al-
lopatric, and under the biological species concept, their taxonomy is another question. The songs
of femoralis and micropterus (Figs. 24 and 26) are similar, but consistently different. Further-
more, there are two fixed allelic differences between these two taxa (T.S.S., unpublished), sug-
gesting long-standing genetic isolation. For these reasons we recommend that S. femoralis and
S. micropterus be treated as allospecies in a S. [femoralis] superspecies.

The remaining forms in Zimmer’s Scytalopus femoralis all have a white crown spot, which
we consider to be a possible synapomorphy, but sanctaemartae is unlike the others in its pale
color and entirely different song (Fig. 18). It is isolated in the Santa Marta mountains, Colombia,
at elevations from 900 to 1,700 m or slightly higher (ANSP, AMNH, ICN). The other taxa with
a white crown spot (bolivianus, atratus, confusus, and nigricans) all appear morphologically
very alike, but most differ somewhat vocally (Figs. 14, 15, 16, 17, 20, 22, and 23) and we treat
them as allospecies in a S. [bolivianus] superspecies.

The nomenclature of the white-crowned birds is particularly problematic. The oldest available
name is bolivianus, the type of which is from depto. La Paz, Bolivia, and is a small, dark
specimen with a well-developed crown spot. Birds assigned to this taxon are found from depto.
Chuquisaca, Bolivia (Fjelds& and Mayer 1996;, pers. obs. T.S.S.), north to deptos. of Santa Cruz
(tape-recording by T. A. Parker in LNS), Cochabamba (NRS) and La Paz (AMNH, ANSP,
LSUMZ), Bolivia, and depto. Puno, Peru (AMNH, ANSP, LSUMZ), at elevations ranging from
1,000 to 2,300 m (and possibly to 2,850 m [Whitney 1994]). Tape-recordings of bolivianus show
an unusually wide range of variation (Figs. 15, 16, and 17), but all vocalizations are fairly
different from the known voices of other white-crowned birds farther north in Peru. Hence, we
recommend that S. bolivianus be regarded as a separate species, but emphasize that more needs
to be learned about its morphological variation and distributional limits. Among the unresolved
questions surrounding this treatment are birds from depto. Cuzco, Peru, with a bolivianus-like
song, but without a white crown spot; and the possibility that the type of femoralis, which is
very dark and has very little barring on the flanks, may represent the central Peruvian species
that usually has a white crown spot.

On the basis of current knowledge, then, available names for the white-crowned birds from
central Peru north are atratus, confusus, and nigricans. All three holotypes are dark specimens
with well-developed crown spots. The pale throat on the female and on one of the two males in
the type series of atratus are matched in the female and (in part) by the male in the type series
of nigricans, in a female specimen from Ecuador (ZMUC 80142), and is suggested as well by
prominent white scalloping on the throat of a male from Ecuador (ANSP 176885); these mark-
ings, although distinctive, probably reflect nothing more than individual, or, perhaps, ontogenetic
variation.

There is no information on the vocalizations of topotypical populations of either atratus (the
type of which is from the east slope of Eastern Andes of Colombia) or of confusus (type locality
in the upper Cauca valley, Colombia). Recent recordings of a white-crowned bird (not collected)
from the west slope of the Eastern Andes of Colombia in depto. Cundinamarca (P. Coopmans)
are similar to our recordings of white-crowned birds from the east slope of the Andes in Ecuador.
Consequently, we provisionally use the name atratus for the birds of the east slope of the Andes
in Colombia, Ecuador, and Peru. We restrict the name confusus to the birds of the Central and
Western Andes of Colombia, and, in the absence of firm knowledge of the vocalizations of
confusus, we provisionally regard this taxon as a subspecies of atratus. Clearly, judicious field
work, including the collecting of specimens and the preservation of tissue or blood samples, in
the Andes of Colombia will be necessary to resolve these nomenclatural issues. Yet another
problem is posed by an apparent pattern of geographic variation in the songs of white-crowned
birds. Songs recorded in Peru (Figs. 22 and 23) and Venezuela (Fig. 20) are very similar, yet
these populations are separated by the different-sounding birds (Fig. 14) of eastern Ecuador and,
apparently, Colombia. We can think of several possible explanations for this peculiar situation.
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Most likely may be that the white-crowned populations in eastern Peru are a species different
from those in Ecuador, either conspecific with, or closely related to, nigricans of Venezuela. In
view of the surprising biogeographic picture that this paints, and of the already convoluted
nomenclatural problems posed by this group, we refrain at this time from naming new taxa, but
recommend further studies of these white-crowned populations throughout the Andes.

NORTHERN WHITE-CROWNED TAPACULO Scytalopus atratus atratus
(Hellmayr 1922; type in CM)

Brief diagnosis.—Relatively large. Male blackish, with white crown spot and distinct, brown
bars on the flanks (Fjeldsd and Krabbe [1990, pl. XLI 9 as confusus]). Female, at least when
immature or subadult, slightly paler, washed with brown on most of the upperparts, with a smaller
crown spot and a whitish throat. Both sexes may have whitish tips on the belly feathers.

Plumage.—Male (n = 9): All Blackish Mouse Gray, forecrown with a snow white central
spot (very small in two), flanks barred Ochraceous Tawny. Two specimens are washed with dark
brown and have faint, dark bars on rump and upper-tail coverts; one is also washed with dark
brown -on terminal half of tertials. Belly variable (age-related ?). Pale, broad tips or subtips to
feathers of upper belly silvery white and conspicuous in two specimens, gray and inconspicuous
in one, faintly indicated on a few feathers in one, absent in others. One appears uniform blackish
on the belly, the others have slight Ochraceous-Orange to Ochraceous-Tawny or more olivaceous
barring on the lower belly and under-tail coverts. One has feathers of a restricted area on upper
belly with grayish white, subterminal bars, appearing scaled. Axillars gray with a slight oliva-
ceous wash. Female (n = 1): White crown spot very small, white feathers broadly dark-tipped.
Rest of forecrown dark gray, remainder of upperparts between Argus Brown and Brussels Brown,
of a very dark shade; rump and upper-tail coverts barred blackish, tertials with 1-2 dark bars
near tips and edges. Greater wing-coverts with subterminal Ochraceous bar, bordered with black-
ish. Throat whitish. Rest of underparts Deep Mouse Gray, 2 mm wide terminal or subterminal
bars on upper belly whitish. Lower belly, lower sides, flanks and under-tail coverts Ochraceous-
Tawny barred blackish. Axillars Olivaceous. Juvenal female: An old specimen (BMNH) taken
at an elevation of 850 m in prov. Morona-Santiago, probably of this taxon, shows no trace of a
pale crown-spot (the spot is found in juveniles from Peru [LSUMZ]).

Annual cycle in Ecuador (n = 1).—Juvenile: 6 January (prov. Morona-Santiago).

Vocalizations in Ecuador.—Song (Fig. 14) by both sexes, a series of 5-8 similar notes lasting
0.6-0.7 s, and repeated about once/s. First overtone loudest, 2.5 kHz, the fundamental weaker.
Although resembling the scold of some other species, we have never heard other vocalizations
from this species that could be interpreted as song. Some high-pitched squeaks have been noted
from males after playback of song.

Habitat in Ecuador.—Humid, primary forest undergrowth, at edge and in second growth. In
broader-leaved vegetation than S. micropterus in the zone of overlap.

Distribution in Ecuador.—850~-1,650 m, along the entire east slope of Eastern Andes and on
the outlying ridges (Volcdan Sumaco-Pan de Azicar, prov. Napo; Cordillera de Cutucd, prov.
Morona-Santiago; Cordillera del Céndor, prov. Zamora-Chinchipe). Replaced above by S. mi-
cropterus, but with considerable elevational overlap.

EQuATORIAL RUFOUS-VENTED TAPACULO Scytalopus micropterus
(Sclater 1858; type in BMNH)

Brief diagnosis.—Large and heavy, dark gray with long blackish tail composed of 12 rectrices.
Flanks always barred. Bill relatively stout. No white crown spot.

Plumage.—Adult male (n = 7): Blackish Mouse Gray to Dark Mouse Gray, lower back and
rump between Mars Brown and Argus Brown with or without dark bars. In three birds brown
also found on the nape (two birds), wing-coverts, edges of remiges, and on upper-tail coverts;
one also has tips of innermost remiges with a subterminal light brown bar bordered blackish.
Tail blackish. Below Deep Mouse Gray to Dark Mouse Gray; the two birds brownest above with
Light Mouse Gray tips to feathers of upper belly. Lower sides, flanks, lower belly and under-
tail coverts between Amber Brown, Sudan Brown, Ochraceous-Tawny and Cinnamon-Brown,
distinctly barred blackish. Axillars Sayal Brown. Adult female: Zimmer (1939) described 14
birds as being duller than males, with a slight tinge of drab in gray of back and anterior under-
parts, but flanks sometimes more contrastingly barred.

Annual cycle in Ecuador—Unknown.

Vocalizations in Ecuador.—Song (Fig. 24; also Fjeldsa and Krabbe [1990:430, sonagram 2])
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given by male consists of two resonant notes 0.2 s apart, second note shortest. Some birds may
start with a single note, sometimes with a slight double quality, and later change to the typical
double-noted song (occasionally and irregularly triple-noted) “cu-ock” at 2.0-2.2 kHz and re-
peated endlessly at 0.3-0.7 s intervals. An alarm-type call (Fig. 25), and a single “kick” note
may be given by the female.

Habitat in Ecuador.—Humid shrubbery at forest edge and along streams, frequently in second
growth. In the zones of overlap found in more microphyllous vegetation than S. atratus. The
replacements above by S. spillmanni and S. parkeri appear to be very abrupt.

Distribution in Ecuador.—1,250-2,100 m along the entire east slope of Eastern Andes and
on the outlying ridges (Volcan Sumaco - Pan de Azicar, prov. Napo; Cordillera de Cutucti, prov.
Morona-Santiago; Cordillera del Céndor, prov. Zamora-Chinchipe; Cordillera de Tzunantza).

Distribution beyond Ecuador of species.—In Colombia S. micropterus has been tape-recorded
on the west slope of Eastern Andes at the head of Magdalena Valley (Cueva de Los Guécharos;
B. M. Whitney recording), and a specimen from the east slope of Central Andes in depto. Huila
(La Palma, 1,525 m [BMNH])) appears to be of this form (wing 59.5, tail 50, tarsus 24.5 mm,
coloration and bill like S. micropterus). Some specimens from the Amazonian slope in southern
Colombia, at Llorente, depto. Narifio, 1,800 (?) m (FMNH 292139, female), at Cerro Pax
(ANSP), and at 30 km E Cerro Pax (ANSP), all in depto. Narifio, also seem to belong here, but
apparently the species does not range further north. In Peru, it occurs north of Rfo Maraiién in
depto. Cajamarca (Cerro Chinguela, 1,700-1,950 m [Parker et al. 1985, tape-recordings by T.
A. Parker in LNS]; Chaupe, 1,830 m [AMNH, ANSP]; Lomo Santo [ANSP]).

South and east of the Rio Marafién in Peru the very similar, but slightly shorter-tailed S.
femoralis (Tschudi 1844; type in MNN) is widespread, but its exact southern limit (in southern
Peru) has not yet been located (see also notes under S. atratus).

Scytalopus magellanicus, sensu Zimmer 1939

All forms referred to Scytalopus magellanicus by Zimmer (1939) are small and are found near
or above treeline. In life all have a relatively flat crown that at certain angles appears to have a
silvery sheen, forming a contrast with the exposed, dark bases of the feathers of the loral and
ocular region. These characteristics could be plesiomorphies, the small size possibly even an
adaptation to the dense treeline scrub and tussock grass. The songs of most forms (all but canus,
Jfuscicauda, and santabarbarae) are now known, and they are all different (compare Figs. 27
through 43). Furthermore, there are three cases of elevational parapatry between two forms.

In 1983, N.K. found that birds assigned to Scyzalopus magellanicus from the Carpish moun-
tains, depto. Hudnuco, central Peru were different in plumage, song, and habitat, from birds,
also assigned to S. magellanicus, occurring at treeline in deptos. Apurimac and Cuzco, south-
central Peru. A Louisiana State University expedition (T. J. Davis and G. and K. Rosenberg)
independently found two sympatric species in depto. Pasco, central Peru, and later also in the
Carpish mountains. A dark species was found in the upper reaches of forest, whereas a more or
less white-superciliaried species was at and above treeline. The dark, forest populations in Hu4dn-
uco and Pasco were morphologically similar to each other, and had similar vocalizations. For
reasons outlined below, we apply the name acutirostris (Tschudi 1844, type in MHNN) to these
birds.

The treeline populations in Hudnuco and Pasco, however, differed from each other in vocal-
izations. The Hudnuco treeline form is referable to altirostris (Zimmer 1939), whereas the Pasco
population remains undescribed (K. Rosenberg and T. Davis, in prep.; specimens LSUMZ).
Whitney (1994) reported a parallel situation in south-eastern Peru and northern Bolivia, in which
a white-diademed bird was found in the upper reaches of forest (S. schulenbergi), and a
white-superciliaried bird at and above treeline (simonsi).

Farther south, local sympatry has been reported in Chile between two other taxa, fuscus and
magellanicus (Johnson 1969, Riveros and Villegas 1994).

Evidently Zimmer’s “Scytalopus magellanicus” must be subdivided into several component
species. Based on vocalizations, Whitney (1994) proposed to split Zimmer’s “S. magellanicus’
into two groups, S. griseicollis and S. magellanicus, found north and south of ‘‘the North Pe-
ruvian Low,” respectively, whereas Ridgely and Tudor (1994), also based on vocalizations,
treated fuscus and magellanicus as distinct species and grouped all other taxa as members of a
polytypic S. griseicollis. Because of their different songs (and the above-mentioned cases of
elevational parapatry) we feel obliged to treat all the vocally known forms in S. magellanicus,
sensu Zimmer (1939), as distinct species. Biogeographically and morphologically, canus appears
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to be closest to opacus, which we therefore treat as a subspecies of S. canus. We treat fuscicauda
as a subspecies of its nearest neighbor, S. griseicollis. Although they appear to be widely sep-
arated geographically and could be unrelated, they are very similar in morphology. The newly
described santabarbarae appears to be a recent isolate of S. superciliaris, and we leave it as a
subspecies of that species.

PARAMO TAPACULO Scytalopus canus opacus
(Zimmer 1939, 1941, type in AMNH)

Brief diagnosis.—Very small. Adult male (depicted in Fjeldsd and Krabbe [1990, pl. XLI 1
d]) varies from light to deep gray; usually lighter-colored and with more distinct barring than
brown-flanked individuals of S. unicolor latrans and S. unicolor subcinereus, but old museum
specimens not always identifiable. Females and subadults on the other hand, are easily separated
by being considerably browner above. Healthy-looking birds (breast muscle bulging above ster-
num) weighing less than 15.5 g immediately after capture, safely referable to S. canus opacus.

Plumage.—Adult male (n = 21): Above Deep to Dark Mouse Gray, below from between
Light Mouse Gray and Mouse Gray to Deep Mouse Gray, belly palest. Birds from prov. Morona-
Santiago average lightest. Flanks, under-tail coverts, and sometimes vent Ochraceous-Tawny to
Cinnamon-Brown, relatively narrowly and densely barred blackish. One very dark with faint
bars on flanks. Crown feathers minutely tipped with Light Mouse Gray and with a darker sub-
terminal band, and in certain lights all show a silvery sheen on the crown, contrasting with the
darker loral and ocular region. Axillars gray like rest of underwing. Birds from prov. Zamora-
Chinchipe have faint brown and dark bars on tips of tertials. Adult female (n = 5): Four are
Mouse Gray on crown; between Dresden Brown and Sepia on nape, mantle and back; feathers
with minute Dark Mouse Gray tips except on back. Rump between Dresden Brown and Sudan
Brown, faintly barred dusky; tail Cinnamon-Brown with faint barring at edges and tip. Wings
Brussels Brown, inner five remiges with Sudan Brown subterminal band bordered with blackish.
Below Mouse Gray, in one grading to Light Mouse Gray on the apical 2-3 mm. Central lower
belly Pinkish Buff. Flanks and under-tail coverts like rump or slightly brighter. One much darker
and more uniform, like ad. male except for a faint wash of dark brown above. Immature/subadult
male (n = 5): One has crown Deep Mouse Gray; nape, mantle, and wash on central crown
between Brussels Brown and Raw Umber, feathers of these parts indistinctly tipped dusky. Back,
wing-coverts, and edges of remiges Brussels Brown; wing-coverts and back-feathers with sub-
basal and subterminal black bar; tertials with subbasal, presubterminal, and narrow, terminal,
black bar, and like the inner remiges with narrow Snuff Brown subterminal bar, that is lighter,
forming a spot near the shaft on the outer web. Rump like mantle, feathers with narrow subbasal
and subterminal black bar. Tail above with regular, 2 mm wide between Brussels Brown and
Sudan Brown, and 1 mm wide blackish bars. Sides of head and neck like crown, grading into
Mouse Gray of throat and breast. Most of belly Warm Buff to light Buff, almost uniform.
Feathers of extreme lower belly with subterminal blackish bar. Sides, flanks, and under-tail
coverts between Ochraceous Tawny and Tawny Olive, regularly barred blackish like the upper-
side of the tail. Underwing dull Light Mouse Gray, greater coverts and axillars with spot-like
silvery-white streak along shaft. Underside of tail blackish. Another much like it, but brown
colors more olive, belly-feathers broadly tipped whitish rather than Light Buff. One molting into
adult plumage still brown on nape, upper mantle, some feathers on central back, some wing-
coverts, and edges of the remiges. Tertials and edge of rectrices vermiculated brown and black,
rump and upper-tail coverts barred brown and blackish. Two like adults, but one with faint wash
of brown on back, wing-coverts, tips of inner remiges, and on tail, one with light brown dots
on tips of greater wing-coverts, and with brown vermiculations on tail and tips of inner remiges.
Immature/subadult female (n = 2): Entire upperparts between Dresden Brown and Sepia, greater
wing-coverts and tertials blackish subapically and with Ochraceous Buff tips. Lower rump and
upper-tail coverts barred, edge of rectrices barred or vermiculated, with blackish. Side of head,
throat, and breast Mouse Gray washed with brown, entire belly uniform Ochraceous Buff. Lower
sides, flanks, and under-tail coverts Cinnamon to Cinnamon Buff and barred blackish. They thus
mainly differ from subadult male by their uniform bright ocher bellies. Juvenal male (n = 2):
One with upperparts including wing-coverts and tail Cinnamon Brown barred blackish, dark bars
inconspicuous on crown and sides of head. Edges of remiges Cinnamon Brown, tertials and
wing-coverts more evenly barred than in most congeners. Below Tawny Olive, palest on belly,
throat and most of breast uniform. Blackish subterminal markings appear as spots on lower
breast and widen to become regular bars on lower underparts. Axillars Tawny Olive. One much
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like it, but darker brown above, more uniform below, spots confined to sides of breast, and bars
to sides, flanks and under-tail coverts; belly whitish. Juvenal female (n = 3): One with upperparts
much like the first-mentioned juvenal male, but brown brighter, near Sudan Brown. Underparts
also similar, but brighter, near Yellow Ocher, and regular barring confined to sides, flanks, and
under-tail coverts. Spots on lower breast continue onto the almost uniform central belly as scat-
tered streaks and spots. One similar above, but unmarked below except for dark bars on flanks
and under-tail coverts, and feathers of cheeks, lower throat and breast with extensive, ill-defined,
Mouse Gray bases and minute tips, this area from most angles appearing as a gray that grades
into the Yellow Ocher chin and belly. One somewhat brighter brown above, and with more
conspicuous bars on crown, cheeks, nape, and back. Underparts Yellow Ocher with dark bars,
nearly spot-like on throat and breast. All with axillars between Yellow Ocher and Tawny Olive.

Annual cycle in Ecuador (n = 8).—Juveniles: 16, 20 March (se prov. Carchi); 6, 11, 22 May
(prov. Napo); 8 November (prov. Zamora-Chinchipe). Brood patch: 9, 14 November (females)
(provs. Loja and Morona-Santiago).

Vocalizations in Ecuador.—Song by male (Fig. 11; also Fjeldsd and Krabbe [1990:442, son-
agram 2]) is a fast, long trill of ca. 34 notes/s, the loudest, first overtone at 3.8 kHz. The
beginning of the song is a distinctive “‘stuttering,” usually of 1-3, rarely up to 5, somewhat
lower-pitched, slower notes. Simultaneously with the male song the female may break into a
vsually high-pitched, descending (5.7-4.2 kHz) series of 15-20 notes, 5-8/s (Fig. 28). Call in
most of range consists of 5-9 “kee” notes, 4.0 kHz in male (Fig. 29), 4.5 kHz in female, lasts
ca. 1 s, and is repeated at 2—6 s intervals. In southernmost Ecuador (Cordillera Las Lagunillas)
and immediately adjacent Peru (Cerro Chinguela, depto. Piura) the call by both sexes is very
different (Fig. 30), and resembles a short burst of male song. It should be noted that calls are
given rather frequently, i.e., the noted differences are between homologous calls.

Habitat in Ecuador.—0.2-2.0 m tall, dense, humid to fairly dry shrubbery at treeline, notably
Escallonia myrtilloides and ericaceous scrub. Locally the upper parts of taller humid forest,
mainly in Chusquea bamboo. The replacement below by S. unicolor latrans and S. unicolor
subcinereus is everywhere very sharp. There are small zones of overlap with S. spillmanni and
S. parkeri in humid forest, but those species never enter Escallonia and ericaceous scrub, even
where S. canus opacus is absent.

Distribution in Ecuador.—3,050-3,980 m at treeline, lowest in the south. On Pdramo El
Angel, depto. Carchi, in the northwest, and along the entire Eastern Andes, where the rivers
Pastaza, Paute, and Zamora, and the low ridge between Yangana (prov. Loja) and Valladolid
(prov. Zamora-Chinchipe) divide it into four populations. Birds of the southernmost population
may be subspecifically distinct on basis of their distinctive call-note, and the presence of a white
wing spot in most males. Reports from the eastern edge of the Cajas plateau in western prov.
Azuay (King 1989) are in error, caused by confusion with the female of S. unicolor subcinereus,
the only tapaculo inhabiting the plateau and its temperate slopes.

Distribution beyond Ecuador of Zimmer’s Scytalopus magellanicus.—In Colombia S. canus
opacus occurs in depto. Narifio at Puerres (Denumbo), 2,820 (?) m (ANSP), and on the Colom-
bian side of the border at Aguas Hediondas, Pdramo El Angel ([tape-recordings by N.K.]). Tape-
recordings by E Lambert and B. M. Whitney from the southern end of Central Andes in depto.
Cauca (Volcdn Puracé, 3,300-3,400 m) prove indistinguishable from Ecuadorian birds. In Peru
S. canus opacus is found in northernmost depto. Cajamarca on the border to depto. Piura (Cerro
Chinguela, 2,600-3,500 m [Parker et al. 1985; specimen from 3,100 m in LSUMZ; tape-record-
ing by T. Parker in LNS]).

The Colombian form S. canus canus (Chapman 1915; type in AMNH,; type depicted in Fjeldsd
and Krabbe [1990, pl. XILI 1a]) occurs in the northern end of Western Andes in depto. Antioquia
(Paramillo [type-locality], 3810 m [AMNH, BMNH]; Pdaramo Frontino [Hilty and Brown 1986]).
Birds from Central Andes in depto. Caldas (L.a Leonera east of Manizales, 3,600 m) were
included in this taxon by Peters (1951), but there are no tape-recordings from either region.

Scytalopus griseicollis griseicollis (Lafresnaye 1840; type presumably in Paris Museum, once
on loan to MCZ; depicted in Fjeldsid and Krabbe [1990, pl. XLI 1c]) is found at 2,600-3,900
m in low, often fairly dry scrub (“mattoral’’) in, around, and east of Bogotd, depto. Cundina-
marca and in depto. Boyacé, in the Eastern Andes, Colombia (ICN, AMNH, ANSPF, BMNH).
Although its bright, unbarred flanks are matched by south Peruvian urubambae, its whitish
abdomen differs from any adults of the forms to the west or south of it. Its vocalizations differ
distinctly from those of S. canus opacus (E G. Stiles, pers. comm.), and consequently we regard
opacus and griseicollis as separate species.

Scytalopus griseicollis fuscicauda (Hellmayr 1922; type in CM; depicted in Fjeldsa and Krab-
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be [1990, pl. LXIV 31]) occurs at 2,500-3,200 m in south edo. Lara and edo. Trujillo, Venezuela
(CM). It resembles griseicollis so much that, at least until its voice is known, we treat it as a
subspecies of that form.

Scytalopus affinis (Zimmer 1939; type in ANSP; an unusually dark specimen depicted in
Fjeldsd and Krabbe [1990, pl. XLI le, sonagram 1 p. 442]) occurs in the northern Andes of Peru
in depto. Cajamarca (Colmena, 2,835 m: LSUMZ; Chota [LSUMZ]) and depto. Ancash (Cor-
dillera Blanca, 3,050—4,100 m [ANSP, LSUMZ, MHN, ZMUC])). It is very pale and lacks a
silvery supercilium. It has a rather peculiar call (Fig. 31), and a distinctive song (Fig. 32) with
a rapid delivery of three bursts per second, and an equally loud fundamental and first overtone.

Scytalopus altirostris (Zimmer 1939; type in ANSP; imm. female depicted in Fjeldsd and
Krabbe [1990, pl. XLI 1f, sonagram 2 p. 441]) occurs in deptos. San Martin (Puerto del Monte,
3250 m [MHN]), Amazonas (Atuén [type-locality; ANSP]), La Libertad (Patas [ANSP]), and
Huénuco (Bosque Unchog, 3450 m [LSUMZ and tape-recordings by N.K.]), Peru. We only have
a single recording of its presumed song (Fig. 33). This song is distinctive, given with the same
rapid delivery as the song of S. gffinis, but rougher, with a broader frequency amplitude, and
with a different relative volume of the fundamental and the first overtone.

In depto. Pasco, central Peru (Chipa [AMNH]; near Millpo, 3,450-3,650 m [LSUMZ, MHN])
a rather brownish, yet unnamed form is found (see above). Its song (Fig. 34) is distinctive. Bouts
are given at ca. 2 per second, and are composed of a high-pitched, rough, fundamental with a
wide frequency amplitude, and an equally loud first overtone.

In Apurimac, south-central Peru (Nevado Ampay, 3,000—4,000 m [ZMUC and tape-recordings
by N.K.]; Cerro Quefiua Khasa, 4,000—4,600 m [ZMUC]) another, yet unnamed form is found
(depicted in Fjeldsd and Krabbe [1990, pl. X1I 1h, sonagram p. 440]). It has a distinctive song
(Fig. 35), consisting of a single note given twice per second. The fundamental is low-pitched,
the first overtone loudest, and both second and third overtone clearly audible. A rarely given
vocalization, only documented by a poor recording (Fig. 36), shows some resemblance to the
song of urubambae.

In the southern Cordillera Vilcabamba, depto. Cuzco, Peru, the enigmatic Scytalopus urubam-
bae (Zimmer 1939; type in AMNH) is found at treeline at 3,660-4,170 m. Superficially it
resembles S. griseicollis of Colombia and differs from adjacent forms by lacking a supercilium
and by having no bars on its fairly orange flanks. Hence we doubted its correct systematic
position as well as the labelling of the types. However, in 1990 and 1991 G. Engblom (in litt.)
obtained photographs, several tape-recordings, and a juvenile specimen near the type locality.
The photographs are unmistakably of birds resembling the type of urubambae. Its song (Fig.
37) is distinctive. Bouts are given twice per second, and are of a fairly narrow frequency am-
plitude, in roughness finer than S. altirostris, slightly rougher than S. affinis, much like S. su-
perciliaris. The first overtone is loudest, the second overtone and the fundamental audible.

We refer all (usually white-browed) birds with similar voices (Figs. 38 and 39) at and above
treeline from Vilcanota mountains, depto. Cuzco, south through depto. Puno, Peru, and to deptos.
La Paz and Cochabamba, Bolivia (specimens in AMNH, ANSP, BMNH, LSUMZ, NRS, ZMUC;
tape-recordings by N.K.), to a single form, S. simonsi (Chubb 1917; type in BMNH; depicted
in Fjeldsd and Krabbe [1990, pl. XLI 1i, sonagram p. 439]). Bouts of song are given once to
twice per second. Each bout has two components, a single note followed by a short ““churr’,
which is about as rough as the ‘“‘churr” of 8. altirostris.

In deptos Chuquisaca and Tarija, Bolivia, Scytalopus zimmeri (Bond and Meyer de Schauensee
1942; type in ANSP; depicted in Fjeldsd and Krabbe [1990, pl. XLI 1j]) is found. Its plumage
is intermediate between S. simonsi and S. superciliaris but closest to the latter. Adult males may
have yellow feet, which we have not seen in simonsi, but which is suggested in dry museum
skins of superciliaris. The 3-syllabled song of zimmeri is distinctive (Fig. 42, clearer recordings
by N.K. were obtained too late for inclusion in this paper). Records are from 25 km E Padilla,
2,500 m (ANSP); and Monte Chapeados, 2,500-3,000 m (CBE ZMUC; tape-recordings by J.
Fjeldsd and N.K.), both depto. Chuquisaca, and from numerous sites in depto. Tarija (Fjeldsé
and Mayer 1996).

A few apparent hybrids or intergrades between simonsi and zimmeri have been reported (Whit-
ney 1994). Although suggestive, these hybrids have not been corroborated by genetic data. One
of the putatuve hybrids (ZMUC 80031) gave a typical simonsi song, and was collected along
steep stream banks in open grassland at 3,600 m. Records of zimmeri with the 3-syllabled song
are from Alnus and Podocarpus forest below 3,000 m on the easternmost slopes of the Andes
in deptos. Chuquisaca and Tarija. We are not sure at present where zimmeri would come into
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contact with simonsi. The two may be separated by the dry valley of the Rio Grande and the
extensive dry regions in western and central depto. Chuquisaca.

Scytalopus superciliaris (Cabanis 1883; type in Berlin Museum; depicted in Fjeldsd and Krab-
be [1990, pl. XLI 1k]) (Fig. 41, see also sonagram by Whitney [1994, Fig. 4 C]) is found at
1,500-3,350 m in northwest Argentina in provs. Jujuy, Salta, Tucumén, and Catamarca (speci-
mens in AMNH, Berlin Museum, FML, FMNH, NRS; tape-recordings by R. S. Ridgely and N.
Gardner).

The recently described Scytalopus superciliaris santabarbarae (Nores 1986; type in FML)
from Santa Barbara in prov. Jujuy, Argentina, is similar to, but slightly darker than S. superci-
liaris (specimen in AMNH examined). We do not know of any recordings of its song.

Apparently there is a large distributional gap from prov. Tucumén to prov. Mendoza in north-
central Argentina where no Scytalopus is found. Farther south nominate S. magellanicus (Lin-
naeus 1789, p. 979; type lost; depicted in Fjeldsd and Krabbe [1990, pl. XLI1, sonagram p.
437]) occurs from prov. Rio Negro, Argentina, and prov. Valdivia, Chile, south to Cape Horn
(AMNH, ANSP, Buenos Aires Museum, BMNH, FMNH, LACM, NRS, WFVZ; tape-recordings
by B. M. Whitney). It lacks the brown back and white throat and supercilium of S. superciliaris,
and has a silvery fore-crown in adult males. Its song (Fig. 42) is distinctive, with bouts consisting
of two different single notes given about twice per second.

In central Chile Scytalopus fuscus is found (Gould 1837; type lost; depicted in Fjeldsd and
Krabbe [1990, pl. XLI 1m, sonagram p. 438]). It occurs from sea level to 2,900 m from prov.
Coquimbo to the Rio Bio Bio (AMNH, Berlin Museum, BMNH, FMNH, LACM, NRS, MCZ,
Paris Museum; tape-recordings by B. M. Whitney). Two birds from prov. Mendoza, Argentina
(Berlin Museum, BMNH), one taken as high as 3,500 m, might also belong to this taxon.
Morphologically fuscus differs from magellanicus by its larger size, and its uniform black plum-
age is matched by only some individuals of magellanicus (Riveros and Villegas 1994). Its song
(Fig. 43) is also very different from that of magellanicus. The two occur sympatrically from
Valdivia to Rio Bio Bio (Johnson 1969; Ridgely and Tudor 1994).

The possible presence of a third taxon (in part “albifrons” of Landbeck 1857) resembling S.
Juscus in large size and blackish coloration, but with a white forecrown in both sexes (specimens
from Colchagua in Berlin Museum and BMNH) may have caused some of the earlier confusion
in the identification of central Chilean specimens.

As mentioned above, we use the name Scytalopus acutirostris (Tschudi 1844; type in MHNN)
for the dark-bodied taxon that occurs in central Peru in forest below the treeline taxa. This name
has been used by most authors (Hellmayr 1924; Zimmer 1939; Peters 1951; Whitney 1994) for
populations of the former polytypic ‘“magellanicus” from central Peru, or from there south to
western Bolivia.

The type of acutirostris was collected by Tschudi at an unspecified locality in central Peru,
Hellmayr (1924) restricted the type locality to Maraynioc, depto. Junin, in central Peru, which
is where Tschudi made his collection (Tschudi 1844). The type is unsexed, and the tail is missing.
Recent field work by T. J. Davis, G. H. Rosenberg, K. V. Rosenberg, G. Engblom, and ourselves
has shown that, except for urubambae, birds found above treeline in the range ascribed to
acutirostris by Hellmayr (1924) and Zimmer (1939) are: very small; more or less silvery-/or
white-browed in adult males; the rump and flanks are densely barred, the bars forming more or
less straight lines; and with a dark mask when viewed at certain angles. Such birds do not agree
well with the type of acutirostris. The type is washed with brown above, and so is presumably
a female or an immature/subadult. The following description is by N.K., based upon his exam-
ination of this specimen in 1987. The description of the type by Berlepsch and Hellmayr (1905)
is consistent with N.K.’s, but is less detailed: Crown and mantle Dark Mouse Gray with a single
white feather over the right eye. Rump Argus Brown very faintly dark-barred. Wings dark with
faint wash of Argus Brown, most conspicuous on primaries and tertials, which have a slightly
lighter (between Argus and Amber Brown), inconspicuous, subterminal bar. Lores Light to Pale
Mouse Gray tipped Dark Mouse Gray. Sides of head and entire throat and breast Mouse Gray,
central belly similar, but feathers with 2 mm or longer, relatively well-defined Pale Mouse Gray
tips. Flanks Amber Brown with curved, dark bars. Lower central belly to vent Sudan Brown to
Ochraceous Tawny with irregular, dark, curved bars. Wing (both) 56 mm, tarsus 21.6 mm, the
middle toe with claw 21.5 mm.

The lack of distinct barring on the rump of such a brown individual, the lack of a dark mask,
the rather acute bill shape, and the curved bars on the flanks convinces N.K. that the type of
acutirostris does not represent any of the central Peruvian taxa found above treeline.

So what population, then, does the type of acutirostris represent? In the 1980s we indepen-
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dently discovered that two vocally distinct species replace each other elevationally in humid
forest of the upper subtropical and temperate zone of Central Peru. One occurs at 1,850-2,500
m, sings much like S. parvirostris from Bolivia (as described above), and often has silvery tips
to the belly-feathers. Another is found at 2,675-3,500 m from eastern depto. La Libertad (tape-
recordings by T. A. Parker, LNS 17224 and LNS 17254) south to deptos. Hudnuco (ZMUC,
LSUMZ), Pasco (LSUMZ), and apparently Junin (MHNN, Warsaw Museum). This species dif-
fers from S. parvirostris in that the adult males are darker and more uniform with no pale sheen
on the belly, and the vocalizations (Figs. 44, 45 and 46) differ greatly from sympatric forms of
S. parvirostris, S. altirostris and the unnamed, superciliaried form at and above treeline in depto.
Pasco. This taxon was referred to as ‘‘Scytalopus unnamed species” by Fjeldsd and Krabbe
(1990:427-428). Provisionally we use the name acutirostris for this second taxon, because its
morphology is consistent with the type of acutirostris, and because this taxon otherwise has no
name. At the present time we can not rule out the possibility that the name acutirostris refers
to the populations from central Peru that we are calling parvirostris; there is an additional
complication, as noted above, that these populations are distinct from typical parvirostris from
Bolivia, in which case the determination of the identity of this type will become even more
important. Or, perhaps, if the type of acutirostris can not be identified with certainty, it may
become necessary to declare it a nomen dubium, and designate a fresh type specimen for this
taxon or to rename the population to which we have applied this name.

Scytalopus panamensis, sensu Zimmer 1939

Zimmer (1939) described a new taxon, vicinior, as a subspecies of Scytalopus panamensis. In
the 1980s we discovered that vicinior encompassed two sympatric species that replace each other
elevationally. They differ in vocalizations, and recognizably in morphometrics. Tape-recordings
from the type-locality of vicinior (D. Willis and E Lambert) and the information that only one
species of Scytalopus occurs there showed that the high-elevation species represents vicinior.
The low-elevation species thus lacks a name. The call of the low-elevational species (Fig. 56)
shows some resemblance to that of S. panamensis (Fig. 53) as noted by Pearman (1993). We
thus treat the two as allospecies. We see no particular similarity, either in plumage or in voice,
between true S. vicinior and S. panamensis, and recommend that they are treated as genuinely
independent species. We propose to describe the new low-elevation form as:

Scytalopus chocoensis sp. nov.
Chocé Tapaculo

Type: ANSP 180144; adult male from El Placer, ca. 670 m, prov. Esmeraldas, Ecuador,
00°52'N, 78°33'W; collected 14 August 1987 by T. S. Schulenberg, original field number 4577;
copies of tape-recordings of this individual deposited at LNS, recording LNS 40016.

Paratype: ZMUC 80094; adult male from 18 km north-northwest of Alto Tambo, ca. 450 m,
prov. Esmeraldas, Ecuador, ca. 00°58'N, 78°43'W, collected 18 February 1992 by N. Krabbe,
blood sample N.K. 29-18.2.92. Copy of a tape-recording of this individual deposited at LNS,
recording LNS 65993.

Paratype: MECN 6362; adult male from ca. 10 km west of Lita, ca. 900 m, prov. Esmeraldas,
Ecuador, ca. 00°48'N, 78°28'W, collected 23 November 1991 by N. Krabbe, blood-sample no.
2-23.11.91.

Description of type.—Forehead, crown, sides of nape, and feathers around eye near Dark
Mouse Gray; feathers narrowly tipped blackish, creating a slightly scaled appearance. Nape and
center of upper back between Argus Brown and Brussels Brown, but very dark (in the rest of
the descriptions of this species this color is referred to as very dark brown); feathers of these
parts tipped blackish. Proximal scapulars and sides of back near Dark Mouse Gray, the (generally
concealed) feather-centers very dark brown, tips narrowly blackish. Distal scapulars and lower
back very dark brown, feathers narrowly tipped blackish. Lower rump brighter, near Amber
Brown, feathers with one or two blackish subterminal bars. Upper-tail coverts very dark brown.
Rectrices blackish-gray. Wing-coverts dull brownish-gray, amount of brown increasing medially
such that innermost coverts are largely very dark brown, with nartow blackish tips. Primaries
brownish-gray. Outermost secondaries brownish-gray with a narrow, very dark brown fringe on
outer web, broadening into a narrow subterminal band at tip of feather. Amount of brown in
secondaries increases medially, such that innermost secondaries are almost entirely brown, with
a small subterminal Amber Brown spot at tip of outer web. Lores near Pale Mouse Gray with
darker tips. Chin and throat near Light Mouse Gray, shading darker, near Mouse Gray, on breast
and belly. Feathers of central lower belly with broad whitish gray tips, forming an irregular, pale
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belly patch. Flanks and under-tail coverts Amber Brown, feathers with two or three narrow,
blackish bars. Body mass 21.5 g, wing (chord) 53.5 mm, tail 39.8 mm, tarsus 21.3 mm. Iris
brown, bill black, feet gray-brown.

Description of paratypes.—Both with 10 rectrices. Coloration of soft parts and plumage like
the type, but center of upper back Dark Mouse Gray, nape with only a faint wash of very dark
brown, and innermost secondaries without a small, pale spot at tip of outer web. ZMUC speci-
men: body mass 21.7 g, wing (flat) 55 mm, tail 36.2 mm, tarsus 21.4 mm. MECN specimen:
body mass 21.0 g, wing 57 mm, tail 37.0 mm, tarsus 25 mm.

Etymology.—The name refers to the distribution of the taxon, which is restricted to the Chocé
region, an important center of endemism, from Cerro Pirre, easternmost Panama, south through
western Colombia to extreme north-western Ecuador.

Brief diagnosis.—Small, with 10 rectrices. Wings and tail shorter, underparts paler and more
extensively gray, and flanks darker than in S. vicinior, which usually has 12 rectrices. Virtually
indistinguishable from an allopatric population (p. 78), but S. chocoensis averages heavier, the
gray of plumage is slightly more towards Neutral Gray and paler below, male has broader silvery
feather-tips on the belly when fresh, female distinctly paler throat, brown of plumage is slightly
darker, and feet in dried specimens are darker. Lacks the broad silvery supercilium of S. pana-
mensis.

Plumage.—Adult male (n = 7): Includes the paratypes but not the type. Crown, nape and
mantle Dark Mouse Gray, feathers narrowly tipped black, feathers of mantle basally Blackish
Mouse Gray. Wings Blackish Mouse Gray with faint wash of a very dark brown on edge of
remiges and on the entire outer half or third of each of the three tertials, that in three specimens
have a subterminal pale dot or bar on the outer web. Back, most of rump, and upper-tail coverts
the same very dark brown, grading to Amber Brown on lower rump, feathers narrowly tipped,
those of rump barred, with blackish. Tail blackish. Side of head like crown, grading to Mouse
Gray on throat, breast and belly. Four specimens have the gray feathers below tipped with Pale
Mouse Gray, minutely on the throat and breast, 2 mm wide on the belly. Three others have Light
Mouse Gray feather-tips on the belly. Extreme lower belly Ochraceous Tawny barred black.
Lower sides, flanks and under-tail coverts Amber Brown with black bars, barring scaly on lower
sides and upper flanks. Axillars Ochraceous Tawny. Adult female (n = 3): Much like male, but
brown above extended to nape, mantle and wing-coverts, and more extensive on the remiges.
Wing-coverts sometimes with black presubterminal and terminal bar. The tertials may have a
small, light spot near tip of outer web, Amber Brown, and encircled with black. Edge of tail
with slight, dark brown wash. Below also like male, but throat distinctly paler (Pale Mouse
Gray), breast also paler, and entire lower belly Ochraceous Tawny, barred black. All brown
colors in plumage slightly brighter than in male. Subadult/immature male (n = 1): Indistinguish-
able from adult males with pale feathertips on the belly, but with a bursa. Juvenal male (n =
1): Above more or less uniform, drab brown, feathers narrowly tipped blackish. Rump and upper-
tail coverts as in adult. Rectrices and remiges as in adult, although the primary coverts differ by
being broadly edged with dark brown on the outer web and tip of inner web. This brown edging
on the outer, middle primary-coverts is paler, brighter brown (near Yellow Ocher) than the brown
of the other feathers. Feathers of chin and throat basally light gray, those of breast and belly
blackish, all with a paler subterminal band and a narrow, blackish tip, the entire underparts thus
appearing barred. The pale, subterminal band is very pale, drab brown on the throat but shades
to a deeper brown caudally (to near Tawny Olive). Flanks and under-tail coverts as in adult.

Annual cycle in Ecuador (n = 1).—Juvenile: 3 August (prov. Esmeraldas). Active ovary: 16
February (prov. Esmeraldas).

Vocalizations in Ecuador.—Song by male (Fig. 54) a 5-60 s or longer (longest at high ex-
citement) series of 0.09-0.11 s long notes delivered at 2.6-3.6/s, first overtone loudest, 3 kHz,
beginning of each note rising. Frequently, a song begins with two or more slightly faster and
lower-pitched notes, and the last note may be given after a short pause. There is some variation
in the shape of the notes between different individuals (Fig. 55). Call (Fig. 56) by both sexes a
rapid series of 3-8 short, sharp notes, lasting 0.4-1.0 s, and repeated every 3—4 s, first overtone
loudest, 2.5 kHz. As pointed out by Pearman (1993), there is some similarity between this call
and one given by S. panamensis (compare Figs. 53 and 56). Also given, at least by the female
S. chocoensis, is a sharp, explosive, buzzy “brzk” (Fig. 57), with equally loud fundamental and
first overtone. The vocalizations of S. chocoensis were described by Robbins et al. (1985) under
S. vicinior and by Hilty and Brown (1986) under S. femoralis.

Habitat in Ecuador.—Dense undergrowth of wet, mainly primary forest.

Distribution in Ecuador.—Pacific lowlands north of Rio Guayllabamba in prov. Esmeraldas
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and immediately adjacent prov. Imbabura. Known from along the Ibarra-San Lorenzo railroad
and the nearby parallel road, between 350 and 950 m. A specimen from prov. Imbabura (Par-
amba, 1065 m [AMNH]) is probably also referable to this taxon. The species is replaced at
higher elevations by S. vicinior, but the extent of overlap or existence of a gap between them
still needs to be determined.

Distribution beyond Ecuador.—Cerro Pirre, Panama, where known at 1,340-1,465 m (ANSP;
also tape-recordings by T. A. Parker in LNS), south along the Pacific slope of Colombia, where
it occurs at elevations between 250 and 1,250 m in deptos. Antioquia (Alto Bonito, 450 m
[AMNH]), Valle de Cauca (Rio Anchicayd, 700-1,050 m [AMNH]; also tape-recordings by S.
Hilty), and Narifio (La Guayacana, 250 m [FMNH, LACM]; below El Diviso, 600 m [tape-
recordings by P. Coopmans]; Ricaurte, 1,200 m, [LACM]; Rio Nambi, 1,250 m [heard by P.
Coopmans]).

NARINO TAaPACULO Scytalopus vicinior
(Zimmer 1939; type in AMNH)

Brief diagnosis.—Medium-sized and long-tailed. Lower belly in both sexes more extensively
brown and with feathers more distinctly dark-tipped than in S. spillmanni. Individual specimens
of the two rarely identifiable with certainty. Longer-tailed than S. chocoensis, and usually with
12 instead of 10 rectrices, and without the pale throat of female S. chocoensis.

Plumage.—Adult male (n = 12): Crown Deep Mouse Gray, feathers narrowly tipped blackish.
Nape, (mantle), back, upper-tail coverts, wing-coverts and edges of remiges very dark Brussels
Brown, feathers of nape, mantle, and back tipped blackish. Seven specimens have some or most
of feathers of mantle Dark Mouse Gray, either uniform, with narrow, blackish feather-tips, or
with subterminal brown area and blackish tips. Central rump Cinnamon Brown faintly barred
dusky, tail blackish. Breast Hair Brown to Deep Mouse Gray, throat only slightly paler except
for one bird, which has Light Mouse Gray throat grading to a Mouse Gray breast. Upper or
most of belly Light Mouse Gray, feathers very narrowly tipped dusky. Lower belly from between
Ochraceous Orange and Cinnamon to between Mars Yellow and Sudan Brown, feathers very
narrowly, but invariably tipped dusky. Flanks and under-tail coverts Amber Brown, distinctly
barred blackish. Axillars Cinnamon Brown. Adult female (n = 2): One has crown Deep to
Blackish Mouse Gray, feathers tipped blackish. Nape, mantle, back, most of rump, and wings
Blackish Mouse Gray very faintly washed with blackish Brussels Brown on edge of remiges,
on wing-coverts and broadly subterminally on feathers of nape, mantle, back, and rump; lower
rump barred blackish and Brussels Brown, brightest on lowermost rump. Upper-tail coverts and
tail blackish. Chin and throat Mouse Gray grading to Deep Mouse Gray on breast, upper sides
and upper belly. Feathers of upper and mid belly with 2-3 mm wide Light Mouse Gray terminal
or subterminal area, those of mid belly with very narrow, blackish tips. Lower belly between
Ochraceous Tawny and Ochraceous Orange, feathers very narrowly tipped blackish. Lower sides
and flanks Antique Brown with scaly, black barring; lower flanks brighter, Ochraceous Orange
with straighter black bars. Axillars Cinnamon Brown. Another is like it, but with slightly paler
throat, heavy Ochraceous-Buff wash on central belly, and with indistinct and smaller dusky
markings on rump and flanks, forming mottles rather than bars. Immature/subadult male (n =
1): Molting from juvenal plumage (only fresh feathers described). Crown Deep Mouse Gray,
feathers tipped blackish. Nape, mantle, back, most of rump, and wings Blackish Mouse Gray
washed with blackish Brussels Brown on edge of remiges and on wing-coverts. Inner wing-
coverts also with this wash subbasally, and broadly subterminally on feathers of nape, mantle,
back, and upper rump, feathers of lower rump barred blackish and Brussels Brown. Upper-tail
coverts and tail blackish. Chin and throat Light Mouse Gray to Mouse Gray, grading to Deep
Mouse Gray on breast, upper sides, and upper belly. Feathers of breast and upper belly with
pale shafts basally until 2-3 mm from tips. Feathers of upper and mid belly with 2-3 mm wide
Light Mouse Gray terminal or subterminal area. Narrow tips blackish on mid belly and on the
Ochraceous Tawny lower belly. Lower sides and flanks as in the first described adult female.
Axillars Tawny Olive. Immature/subadult female (n = 1): Only the type. Type-description by
Zimmer (1939): “Upper parts very dark reddish brown with the uropygium brighter (light Au-
burn) and banded with blackish; forehead and superciliary region slightly tinged with grayish;
lores, auriculars, chin, throat and breast light Neutral Gray in strong contrast to the dark brown
lower parts; flanks, femoral areas and under-tail coverts deep Argus Brown barred with blackish;
middle of belly paler, near Pinkish Cinnamon. Tail and wings like the back, with a slight, pale
spot and dusky bar at the tip of the shortest tertial.”” Juvenal male (n = 1): In molt (only juvenal
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feathers described). Feathers of sides of throat, throat, breast and belly with a 1.0-1.5 mm wide
Tawny Olive subterminal bar and subbasal area around the shaft, with blackish narrow tip and
1.5-2.0 mm wide presubterminal area, and with gray extreme base.

Three juveniles from southwestern Colombia at Ricaurte, depto. Narifio, 1,200 m (LACM
30865), Ricaurte, depto. Narifio, 2,500 m (LACM 37071), and Cerro Munchique, depto. Cauca,
2,500 m (FMNH 249752) are worth mentioning. They are quite alike, but on distributional
grounds the latter two probably belong with S. spillmanni, whereas the first may represent the
lowest known elevation for S. vicinior. They differ from a juvenal S. chocoensis in the following
features: barring of ventral surface broader on throat; brown subterminal bars of underparts
brighter, closer to Yellow Ocher, deepening only slightly or not at all from throat to belly; bases
of feathers of forehead brown, not gray as in S. chocoensis; barred pattern of underparts extends
farther onto sides of throat; a superciliary is present, feathers with the same barred pattern as
the underparts.

Annual cycle in Ecuador (n = 2).—Juvenile: 6 November (prov. Pichincha; advanced molt).
Active ovary: 15 November (prov. Pichincha).

Vocalizations in Ecuador.—Song by male (Fig. 47) a 2.5-20 s long (longest at high excite-
ment), decelerating series of notes given at 13-7/s, and increasing in amplitude (also Fjeldsa and
Krabbe [1990:432, sonagram 1]). The first few notes are a bit slower and sometimes higher-
pitched than the following. Loudest first overtone 3.2 kHz in the first few notes, 2.8 kHz in the
following ones. Call by male (Fig. 48) a 3.5 kHz descending “ki”’ given every 6-7 s. Alarms
by female and apparently also male include a higher-pitched “ke ki ki’ (Fig. 49), “kekikiki”
(Fig. 50), and “‘kekikikikikike” (Fig. 51); the first note is slightly higher-/or lower-pitched than
the following, which is at 2.8 kHz (3.6 kHz through most of the corresponding call of S. spill-
manni). Also given by female S. vicinior is a 5 s-long series of roughly 10 notes at 3.3 kHz,
and a 10 to 15 s-long, descending series of roughly 9 high-pitched, explosive notes (Fig. 52).

Habitat in Ecuador.—Humid forest undergrowth. Sometimes in ferns and broader-leaved,
more primary vegetation than S. spillmanni.

Distribution in Ecuador.—1,250-2,000 m, locally (prov. Carchi) to 2,350 m. Range abuts that
of S. spillmanni above, contact with S. chocoensis not yet demonstrated. Pacific slope from the
Colombian border south at least to southernmost prov. Cotopaxi. A specimen from prov. Chim-
borazo (Chaguarpata, 1,740 m [Warsaw Museum]) may belong here. P. Coopmans (pers. comm.)
was the first to point out the presence of S. vicinior in Ecuador, in 1990.

Distribution beyond Ecuador.—1,400-1,950 m, probably both higher and lower, on the Pacific
slope of Colombia, where known from depto. Risaralda (Alto de Pisonas, 1,750 m [ICN, spec-
imens and tape-recordings collected by E G. Stiles]), depto. Valle del Cauca (Las Lomitas, 1,400
and 1,525 m [AMNH, no vocal material]; Parque Nacional Farallones, 1950 m {tape-recording
by B. Whitney]) and depto. Narifio (Mayasquer, 1,465 m [ANSP, no vocal material]; Ricaurte,
1500-1,800 m, type-locality, also tape-recordings by E Lambert, D. Willis and E G. Stiles).
Some subspecific differentiation may have occurred in Colombia, because the two Risaralda
specimens are exceptionally dark and heavy (male 24.5 g, female 26.7 g).

EcuapoRrIaAN TAPACULO new species

During field work by ANSP in south-west Ecuador a tapaculo was collected that was thought
to represent a southern population of the morphologically similar Scytalopus chocoensis. How-
ever, N.K. found the southern population to differ in all vocalizations, and it is also genetically
distinct (Arctander and Fjeldsd 1994, T.S.S. unpub.). We therefore treat it as an independent
species, which we propose to name:

Scytalopus robbinsi sp. nov.

Holotype: ZMUC 80102; adult male from 9.5 km west of Pifias, 870 m, prov. El Oro, Ecuador,
at 03°40'S, 79°44'W, collected 25 September 1990 by N. Krabbe; blood sample N.K.2-25.9.90.
Copy of a tape-recording of this individual deposited at LNS, recording LNS 65994.

Description of type.—10 rectrices. Above Dark Mouse Gray, feathers faintly tipped blackish,
notably on crown. Rump, upper-tail coverts and faint wash on nape, lower back, and inner
remiges Prout’s Brown. Tail blackish. Underparts between Mouse Gray and Deep Mouse Gray,
belly with ill-defined, 2 mm wide silvery gray feather-tips. Lower sides, flanks, extreme lower
belly, and under-tail coverts Cinnamon Brown barred blackish. Axillars Tawny Olive. Body mass
18.4 g. Wing (flat) 55 mm, tail 36 mm, tarsus 21.5 mm. Iris dark brown, bill blackish, feet gray-
brown.
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Etymology.—We take the pleasure of naming this bird after Mark B. Robbins, who was the
first to tape-record and collect it (recordings in LNS; specimen in ANSP); his tape-recordings
greatly facilitated the collecting of further specimens and sound material. We also take the
opportunity to acknowledge his substantial contribution to Neotropical ornithology.

Brief diagnosis.—Small. Told from dark females of S. unicolor subcinereus by having dis-
tinctly barred flanks. For differences from the allopatric S. chocoensis see under that species.

Plumage.—Adult male (n = 7): Includes the type. Above Dark Mouse Gray, feathers tipped
blackish. Nape, lower back, upper-tail coverts, sometimes rump, and usually inner remiges
Prout’s Brown, rump otherwise like flanks. Tail blackish. Below between Mouse Gray and Deep
Mouse Gray, belly sometimes with broad and indistinct silvery gray feather-tips. Lower sides,
flanks, extreme lower belly, and undertail coverts Cinnamon Brown barred blackish. Axillars
Tawny Olive, usually with faint, dusky barring. Adult female (n = 3): Like male, but brown of
nape reaching onto upper mantle; wing-coverts brown with black subterminal dot or bar, tertials
with pale, Warm Buff spot at tip of outer web. Entire lower belly Cinnamon Brown barred
blackish in two, only extreme lower belly in one. Most of belly in the latter specimen with
distinctive whitish feather-tips. Juvenal: Unknown.

Annual cycle in Ecuador.—High song activity was noted 25-26 September 1990 and 1 Feb-
ruary 1991, only females vocalized 15 November 1991, low or no song activity 9 December
1991, 14-16 April 1991 and 17-19 April 1993.

Vocalizations.—Song by male (Fig. 58) and possibly also female somewhat reminiscent of
that of S. chocoensis, but considerably faster, 4.4 to 5.3 notes/s, and each note with two distinct
components, the latter part lower-pitched than the first, the first overtone loudest, at first 2.7-3.0
kHz, then 2.6-2.8 kHz. The beginning of each note is descending (rising in S. chocoensis). Call
of female (Fig. 59) an 0.11 s-long single note rising at both beginning and end, centered at 1.4
kHz. The loudest is variably the fundamental, first or second overtone, third overtone sometimes
as loud as some of the others. Other female calls include an often slowly descending, 15 to 20
s-long series of some 10 to 20 high-pitched notes, that after the first, somewhat faster 10 notes
are given at 1/s (Fig. 60), each note about 0.77 s-long and descending; only the first and the
louder second overtones at 3.8-2.4 and 5.7-3.6 kHz are audible.

Habitat.—Undergrowth of wet forest.

Distribution.—Ecuador, where known at 700—-1,250 m. Restricted to the Pacific slope in provs.
Azuay and El Oro. In prov. Azuay it is replaced at higher elevations by S. unicolor subcinereus
with little or no overlap.

Discussion.—This species appears to be a southern isolate of Scytalopus chocoensis, on the
basis of its similar morphology, and geographical and elevational distribution. Our decision not
to place them in the same species is based in part on the contrast between the uniformity of the
voice of S. chocoensis from Panama south to northern Ecuador, and the different vocalizations
of S. robbinsi. Furthermore T.S.S. (unpubl. data) found several apparently fixed allelic differences
between S. robbinsi and S. chocoensis. The distribution of S. robbinsi is similar to that of the
recently described parakeet Pyrrhura orcesi (Ridgely and Robbins 1988). Both species occupy
restricted geographic ranges, within which their habitat is now largely destroyed, and the rem-
nants highly fragmented (Ridgely and Robbins 1988; Collar et al. 1992). Long-term survival of
these species, and of the many endemic bird species of the adjacent Tumbesian center of en-
demism, will depend upon effective measures to maintain these last forests (see Best and Kessler
1995).

Scytalopus latebricola, sensu Zimmer 1939

Zimmer united the forms caracae, meridanus, latebricola, and spillmanni in a polytypic S.
latebricola. These forms, however, share only a lack of diagnostic features. Three of them have
different vocalizations. The fourth, nominate latebricola, is not well known vocally. The alarm
call of a bird presumed to represent it bears some resemblance to the alarm call of meridanus.
These calls are not entirely alike, however, and as the two are geographically isolated, with
latebricola found in the upper reaches of the Santa Marta massif, which is known for its many
endemic species, we recommend that they are best treated as allospecies of a S. [latebricolal
superspecies.

The two remaining forms are vocally so distinctive that they are best treated as genuinely
independent species: Scytalopus caracae and S. spillmanni. Birds from the Eastern Andes of
Colombia were included in meridanus with some reservation by Zimmer. Vocally they appear
to be a genuinely independent species, which might be represented by S. infasciatus (Chapman
1915), but a comparison of adequate material with the type (in AMNH) has not taken place.
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SPILLMANN’S TAPACULO Scytalopus spillmanni
(Stresemann 1937; type in Berlin Museum)

Brief diagnosis.—Relatively large (depicted in Fjeldsi and Krabbe [1990, pl. XLI 6 as un-
named species]). Tail shorter than in the even heavier S. micropterus. Heavier, shorter-tailed, and
belly less extensively brown and less dark-scaled, in female also slightly brighter than in S.
vicinior, but the two not always separable. Female virtually indistinguishable from some speci-
mens of the allopatric S. parkeri, but usually heavier.

Plumage.—Adult male (n = 25): Above Blackish Mouse Gray, feathers indistinctly tipped
blackish. Edges of inner remiges, lower back, rump, upper-tail coverts, usually edges of retrices,
and faint wash on nape Prout’s Brown to Brussels Brown. Rump sometimes barred blackish and
then lighter (Cinnamon Brown). Below Deep Mouse Gray, belly sometimes with silvery-gray
feather-tips. Extreme lower belly Pinkish Cinnamon to Cinnamon Buff. Flanks and under-tail
coverts Ochracous Tawny to Cinnamon Brown, barred blackish. Axillars Cinnamon Buff to
Ochraceous Tawny. Adult female (n = 3): Includes the type. Above much like male but more
extensively brown and with somewhat more distinctive dusky feather-tips. Below lighter than
male (Mouse Gray), and lower belly extensively Ochraceous Orange to Cinnamon Buff. Lower
sides, flanks, and under-tail coverts also lighter than in male (Sudan Brown), barred blackish.
Juvenal female (n = 1): Fore-crown Ochraceous Tawny grading to Brussels Brown on rest of
upperparts, and barred blackish throughout. Tail blackish. Primary coverts with Pale Orange-
Yellow subterminal bar and blackish vermiculations. Below Pale Pinkish Buff barred blackish,
throat almost without bars. Axillars Clay Color. Juvenal male (n = 1): Similar to juvenal female,
but somewhat darker, Pinkish Buff rather than Pale Pinkish Buff below.

Annual cycle in Ecuador (n = 2).—Juveniles: 5, 6 January (prov. Napo).

Vocalizations in Ecuador.—Song by male (Fig. 61) (also Fjeldsi and Krabbe {1990:432, son-
agram 2 as ‘““vicinior” Pichincha]) a 10 to 20 (rarely 60 or more) s-long, very fast series of
notes (25-35/s). Rate of delivery steady at the beginning, the pitch often slightly rising towards
the end (whereas the very similar song of S. canus opacus begins with a “stutter,” never rises,
and stops abruptly). First overtone loudest, 4 kHz. At high excitement (Fig. 62) such as after
playback of song, during encounters with other males, or in the presence of a female, the male
may repeat every 2 s an 0.5 to 1.0 s-long, distinctly rising series of notes delivered at 26-30/s.
First overtone loudest, rising from 2.8 to 3.4 kHz (Fjeldsd and Krabbe [1990:432, sonagram 3
as “vicinior” Pichinchal). A call (Fig. 63), perhaps of an alarm type, is a roughly 1 s long series
of 11 to 15 notes, first overtone loudest, 3.6 kHz, first note lower (3.1 kHz), last one or two
slightly lower (3.2-3.3 kHz); compare with corresponding, but lower-pitched call of S. vicinior
(Fig. 51). The female may utter various high-pitched notes, sometimes in a descending series of
5 to 6 such notes (Fig. 64) and at high excitement initiated with a sharp and high-pitched *‘brzk”
(Fig. 65). This descending series often triggers male song.

Habitat in Ecuador.—Humid forest undergrowth including Chusquea bamboo.

Distribution in Ecuador.—1,900-3,200 m, locally (prov. Napo) to 3,500 m. On the east slope
of Eastern Andes from the Colombian border south, only just crossing to the right bank of Rio
Paute. Not found in Cordillera de Cutuct, prov. Morona-Santiago, or Cordillera del Céndor,
prov. Zamora-Chinchipe, but specimens from Pan de Azicar (prov. Napo: 00°27'S, 77°43'W,
2,900 m [MECN, WFVZ]) undoubtedly referable here. On the western slope of Western Andes
from the Colombian border south at least to west of Sigchos in western prov. Cotopaxi (N.K.
tape-recordings). A specimen from Hacienda Porvenir, ca. 2,500 m, prov. Bolivar (BMNH) may
be this taxon. Also locally on the upper slopes of the inter-Andean valleys (southeast prov.
Carchi, Volcdn Tungurahua). Only after obtaining females of the present form in 1990 and after
delimitating the ranges of the two species and collecting near the type locality, did we realize
that the type of spillmanni, which is a female taken on Volcéan Iliniza in northwestern Ecuador,
represents it and not the morphologically similar S. parkeri; hence their distributions were con-
fused in Fjeldsd and Krabbe (1990). The elevational ranges of S. spillmanni, S. micropterus, S.
vicinior, and S. canus opacus barely overlap where they meet. In the lower part of its elevational
range on the east slope, S. spillmanni co-occurs with S. unicolor latrans in the zone where S.
micropterus replaces S. spillmanni.

Distribution beyond Ecuador.—In Colombia S. spillmanni is known from the Central Andes
in deptos. Antioquia (3 km southeast of the town of Caldas, 2,530-2,650 m [tape-recordings by
N.K.]), Cauca (Volcan Puracé [heard by P. Coopmans]), and the eastern slope of Eastern Andes
in depto. Narifio (La Victoria, 2,700 m [FMNH]). Undoubtedly also occurs on the Pacific slope
in Narifio, whence come a number of specimens (Mayasquer, 2,375 m [ANSP]; Piqualé, [WFVZ,
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LSUMZ]; Ricaurte, 2,000 and 2,500 m [LACM]), but a lack of vocal data makes distinction
from S. vicinior uncertain.

Scytalopus latebricola (Bangs 1899; type in MCZ; depicted in Fjeldsd and Krabbe [1990, pl.
LXIII 30)) is restricted to the Santa Marta Mountains in northernmost Colombia, where it ap-
parently occurs at 2,000 m (ICN; tape-recordings by P. Coopmans; Fig. 66) and at 3,660 m
(AMNH, type in MCZ). There are no known tape-recordings from the elevation where the type
was collected, but we consider it likely that the birds at 2000 m represent the same form as the
type.

Scytalopus meridanus (Hellmayr 1922; type in AMNH; depicted in Fjeldsi and Krabbe [1990,
pl. XLI 2a, sonagram p. 434]) was based on a specimen from 4000 m in the Andes of edo.
Meérida, Venezuela. Other specimens from the same mountains and edo. Tachira at elevations
ranging down to 1980 m (AMNH, ANSP, BMNH, FMNH, PCC) have been referred to this taxon
(Hellmayr 1922, 1924; Peters 1951; Phelps and Meyer de Schauensee 1978), as have some from
the Central and Eastern Andes of Colombia; also in Fjeldsid and Krabbe (1990:434, sonagrams
1 and 2). Zimmer (1939) questioned the allocation of Colombian specimens to meridanus and
noted that more material was needed to clarify the relationships. Recently S. spillmanni was
found in the Central Andes of Colombia (tape-recordings by N.K.). Birds from the Eastern Andes
of Colombia are vocally distinct (Figs. 73—75) from birds from the upper subtropical zone of
Meérida and Téchira (Figs. 67-72). Vocal material from the elevation in Mérida where the type
of meridanus was collected, and a comparison of material from the Eastern Andes of Colombia
with the type of infasciatus (Chapman 1915; type in AMNH from Piramo de Beltrdn, 2,970 m)
is needed before the taxonomy and nomenclature of these forms can be further addressed.

The coastal mountains of Venezuela are inhabited by S. caracae (Hellmayr 1922; type in
AMNH). Its voice (Figs. 76-78) and plumage differs strongly from those of any other tapaculo.

CHUSQUEA TAPACULO new species

Field work by N.K. has shown that a population at 2,250-3,150 m in south-east Ecuador
differs from S. spillmanni in voice and habitat, and to some degree in morphology. It also differs
genetically (Arctander and Fjeldsd 1994). We propose to name this population:

Scytalopus parkeri sp. nov.

Holotype.—ZMUC 80173; subadult male from ca. 20 km south-southwest of San Lucas, 2,770
m, prov. Loja, Ecuador, at 03°50'S, 79°16'W, collected 7 March 1991 by N. Krabbe; blood sample
N.K.1-7.3.91. Copy of a tape-recording of this individual deposited at LNS, recording LNS
65995.

Description of type.—12 rectrices. Crown, mantle, upper back, and wings Dark Mouse Gray,
feathers narrowly and indistinctly tipped blackish, most conspicuous on crown. Nape, lower back,
rump, upper-tail coverts, edge of rectrices, and a faint wash on the wing-coverts and edges of
remiges between Dresden Brown and Snuff Brown; tertials wholly this color but for a buff,
subterminal bar bordered blackish. Rump and upper-tail coverts faintly barred blackish, most
conspicuous on tips of upper-tail coverts. Below Mouse Gray, central belly with 3 mm wide,
silvery feather-tips, appearing uniform silvery. Lower belly bright, uniform Ochraceous Buff.
Lower sides, flanks, and under-tail coverts between Ochraceous Tawny and Cinnamon Brown
barred blackish. Barring distinct on lower sides, otherwise faint. Axillars between Tawny Olive
and Cinnamon Buff. Body mass 24.4 g. Wing (flat) 61 mm, tail 43 mm, tarsus 24.5 mm. Iris
dark brown, bill blackish, feet light brown.

Etymology.—We take pleasure in naming this species after the late Theodore. A. Parker III
(who was the first to tape-record and collect it), in recognition of his emphasis of the importance
of field study and the role of vocalizations in bird systematics, and in honor of his vast knowledge
and generous heart, which led to outstanding contributions to our knowledge of Neotropical
birds.

Brief diagnosis.—12 rectrices. Not identifiable with certainty from female S. spillmanni. Me-
dium-sized and long-winged, tail brown or broadly brown-edged (depicted in Fjelds&d and Krabbe
[1990, pl. XLI 2b as spillmanni]). Central belly often silvery white (presumably younger birds)
and lower belly then brighter and lighter brown than in the black-tailed S. micropterus, and
unbarred. Older birds are easily told from adult S. micropterus by their virtually unbarred rump,
flanks, and lower belly, and from female S. unicolor subcinereus by their much longer wings
and longer tail, and by 12 rather than usually 10 rectrices. In dry specimens the feet average
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slightly paler than in Ecuadorian congeners. Largely confined to dense stands of Chusquea
bamboo.

Plumage.—Adult male (n = 14): Above Dark Mouse Gray, feathers almost always narrowly,
and usually indistinctly, tipped blackish. Nape, lower back, rump, upper-tail coverts, tail, and
usually inner (sometimes all) remiges between Dresden Brown and Snuff Brown, lower rump
slightly brighter. Upper-tail coverts usually barred blackish. Below Mouse Gray, belly sometimes
with 1-3 mm wide, silvery feather-tips. Lower or extreme lower belly from Ochraceous Tawny
to Ochraceous Buff. Flanks and under-tail coverts between Ochraceous Tawny and Cinnamon
Brown, more or less barred blackish, sometimes (older birds?) virtually unbarred. Axillars Cin-
namon to Tawny Olive. Adult female (n = 3): Similar to male, and like it may lack silvery
feather-tips on the belly and have unbarred flanks. Immature/subadult male (n = 1): The type,
described above. Juvenal male (n = 2): One molting. Feathers of crown and side of head Dark
Mouse Gray with (sub)terminal Amber Brown bar and with a narrow, black tip that may wear
off. Mantle, wing-coverts, and remiges Argus Brown, feathers vermiculated with black and
Cinnamon to Pinkish Buff at their tips. Lower back, rump, upper-tail coverts, and tail Argus
Brown barred blackish, tail darkest and only indistinctly barred. Underparts Mouse Gray to
blackish, evenly and narrowly barred Pinkish Buff (thus appearing dark with pale bars rather
than the opposite as in most or all congeners). Flanks broadly barred Prout’s Brown and blackish,
under-tail coverts somewhat lighter. Axillars between Tawny Olive and Cinnamon Buff. Bill
almost as dark as in adult, feet wholly so.

Annual cycle in Ecuador (n = 1).—Juvenile: 13 December (prov. Morona-Santiago).

Vocalizations.—Song given by male (Fig. 79) a 1 to 9 s long (up to 15 s or more after
playback) series, of initially descending notes delivered at 10 to 12/s and repeated at 1 to 8 s
intervals. First overtone loudest, 3.4 to 3.6 kHz (Fjeldsi and Krabbe [1990:436, sonagram 2 as
spillmanni-group]). Each note is relatively short (0.03-0.04 s) with a distinctly descending be-
ginning and a less pronounced, rising end. At excitement (Fig. 80) the delivery of notes may
rise up to 19/s, each note may lack the rising end, and each series may be shorter (down to 3
notes: Fjeldsd and Krabbe [1990:436, sonagram 3] as spillmanni-group) and repeated with hardly
any interval; the notes are then lower-pitched, 2.7 kHz. During duets, possibly given at pair-
formation (Figs. 81 and 82; also Fjeldsd and Krabbe [1990:436, sonagram 1] as spillmanni-
group) male sustains an even series of 2.8 kHz notes delivered at 19/s, while the female simul-
taneously gives a long, descending series of 2 notes/s (sometimes faster), the first two or three
notes explosive and high-pitched (up to 7 kHz), the following falling from 5 to 4 kHz (first
overtone). Call (Fig. 83) much like song, but sharper and composed of only 9 to 12 notes. It
lasts ca. 1 s and is repeated every 4 to 7 s. Some of the species’s vocalizations were described
by Parker et al. (1985) under S. latebricola.

Habitat in Ecuador.—Dense stands of Chusquea bamboo and adjacent humid forest under-
growth.

Distribution in Ecuador.—2,250-3,350 m. Found south of Rio Paute on the east slope of the
Eastern Andes and in the highest parts of Cordillera del Céndor, prov. Zamora-Chinchipe, and
from the eastern Chilla mountains south along the west slope of Eastern Andes to the headwaters
of Rio Catamayo. Does not occur on the Pacific slope of prov. Azuay, in the Celica mountains,
or on the eastern rim of the Cajas plateau, and has so far not been found on the west slope of
Cordillera de Sabanilla (Rio Calvas drainage). The recent discovery of S. spillmanni south of
the Rio Paute, within 50 km of the northernmost specimens of S. parkeri, and with no apparent
habitat break between them, suggests that the two may be genuinely sympatric, separated by
habitat and voice only. Where S. parkeri co-occurs with S. unicolor subcinereus, subcinereus is
restricted to drier and more secondary vegetation.

Distribution beyond Ecuador.—Peru in northern depto. Cajamarca and immediately adjacent
depto. Piura on Cerro Chinguela, 2,590-2,900 m (LSUMZ and tape-recordings by T. A. Parker
in LNS).

NON-ECUADORIAN SPECIES

For completeness we will briefly mention the six known species not discussed above (see also
Table 1):

The huge (32-43 g: LSUMZ), dark Scytalopus macropus (Berlepsch and Stolzmann 1896;
type in Warsaw Museum or lost; species depicted in Fjeldsd and Krabbe [1990, pl. XLI 10a,b,
sonagram p. 429]) (Fig. 84) is endemic to the Central Andes of Peru, at 2,590-3,500 m from
depto. Amazonas south to depto. Junin (ANSF, FMNH, MHN, LSUMZ).
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Three forms with white or pale superciliaries are confined to Central America: Scytalopus
argentifrons argentifrons (Ridgway 1891; type in USNM; tape-recording by O. Jakobsen in
BLA; Fig. 85) in Costa Rica and Volcin de Chiriqui in western Panama (AMNH, BMNH,
USNM, WFVZ); the closely related (Wetmore 1972) S. argentifrons chiriquensis (Griscom 1924,
type in AMNH; vocalizations similar to those of nominate argentifrons [B. M. Whitney, pers.
comm.]) to eastern provs. Chiriqui and Veraguas, western Panama (AMNH, BMNH); and the
more distantly related S. panamensis (Chapman 1915; type in AMNH) to Cerro Mali (Ridgely
1976) and Cerro Tacarcuna in easternmost Panama (AMNH, BMNH) and immediately adjacent
Colombia (tape-recording by M. Pearman in BLOWS; Fig. 53).

Three species are confined to eastern Brazil: Scytalopus indigoticus (Neuwied 1831; types in
AMNH), S. speluncae (Ménétries 1835; type in St. Petersburg Museum), and S. novacapitalis
(Sick 1958; type in MHNRYJ). Sonagrams of most of their vocalizations were published by
Vielliard (1990). Systematics and biology of all the Brazilian rhinocryptids were discussed by
Sick (1960). The recently described taxon S. psychopompus (Teixeira and Carnevalli 1989; type
in MHNRIJ; no vocal data available) inhabits a small area in coastal Bahia, Brazil (MHNRJ,
MZUSP). Despite close resemblance to S. indigoticus (differing only in unbarred flanks and
bluish slate thighs), it was given full species status by its describers. This treatment was followed
with some reservation by Ridgely and Tudor (1994). We consider the arguments for granting
species rank to this taxon to be weak, and its taxonomic status was also doubted by Gonzaga et
al. (1995). However, without vocal or genetic data, we are in no position to suggest changes in
its taxonomic status.

‘We have no doubts that further research in the Andes, in particular Peru and Colombia (see
e.g., Fig. 21), will reveal the presence of yet undescribed species of Scyralopus and will shed
further light on the taxonomy on some of the taxa that are now scarcely known in life.

Related genera: Three other rhinocryptid genera seem to be the closest relatives of Scyralopus:

The monotypic Eugralla paradoxa (Ochre-flanked Tapaculo) of Valdivian forest in Chile and
immediately adjacent Argentina is very similar to Scytalopus both morphologically and vocally.
It mainly differs by its more elevated base of the bill.

The monotypic Myornis senilis (Ash-colored Tapaculo) inhabits thickets of Chusquea bamboo
in the northern half of the Andes. It was considered to be a member of Scytalopus by Hilty and
Brown (1986), a view with which we disagree. It is relatively light (21 g) and differs from
Scytalopus by its more slender shape, much longer tail (Myornis: tail 58—68, tail/body mass ratio
3.0-3.8 mm/g; Scytalopus tail 35.1-57.2 mm, tail/body mass ratio 1.7-2.6 mm/g), more rounded
wings and slightly more elevated base of the bill. Its song (described by Fjeldsid and Krabbe
[1990)) is structured differently from that of any Scytalopus.

Merulaxis ater (Slaty Bristlefront) and the similar, but larger Merulaxis stresemanni (known
from two specimens) inhabit the Atlantic forests of eastern Brazil. They are shaped like Myornis,
have narrow, pointed, stiffer and longer, erect feathers of the loral region than Scytalopus and
Myornis, and are sexually dimorphic, males being gray, females rather uniform brown, resem-
bling the juvenal of Myornis.” As pointed out to us by the late T. A. Parker III, the similarity of
the songs of Merulaxis and Myornis, minute-long repetitions of a single note terminating with
one or more descending series of ‘“hysterical laughter,”” suggests that they are each others closest
relatives.
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APPENDIX

Ecuadorian localities and specimens. Unless otherwise noted the specimens are deposited in ZMUC. Prov-
ince, coordinates, and elevations are given in parentheses.

Scytalopus canus opacus.—Birds with one call type: 6 ad. males: Pdramo El Angel (w. Carchi: 00°43—
49'N, 77°47-56'W, 3,400-3,980 m); 4 ad. males (1 in ANSP), 1 subad. male, 1 imm. female, 1 imm.
unsexed., 1 juv. female: Cerro Mongus (se. Carchi: 00°27'N, 77°52'W, 3,460-3,650 m); tape-recordings
(N.K.; no specimens): Laguna San Marcos (Pichincha: 00°07’N, 77°58'W, 3400 m); 4 ad. males (2 in ANSP),
1 subad. male: Papallacta (Pichincha/Napo: 00°19-23'S, 78°09-13'W, 3,350-3,950 m); 1 male (tape-record-
ing and blood sample only): Rio Anatenorio (Napo: 00°59'S, 78°17'W, 3,350-3,700 m); tape-recordings
(N.K.; no specimens): around Oyacachi (Napo: 00°11-13’S, 78°03-08'W, 3,400-3,600); 2 ad. males, 2 subad.
males, 1 imm. male, 2 juv. females: Cordillera de Los Llanganates (Tungurahua/Napo: 01°07-08’S, 78°19-
22'W, 3,700-3,800 m); male type and female topotype (AMNH): “Tambillo, 2440 m” [cf = Tambo de
Ashildn, 3,200 m]; tape-recordings and sightings by N.K.: Tambo de Ashildn (Chimborazo: 02°11’S, 78°29'W,
3,150-3,500 m); 2 ad. males (1 in MECN), 1 female: Cordillera Zapote-Najda (Azuay/Morona-Santiago:
03°01-02'S, 78°38-39'W, 3,150--3,450 m); 2 ad. females: Piramos de Matanga (Azuay/Morona-Santiago:
03°17'S, 78°54'W, 3,100-3,350 m).

Birds with another call type: heard by Bloch et al. (1991) and N.K.: Cajanuma (Loja/Zamora-Chinchipe:
04°06'S, 79°09'W, 3050-3400 m); 1 ad. male (MECN) and tape-recordings by N.K.: Cerro Toledo (Zamora-
Chinchipe: 04°23'S, 79°07'W, 3150-3350 m); 7 ad. males (1 in ANSP), 3 ad. females (2 in ANSP), 1 juv.
male: Cordillera Las Lagunillas (Loja/Zamora-Chinchipe: 04°43-46'S, 79°25-26'W, 3,050-3,650 m).

Scytalopus unicolor latrans—Dark gray birds with one song type: 1 male (MECN): Pacific slope of
Pdramo El Angel (Carchi: 00°47'N, 78°01’'W, 3,100 m); 1 male: interandean slope of P4dramo El Angel
(Carchi: 00°39’N, 77°54'W, 3,350 m); 2 males (1 in MECN): near Santa Barbara (Sucumbios: 00°39'N,
77°30'W, 2,750 m); 1 male, 3 females (1 in ANSP): Cerro Mongus (Carchi: 00°27’'N, 77°52'W, 3,220-3,300
m); 1 male: Cordillera de Toisdn (w. Imbabura: 00°27'N, 78°36'W, 3,100 m, tape-recordings by N.K. down
to 3,050 m); 1 male, 1 female (LSUMZ): Apuela road (w. Imbabura: 00°21'N, 78°26'W, 2,800 m); tape-
recordings by N.K.: Apuela road (w. Imbabura: 00°20'N, 78°24-25'W, 2,980-3,365 m); tape-recording by
N.K.: Loma Taminanga (Imbabura: 00°17'N, 78°28'W, 2,900 m); tape-recording by N.K.: Lag. Negra, Mo-
janda Mts. (Imbabura/Pichincha: 00°08’N, 78°15'W, 3,750 m); 5 males, 5 females (1 in MECN), 1 juv. male:
Volcén Pichincha (Pichincha: 00°03-15’S, 78°30-38'W, 2,700-3,750 m); heard by N.K.: Mt Ilalo (Pichincha:
00°14’S, 78°24’W, 2,400 m); 2 unsexed (ANSP): Chiriboga road (Pichincha: 00°17-18'S, 78°37—-40'W, 2,875—
3,500 m); tape-recordings by N.K.: w. slope V. Atacazo (Pichincha: 00°19’S, 78°37'W, 3,400-3,600 m);
tape-recordings by N.K.: Pasochoa (Pichincha: 00°27-28'S, 78°29'W, 2,700-4,000 m); tape-recording by O.
Jakobsen: 1 km NE Machachi (Pichincha: 00°31'S, 78°31'W, 3,000 m); tape-recordings by N.K.: Corazon
(Pichincha: 00°33'S, 78°43'W, 2,980—3,870 m); 3 females: Volcdn Iliniza (w. Cotopaxi: 00°42'S, 78°47—
48'W, 2,900-3,000 m); 2 males, 1 female: tape-recordings by N.K.: Rio Rayo (Cotopaxi: 00°36’S, 78°59'W,
2,250-2,300 m); tape-recordings by N.K.: 2 km SSE Quillotuna (Cotopaxi: 00°41’S, 78°57'W, 3,100 m); 2
males, 1 female: Cerro Parcato (w. Cotopaxi: 00°44’S, 78°58'W, 3,500-3,550 m); tape-recordings by N.K.
and blood sample: 10 km NW Salinas (Bolivar: 01°21’S, 79°05'W, 3,000-3,350 m); tape-recording by N.K.:
3.5 km NW Chillanes (Bolivar: 01°55’'S, 79°05'W, 2,340 m); heard by N.K.: Loma Totol (Chimborazo:
02°03'S, 78°51'W, 3,450-3,650 m); 1 male: 11 km N Zhud (Cafiar: 02°24’S, 78°58-59'W, 2,850 m). Black
birds with another song type: 1 imm. female: above Cuyuja (Napo: 00°23’S, 78°01'W, 2,450 m); 3 males (1
in MECN): Cordillera de Guacamayos (Napo: 00°39’S, 77°52'W, 2,000-2,300 m); heard by N.K.: Hacienda
Aragén (Napo: 00°40'S, 77°55'W, 2,100-2,235 m); heard by N.K.: east of Oyacachi (Napo: 00°13'S, 78°03'W,
3,020 m); tape-recording by N.K. (calls, song-type?): nw. slope of Volcdn Tungurahua (Tungurahua: 01°28’S,
78°27'W, 2,600 m); 6 males (5 in ANSP, 1 in MECN), 1 female (ANSP), 1 juv. female (ANSP): Cordillera
de Cutuci (Morona-Santiago: 02°42'S, 78°03'W, 1,975-2,300 m); 1 female and tape-recordings by N.K.:
Arenales, right bank of Rio Paute (Azuay: 02°34'S, 78°34'W, 2,300-2,400 m); 1 male (EPN) and tape-
recordings by T. A. Parker III: Cordillera del Céndor (Morona-Santiago: 03°27'S, 78°21'W, 2,100 m); tape-
recording by N. Flanagan: Cordillera de Tzunantza, Romerillos-San Luis trail (Zamora-Chinchipe: ca.
04°14'S, 79°01'W, 2,300 m); 1 male (ANSP) and tape-recordings by M. B. Robbins: Rio Isimanchi (Zamora-
Chinchipe: 04°47'S, 79°20'W, 2,250 m).

Two males (BMNH, no vocal data) labeled “Papallacta, 3,100 m” (Napo: ca. 00°22'S, 78°08'W) and
“Baeza, 1830 m” (Napo: 00°27'S, 77°53'W) undoubtfully also belong here.

Scytalopus unicolor subcinereus: tape-recordings by N.K.: Arenales, right bank of Rio Paute (Azuay:
02°34'S, 78°34'W, 2,300-2,400 m); heard by N.K.: Molleturo road (Azuay: 02°34’S, 79°20'W, 1,500 m);
tape-recordings by N.K.: Cerro Paredones (Azuay: 02°45'S, 79°26-27'W, 3250 m); 2 males, 2 females, 1
juv. female: Sural (w. Azuay: 02°47'S, 79°26'W, 2,650 m); 1 female and tape-recordings by N.K.: above
Chaucha (Azuay: 02°52'S, 79°23'W, 2,880-3,300 m); tape-recordings by N.K.: Laguna Illincocha (Azuay:
02°50’S, 79°13'W, 3,890 m); tape-recordings by N.K.: Laguna Llaviuco (Azuay: 02°51’S, 79°08'W, 3,200
m); 1 imm. male and tape-recordings by N.K.: Rio Mazan (Azuay: 02°52'S, 79°07'W, 2,950-3,300 m); tape-
recordings by N.K.: Guagualoma (Azuay: 03°15’'S, 79°05'W, 3,055 m); 1 subad. male: Pdramos de Matanga
(Azuay/Morona-Santiago: ca. 03°16’S, 78°56'W, 3,300 m); old specimen (AMNH) and tape-recordings by
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N.K.: Bestién (Azuay: 03°25’S, 79°01'W, 3,050-3,350 m); heard (Bloch et al. 1991): between Selva Alegre
and Manu (Loja: 03°32'S, 79°22'W, 2,850-2,950 m); 1 female (MECN): near San Antonio de Cumbe (Loja:
03°34'S, 79°12'W, 2,875 m); tape-recordings by N.K.: Acanam4 (Loja: 03°42'S, 79°13'W, 3,200 m); 1 female
and tape-recordings by N.K.: Celica Mts. (Loja: 04°05-07'S, 79°57-59'W, 1,800—2,410 m); tape-recordings
by N.K.: Cajanuma (Loja: 04°05’S, 79°11'W, 2,600 m); heard (Bloch et al. 1991): Uritusinga (Loja: 04°06'S,
79°09’W, 2,800-2,950 m); tape-recordings by N.K.: 2 km S Cariamanga (Loja: 04°20’S, 79°33'W, 2,300 m);
1 female and tape-recordings by N.K.: Utuana, Sozoranga Mts. (Loja: 04°20-22'S, 79°42-45'W, 1,750-2,550
m); tape-recordings by N.K.: above Jimbura (Loja: 04°42'S, 79°27'W, 3,000 m). AMNH specimens from
Taraguacocha (5 males) (El Oro: ca. 03°35’S 79°28'W ?), El Chiral (2 males) (El Oro: ca. 03°38'S, 79°41'W,
1,615 m), Zaruma (3 males) (El Oro: 03°41'S, 79°37'W), and above Zaruma (1 female) (El Oro: ca. 03°40'S,
79°39'W) first mentioned by Chapman (1926) were referred here by Zimmer (1939).

Scytalopus spillmanni.—3 males: Laurel (w. Carchi: 00°49-50'N, 78°01-03'W, 2,350-2,930 m); 1 male:
Cordillera de Tois4n (w. Imbabura: 00°27'N, 78°36'W, 3,050 m); 4 males: Apuela road (w. Imbabura: 00°19—
24'N, 78°23-27'W, 2,200-3,200 m); 3 males, 1 female: Loma Taminanga (w. Imbabura: 00°17'N, 78°28'W,
2,900 m); 11 males (2 in MECN, 7 in ANSP), 1 female (ANSP), 2 unsexed (1 in MECN), 1 imm. male
(ANSP), 1 imm. female (ANSP): Volc4n Pichincha (Pichincha: 00°01-15'S, 78°35-41'W, 2,100-3,050 m);
tape-recordings and heard by N.K.: Chiriboga road (Pichincha: 00°15-17'S, 78°40—-48'W, 1,900-2,900 m);
tape-recordings by N.K.: Corazén (Pichincha: 00°33'S, 78°43'W, 2,980-3,350 m); 1 female (the type in
Berlin Museum): Volcdn Iliniza (Cotopaxi/Pichincha: ca. 00°35’S, 78°43'W); tape-recordings by N.K.: Rio
Rayo (Cotopaxi: 00°36'S, 78°59'W, 2,250, 2,500, and 2,700 m); 3 males: near Santa Barbara (Sucumbios:
00°33-35'N, 77°31-32'W, 2,100-2,500 m); tape-recording by G. Rosenberg: Cerro Mongus (Carchi: 00°27'N,
77°52'W, 3,200 m); 4 males: Cordillera de Guacamayos (Napo: 00°39'S, 77°52'W, 2,100-2,300 m); 1 male,
1 female, 1 juv. male, 1 juv. female: Rio Anatenorio (Napo: 00°59’S, 78°21'W, 3,000-3,500 m); tape-
recordings by N.K.: Cordillera de Los Llanganates (Napo: 01°06'S, 78°18'W, 3,300 m); 2 males: Volcédn
Tungurahua (Tungurahua: 01°22-28'S, 78°24-29'W, 2,600-2,850 m); tape-recordings by N.K.: Ormregén, w.
slope Volcdn El Altar (Chimborazo: 01°39—-40’S, 78°30'W, 3,100-3,300 m); old specimen (AMNH) and tape-
recordings by N.K.: upper Rio Upano, “Tambillo” [cf. = Tambo de Ashildn] (Chimborazo: 02°11'S, 78°29'W,
2,440-3,200 m); 1 male: Arenales, right bank of Rio Paute (Azuay: 02°34'S, 78°34'W, 2,300-2,400 m).

A male (MECN, more specimens in WFVZ) from 2 km south of Pan de Aziicar, 15 km east-southeast of
Borja: (Napo: 00°27'S, 77°43'W, 2,900 m), a male (MECN) from Papallacta (Napo: ca. 00°22'S, 78°08'W),
and a female (AMNH) from above Baeza (Napo: ca. 00°27'S, 77°53'W) look similar and should undoubtedly
be referred here.

Scytalopus parkeri.—5 male, 5 females, 2 unsexed, 1 imm. male, 1 imm. unsexed, 1 juv. male: Cordillera
Zapote Najda (Morona-Santiago: ca. 03°02'S, 78°31-36'W, 2,250-3,150 m); tape-recordings by N.K.: Par-
amos de Matanga (Azuay: 03°17'S, 78°54'W, 3,000-3,250 m); tape-recordings by T. A. Parker III: Cordillera
del Céndor (Morona-Santiago: ca. 03°27'S, 78°21'W, ca. 2,300 m); heard (Bloch et al. 1991): between Selva
Alegre and Manu (Loja: 03°32’S, 79°22'W, 2,850-2,950 m); 2 males: 7 km NE San Lucas (Loja: 03°40'S,
79°13'W, 3,100 m); 1 subad. male (type): ca. 20 km SSW San Lucas (Loja: 03°50'S, 79°16'W, 2,770 m);
heard and blood sample (Bloch et al. 1991): ca. 10 km ENE Loja (Loja: 03°58'S, 79°09'W, 2,550-2,700 m);
2 males (1 in ANSP): Cajanuma (Loja: 04°06'S, 79°09'W, 2,750-2,900 m); tape-recording by M.K. Poulsen:
Uritusinga (Loja: 04°06’S, 79°09’'W, 2,800—3,000 m); 1 male (MECN), 1 female (ANSP): Rio Isimanchi
(Zamora-Chinchipe: 04°46'S, 79°25'W, 3,000-3,350 m); tape-recordings by N.K.: Cerro Toledo (Zamora-
Chinchipe: 04°23'S, 79°07'W, 3,000-3,275 m).

Scytalopus vicinior—4 males (1 in ANSP, 1 in MECN): Maldonado road (w. Carchi: 00°50-54'N, 78°03—
12'W, 1,650-2,350 m); tape-recordings by N.K.: Cordillera de Toisén (Imbabura: 00°20'N, 78°36'W, 1,850
m); 1 female: Maquipucuna (Pichincha: 00°05’N, 78°37'W, 1,775 m); tape-recordings by N.K.: 1 km above
Tandayapa (Pichincha: 00°00’, 78°41'W, 1,900 m); 9 males, 1 female, 1 imm. male: near Mindo (Pichincha:
00°02'S, 78°45-46'W, 1,700 m, heard by N.K. down to 1,450 m); tape-recording by N.K.: Chiriboga road
(Pichincha: 00°15’S, 78°50'W, 1,850-1,900 m); heard by N.K.: El Corazén (Cotopaxi: 01°08'S, 79°05'W,
1,250 m).

Scytalopus chocoensis.—17 males (9 including the type in ANSP, 1 in MECN), 5 females (2 in ANSP),
1 juv. male (ANSP): near Ibarra-San Lorenzo railroad (Imbabura and Esmeraldas: 00°52—58'N, 78°30—43'W,
350-950 m). A male (AMNH) from Paramba (Imbabura: 00°49’S, 78°21'W, 1,065 m) undoubtedly also
belongs here.

Scytalopus robbinsi.—3 males (1 in ANSP): Molleturo road (w. Azuay: ca. 02°34'S, 79°20'W, 890 m,
heard by N.K. to 1,250 m); tape-recording by N.K.: Daucay (El Oro: 03°30’S, 79°45'W, 700 m); 5 males
including type (1 in ANSP, 1 in MECN), 3 females (1 in ANSP): 9 km W Pifias (El Oro: 03°39’S, 79°45'W,
870-930 m).

Scytalopus atratus: heard by P. Coopmans: Coca Falls (Napo: 00°06'S, 77°35'W, 1,250 m); 1 male: n-slope
of Pan de Azidcar (Napo: ca. 00°08’S, 77°34'W, 1,250 m); 5 males (1 in EPN, 2 MECN), 1 female: Rio
Hollin road (Napo: 00°40-46'S, 77°35-51'W, 1,200-1,350 m); 3 males (ANSP): w. slope of Cordillera de
Cutuct (Morona-Santiago: ca. 02°40'S, 78°06'W, 1,525-1,650 m); tape-recordings by N.K.: w. slope of Cord.
del Céndor, S Paquisha (Zamora-Chinchipe: ca. 03°58'S, 78°37'W, 1,250 m); tape-recording by N.K.: Rio
Bombuscaro (Zamora-Chinchipe: 04°06'S, 78°58'W, 1,050 m).

Scytalopus micropterus.—heard by N.K.: La Bonita road (Sucumbios: 00°33'N, 77°32'W, 2,100 m); 3
males: Pan de Azicar (Napo: ca. 00°08'S, 77°34’'W, 1,250 m); tape-recording by O. Jakobsen: El Salado
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(Napo: 00°13'S, 77°43'W, 1,250 m); 11 males, 10 females (AMNH, no vocal data): lower Volcdn Sumaco
(Napo: ca. 00°34’S, 77°38'W, subtropical); tape-recordings by N.K.: Cordillera de Guacamayos (Napo:
00°39’S, 77°52’'W, 1,600-2,100 m); 5 males (1 in MECN, 4 in ANSP), 1 female (BMNH, no vocal data):
w. slope of Cordillera de Cutuci (Morona-Santiago: ca. 02°40’S, 78°06'W, 1,700 m); 2 males: w. slope of
Cordillera del Céndor (Zamora-Chinchipe: 04°00'S, 78°27-30'W, 1,400-1,700 m); 1 male (ANSP): Quebrada
Avioneta, Cordillera de Tzunantza (Zamora-Chinchipe: 04°15’S, 78°55-56'W, 1850 m); tape-recording by P.
Coopmans: near (S) Valladolid (Zamora-Chinchipe: 04°34’S, 79°08'W, 1,500 m); heard by E Sornoza: San
Andrés (Zamora-Chinchipe: 04°50'S, 79°17'W, ca. 2,000 m).

2 old specimens (Warsaw Museum, no vocal data): Mapoto and Machay, Volcan Tungurahua (Tungurahua:
01°24-25’S, 78°16-20'W, 1,521-2,125 m) probably belong here.
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ABSTRACT.—Recent molecular data have shown that the genus Caryothraustes (Car-
dinalinae) as currently recognized is paraphyletic because one of its member species,
humeralis, is not the closest relative of the other two species in the genus. Therefore, a
new genus is created for this species, the Yellow-shouldered Grosbeak, formerly known
as Caryothraustes humeralis.

RESUMEN.-—Recientes datos moleculares han mostrado que el género Caryothraustes
(Cardinalinae) como es reconocido actualmente, es parafilético, porque una de sus es-
pecies integrantes, humeralis, no tiene la relacién mds préxima con las otras dos especies
del género. Por lo tanto, se crea un nuevo género para la especie conocida antiguamente
como ‘“‘Caryothraustes” humeralis.

Molecular genetics (Tamplin et al. 1993; Demastes and Remsen 1994) have confirmed hy-
potheses based on morphology and natural history (Hellmayr 1938; Hellack and Schnell 1977;
Remsen and Traylor 1989) that the Yellow-shouldered Grosbeak (‘‘Caryothraustes™ humeralis)
is not the closest relative of the other two species in the genus Caryothraustes (C. canadensis
and C. poliogaster). Thus, its inclusion in Caryothraustes would make that genus paraphyletic.
To indicate the uncertain affinities of humeralis and to remove it from genera for which there
is no evidence of sister relationship, I here establish a new genus for it.

The species humeralis has been placed in three genera. It was described by Lawrence as a
member of the genus Pitylus Cuvier. That genus, however, was subsequently restricted (e.g.,
Ridgway 1901) to just two species, P. grossus and P. fuliginosus. Demastes and Remsen (1994)
showed that recognition of the genus Pitylus caused the genus Saltator to be paraphyletic, and
they recommended placing Pitylus in the synonymy of Saltator, a recommendation followed by
the American Ornithologists’ Union (1995) Check-list Committee. Ridgway (1901) treated hu-
meralis as a member of the genus Caryothraustes Reichenbach. Chapman (1926) treated hu-
meralis as a member of the genus Saltator Vieillot, but did so reluctantly, stating: ‘In its rounded,
decurved culmen and more pointed wings, it appears to differ generically from Saltator though
apparently nearer that genus than to Pitylus.” Hellmayr (1938) reluctantly placed humeralis in
Caryothraustes, and it has been treated as a member of that genus since then (e.g., Paynter 1970;
Sibley and Monroe 1990). Demastes and Remsen (1994) found that humeralis was not a sister
taxon either to Pitylus or to Saltator sensu strictu.

In plumage color and pattern, humeralis shares characters with members of both Caryothraustes
and Saltator, and these shared features were clearly responsible, historically, for the placement of
humeralis in these two genera. Therefore, naming a new monotypic genus based on plumage
characters could be avoided by merging Caryothraustes into Saltator. However, available molecular
data (Demastes and Remsen 1994) show that to combine Saltator and Caryothraustes and also to
avoid a paraphyletic genus would require the merger into one genus of all other cardinaline genera
analyzed so far (Cyanocompsa, Cardinalis, Pheucticus, and Spiza). Such a genus would be un-
usually, perhaps uniquely, heterogeneous in birds. Furthermore, many other genera of cardinalines
have yet to be analyzed genetically, and so their retention as separate genera or placement in this
broad genus (for which Saltator Vieillot is the oldest name) would be based on inferences from
phenotypic data. Finally, the genus Saltator itself is probably paraphyletic (Hellack and Schnell
1977). Therefore, I prefer to keep humeralis distinct at the generic level.

Because the type species for Caryothraustes is C. canadensis, no other generic name is avail-
able for humeralis. I propose the following:

Parkerthraustes, new genus

Type species.—Pitylus humeralis Lawrence, 1867.
Diagnosis.—The evidence for creation of a new genus for humeralis is largely molecular and
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morphometric; see Tamplin et al. (1993) and Demastes and Remsen (1994) for details. Traditional
descriptions of genera, however, are based on external phenotypic characters that in themselves
may have little phylogenetic significance. Therefore, a diagnosis of the genus based on these
characters is somewhat artificial. Nevertheless, I provide the following means for distinguishing
Parkerthraustes from other genera. Parkerthraustes is the only genus of thick-billed, hook-billed,
sexually dimorphic passerine in the New World that has a mottled malar streak and throat. It
may be distinguished from Caryothraustes as follows: (1) yellow coloration in ventral plumage
restricted to undertail coverts, with traces on lower flanks and thighs (versus conspicuous yellow
or greenish yellow on breast or belly in Caryothraustes); (2) chin and throat irregularly mottled
with black (male) or gray (female) (versus solid black in Caryothraustes), (3) malar feathers
mottled black and off-white (male) or gray and off-white (female) (versus solid black in Cary-
othraustes); (4) auriculars black (male) or gray (female) (versus yellow or greenish-yellow in
Caryothraustes); (5) crown and nape gray (versus greenish-yellow in Caryothraustes); (6) fore-
head gray (versus black in Caryothraustes); and (7) Parkerthraustes is sexually dichromatic,
whereas Caryothraustes is not. Parkerthraustes can be distinguished from any species in the
genus Saltator (including Pitylus) by (1) undertail coverts: yellow in Parkerthraustes versus not
yellow in Saltator; and (2) tail shape: outer three rectrices in Parkerthraustes the same length
or slightly longer than the inner two, thus giving the tail a slightly notched shape, versus rectrix
5 shorter than rectrices 4 and 3, giving the tail a more rounded shape in Saltator. In S. rufiventris,
an aberrant Saltator in other respects (Hellack and Schnell 1977), the differences between rec-
trices 5, 4, and 3 are minimal, approaching the condition in Parkerthraustes. Also, the mottled
center of the chin and throat in Parkerthraustes is not found in any species of Saltator, although
S. atriceps and S. similis show some approach in this character.

Etymology.—I1 am pleased to name this genus in honor of my friend and colleague, the late
Theodore A. Parker III. Long ago, Ted pointed out to me the distinctive nature of this species
and how different it was behaviorally from true Caryothraustes. Its generic separation symbolizes
one of Ted’s favorite themes, namely the importance of detailed natural history observations and
the clues that they provide for elucidating the systematic relationships of birds. This and other
themes that Ted promoted greatly influenced a generation of Neotropical field ornithologists
(Remsen and Schulenberg 1997).

Relationships.—A phenetic analysis of data on allele frequencies indicated that Parkerthraus-
tes was closer to the cardinaline grosbeaks than to the saltators, whereas a cladistic analysis of
the same data set produced the opposite result (Demastes and Remsen 1994). Without a well-
corroborated phylogeny of the cardinalines, I hesitate to speculate on where Parkerthraustes fits
in the phylogeny of this group. Therefore, I recommend that Parkerthraustes be placed incertae
sedis at the end of the linear sequence of cardinaline genera.
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ABSTRACT.—The taxonomy and South American distribution of three species of Tiaris
grassquits are reviewed. I focus on the two most widespread species, Dull-colored Grass-
quit (7. obscura) and Sooty Grassquit (T. fuliginosa), because together they form a
circum-Amazonian distribution. Membership of the Dull-colored Grassquit in Tiaris has
been proposed only recently. Although only four subspecies of Dull-colored Grassquit
are currently recognized, this species contains at least six diagnosable populations that
include a ‘‘leapfrog”™ pattern of geographic variation through the Andes. In contrast,
insufficient specimen material is available to diagnose apparently isolated populations of
the Sooty Grassquit that occur north, east, and south of the Amazon Basin. The three
currently recognized subspecies are not separable based on the male plumage characters
used to describe them. South American subspecies of the primarily West Indian Black-
faced Grassquit (T. bicolor) occur syntopically with 7. obscura and T. fuliginosa in
northern South America. The similarity of these three species has lead to confusion
regarding their South American distributions, and many specimens have been incorrectly
identified. I present the first records of Dull-colored Grassquit for Paraguay and possibly
Brazil, and of Sooty Grassquit for Bolivia. I also present an unpublished record of Sooty
Grassquit for Colombia. Colombian specimens previously referred to this species are
actually T. obscura.

RESUMEN.—Se hizo una evaluacién de la taxonomia y de la distribucién de tres es-
pecies de Tordillos Tiaris. Pongo mayor enfoque en las dos especies que tiene la més
amplia distribucién en Sudamérica, Tordillo pardo (7. obscura) y Tordillo ahumado (7.
fuliginosa), porque los dos juntas forman una distribucién circum-Amazénica. Se ha
propuesto solo recientemente que los Tordillos pardo pertenecen a los miembros de
Tiaris. Aunque solamente se reconocen cuatro subespecies de Tordillo pardo; las especies
contienen a lo menos seis poblaciones diagnosticables que incluyen un patrén de ‘“‘sal-
tacabrilla” de variacién geogriphica a través de los Andes. A diferencia, aunque hay
tres subespecies, aparentemente no hay suficientes caracteristicas diferentes disponibles
para hacer un diagnéstico de las poblaciones aisladas del Tordillo ahumado que se en-
cuentran por la parte norte, este, y sur del Amazonia. Las subespecies sudamericanas
principalmente del Tordillo comin antillano (7. bicolor) ocurren de una manera sintépica
con T. obscura y T. fuliginosa en la parte norte de sudamérica. La similitud entre estas
tres especies ha creado mucha confusién en cuanto a su distribucién sudamericana y
muchos especimenes han sido identificados de una manera incorrecta. Presento los pri-
meros récords del Tordillo pardo para Paraguay y posiblemente de Brasil, y del Tordillo
ahumado para Bolivia. También presento un récord no publicado del Tordillo ahumado
para Colombia. Otros especimenes colombianos que han sido referidos a esta especie
son realmente T. obscura.

Distribution patterns of South American birds have fascinated ornithologists since they first
began describing the myriad of species found on the continent. Although many Neotropical
distribution patterns, such as those occurring among Amazonian birds, have been discussed at
length (Haffer 1974, 1987, and references therein), others have only recently been noticed. One
such pattern is the circum-Amazonian distribution described by Remsen et al. (1991), in which
taxa occur in a ring of populations around the Amazon Basin. In some cases, single species
exhibit this distribution, but Remsen et al. (1991) also noted allopatric congeners that, together,
showed the pattern. If more than one species is involved, then incorrect taxonomy can obscure
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a circum-Amazonian distribution pattern. In the genus Tiaris, this has occurred because one
species (Dull-colored Grassquit, 7. obscura) has long been placed in Sporophila (Paynter 1970).
In this paper, I review the characters that support placement of T. obscura in Tiaris and document
the South American distributions of, and geographic variation in, this species and two congeners.
The combined distributions of two species (T. obscura and T. fuliginosa, Sooty Grassquit) appear
to represent another example of the circum-Amazonian distribution. In addition, I find that the
Andean populations of T. obscura represent another example of the “leapfrog” pattern observed
in other Andean birds (Remsen 1984).

The genus Tiaris is composed of five small emberizine finches, called grassquits, found
throughout the Caribbean and in portions of Central and South America. There are no phylo-
genetic studies of relationships within the genus; however, evidence suggests that the five Tiaris
species, including 7. obscura, represent a monophyletic group (Clark 1986). The five may be
divided further based on the presence or absence of yellow in male plumage. This character
unites 7. olivacea (Yellow-faced Grassquit) with 7. canora (Cuban Grassquit) relative to T.
obscura, T. fuliginosa and T. bicolor (Black-faced Grassquit), which lack yellow in any plumage.
In this paper, I focus on T. obscura and T. fuliginosa, the species most widespread in South
America; however, I also include distribution information on the South American populations of
T. bicolor. This species is sympatric with T. obscura and T. fuliginosa in northern Colombia
and Venezuela, and plumage similarities and geographic variation in these species have caused
confusion regarding their distributions in this region.

METHODS

Locality data for mapping distributions of the taxa were taken from the literature and from
specimens housed in the American Museum of Natural History, New York (AMNH); the Acad-
emy of Natural Sciences, Philadelphia (ANSP); the Carnegie Museum of Natural History (CM),
Pittsburgh; the Field Museum (FMNH), Chicago; the Louisiana State University Museum of
Natural Science (LSUMZ), Baton Rouge; the Museum of Vertebrate Zoology, University of
California, Berkeley (MVZ), and the National Museum of Natural History, Smithsonian Insti-
tution, Washington D.C. (USNM). I measured wing chord and tail length, as well as culmen
length (from the distal end of the nares to tip of the bill), width, and depth on specimens with
digital calipers. Measurements followed Baldwin et al. (1931).

I also noted coloration of the maxilla and mandible on each specimen. Although bill coloration
may change in specimens over time, I believe that these characters can be used with some
caution, especially when series of birds are available for comparison to one another. In a few
cases, bill colors were recorded on specimen labels by the collectors, and for these specimens
(even if collected more than 50 years ago), the overall pattern of color (particularly contrast in
color between maxilla and mandible) had not changed from the colors written on the label. In
addition to specimens that I examined, curators at other museums provided locality data for
holdings in their collections. These institutions include: the Coleccién Ornitol6gica Phelps, Ca-
racas, Venezuela (COP); the Natural History Museum of Los Angeles County (LACM), Los
Angeles; the Peabody Museum of Natural History, Yale University, New Haven (YPM); and the
Western Foundation of Vertebrate Zoology, Camarillo (WFVZ). Two localities were based on
tape recordings housed at the Library of Natural Sounds, Cornell Laboratory of Ornithology,
Ithaca (LNS). I mapped collecting localities using the Geographic Information System described
by Isler (1997).

RESULTS AND DISCUSSION
TIARIS BICOLOR

This species is widespread in the West Indies, but is limited to northern portions of Colombia
(Col.) and Venezuela (Ven.) in South America (Fig. 1). Only two of the eight described subspe-
cies of T. bicolor occur on the continent. Tiaris b. omissa is distributed primarily along the
northern coastal plain, but there are a few records from further inland (Fig. 1). This subspecies
also occurs on Isla Margarita, Tobago (but not on Trinidad, where only T. fuliginosa occurs),
and throughout the Lesser Antilles to Puerto Rico. The other subspecies in South America, 7.
b. huilae, is known only from the upper Magdalena valley in south-central Colombia (Miller
1952).

Adult males of both T. bicolor subspecies are distinguishable from T. obscura and T. fuliginosa
by their olive backs and sooty-colored heads. Female and immature 7. bicolor resemble females
and immatures of the other two species, but 7. bicolor females and immatures are generally
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Fig. 1. South American specimen localities for the two subspecies of Black-faced Grassquit (Tiaris
bicolor) that occur on the continent. Black dots = T. 0. omissa, black stars = T. o. huilae. Dotted lines along
the Andes indicate the cordilleran divides.

paler overall with more olive backs than T. fuliginosa females and T. obscura (both sexes). Both
subspecies of 7. bicolor also have slightly shorter tails than the other species (Table 1).

Tiaris b. huilae differs from T. b. omissa in that both sexes are paler brownish-olive on the
back, and males have paler and more extensively gray flanks than omissa males. Specimens
collected in the northern part of the Magdalena valley near Bucaramanga (Col.) have been
referred to T. b. omissa (Miller 1952). In the vicinity of Bucaramanga and Caracas (Ven.), T.
bicolor, T. obscura, and T. fuliginosa all have been collected (Figs. 1, 2); however, both sub-
species of T. bicolor favor xerophytic lowland habitats more than the other species. Most spec-
imen localities on the mainland are below 500 m, with records from near Bucaramanga, Mérida
(Ven.), and Caracas occurring as high as 1,000 m (Appendix).

TIARIS OBSCURA

As the English name (Dull-colored Grassquit) implies, 7. obscura is a dull brown bird. Unlike
the other members of the genus, this species exhibits no obvious sexual dimorphism in plumage
(bill color may differ between sexes in some populations). Both sexes resemble the females and
immatures of the other two brown species of Tiaris, especially T. fuliginosa. Tiaris obscura
occurs in a variety of habitats, from humid and dry forest clearings to xerophytic scrub, from
northern Colombia and Venezuela to northern Argentina (Fig. 2). It is distributed throughout the
mountain ranges of northern Colombia and Venezuela; however, from extreme southern Colom-
bia through Ecuador, it is known only from the western slope of the Andes. In Peru, populations
are found in dry habitats west of the Andes and along both humid and dry slopes of the eastern
valleys. The species also occurs on the eastern side of the Andes in Bolivia south to northern
Argentina and Paraguay. Before discussing geographic variation in this species, I summarize the
evidence leading to its placement in Tiaris.

Taxonomic position—For many years, T. obscura was placed in the genus Sporophila (e.g.,
Todd 1912; Chapman 1926; Hellmayr 1938; Meyer de Schauensee 1952, 1966) or Catamenia
(Hellmayr 1913). Paul Schwartz (1972, unpubl. data) first suggested placing it in Tiaris because
it shared a buzzy song and construction of a dome-shaped nest (most other South American
emberizines, including Sporophila, build cup-shaped nests) with other species of Tiaris. Paynter
(1970) placed obscura in Sporophila, but acknowledged Schwartz’s suggestion in a footnote.
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FiG. 2. Specimen localities of Dull-colored Grassquit (7. obscura) and Sooty Grassquit (7. fuliginosa).
Specimens of T. obscura are divided into six diagnosable populations based on plumage variation (see text).
From south to north, black squares = birds from Paraguay, Argentina; and southern Bolivia (an *‘s” next to
two Paraguayan localities indicates that these are sight records only); open stars = birds from northern Bolivia
and central Peru, open dots = T. o. pacifica; black dots = birds from northern Peru; open squares = birds
from Ecuador and southern Colombia; and open triangles = 7. o. haplochroma. Black stars = T. fuliginosa
(a ““1” next to Chapada, a site in southwestern Brazil, is to indicate that I believe several specimens from
this site, long considered 7. fuliginosa, may be T. obscura. If correct, they represent the only records of T.
obscura for Brazil, see text). No geographic variation in this species was detected. Two “X”’s in Venezuela
and Colombia indicate localities where T. obscura, T. fuliginosa, and T. bicolor (see Fig. 1) have been
collected at the same site. Three *“?” indicate an odd-plumaged specimen from western Peru (a 7. obscura
from Ascope, depto. La Libertad, Peru) and two specimens that I have not examined from two localities in
depto. La Paz, Bolivia. The Bolivian sites possibly lie near where two distinct populations come together.
Dotted lines along the Andes indicate the cordilleran divides, and those in Brazil delineate Brazilian states.

Domed nests of T. obscura, in addition to those observed by Schwartz in Venezuela, have been
collected in other parts of its range (Colombia, Peru, and Argentina; nests and eggs at WFVZ,
Lloyd Kiff in litt.). Other studies have provided further documentation that obscura belongs in
Tiaris.

In an unpublished manuscript in which they proposed to name a new subspecies of obscura
(from northern Venezuela) after Schwartz, A. Wetmore, and W. H. Phelps, Jr., wrote the following
regarding cranial characters in obscura:

“In the skull of species of the genus Sporophila, the prepalantine bar of the palate in
ventral view is slender at its central portion, and expands gradually forward to its fusion
with the premaxilla. In this genus and its allies, there is no indication of a lateral palato-
maxillary on either side. The species of Tiaris are distinct in this regard as the prepalantine
bar expands only slightly at its anterior end, and there is a clearly marked, slender palato-
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maxillary on the other side. The anterior end of this process is fused with the premaxilla,
and for somewhat more than half its length it rests against the outer side of the anterior
end of the prepalantine bar, from which it is separated by a suture. The distal part projects
free as a very slender, pointed spine. (Those not familiar with the terminology of this
description will find the details illustrated in Tordoff, 1954, fig. 1). To check on this we
had the bones removed from a study skin of Sporophila obscura haplochroma (U. S. N.
M. No. 25464) from San Lorenzo in the Sierra Nevada de Santa Marta. Though the skull
was somewhat damaged, the palato-maxillary is preserved on one side from its attachment
to the premaxilla back along the prepalantine bar to the basal part of the free spine (the
tip of that process having been broken in cleaning). This verifies the interesting discovery
made through the records of the song, so that the species is to be known as Tiaris obscura.”

Also, Collins and Kemp (1976) found that obscura resembled other Tiaris rather than Sporophila
in natal pterylosis, and Clark (1986) found that members of Tiaris, including obscura, possess
a unique foot-scute pattern relative to other Neotropical emberizines.

Distribution and geographic variation.—Paynter (1970) recognized four subspecies of 7. ob-
scura: 1) T. o. haplochroma (Todd 1912) of northern Colombia and Venezuela, 2) T. o. pauper
(Berlepsch and Taczanowski 1884) of the Colombian Andes south to northwestern Peru, 3) T.
0. obscura (Lafresnaye and d’Orbigny 1837) of the eastern slopes of the Andes of central Peru
to northern Argentina, and 4) T. o. pacifica (Koepcke 1963) confined to the western side of the
Andes in southern Peru. However, a number of authors (e.g., Chapman 1926; Hellmayr 1938;
Meyer de Schauensee 1952; Haffer 1986) have followed Hellmayr’s (1913) suggestion that 7.
0. pauper is -indistinguishable from nominate obscura. In the following paragraphs, I review
geographic variation in this species. At the outset, I note that even if pauper is considered valid,
distinctive geographic variation is obscured by recognizing only the four subspecies listed above.
I find at least six diagnosable geographic units.

1) Tiaris o. haplochroma, as traditionally recognized, occurs in the Santa Marta Mountains,
in the northern portions of the Colombian and Venezuelan Andes, and in the coastal ranges east
to Caracas (Paynter 1970; Fig. 2, open triangles). I have not examined the Venezuelan specimens
from the Cordillera de Mérida (La Azulita, Mérida and Queniquea, T4chira; COP) that Wetmore
and Phelps (unpubl. manuscript) proposed to name after Schwartz, but I include them in hap-
lochroma because Venezuelan specimens that I have examined from further east (Picacho de
Galipén, Distrito Federal; Sierra de Carabobo, Carabobo; Cerro Turumiquire, Sucre; Rio Cocollar,
Monagas; Appendix) are not distinguishable. As discussed below, I also include central Colom-
bian specimens of T. obscura in this subspecies.

Specimens of T. o. haplochroma that I have examined from the type locality (Cincinati, depto.
Magdalena, Col.) and other sites in the Santa Marta region (AMNH, CM, FMNH, LSUMZ,
MVZ; Appendix) are dark brown or gray-brown (some variation is almost certainly due to
foxing), both on the back and on the breast with only the slightest olive tinge. These specimens
have darker brown underparts than other T. obscura populations, and the belly color contrasts
little with breast color. In any plumage, these birds are difficult to distinguish from juveniles
and females of T. fuliginosa; however, adult T. o. haplochroma tend to be duller brown with
less buffy tones than fuliginosa. In his type description of T. o. haplochroma, Todd (1912)
described both the back and breast of the type, an adult male, as olive. Although there are slight
olive tones to the coloration of haplochroma, emphasizing this color over brown may lead to
confusion of this taxon with 7. bicolor which, as noted above, is distinguished from the other
two species by its distinctly olive coloration on the back. Hellmayr (1938) and Meyer de
Schauensee (1952) both gave more accurate descriptions of the coloration of T. o. haplochroma.
Collecting localities for haplochroma in northern Colombia and Venezuela are generally above
700 m, with records up to 2,000 m (La Africa, depto. La Guajira, Col.; Picacho de Galip4n,
Cerro Turumiquire, Ven.).

The presence of a bicolored bill often is cited as a character that distinguishes 7. obscura
from T. fuliginosa (e.g., Hilty and Brown 1986; Ridgely and Tudor 1989), but variation in this
character exists in both taxa. In T. obscura, bicolored bills are typical of populations from
extreme southern Colombia south, but not of T. o. haplochroma. In the majority of T. o. hap-
lochroma specimens (exceptions are some females), the lower mandible is light only on the
underside; thus, seen from the side, the bill is all dark. Also, many 7. fuliginosa, including adult
males, have light lower mandibles. Reliance on this character has lead to confusion about the
identification of specimens from central Colombia.
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With one exception, all Tiaris specimens from central Colombia outside the Santa Marta region
are brown and many have all dark bills. Thus, although Chapman (1926) considered a female
T. o. haplochroma from La Frijolera in the lower Cauca Valley (depto. Antioquia, AMNH
134144) to be indistinguishable from Ecuadorian specimens that he assigned to T. o. pauper,
this individual (with a light lower mandible) is not typical of central Colombian specimens. In
plumage coloration, central Colombian birds resemble T. o. haplochroma from the Santa Marta
region in that they are more grayish-brown on the breast than T. fuliginosa from Trinidad (wWhere
obscura does not occur).

Dark-billed Tiaris from the upper Patia and middle Magdalena Valleys were identified origi-
nally as T. fuliginosa (Borrero and Hernandez 1961; Meyer de Schauensee 1966). However, in
describing six specimens (two males, three females, one unsexed) from the middle Magdalena
Valley, Borrero and Hernandez (1961) quoted a portion of a letter from E. Eisenmann in which,
although he agreed that their specimens were T. fuliginosa, he cautioned that they appeared to
be immature birds because there were no sooty-plumaged males. He further noted that the bill
and breast color in these specimens were darker than that of the T. fuliginosa specimens used
for comparison. I have examined two of the Borrero and Hernandez specimens from the eastern
slopes of the middle Magdalena valley (Llana Fria and El Guadual, depto. Santander, AMNH),
and I agree with Haffer (1986), who re-identified these birds as 7. obscura based on plumage
color. Only one is a male, but there is no reason to think this specimen or seven other dark-
billed males that I have examined from central Colombia (Appendix) are all immatures. Two
November males collected by Haffer in the Patia valley (Rio Guachicono, AMNH 708660, and
Rio San Jorge, AMNH 708661, both in depto. Cauca) may have been breeding adults based on
their fully ossified skulls and enlarged testes (4.5 X 6.5 mm and 7 X 6 mm, respectively). Also
included in this group are three AMNH specimens from the western slope of the western Andes
in the vicinity of the Dagua valley (Dagua, AMNH 107359; Jiménez, AMNH 515264; and
Primavera, AMNH 515265, all in depto. Valle de Cauca) that had been identified previously as
T. fuliginosa or T. olivacea.

In measurements, T. obscura specimens from Venezuela, the Santa Marta Mountains, the
Magdalena Valley, and central Colombia are similar (Table 1). In wing chord and the three bill
measurements, both sexes from all four regions are smaller on average than 7. fuliginosa. Av-
erage measurements of both sexes from these regions are slightly greater than 7. obscura from
southern Colombia and Ecuador.

The only definite record of T. fuliginosa in Colombia is an adult male (in sooty plumage)
collected on the eastern side of the Magdalena valley near Bucaramanga (see T. fuliginosa below)
ca. 100 km north of the Borrero and Hernandez localities. Thus, 7. o. haplochroma co-occurs
with T. fuliginosa along the coastal range of northern Venezuela and in the Sierra de Perija (Fig.
2). In Colombia, both are known from the eastern side of the lower Magdalena valley, but all
Colombian records attributed to T. fuliginosa from farther south and west appear to be 7. obscura
(Fig. 2). Localities for T. obscura in central Colombia range in elevation from 500 m (Jiménez;
I have not seen the Barrancabermeja record from 82 m) to 2400 m (El Zancudo, depto. Caldas).

Following Hellmayr’s (1913, 1938) belief that 7. obscura from throughout the Andes were
indistinguishable, Haffer (1986) assigned specimens from central Colombia and the Magdalena
Valley to T. o. obscura. Relative to other T. obscura specimens, I consider specimens from these
regions to be T. o. haplochroma based on their all dark bills (in most specimens), dark gray-
brown breasts, and generally larger measurements (Table 1). Additional study may find some of
these populations and those from Venezuela to be distinct from one another.

2) Birds from extreme southern Colombia (Ricaurte, depto. Narifio) and Ecuador (open
squares, Fig. 2) differ from 7. o. haplochroma in that all specimens have light-colored lower
mandibles. They also are lighter brown on the breast and have light-cream-colored bellies that
contrast with brown breasts and buffy flanks. They differ from populations of central Peru by
being brownish rather than dark gray-brown on the breast. These Ecuadorian birds also are less
pale than birds from western Peru and the dry northern Peruvian valleys (see below). I have not
examined the type specimen of 7. o. pauper from Cayandeled (prov. Chimborazo) in south-
western Ecuador (Berlepsch and Taczanowski 1884); however, of nine specimens from the same
region in the AMNH collection (Bucay, Pallatanga, and Chimbo), all but two from Pallatanga
(AMNH 173542) and Chimbo (AMNH 514512) fit the description given above for Ecuadorian
birds. The Pallatanga and Chimbo specimens are grayer on the breast than other specimens from
the region, and therefore they approach the coloration of specimens from central Peru (see
below). Specimen records in western Ecuador range from 100 m (Quinindé, prov. Esmeraldas)
up to 1,500 m (Pallatanga).
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3) Taczanowski (1884, 1886), Koepcke (1961, 1963), and Paynter (1970) placed specimens
from the dry western slopes of the Andes in northern Peru and the Marafion and Huallaga valleys
(black circles, Fig. 2) with populations to the north in T. o. pauper, but the birds from the dry
regions of northern Peru are paler gray on the chest than populations to the north, and the flanks
are almost as pale as the belly. Some individuals have whitish throats. A few specimens from
higher elevations are grayer on the breast than other birds, and the grayest, a bird from Vifias,
depto. La Libertad, Peru (AMNH 514509) resembles birds from central Peru (see below). A
single specimen from Ascope, depto. La Libertad, in the Chicama Valley (FMNH 399631) is
very rusty colored, unlike any other specimens I have examined of this species (the locality is
labeled with a ““?”” in Fig. 2). Northern Peruvian specimens range from 50 m on the coast (Viru,
depto. La Libertad; 105 m in the Huallaga valley, 20 km NE of Tarapoto, depto. San Martin) to
ca. 2,000 m (Taulis, depto. Cajamarca; I did not examine this specimen, but Koepcke [1963]
noted that this bird approached specimens from central Peru in possessing a darker breast).

4) Koepcke (1963) described T. o. pacifica, from the “lomas woods’ of the southern coast
of Peru (open circles, Fig. 2), as larger in measurements than all adjacent populations. My
measurements of the wing chord and tail length of a paratype (AMNH 766699) agree with those
she reported in being longer than any other T. obscura populations (Table 1). In coloration, this
bird most resembles the pale birds from northwestern Peru (see group 3, above). I am unaware
of additional distribution information for this region since Koepcke’s (1963) original description;
thus, gaps she described persist between the distribution of pacifica and other Peruvian popu-
lations (Fig. 2). The three localities for pacifica are all below 400 m.

5) All non-coastal specimens from central Peru south are considered to be T. o. obscura (e.g.,
Paynter 1970); however, geographic variation is also evident among these birds. Specimens from
central Peru south to depto. La Paz, Bolivia (open stars, Fig. 2), are darker gray-brown on the
chest than adjacent populations, and therefore the chest color contrasts strongly with the belly.
The flanks are buffy. Records in this region range from 450 m (Kiteni, depto. Cuzco, Peru) to
2,650 m (Huanta, depto. Ayacucho, Peru). As noted above, some specimens from northern Peru
and Ecuador approach central Peruvian birds in darkness of breast coloration; thus, variation
could be clinal in north-central Peru and southern Ecuador (alternatively, there may be elevational
separation). The distribution of these dark-chested birds may extend south of depto. La Paz,
Bolivia, but paler birds occur in the Andes of depto. Santa Cruz (Fig. 2, see below).

6) Specimens from the eastern Andean slope south of depto. La Paz, Bolivia, to northern
Argentina (black squares, Fig. 2) greatly resemble birds from the dry regions of northern Peru
(group 3 above) and are much paler than birds from immediately to the north (La Paz and central
Peru, Zimmer 1930). Hellmayr (1913) had specimens only from northern Peru and southern
Ecuador for comparison when he re-examined the type of T. o. obscura collected at Chiquitos,
Bolivia (Lafresnaye and d’Orbigny 1837), so it is not surprising that he concluded T. o. pauper
was inseparable from 7. o. obscura (he had no specimens from localities in depto. La Paz or
central Peru, where dark-breasted populations occur).

Although there are few data on the pale T. obscura from this region, existing specimen material
suggests that there may be seasonal movements of these populations. In the Andean foothills
near Tambo, depto. Santa Cruz, Bolivia, during January and February 1984 (austral summer),
D. C. and C. G. Schmitt collected a series (LSUMZ) of males with enlarged testes (>5 X 7
mm) and females in or nearly in breeding condition (one with a brood patch, LSUMZ 125040)
from around 1,500 m. In the lowlands east of the Andes, specimens have been collected only
in the austral winter. Remsen (in litt.) suspected that birds observed and collected in prov.
Chiquitos, depto. Santa Cruz (LSUMZ, Parker et al. 1993), were nonresidents in this region,
which lies some 200 km east of the Andes. Specimens were collected from flocks inter-mixed
with small numbers of Coryphospingus cucullatus (Red Pileated-Finch), another species that
exhibits seasonal movements in this part of Bolivia (Davis 1993; Remsen in litt.). All known
collection dates of 7. obscura from prov. Chiquitos (Lafresnaye and d’Orbigny 1837, CM,
FMNH, LSUMZ) and for other localities more than 100 km east of the Andes are for the austral
winter (outside dates are 14 May and 21 October). These include the first records of this species
for Paraguay (with additional sight records) and possibly the first records for Brazil.

On 9 October 1945, B. Podtiaguin collected a small finch at Chaco-i, depto. Presidente Hayes,
Paraguay (USNM 405363). This individual matches pale T. obscura specimens from central
Bolivia and Argentina in measurements and paler overall coloration relative to specimens from
northern Bolivia and central Peru. Hayes (1995) did not list this species for Paraguay; thus, this
specimen represents the first record of this species for the country. Chaco-i (75 m) is over 600
km from the Andes (Fig. 2). On 3, 4, 9 and 10 August 1995, two groups of omithologists,
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including Floyd Hayes, Bret Whitney, Tom Schulenberg, and the author, observed at least eight
individual 7. obscura among other birds (including C. cucullatus, Polioptila dumicola Masked
Gnatcatcher, Parula pitayumi Tropical Parula, and Poospiza melanoleuca Black-capped War-
bling-Finch) that responded to imitations of Glaucidium brasilianum (Ferruginous Pygmy Owl)
in Chaco woodland and woodland edge near Chaco Lodge, depto. Presidente Hayes (Lat. 22°
30’S. Long. 59°19'W, 130 m), and near Colonia Filadelfia. This site is 500 km from the Andes.
We never observed more than two individuals at one time. These records along with a specimen
(AMNH 142183), collected on 16 May 1916 at Avia Terai, prov. Chaco, Argentina (400 km
from the Andes) suggest that this species might be widespread in the Chaco at least during the
austral winter; however, it has not been recorded at other well-studied Chaco sites (Kratter et al.
1993).

Two old specimens (AMNH 32582-83), identified as females, that H. H. Smith collected at
Chapada, Mato Grosso, Brazil (Allen 1891), on 29 July and 30 August 1885 have always been
considered to be T. fuliginosa (e.g., Naumberg 1930; Hellmayr 1938). This is probably because
of the existence of a male 7. fuliginosa in the same collection. However, these birds were not
collected at the same time of year (the male was collected in November), and the two females
are much paler than any brown 7. fuliginosa that I have examined. Although it is conceivable
that these specimens are 7. fuliginosa (they are similar in measurements, Table 1), this would
mean that female fuliginosa from the cerrado region are distinct from other fuliginosa (contrary
to the observations of earlier authors). I believe these two females could represent the only
records of T. obscura for Brazil. They resemble Paraguayan and Argentinean 7. obscura in color
and size (although they are slightly larger than Chiquitos specimens in most measurements).
They were collected during the austral winter in the same months as other 7. obscura specimens
from the eastern lowlands. Chapada is approximately 1,000 km east of the Andes.

The available records are consistent with T. obscura being a regular visitor to the eastern
lowlands of Bolivia, Paraguay, and northern Argentina during the austral winter. If so, the two
Chapada specimens could represent exira-limital records in the non-breeding season. Clearly,
additional specimens and observations are needed to determine the seasonal status of this species
throughout this region.

TIARIS FULIGINOSA

Like T. bicolor, this species is sexually dimorphic. Adult males are entirely sooty-black with
a slight olive tinge to the back. Females and immatures are brown like 7. obscura, but generally
exhibit richer tones, and they are more buffy below. The species favors forest clearings and edge
and does not generally occur in drier habitats, in contrast to T. bicolor and T. obscura. Local
movements are thought to occur in some populations. Seasonal changes in elevation have been
reported in Trinidad (Ffrench 1991), and the species is known to invade areas of seeding bamboo
in southeastern Brazil (D. Stotz, J. M. Cardoso da Silva, pers. comms.) and Venezuela (M.
Lentino, pers. comm.).

Distribution and geographic variation.—Specimen records are scattered. Tiaris fuliginosa has
been recorded from widely separated sites that form a crescent around the southern, eastern, and
northern edges of Amazonia (Fig. 2). Along the southern edge, the species has been collected
at the Bolivian site documented below and from two sites in Mato Grosso, Brazil (Chapada,
Allen [1891]; Serra do Roncador, Fry [1970]). The species also recently has been recorded for
the first time in Paraguay (12 Sept. 1992), from the Atlantic forests on the eastern edge of the
country at Lagunita, depto. Canendiyd (Brooks et al. 1993, Hayes 1995, photos of mist-netted
male on file at VIREO). In eastern Brazil, it is found along the Atlantic coast from the state of
Sdo Paulo north to Pernambuco. The species also is known from further north in the state of
Maranhio (E. Dente specimens, LSUMZ; Oren 1990). These records are not included in any
recent summaries of the species’ distribution (e.g., Ridgely and Tudor 1989; Sibley and Monroe
1990; Sick 1993) and include records from farther inland than in other parts of eastern Brazil
(Fig. 2).

Along the northern edge of Amazonia, 7. fuliginosa is known in the Tepui region from a
single specimen taken by H. Whitely at approximately 1,200 m on the slopes of Mount Roraima,
Venezuela (Salvin and Godman 1884; Phelps 1938). In addition, Peberdy (1939) apparently
collected this species from Bat Mountain, Guyana (approx. 350 km SSE of Mt. Roraima); how-
ever, Snyder (1966) reported that the specimen was destroyed. In northern Venezuela, T. fuli-
ginosa overlaps in distribution with the other two non-yellow Tiaris along the slopes of the
coastal range from the state of Sucre west to the Sierra de Periji. It also is the only member of
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the genus that nests on Trinidad (Ffrench 1991). Although all recent accounts of this species’
distribution also include the upper Patia and middle Magdalena valleys of Colombia, I agree
with Haffer (1986) that these specimens are 7. obscura (see T. obscura above).

There is at least one specimen of an adult male T. fuliginosa from Colombia. This is a bird
taken by M. A. Carriker, Jr., on 10 May 1964 at Portugal, prov. Santander (MVZ 35684), a site
probably on the eastern side of the northern Magdalena valley. I examined other Carriker spec-
imens from Portugal and Azufrada, prov. Santander (also MVZ), that have been identified as
female and immature male fuliginosa and believe them to be T. obscura. The exact locations of
Portugal and Azufrada are not known (R. A. Paynter, Jr., in lit.), but they are likely in the vicinity
of Lebrija, a known location where Carriker also collected in May 1964 (specimens at LSUMZ,
MVZ, YPM). Carriker, then 84 years old, was living in nearby Bucaramanga (Anonymous 1963).

The first record of T. fuliginosa for Bolivia—On 19 July 1988, at Arroyo del Encanto, depto.
Santa Cruz, a male finch (LSUMZ 137740) was netted in tall humid forest and prepared by D.
C. Schmitt. The following information was recorded on the specimen label: testes 1 X 1 mm,
skull 100% ossified, no fat, and no molt; the iris was dark brown, the maxilla dusky brown, the
mandible buffy with sides dusky brown, and the toes and tarsi were fuscous. The bird was
collected in humid tropical forest, interspersed with overgrown clearings resulting from selective
logging of mahogany (Swietenia macrophylla) and other hardwoods. The site lies along the
western base of the Serranfa de Huanchaca in Noel Kempff Mercado National Park (Bates et al.
1989) and was 2 km from the nearest open habitats (cerrado or pampa).

Although we subsequently recorded Sporophila schistacea (Slate-colored Seedeater) at several
forest sites, and we recorded seven other Sporophila species in the seasonally flooded grasslands
below the plateau (Bates et al. 1992, unpubl. data), the 1988 specimen remained identified only
as Sporophila sp. (Bates et al. 1989) with the exception of a note by J. V. Remsen pointing out
that, of specimens in the LSUMZ collection, the bird most resembled specimens of T. o. hap-
lochroma. The Arroyo del Encanto specimen differs from 7. obscura specimens by its richer
brown coloration on the back and breast, and by the reduced pale feathering on the belly. Like
many haplochroma, it has little contrast between the colors of the maxilla and mandible. The
bird was not compared to 7. fuliginosa until it was realized that this species had been recorded
from ““only”’ 550 km to the east in Mato Grosso (Chapada). The Arroyo del Encanto specimen
is similar to immature male 7. fuliginosa from eastern Brazil (LSUMZ) and much more brownish
than the two female Tiaris collected by Smith at Chapada, Mato Grosso (Allen 1891, see T.
obscura above). It was the only individual Tiaris encountered by LSUMZ personnel despite
several field seasons in the Huanchaca region (Bates et al. 1989; Bates et al. 1992; Kratter et al.
1991). As with lowland records of 7. obscura, this T. fuliginosa could represent a wandering
individual. The only definite records from this part of South America are the adult male from
Chapada collected 100 years ago, and Fry’s (1970) record from northeastern Mato Grosso.
Whether a stable population exists in southern South America west of the Atlantic forests is
unknown.

Three subspecies of T. fuliginosa have been described, all based on males in adult (sooty)
plumage; however, I have examined 24 adult males from throughout the species’ distribution,
including the types of T. f. zuliae (Aveledo and Ginés 1948, AMNH) and T.. f. fumosa (Lawrence
1874, AMNH), and intra-population variation in plumage is as great as that among specimens
belonging to the proposed subspecies. Measurements of named populations also show no con-
sistent differences. The only apparent distinction in measurements for any population is that
females from Maranhdo, Brazil, may be smaller than females from other regions (Table 1). Thus,
although T. fuliginosa is composed of a number of apparently allopatric populations, the current
subspecies are not diagnosable by male plumage or measurements of available material, and I
recommend that no subspecies be recognized.

CONCLUSIONS

Sympatry of Tiaris bicolor (Black-faced Grassquit), 7. obscura (Dull-colored Grassquit), and
T. fuliginosa (Sooty Grassquit) in parts of Colombia and Venezuela, has created confusion in
the identification of some specimens from this region. This is especially true for T. obscura and
T. fuliginosa.

At least six diagnosable populations of 7. obscura occur from northern Colombia south to
Argentina; only two of which (7. o. haplochroma and T. o. pacifica) are adequately named. The
other four are currently treated as a single taxon, the nominate subspecies. Populations from the
central valleys of Colombia that I consider to be T. o. haplochroma also may prove to be distinct.
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These populations previously have been thought to be T. fuliginosa. Andean populations form a
“leapfrog” pattern similar to that described for many other Andean birds (Remsen 1984), with
dark populations (northern Andes and central Peru/northern Bolivia) and light populations
(Southern Col. and Ecuador, northern Peru, and central Bolivia/Paraguay/Argentina) alternating
along a north/south gradient.

Based on scattered specimen records, the distribution of 7. fuliginosa is appears quite disjunct.
In several regions (the Tepuis and central Brazil), T. fuliginosa is known from fewer than two
specimens (taken up to 100 years apart); thus the status of these populations is unknown. The
only definite record for Colombia is from the Bucaramanga area on the eastern side of the lower
Magdalena Valley. The currently recognized subspecies of T. fuliginosa are not diagnosable
based on type descriptions of adult males because intra-population variation in adult male plum-
age is substantial.

For both T. fuliginosa and T. obscura, additional specimens, data on song and natural history,
and molecular studies would help clarify relationships among and distributions of populations,
especially in regions where the species co-occur (Colombia, northern Venezuela, and possibly
central Brazil). Information on the relationships among the currently recognized Tiaris species
also is needed to determine if fuliginosa and obscura are sister taxa, a question whose resolution
has bearing on the evolution of the circum-Amazonian distribution discussed below.

These poorly known Tiaris species can be grouped with a number of other small finches (e.g.,
members of Haplospiza, Amaurospiza, and some Sporophila) about which little is known in
terms of distribution and status in many parts of the Neotropics (e.g., see Barrajas and Phillips
1994 on Haplospiza). Although widespread geographically, these species are considered local
and uncommon-to-rare in most of their distributions. For many regions, they are poorly repre-
sented in collections. With so little information, we cannot assess whether some populations
might be threatened by habitat changes, because we do not know if a population even exists. In
the future, efforts should be made to better understand the natural history and seasonal distri-
butions of these often-overlooked species.

THE CIRCUM-AMAZONIAN DISTRIBUTION PATTERN IN BIRDS

Based on the distribution of Platyrinchus mystaceus (White-throated Spadebill), Remsen et al.
(1991) defined the circum-Amazonian distribution as one in which ‘‘sister taxa are found in (a)
montane forested areas on the humid slopes of the Andes and the Coastal Range of Venezuela
or the Tepui region, and (b) lowland forested areas south and east of the lowland forests of
Amazonia.” Phylogenetic relationships among members of Tiaris have not been determined;
however, bicolor, fuliginosa, and obscura lack the yellow that occurs in the male plumages of
the other two species in the genus (7. canora and T. olivacea). Thus, the three could be sister
taxa. For the following discussion, I assume that this is the case. It also might be argued that
Tiaris grassquits are not strictly forest inhabitants; however, obscura and fuliginosa are associated
with forest edge based on descriptions of most collecting localities. Taken together, the ranges
of T. obscura and T. fuliginosa encircle Amazonia (Fig. 1) in a circum-Amazonian pattern like
that described by Remsen et al. (1991) for P. mystaceus. Platyrinchus mystaceus and T. fuligi-
nosa also occur together on Trinidad (on Tobago, P. mystaceus occurs as does T. bicolor).
Remsen et al. (1991) noted the ranges of several species of thraupids that also exhibited a circum-
Amazonian distribution, including Piranga flava (Hepatic Tanager), Chlorophonia cyanea (Blue-
naped Chlorophonia), and Pipraeidea melanonota (Fawn-breasted Tanager). With such shared
distributions among a growing number of taxa, it is tempting to look for a single explanation to
explain the pattern. However, a closer examination of these circum-Amazonian distributions is
warranted. To do this, I briefly discuss the distributions of these three tanagers, P. mystaceus,
and the Tiaris species at several geographic scales based on an examination of collecting local-
ities for specimens housed at the AMNH and from the literature.

The five circum-Amazonian taxa mentioned above often have been collected at the same sites.
For example, T. fuliginosa or T. obscura has been collected with P. mystaceus at 12 AMNH
localities from throughout the circum-Amazonian distribution. The three tanager species also
have been collected at some of these same localities. Piranga flava has been collected with one
of the two Tiaris species at 22 localities. As localities in common for these circum-Amazonian
taxa include such diverse sites as Chapada, Mato Grosso (central Brazil, all but C. cyanea), and
Mount Roraima (southern Venezuela, all but P. melanonota, which is known from the region),
some common aspect to the ecology or evolutionary history of these species is possibly sup-
ported.
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However, at the regional scale these species also have extensive non-overlapping portions to
their distributions. For example, P. mystaceus occurs in portions of Paraguay, southern Brazil,
and northeastern Argentina where Tiaris is absent, whereas Tiaris occurs along the western
Andes in Peru, where P. mystaceus is absent. The distributions of the genera to which these
species belong suggest differences in evolutionary history or ecology. Tiaris occurs throughout
the West Indies where Platyrinchus is absent, and P. mystaceus has congeners throughout Ama-
zonia, whereas Tiaris does not. Only three of the five taxa mentioned above occur on the western
slopes of the Andes south to Ecuador (C. cyanea and P. melanonota occur in the western Andes
only in western Colombia). The lack of overlap at the regional scale does not refute a common
history leading to circum-Amazonian distributions, but it does demonstrate variation exists, sim-
ilar to what Remsen (1984) found for his Andean ‘“‘leapfrog” distributions. Clearly, more thor-
ough study of the evolution of these interesting patterns is needed.
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CRYPTIC BIODIVERSITY: AN OVERLOOKED SPECIES
AND NEW SUBSPECIES OF ANTBIRD (AVES:
FORMICARIIDAE) WITH A REVISION OF
CERCOMACRA TYRANNINA IN NORTHEASTERN
SOUTH AMERICA

RICHARD O. BIERREGAARD, JR.}2, MARIO COHN-HAFT?, AND

DouaGLAs E Storz*’
1Biodiversity Programs, National Museum of Natural History, Smithsonian Institution,
Washington, DC 20560, USA;

present address: Biology Department, University of North Carolina at Charlotte,

9201 University City Boulevard, Charlotte, North Carolina 28223-0001, USA;
3Museum of Natural Science, 119 Foster Hall, Louisiana State University,
Baton Rouge, Louisiana 70803-3216, USA; and
‘Museu de Zoologia, Universidade de Sdo Paulo, CP 7172, 01051 Sdo Paulo, SP, BRAZIL;
Spresent address: Environmental and Conservation Programs, Field Museum of
Natural History, 1200 Lake Shore Drive, Chicago, Illinois 60605, USA

ABSTRACT.—An undescribed population of antbirds in the Cercomacra tyrannina/ni-
grescens complex that is sympatric with Cercomacra tyrannina was discovered north of
Manaus, Brazil. The new population differs from Cercomacra tyrannina in plumage,
certain mensural characters, and especially voice. Based on similarity of the song, the
undescribed form from Manaus is considered conspecific with Cercomacra tyrannina
laeta. However, because of the sympatry of the Manaus population with Cercomacra
tyrannina, laeta must be elevated to full species level, with three subspecies: Cercomacra
laeta laeta in extreme southeastern Amazonia; C. laeta sabinoi in northeastern Brazil;
and a new subspecies described in this paper, known only from the vicinity of Manaus
and eastern Roraima, approximately 650 km north Manaus. The population of Cercom-
acra tyrannina north of the Amazon River and west of the Rio Negro, formerly assigned
to Cercomacra tyrannina laeta, is shown to be allied with Cercomacra tyrannina rather
than Cercomacra laeta. In this paper, we recognize a valid species and subspecies from
two areas whose avifaunas are among the best known in tropical South America. The
cryptic species, Cercomacra laeta, was already represented by many dozens of speci-
mens in museum collections. Our findings demonstrate that the accurate cataloging of
the planet’s biodiversity will rely not only on expeditions to remote mountain valleys
but also on a careful analysis of specimens and information already at our disposal.

ResuMo.—Uma populagdo ainda nfo descrita do complexo Cercomacra tyranninal
nigrescens foi descoberta em simpatria com C. tyrannina ao norte de Manaus, Brasil.
Esta nova populagéo difere de Cercomacra tyrannina pela plumagem, certas medidas, e
sobretudo por suas vocalizagdes. De acordo com as similaridades apresentadas por este
dltimo carater, a forma ndo descrita de Manaus foi considerada coespecifica com Cer-
comacra tyrannina laeta. Em virtude dessa simpatria com Cercomacra tyrannina, laeta
deve ser elevada ao nivel de espécie, estando composta de trés subespécies, a saber:
Cercomacra laeta laeta do sudeste extremo da Amazdnia, C. laeta sabinoi do nordeste
do Brasil, e uma subespécie nova, descrita neste trabalho, conhecida apenas dos arredores
de Manaus e leste de Roraima, cerca de 650 km ao norte de Manaus. A populagio de
Cercomacra tyrannina encontrada ao norte do Rio Solimdes e oeste do Rio Negro,
anteriormente atribuida & Cercomacra tyrannina laeta, na verdade revelou-se mais re-
lacionada & Cercomacra tyrannina que Cercomacra laeta. A espécie revalidada no pre-
sente trabalho pertence a avifauna de duas dreas sul-americanas relativamente bem tra-
balhadas desde o ponto de vista ornitolégico, estando representada em cole¢des por
vérias dizias de espécimens. Esta constatagio demonstra que a precisa catalogacio da
biodiversidade mundial depende ndo apenas de expedigdes a lugares remotos, mas tam-
bém de uma anilise detalhada das informagGes e exemplars ja disponiveis.
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Our efforts to stem the tide of extinction brought on by our own ever-hastening incursion into
the last wild places on earth will be bolstered by an accurate inventory of the species in those
ecosystems. Because birds are so well studied, we expect to discover new species only through
expeditions to remote corners of the world. In this study, we demonstrate that a relatively com-
mon subspecies of Cercomacra tyrannina, the Dusky Antbird, which occurs in one of the better-
known regions of Amazonia and is well represented in ornithological collections, is a valid
species. This discovery emphasizes that a thorough understanding of the planet’s biodiversity
will require not only continued efforts such as the Rapid Assessment Program of poorly known
areas, championed by the late Ted Parker and Conservation International, but also careful atten-
tion to the ecosystems much closer to home.

Cercomacra tyrannina is generally a bird of forest edge, tall second growth, and small clear-
ings. In Amazonia it is generally encountered in such habitats in “‘terra firme” situations, rather
than river edge or flooded forests. Seven subspecies were recognized by Peters (1951), ranging
from southeastern Mexico to the lowlands of Ecuador west of the Andes and east of the Andes
broadly through the tropical lowlands of Amazonia (except southwest Amazonia) and the Guian-
as. A disjunct population, C. tyrannina sabinoi, occurs in northeastern Brazil, several hundred
kilometers southeast of the Amazonian forest.

J. Vielliard and E. O. Willis initially drew our attention to a peculiar situation with Cercomacra
antbirds in Belém and Manaus, Brazil. Vielliard did not recognize a recording of Cercomacra
tyrannina from Manaus, because he knew the very different voice of C. t. laeta south of the
Amazon in the vicinity of Belém, near the mouth of the Amazon River 1,500 km east of Manaus.
Willis, who was familiar with the voice of C. tyrannina from Manaus north into Panama but not
C. t. laeta south of the Amazon, later confirmed (in litt.) that in Belém and Manaus he had heard
a Cercomacra that was different from the C. tyrannina with which he was familiar. He did not
know at the time that the song in Belém was being given by birds considered to be a subspecies
of C. tyrannina and did not pursue the matter.

In April 1988 Bierregaard and Cohn-Haft found a population of Cercomacra antbirds on a
small island in the Balbina hydroelectric project reservoir, about 150 km north of Manaus
(59°20'W X 2°S; site 2, Fig. 1). Our attention was initially drawn to the birds because we did
not recognize their songs, which proved to be the key to resolving the taxonomy of this and
related populations. The birds were singing in such close proximity to C. tyrannina that our
parabolic microphone was occasionally focussed on both songs. The songs of the unknown birds
were strikingly different from the typical song of C. tyrannina north of the Amazon. As we later
discovered, these ‘“new” songs resembled closely the songs of C. & laeta, which Willis had
heard in Belém and Manaus. In 1992, Stotz found a population of Cercomacra antbirds in
Roraima (site 1, Fig. 1) with a song similar to those of the Balbina birds.

Descriptions of new subspecies.—Below we describe the details of comparisons of specimens
collected and recordings made at the Balbina site and in Roraima with museum material and
recordings of other Brazilian populations of C. tyrannina and C. nigrescens. These studies have
demonstrated that populations placed in C. tyrannina in Brazil represent two species.

General similarity of morphology and plumage lead us to believe that the Balbina/Roraima
population is closely allied to C. tyrannina, although its sympatry with this species and differ-
ences in plumage and voice indicate that these populations do not belong to the same species.
A comparison of the song of the Manaus birds and reciprocal playback experiments with C. ¢
laeta in Belém lead us to ally these two populations at the subspecific level within the biological
species Cercomacra laeta. Tapes from the state of Pernambuco indicate that the population in
northeastern Brazil, sabinoi, is also a subspecies of C. laeta rather than C. tyrannina. We char-
acterize C. laeta as a species distinct from C. tyrannina with three subspecies, as follows:

Cercomacra laeta laeta Todd 1920

Holotype—Carnegie Museum 69242, adult female collected in Benevides, Para, Brazil, by S.
M. Klages on 5 Sep. 1918.

Diagnosis.—Males virtually indistinguishable from Cercomacra tyrannina saturatior except
for their smaller wing and tail (Table 1) and different voice (Fig. 2). Females distinguished from
allopatric C. t. saturatior by smaller wing, tail and tarsus, paler underparts, and olive-gray, rather
than chestnut-rufous, auricular regions.

Range.—Southeastern Amazonian Brazil, east of the Rio Tocantins and south of Marajé Bay
(Baia de Marajs), southeast through the state of Pard and adjacent Maranhdo (Fig. 1). There are
no specimens of laeta from the island of Marajé in any of the museum collections we studied,
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tyrannina satwatior

_C. laeta laeta

FiG. 1. The ranges of Cercomacra tyrannina and Cercomacra laeta in northern South America east of
the Andes. Solid black circles are known locations for C. l. waimiri: 1 = southeast of Boa Vista, Roraima;
2 = Balbina hydroelectric reservoir; 3 = KM 47, Manaus-Boa Vista Highway (BR174). Open squares
indicate locations for C. t. tyrannina in the southeastern portion of its range: 4 = Manacapuri and Fazenda
Sédo Francisco, km 50, AMO070; 5 = Jad National Park; 6 = Mavai, north bank Rio Japura; 7 = mouth of
the Rio Uaupés. The western limit of the range of saturatior is not known. Solid squares indicate sites where
songs typical of saturatior in Manaus and Suriname have been recorded: 9 = Santa Elena, Venezuela; 10 =
El Palmar, Venezuela. Open circles are two recordings with songs noticeably slower than typical saturatior
(see text): 8 = Sdo Gabriel de Cachoeira, Brazil; 11 = *“Campamento Rio Grande,” Venezuela. Note that
some trans- and cis-Andean subspecies (e.g. vicina) of C. tyrannina and populations of C. t. tyrannina in
the Cauca and Sinu valleys are not shown because they are not germane to this paper.

so although range maps of C. tyrannina often indicate a continuous distribution for the species
from the north bank of the Amazon to the known range of laeta east of the Tocantins (e.g.,
Ridgely and Tudor 1994), we find no evidence that the form crosses the vast Marajé Bay (Fig.
1.

English name.—We propose to call Cercomacra laeta “Willis’ Antbird,” in recognition of E.
O. Willis’ indefatigable studies of the Amazonian avifauna, especially members of the Formi-
cariidae, and his early recognition of the unresolved taxonomic problem addressed in this paper.

The males of the population of C. laeta in the vicinity of Manaus have longer tails (Table 1)
and are darker than the eastern birds from Belém. Additionally, although the songs of the two
populations are superficially very similar, there is a consistent difference in the song of the males
that further distinguishes the two populations (see Fig. 2). Based on these differences and the
geographic barrier (the Amazon River) between the populations, we name the Manaus birds

Cercomacra laeta waimiri, subsp. nov.

Holotype.—Mus. Paraense Emilio Goeldi number 52521, adult male collected on an unnamed
island (the site of ‘“Base 2” of the pre-flooding animal rescue effort) in the Balbina Hydroelectric
Project Reservoir 150 km northeast of Manaus, Amazonas, Brazil, by R. O. Bierregaard, Jr., on
11 Apr. 1988 (BDFFP capt. 41799).

Description of holotype (male).—(Colors in capitals are from the Munsell soil color charts
followed by the Munsell notation for hue, color and chroma [Anon. 1994]). Throat, breast,
underwing coverts and upper belly Dark Gray (2.5 Y 4/0); lower flanks, thighs, and lower belly
washed with olive (Dark Grayish Brown 2.5 Y 4/2); crown to lower back Very Dark Gray (2.5
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Fic. 2. Male songs of Cercomacra laeta and C. tyrannina. All three subspecies of C. laeta exhibit the
distinctive pattern of a single note followed by a series of couplets. Unlike nominate laeta or sabinoi, the
first note of each couplet in male waimiri rise sharply in frequency. The rapid trill of the male song in C.
tyrannina saturatior is similar across its range from Suriname to Manaus. The songs of male C. tyrannina
on the west bank of the Rio Negro (Manacapurid and Jai) resemble saturatior but are substantially slower.
Recording details as follows: C. . laeta, natural song, recorded south of Belém (Rio Guajard), Brazil, LNS
48156; C. I. sabinoi, response to playback of C. I. laeta, recorded on 18 Nov. 93, in Aldeia, near Pernambuco,
Recife, Brazil, by B. M. Whitney; C. l. waimiri (Balbina), natural song, LNS 46961; C. I. waimiri (Roraima),
natural song recorded by Stotz, ASN DFS 09/3; C. t. saturatior (Suriname), response to playback, LNS
11530; C. tyrannina (Manacapuri), natural song, LNS 46847; C. tyrannina, recorded 14 Jul. 1993, in Jad
National Park (west bank, Rio Negro), Amazonas, Brazil, by A. Whittaker.

Y 2/0); upper tail coverts washed with olive, concolor with flanks and lower belly; upper wing
coverts black (2.5 Y 2/0) very narrowly (<1 mm) tipped with white; a large, concealed white
interscapular patch is present and the leading edge of the wing at the wrist is white; rectrices
and remiges blackish (concolor with black), leading edge of primaries narrowly edged in a lighter
gray, and trailing edge of proximal primaries edged pale gray. Iris dark brown. Bill black, and
legs bluish to blackish gray.

Description of female.—Breast, belly and undertail coverts orange-cinnamon (Strong Brown
10 Y/R 8/8); crown, nape, back, and rump dark olive gray (5 Y 3/2); lores, superciliaries, and
auriculars orange-cinnamon, slightly paler than breast (Yellow 10 Y/R 7/8); auriculars distally
concolor with back. Rectrices dark grayish brown (2.5 Y 3/2). Leading edge of wing at wrist
orange-cinnamon, slightly lighter than breast (Strong Brown 10 Y/R 6/8). Upper wing coverts
blackish (Very Dark Gray 10 Y/R 3/1) tipped about 1 mm with orange-cinnamon concolor with
breast; primary and secondary coverts edged Very Pale Brown (10 Y/R 7/3); a weak, concealed,
white interscapular patch is present. Edge of anterior vane of alular quills creamy buff, paler
than the breast and edging to secondary coverts.

Diagnosis.—An antbird of medium size, recognizable as Cercomacra by long, slender, and
slightly hooked bill, distinct rictal bristles, and the rather long, graduated tail with ten rectrices
(Ridgway 1911:90). Within the genus, the new form is distinguished from the ‘“‘nigricans group”
(C. manu, C. melanaria, C. nigricans, C. ferdinandi, and C. carbonaria) by the female’s warm
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cinnamon-brown ventral surface, rather than gray or olive gray typical of females in this group
(Fitzpatrick and Willard 1990). Within the ‘‘tyrannina group” (C. tyrannina, C. laeta, C. ni-
grescens, C. serva, and C. brasiliana), the new form most closely resembles tyrannina, laeta,
and brasiliana. The new form is readily distinguished from C. cinerascens (intermediate between
the tyrannina and nigricans groups) by the lack of conspicuous, broad white (male) or buffy
(females) tips to the rectrices.

The new population can be differentiated from C. nigrescens and C. serva by more prominent
white edging to the upper wing coverts (greatly reduced to absent in approximans and serva)
and pronounced olive wash to the flanks, thighs, lower belly, and upper tail coverts in males.
The single female collected differs in having cinnamon-buff tips of the upperwing coverts. Both
sexes are also substantially smaller than nigrescens (see Table 1).

C. I waimiri from the Balbina site differs from C. tyrannina saturatior and C. l. laeta in
having a darker belly and is also lacking white tips to belly feathers that give a faint, narrow
scalloping found in some C. t. saturatior and nominate laeta. This scalloping may be less pro-
nounced in C. t. saturatior specimens with more advanced feather wear, but there is no indication
of it at all in the Balbina C. l. waimiri specimens, including those that are in fresh plumage.
Freshly molted adult male C. t. saturatior show narrow (ca. 1 mm) off-white tips to the rectrices
(wider in the outer feathers), which do not appear in any of the male C. I waimiri specimens.
Some C. t. saturatior have browner remiges than our C. I. waimiri specimens, but this is not
consistent and may be a function of feather weathering or age (M. and P. Isler, pers. comm.).

Males of C. I. waimiri are darker gray above and below than nominate laeta, which has an
olive brownish wash to the remiges contrasting with the rest of the back. Also, nominate laeta
have very narrow (up to 1 mm) off-white tips to the rectrices, which probably can be lost to
feather wear; the tails of all five C. I. waimiri specimens lack these white tips.

The strongest character separating female C. I. waimiri from nominate laeta, sympatric C. t.
saturatior, nominate tyrannina, and C. tyrannina north of the Amazon River and east of the Rio
Negro is the darker upper wing coverts (darker gray and less olive than rest of back), with the
greater and median secondary coverts prominently edged with cinnamon-brown concolor with
breast, a trait lacking in all other forms considered here. The female further differs from nominate
laeta and nominate tyrannina in having orange-cinnamon, rather than gray, auriculars.

Because the plumages of C. tyrannina and C. brasiliana are practically indistinguishable
(Ridgely and Tudor 1994), we assume that comparisons between laeta and brasiliana would be
no different from those between laeta and tyrannina. We did not compare our specimens to C.
brasiliana, a species restricted to the Atlantic forest region in southeastern Brazil, about 1,000
km south of Amazonia, which has a different voice (Ridgely and Tudor 1994) than any of the
populations joined in C. laeta.

Variation.—The three remaining males collected at the Balbina site agree closely with the
holotype. The one male collected in Roraima, however, is paler on the belly, with faint white
edgings to the feathers of the central belly, much like many male C. t. saturatior or nominate
tyrannina, but lacks the white tips to the rectrices, in agreement with the Balbina specimens.

Range.—This form is known from four male specimens collected several km above the Bal-
bina Dam, (59°20'W X 2°S; site 2, Fig. 1), a pair collected 4 km north of the Rio Cachorro, on
the road from Cant4 to Confianga, Roraima, Brazil (60°40'W X 2°15'S; site 1, Fig. 1), recordings
elsewhere in Roraima, and sight records north of Manaus (km 47, BR174) made 10 to 15 years
prior to our discovery of the Balbina birds (Willis, in litt.; Oren, pers. comm.) (site 3, Fig. 1).
Despite the difference in the ventral plumage of the one male collected in Roraima, we tentatively
consider the Roraima birds to represent the same form as the Manaus birds based on the simi-
larity of song and lack of any barrier between eastern Roraima and the Balbina site.

Etymology.—We name this subspecies for the tribe of Amerindians on whose former lands
we originally encountered these birds. The Waimiri and neighboring Atroari tribes were displaced
by the Balbina Hydroelectric Project.

Based on plumage and voice, we ally the northeastern Brazilian population currently known
as C. tyrannina sabinoi with the Amazonian populations of C. laeta and characterize it as
follows:

Cercomacra laeta sabinoi Pinto 1939

Holotype.—Adult male collected by Oliveiro Pinto on 15 Dec. 1938 at Fazenda Séo Bento,
Taper4 station, Pernambuco state, Brazil; Museu de Zoologia, USP (Sdo Paulo) 18.122.
Diagnosis.—In the original description of this form, Pinto (1939) effectively only compared
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sabinoi with laeta. He noted that males are indistinguishable in plumage, whereas female sabinoi
are paler overall, especially ventrally where they are light cinnamon with no appreciable rusty
suffusion.

Range.—Known only from coastal forests of extreme northeast Brazil, occurring in the states
of Pernambuco and Alagoas from sea level to 450 m (Fig. 1) (Teixeira, unpub. data).

METHODS

During three visits to the Balbina island, four adult males of the C. I. waimiri were collected.
No females were seen or heard at Balbina. In Roraima, Stotz collected a pair of Cercomacra
antbirds and recorded male and female songs similar to those of the Balbina birds.

We searched for additional populations of C. l. waimiri at various sites, including along the
road from Manaus to Itacoatiara (AM-010), in the vicinity of Manaus, at the INPA silviculture
station (km 47 on BR174; site 3, Fig. 1) where Willis and Oren (pers. comms.) had seen and
heard the birds in the 1970s, and west of the Rio Negro along the road (AM070) from Cacau
Pireira to Manacapurd, a small village on the north bank of the Amazon (Solim&es) River about
75 km west of Manaus. Our efforts west of the Rio Negro were concentrated along the access
road to the Fazenda Sao Francisco, km 50 AM 070 (site 4, Fig. 1). We stopped wherever we
saw suitable habitat, i.e., the edge of tall forest skirted by 3- to 10-m-tall second growth, often
dominated by Cecropia spp., and played an endless loop cassette tape made from J. Vielliard’s
recording of C. [. laeta as well as our own recordings of C. tyrannina from the Manaus vicinity.

We compared specimens from the Museu Paraense Emilio Goeldi, Belém, Brazil (MPEG), the
Museu Nacional, Rio de Janeiro, Brazil (MN), the Museu de Zoologia da Universidade de Sao
Paulo, Sdo Paulo, Brazil (MZUSP), the American Museum of Natural History (AMNH), and
the Museum of Comparative Zoology, Harvard (MCZ), to our specimens (Appendix 1). We
studied skins from all described forms of C. tyrannina in Amazonia and northeastern Brazil, as
well as two eastern Amazonian subspecies of the Blackish Antbird, C. nigrescens: C. n. nigres-
cens, which is sympatric with C. tyrannina north of the Amazon; and C. n. approximans, which
occurs south of the Amazon and west of the east bank of the Rio Tapaj6s. The populations of
C. tyrannina examined were: C. t. tyrannina from northwestern Amazonia (Venezuela and Co-
lombia); birds east of the Rio Negro and north of the Amazon River through the Guianas,
hereafter referred to simply as C. t. saturatior; the population west of the Rio Negro and north
of the Amazon (Solimdes), traditionally considered to be C. tyrannina laeta; C. l. laeta south
of the Amazon delta (Maraj6é Bay) and east of the Tocantins River to the southeastern limits of
the Amazonian forests in the state of Maranhio; C. . sabinoi from Alagoas and Pernambuco in
extreme northeastern Brazil; and C. I waimiri.

Field capture data for specimens collected by Bierregaard and Cohn-Haft are archived in the
computer data base and original field slips of the Avian Ecology Subproject of the Biological
Dynamics of Forest Fragments Project (BDFFP). Capture numbers link specimens described
herein to these data.

Wing chord, tail, tarsus, and upper mandible length (from the base of the skull) were measured
with vernier calipers on at least five, but often more, specimens of each sex of each subspecies
or population, with the exception of C. I. waimiri, for which only five males and a single female
have been collected. Bierregaard measured all specimens except the specimens of sabinoi, which
were measured by D. M. Teixeira (see acknowledgments), and the male C. I. waimiri collected
and measured by Stotz in Roraima. Bill measurements made by Teixeira are not comparable to
those made by Bierregaard and were not used in statistical comparisons.

Morphological data were log-transformed prior to statistical analyses. Using the SYSTAT
(Wilkinson 1990) statistical software package, a one-way analysis of variance (ANOVA) was
performed on the four measurements across the eight study populations for males. For females,
only seven populations could be compared, because only one specimen of C. I waimiri was
available.

Prior to the ANOVA, Bartlett’s test for homogeneity of group variance was performed. For
each sex, a post-hoc test of the equality of all pairs of means was then performed using Tukey’s
HSD procedure (Tukey 1977, as cited in Wilkinson 1990). Additionally, an independent samples
t-test was performed to test the equality of means between sexes for each of the four morpho-
logical characters in all subspecies except C. I. waimiri.

Bierregaard and Cohn-Haft recorded the songs and calls of the Balbina birds and C. tyrannina
from Manaus and Manacapurd. These recordings are archived at the Library of Natural Sounds
(LNS) at the Cornell Laboratory of Ornithology and the Arquivo Sonoro Natural (ASN) at the
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TABLE 2

SExUAL DIMORPHISM IN Cercomacra laeta, C. tyrannina, AND C. nigrescens: INDEPENDENT
SAMPLES £-TEST. VALUES PRESENTED ARE SAMPLE SIZES AND RESULTS OF TESTS, AS FOLLOWS: NS
= H, oF EQUAL MEANs ACCEPTED; * = H; OF EQUAL MEANS REIECTED, 0.05 > P > 0.01; **
= H, oF EQUAL MEANS REIECTED, 0.01 > P > 0.001; *** = H, oF EQUAL MEANS REJECTED, P
< 0.001. THERE WERE INSUFFICIENT DATA TO PERFORM THIS TEST FOR C. l. waimiri. POOLED
VARIANCES USED FOR WING, TAIL, AND CULMEN

Population Wing Tail Tarsus Culmen
C. L laeta 18,** 17,%* 18,* 18, ns
C. L. sabinoi 12,* 11,%** 11, ns 12, ns
C. n. nigrescens 18, %** 18, ns 17, ns 17, *
C. n. approximans 15,%* 14, ns 15, ns 15, ns
C. t. saturatior 49 * %% 49, ns 47 xkx 50, *
C. t. tyrannina 9, ** R 8, ns 8, **
C. t. tyrannina
(west of R. Negro) 20, 4x 29, ns 28, ns 25, ns

University of Campinas, Sdo Paulo, Brazil. Stotz’s recordings from Roraima are archived at the
ASN. We obtained recordings of laeta from the state of Pard, sabinoi from Pernambuco, and of
tyrannina from the west bank of the Rio Negro in the Jai National Park from various colleagues
(see Acknowledgments). Additional recordings of C. tyrannina and C. nigrescens were provided
by the LNS (see Appendix 2).

Our recordings around Manaus and Manacapuri were made by Bierregaard on a Nagra III
and Cohn-Haft on a Sony TCM-5000 tape recorder. Songs were analyzed and spectrograms
produced with the Canary software (Charif et al. 1995) from the Cornell Laboratory of Orni-
thology on a Power Macintosh 7100/80.

In the course of playback experiments, we recognized two types of response. When playback
of a test recording was made while a bird was singing, a positive response was for the singing
bird to abruptly stop singing, utter a short ‘““jut-ut” call, approach the recorder, eventually re-
suming singing, coming out of hiding with the white interscapular patch prominently displayed.
Both sexes of C. tyrannina and C. laeta exhibited this behavior. The birds were considered to
have shown no response if they continued singing and did not approach the recorder or come
out of hiding. For playbacks in the known territories of birds not singing, a positive response
was recorded when the birds started singing and aggressively approached the recorder as de-
scribed above.

RESULTS

Morphology.—All taxa studied are sexually dimorphic. On average, for all taxa females are
smaller than males, although there is overlap (Table 1). The independent samples z-test rejected
the null hypothesis of equal means for all forms for wing length (Table 2). Except for C. ni-
grescens approximans, all female means were less than those of their respective males for tail
and tarsus length, although these differences were significant only for C. l. sabinoi, C. l. laeta,
and C. t. tyrannina for tail length, and C. I laeta and C. tyrannina north of the Amazon River
and east of the Rio Negro for tarsus length (Table 2). Because of this sexual dimorphism,
inter-taxon comparisons were made separately for males and females.

Inter-taxon comparisons showed significant (ANOVA, P < 0.001) taxon effect for both males
and females. For males, variances were homogeneous for wing, tail, and culmen, and for all
four traits in females.

Males of C. I laeta are the smallest of the populations studied in all dimensions, although
there is overlap and not all comparisons are statistically significant (Tables 1 and 3). Statistically,
males of C. l. laeta are not different from C. I sabinoi or C. l. waimiri, are smaller in all
dimensions measured than either form of C. nigrescens, have shorter tails and tarsi than C. t.
saturatior and C. tyrannina west of the Negro, and have shorter wings, tails, and tarsi than
nominate tyrannina (Table 3). No differences were found among C. I. sabinoi, C. tyrannina west
of the Negro, and the C. I waimiri males. Individuals of C. l. sabinoi are smaller than either
form of C. nigrescens considered here in all but tarsus length and has a shorter tail than nominate
tyrannina and C. t. saturatior (Table 3). The C. I waimiri males show few differences from
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other forms, having shorter wings than C. approximans and C. nigrescens, and shorter tails and
culmens than C. nigrescens (Table 3).

Female nominate laeta are smaller than females of both subspecies of C. nigrescens for all
characters, smaller than C. ¢. saturatior and C. tyrannina west of the Negro in all but culmen,
and have smaller wings and tarsi than nominate tyrannina. Female C. l. sabinoi differ from C.
L. laeta only in having significantly longer wings (Table 3). They are smaller than both subspecies
of C. nigrescens in wing, tail, and tarsus, except for the comparison of tarsus length with C. n.
approximans, for which the null hypothesis of equal means was not rejected. Females of C. L
sabinoi differed from females of C. t. saturatior and C. tyrannina west of the Negro only in
having shorter tails. No statistical differences were found in wing, tail, or tarsus when the sample
was compared to nominate tyrannina (Table 3).

Vocalizations.—In suboscine passerines, song is believed to be genetically determined, rather
than learned (Kroodsma 1984). Differences in songs, therefore, are probably a phenotypic ex-
pression of genetic differences between populations and consequently an important clue to tax-
onomic relationships. Furthermore, because songs are used in intraspecific territory and in mate
advertising, playback experiments may be used to test biological species limits in allopatric forms
(e.g., Lanyon 1963).

The genus Cercomacra is composed of two species groups, the members of which are allied
by both plumage and voice characteristics (Fitzpatrick and Willard 1990). The forms reviewed
in this paper are in the ‘“‘songster” or “‘whistler” group, characterized by clearer, higher-fre-
quency songs than the “‘croakers.” In both groups members of a pair commonly duet.

Our comparisons of songs are based on three recordings of C. [. laeta, at least six individuals
of C. l. waimiri, one recording of C. I sabinoi, and an ample number of recordings of C.
tyrannina from Brazil, Suriname, and Venezuela (see Appendix 2).

The spectrograms of the songs of male nominate laeta, sabinoi, and C. . waimiri are similar
to each other and differ greatly from other forms of the Cercomacra ‘‘songsters,” including
tyrannina (Fig. 2). Whereas the song of male C. tyrannina consists of a fairly rapid (roughly
10/s) series of single notes sometimes descending in frequency, the song of male laeta is much
slower, consisting of an introductory note followed by a series of three to six (usually four, but
as many as eight if birds are responding to playback of conspecific songs) couplets of notes.
The typical song (four couplets) lasts between 1.75 and 2.0 seconds.

The male C. laeta song begins with a single syllable at around 2.80 to 3.10 kHz, with the
first note of each subsequent couplet higher in frequency (ca 3.2 kHz) than the second, which
is very similar to the introductory note in shape and frequency (Fig. 2). The last note of each
song is often slightly lower in frequency than the preceding ones. We describe the song as “‘pee
pee-ter pee-ter pee-ter ....”

The songs of male C. l. waimiri consistently differ from those of C. I sabinoi and nominate
laeta in that the first note of each couplet in C. L. waimiri is sharply slurred upward from about
2.6 kHz to 3.7 kHz, whereas the first note in nominate laeta and C. l. sabinoi after a very brief
increase in frequency remains at a constant peak frequency of 3.3 to 3.4 kHz (Fig. 2).

The song of female laeta is almost always given in a duet with the male; the female begins
singing after the male has started his song (Fig. 3). The songs of male and female often overlap.
The male often utters a relatively quiet, ‘‘chittery” series of two to five syllables when the
female finishes her song. This general pattern is similar to the duets of other species in the
Cercomacra songster species. However, only in laeta does the male’s song consist of coupled
syllables. In the recordings we examined, male songs are more common than duets, but often
alternate with them, a pattern witnessed in C. tyrannina as well.

The female song is an ascending series of two to four notes, each of about 0.5 s duration,
with all but the ultimate note rising abruptly and then slowly descending in frequency, forming
inverted “U’’s in a spectrogram. In contrast, the last note uttered ascends in frequency (Fig. 3).
This is consistent over all three subspecies.

In C. tyrannina duets north of the Amazon River and east of the Rio Negro, the male’s song
begins with one or two slow notes whistled at about 2 kHz, followed by a series of 15-20 faster,
higher notes, each slurred downward from about 2.6 to 2 kHz. The length of the song varies
considerably and is often particularly extended by males responding to playback of their own
or conspecific songs. The female begins her song about 1.5 seconds after the male begins his.
After an introductory note slurred upwards at about 1.6 kHz, the remaining series of 6-10 notes
appear as inverted ‘““U”’s in a spectrogram (Fig. 4). The peaks of the notes rise in frequency
from 2.4 to 2.9 kHz and decrease in duration from about 0.1 to 0.05 seconds and then quietly
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Fic. 3. Male and female duets of Cercomacra laeta. Female song is similar to that of C. tyrannina (Fig.
4) except that the last note rises in frequency. Male songs are often extended (more couplets) after playback.
Recording details as follows: C. I laeta, natural song, recorded south of Belém (Rio Guajard), Brazil, LNS
48156; C. I. sabinoi, response to playback of C. I laeta, recorded on 18 Nov. 93, in Aldeia, near Pernambuco,
Recife, Brazil, by B. M. Whitney; C. I waimiri (Roraima), natural song ASN DFS 09/3.

taper off. As the female ends her song, the male often utters a brief series of quiet notes. These
patterns are consistent in all recordings from Manaus, Suriname, and southeastern Venezuela.

The songs of males and duets of C. tyrannina (formerly assigned to C. t. laeta, see below)
west of the Rio Negro is similar to C. tyrannina east of the Rio Negro but is substantially slower
(Fig. 4). Most of the difference lies in the male’s song, in which the notes are given at a rate of
about 4/s west of the Rio Negro and 10-12/s in C. tyrannina east of the Rio Negro. The female
song is somewhat slower west of the Negro, but the difference is not as pronounced as in the
male song (Fig. 4).

Playback experiments.—In reciprocal playback experiments, one male and one female C. I
laeta in Belém responded quickly and aggressively to the song of C. I. waimiri. The male was
collected and tissue preserved. Similarly, a male of C. I. waimiri responded aggressively to the
C. L laeta song recorded by Vielliard east of the Rio Tocantins. Likewise, B. M. Whitney (in
litt.) used Belém C. L laeta recordings to lure in C. I sabinoi near Recife, Pernambuco. He
reported that a pair of C. . sabinoi reacted very aggressively to the playback of the Belém birds.
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FiG. 4. Male and female duets of Cercomacra tyrannina. Female song usually overlaps male song and
often ends in a descending trill, unlike female C. laeta. Males often utter a two-syllable call, “jut-ut” as the
female sings. As with males, female songs of nominate tyrannina are generally similar in frequency and
pattern to saturatior but slower. Recording details as follows: C. ¢. saturatior (Manaus), response to playback,
LNS 46965; C. t. saturatior (Suriname), response to playback, LNS 25516; C. t. tyrannina (Manacapurd),
natural song, LNS 46847; C. t. tyrannina, recorded 14 Jul. 1993, in Jai National Park (west bank, Rio
Negro), Amazonas, Brazil, by A. Whittaker.

At Balbina, the resident C. tyrannina did not respond to the playback of either C. I. waimiri
or Belém C. L laeta. We did not quantify the number of playback trials, because we were using
the recordings to lure birds in the newly found population into nets over a period of several
days, often with individuals of C. tyrannina in close proximity. Also, during hours of searching
for additional populations of C. I. waimiri around Manaus and across the Rio Negro on the
Fazenda Sdo Francisco, as we repeatedly played the Belém recording, no individual C. tyrannina
responded to the song of either C. L laeta or C. L. waimiri.

Geographic variation in Amazonian C. tyrannina.—Cercomacra tyrannina along the north
bank of the Amazon from the Rio Jarf west to Manaus have traditionally been placed in laeta
(Cory and Hellmayr 1924; Naumburg 1939). Peters (1951) extended the range of laeta north of
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the Amazon east to Macapd (in the state of Amap4) and west across the Rio Negro to Mana-
capurti.

Analysis of the ample collection of Amazonian C. tyrannina in the collection of the AMNH
revealed that all well-prepared female specimens of C. tyrannina north of the Rio Amazonas,
from Amapa west to Manaus have a chestnut-rufous auricular region, whereas the auriculars of
female laeta south of the Amazon and the birds west of the Rio Negro are olive-gray. The gray-
cheeked Manacapurd and Belém populations appear, therefore, to be disjunct. Additionally, the
Manacapuri birds are larger than those from Belém in wing and tail (males) and wing, tail, and
tarsus (females) (Table 1). They differ morphometrically from C. tyrannina north of the Amazon
River and east of the Rio Negro only in females having longer wings (although with substantial
overlap).

Most importantly, the song of the birds west of the Rio Negro, although significantly slower
than the typical song of C. tyrannina east of the Rio Negro, is clearly much like that of C.
tyrannina and unlike C. laeta (Fig. 2). Whittaker’s recording of C. tyrannina in the Jai National
Park (about 200 km northwest of Manaus; site 5, Fig. 1) shows that the slow song typical of
the Manacapuri population extends up the west bank of the Rio Negro.

Considering these differences in morphology, plumage, and voice between these birds and C.
laeta, we propose that the population west of the Rio Negro and north of the Amazon River is
conspecific with C. tyrannina. Based on the four traits we measured, we are unable to distinguish
these birds morphometrically from C. t. saturatior or nominate tyrannina. Nominate tyrannina,
which ranges from Colombia in the Cauca and upper Sini valleys into the Amazonian lowlands
on the Rio Vaupés and into Venezuela in the states of Bolivar and Amazonas and in northern
Brazil on the upper Rio Negro (Peters 1951) (Fig. 1), differs from Guianan C. t. saturatior in
having grayish rather than reddish brown auriculars in the females (Chubb 1918). Because this
characterizes specimens that we examined from the west bank of the Negro from Manacapuri
to Jucali and Tatd near the mouth of the Rio Uaupés (site 7, Fig. 1), we tentatively place this
population in the nominate subspecies.

Having shown that the population of C. tyrannina north of the Rio Amazonas and east of the
Rio Negro is not laeta, it remains to justify our use of saturatior for C. tyrannina in this area.
Cercomacra t. saturatior Chubb 1918 was considered by Cory and Hellmayr (1924) to be limited
to British Guiana. Peters (1951) expanded this range to eastern Venezuela on the upper Cuyuni
River and to Suriname. Because the Manaus area is floristically (Prance 1990) and faunistically
(Bierregaard et al. 1987; Stotz and Bierregaard 1989; Prum 1994; Cohn-Haft et al. 1997) similar
to the Guianas, the Brazilian birds north of the Amazon and east of the Rio Negro could be
referred to the Guianan saturatior.

Chubb’s (1918) original diagnosis of C. t. saturatior stated that the subspecies differed from
nominate tyrannina in being “almost black above, and very dark slate-color on the undersur-
face.” In fact, the full series at AMNH of male C. t. saturatior from the Guianas, C. tyrannina
from the north bank of the Amazon, and nominate tyrannina broadly overlap in their coloration
(which is not very dark slate below, nor as black as C. nigrescens ventrally), with the majority
of specimens showing a pronounced white wash to the belly and some scalloping. Typically,
then, the male plumage does not appear to be useful in identifying the subspecies of the lower
Amazonian C. tyrannina.

However, female C. t. saturatior are distinguished from nominate tyrannina by their bright
chestnut rufous on the ventral surface extending into the cheeks (Chubb 1918). Our specimens
from the Manaus region as well as specimens from eastern Roraima (Ilha de Maracé), other
north-bank sites, and the state of Amapa (E C. Novaes, pers. comm.) agree in this trait with
female saturatior. Therefore, based on female plumage, we believe the range of C. t. saturatior
extends into Brazil north of the Rio Amazonas westward to the Rio Negro and north to the
Orinoco region of Venezuela. We were unable to find sufficient museum specimens to determine
the western extent of the range of C. t. saturatior.

Several recordings of C. tyrannina from eastern Venezuela and the east bank of the Rio Negro
in far western Brazil offer tantalizing clues as to the limits of the ranges of C. t. saturatior and
nominate tyrannina. In northeastern Bolivar, Venezuela, close to the Guyanan border, Ted Parker
recorded songs typical of C. t. saturatior at El Palmar (LNS 30576) (site 10, Fig. 1) and at Santa
Elena (LNS 30576) (site 9, Fig. 1), whereas only a few dozens of km northeast of El Palmar,
he recorded a pair of C. tyrannina with a noticeably slower song (LNS 34463). Additionally,
Cohn-Haft recently recorded C. tyrannina on both sides of the Rio Negro near Sio Gabriel de
Cachoeira (site 8, Fig. 1). His recordings from the west bank are similar to other recordings
from Jai National Park and Manacapurd, whereas a single (unarchived) recording from the east
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bank seems intermediate between the west bank recordings and ““typical” C. t. saturatior. These
recordings suggest that further study is needed to resolve the range limits of these species and
that northeastern Bolivar, Venezuela, and the headwaters of the Rio Negro are areas likely to
provide important information.

The ecology of C. laeta.—The natural history of C. laeta is not well known. Typically, Cer-
comacra antbirds form stable pair bonds, are strongly territorial and do not participate in mixed-
species flocks. As do many insectivorous birds of the understory or forest edge, individual C.
tyrannina will take advantage of army-ant swarms and forage for insects flushed by the ants
when they move through the birds’ territories but are not ‘“‘obligate’ ant followers (Willis 1985).
Except for the Balbina birds, where the males were not obviously associated with females, all
of our observations and those reported to us (M. and P. Isler, pers. comm.; A. Whittaker, pers.
comm.; B. M. Whitney, pers. comm.) suggest that C. laeta is also territorial, not a regular
participant in mixed-species flocks, nor an obligate army-ant follower. A more refined portrait
of the species’ ecology will require detailed field studies

In Belém, C. laeta is a relatively common bird of lower stages of varzea (flooded) forest or
streamside habitat (D. C. Oren, pers. comm.; M. and P. Isler, pers. comm.). The birds’ Portuguese
name around Belém is “mde do igarapé,” or ‘“‘mother of the stream.” However, near Belém,
Bierregaard collected a male C. . laeta along a dry roadside several hundred meters from any
stream, in habitat typical of C. tyrannina in Manaus, so the relationship with riparian habitat is
not obligatory. There have been no published studies of C. I sabinoi, but, based on anecdotal
reports, it seams to inhabit low, scrubby, often disturbed vegetation, at least sometimes near
streams (E. O. Willis, in litt.; B. M. Whitney, pers. comm.).

Given its sympatry with C. tyrannina, the ecology of C. I. waimiri remains somewhat of a
mystery. In the Manaus vicinity, C. tyrannina is a bird of the forest edge, typically found along
road cuts or at the edge of large clearings where tall forest is fringed by moderately dense second
growth, often dominated by Cecropia spp. about 3—10 m height. We suspect that C. L. waimiri
may, as does nominate laeta, show a preference for stream- or river-edge forest. The clearing
where we discovered the population at Balbina was contiguous with the shore of the reservoir,
and thus the birds may have been displaced from their normal habitat by rising waters after the
dam was closed. Consistent with this hypothesis is the lack of any C. I. waimiri around the edge
of a hilltop clearing not contiguous with the lake, where C. tyrannina was present, about 1 km
from the clearing where we discovered the male C. I. waimiri.

In three expeditions to the Balbina site, we never saw or heard anything that we could identify
as a female C. I waimiri. Most Cercomacra form tight pair bonds and are almost always found
in pairs, singing together. At Balbina, the male C. l. waimiri were moving and singing alone.
The lack of females at the Balbina site is further indication that the camp clearing may not have
been the typical habitat for C. I. waimiri. The only other site near Manaus where C. I. waimiri
has been seen was at a permanent camp clearing 47 km north of Manaus, near a white-sand
“campina’ formation. The birds were heard at this site in the late 1970s by both E. O. Willis
(in litt.) and D. Oren (pers. comm.), but are no longer present. There is no river nearby from
which these birds may have wandered, but a large stream wanders through the area and perhaps
the scrubby vegetation of the campina is structurally similar to river-edge habitat.

In Roraima, Stotz found the birds in pairs in disturbed terra firme forest and forest edge, not
associated with river edge. One area was in forest near a small patch of campina, similar to the
Manaus clearing. The forest had been logged, and in all areas agricultural clearings were nearby.
C. tyrannina was not present at any of the sites where Stotz found C. L waimiri.

DISCUSSION

External characteristics offer no absolute distinction between these taxa. Plumage differences,
especially in males, are very subtle to virtually non-existent in some allopatric populations of
Cercomacra tyrannina and C. laeta. Indeed in some cases only the females can be readily
distinguished, a phenomenon termed ‘“heterogyny’ by Hellmayr (1929). This, in fact, is the
norm for the genus Cercomacra (e.g., Fitzpatrick and Willard 1990). Intraspecific and interspe-
cific differences in the four morphological traits measured were subtle. Even when differences
were statistically significant, the ranges of values often overlapped substantially.

To understand the relationships in this group, close attention to the birds’ songs was required.
It would have come as no surprise to Ted Parker that vocalizations were the key to unraveling
the relationships between the antbird populations discussed in this paper. Ted was keenly aware
of the importance of bird song in Neotropical avian systematics (Remsen and Schulenberg 1997).
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Careful attention to vocalizations of tropical forest birds has revealed a number of such ‘“new”
taxa. Cohn-Haft (1993) discovered a new population of White-winged Potoo (Nyctibius leucop-
terus) by identifying the source of an unfamiliar nocturnal vocalization in the forests north of
Manaus. Other cryptic species have been distinguished from very similar populations based on
distinctive vocalizations (e.g., Cymbilaimus sanctaemariae, Pierpont and Fitzpatrick 1983; Cha-
maeza meruloides, Willis 1992; Thamnophilus punctatus, Isler et al. 1997; Cranioleuca vulpina,
Zimmer 1997).

With increasing human pressure on the environment, it becomes ever more important to cat-
alog accurately the planet’s biodiversity. Adequate inventories of the biota will be invaluable as
we decide which areas are most important to save and which can best suffer the brunt of our
own species’ expansion into currently less-disturbed habitats. Our study reminds us that unrec-
ognized taxa occur even in well-studied areas. With so many cryptic species being discovered
in birds, perhaps the best described group of organisms on earth, it is apparent that this “‘cryptic
biodiversity” is clearly just the tip of an immense iceberg awaiting discovery.
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APPENDIX 1
SPECIMENS EXAMINED

Cercomacra l. laeta: MPEG 20581, 22360, 22383, 22725, 22970, 23214, 23428, 29752, 31811, 31813,
33012, 37379, 43190; AMNH 430795, 430797, 430798, 430799, 430801, 430802, 430804, 491087. Cer-
comacra laeta sabinoi: MZUSP 18.122, 18.123, 39.063, 39.064, 39.065, 63.522, MN 32.049, 32.050, 32.051,
33.894, 33.895, 33.896, 33.897, 36.376. Cercomacra laeta waimiri: MPEG 52521 (type), 52522, 52523,
Museu Nacional (Rio de Janeiro) MN 42847, Museu de Zoologia (Sdo Paulo) MZUSP (DFS 92-252, DFS
92-251).

Cercomacra t. tyrannina: AMNH 121920, 434548, 448302, 448303, 460371, 460372, 460374, 460375,
460376, 460380, 460382. Cercomacra tyrannina saturatior. AMNH 125622, 125623, 125629, 125630,
125632, 128474, 176898, 176899, 248556, 248557, 248559, 248563, 248568, 248570, 248571, 309883,
309886, 309889; MPEG 16115, 16118, 16592, 20219, 20289, 24813, 28708, 29180, 29450, 39118, 39119,
39120, 39121, 39122, 40439, MPEG 52528, 52529, 52530, 52531, 52532, 52533, 52534, 52535, 52536;
MN 42848, 42849, 42850, 42851. Cercomacra tyrannina from the upper Rio Negro: AMNH 310692, 310693,
310694, 310695, 434551, 434554. Cercomacra tyrannina from the Orinoco in Venezuela: 491088, 491091,
491092, 491094, 491095, 491097, 491098, 491099. Cercomacra tyrannina from n. Roraima: AMNH 824584.
Cercomacra tyrannina (west of R. Negro): AMNH 312041, 312042, 312044, 312045, 312047, 312048,
312049, 312051, 312052, 312053, 312055, 312056, 312057, 312059, 312060, 312070, MPEG 52524, 52525,
52526, 52527.

Cercomacra nigrescens approximans: MCZ 174923, 174924, 174925, 174927, 174928, 174929, 174930,
174932, 174936; MPEG 39907, 39908.

APPENDIX 2
RECORDINGS EXAMINED

Cercomacra l. laeta: LNS 48156, 48229, 48230, ASN JV 149/1b. Cercomacra l. sabinoi: 1 recording by
B. M. Whitney. Cercomacra I. waimiri: LNS 46949, 46950, 46951, 46952, 46953, 46954, 46957, 46961,
46967, ASN DFS 09/3.

Cercomacra tyrannina: West bank, Rio Negro: LNS 46847, 46893, 46895, 46931, 46941, 46943, 46988,
46991, 47009, 48555, 48556, 48557, 48558, 46847, A. Whittaker (unarchived), M. Cohn-Haft (unarchived);
Suriname: LNS 11530, 11622, 25311, 25516, 26593; Manaus: 32413, 46852, 46853, 46855, 46859, 46864,
46865, 46965; Sdo Gabriel (east bank, upper Rio Nego, Brazi); M. Cohn-Haft (unarchived); Bolivar, Vene-
zuela: LNS 30468, 30576, 34463.

Cercomacra nigrescens: LNS 11511, 35618, 37284.
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ABSTRACT.—Isozyme electrophoresis was used to assess genetic variation in potoos
(Nyctibiidae), a distinctive Neotropical family of caprimulgiform nightbirds. Interspecific
levels of genetic differentiation among potoos are extremely high (range of Nei’s D =
0.191-1.172) and are comparable to intergeneric levels of differentiation in other bird
families. In addition, levels of genetic differentiation between populations of both Nyc-
tibius grandis and N. griseus from east and west of the Andes are comparable to the
high genetic distances found in cross-Andes comparisons in other isozyme studies of
Neotropical birds. These data suggest that extant potoo lineages are quite old, and that
substantial genetic diversity exists in potoos that is not conveyed in the current taxonomy,
in which most potoo species lack named or described intraspecific variation, and all
species share a single genus.

Phylogenetic analysis of isozyme data supports the monophyly of Nyctibiidae through
comparisons with outgroups from five other caprimulgiform families. Our results also
support the monophyly of a clade composed of Nyctibius maculosus, N. leucopterus, and
N. griseus, and confirm maculosus and leucopterus as sister taxa. The relationships of
other potoos remain essentially unresolved, although there is weak support for the place-
ment of N. bracteatus as the basal taxon. Relationships among caprimulgiform families
are also essentially unresolved by these data, although there is some support for a clade
composed of Caprimulgidae, Aegothelidae, and Eurostopodidae. The very high genetic
distances from Steatornis to all other caprimulgiforms indicate that it represents the
earliest branching lineage in the order.

ResuMEN.—Electroforesis de proteinas fue usado para estudiar la variacién genética
de los nictibios (Nyctibiidae), una familia Neotropical de aves nocturnas. Los niveles de
diferencia entre las especies de nictibios son altos (Nei’s D = 0.191 hasta 1.172), tan
alto como los niveles que se encuentran entre los géneros en otras familias de aves. Los
niveles de diferencia entre las dos especies con representantes en los dos lados de los
Andes (el occidente y el oriente), Nyctibius grandis y N. griseus, estin de acuerdo con
esos observados en otros estudios de aves de quienes los representantes ocurren en los
ambos lados de las montafias. Estos resultados sugieren que los lineajes evolucionarios
de nictibios son antiguos y que bastante diversidad genetica existe que no se puede
reconocer con la taxonomia corriente.

Un andlisis filogenético de los datos indica que los nictibios pertenecen a un grupo
monofilético y diferente de otros grupos de aves nocturnas. Los resultados tambien apoy-
an la existencia de un grupo monofilético compuesto de N. maculosus, N. leucopterus y
N. griseus, en que las especies maculosus y leucopterus tienen una relacién mas cercana
que con griseus. Las relaciones evolucionarias de los otros nictibios no fueron resolvadas,
sin embargo los datos sugieren que N. bracteatus es la especie mas antigua. Tampoco
resolvamos las relaciones entre las familias caprimuigiformas, aunque los datos sugieren
que Caprimulgidae, Aegothelidae y Eurostopodidae son consanguineos. La grande dis-
tancia genética que existe entre Steatornis y otras familias en el estudio, indica que
Steatornis es la familia mas antigua de las aves nocturnas.

The potoos (Nyctibiidae) are an exclusively Neotropical family of nocturnal birds character-
ized by their distinctive mimicry of vertical tree stubs, upon which they often perch. Mimicry
is achieved by pointing their bill upward, closing their eyes, and laying their tail flat along the
branch (Sick 1993). Their cryptic behavior, nocturnal habits, and tropical distribution have made
them one of the most poorly known groups of birds. However, recent fieldwork in South America
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has yielded new information on vocalizations and life history of several little-known taxa that
clarifies species boundaries and provides new material for anatomical and molecular studies
(Remsen and Traylor 1983; Schulenberg et al. 1984; Parker et al. 1985; Cohn-Haft 1993).

All potoos are currently united within the genus Nyctibius (Monroe and Sibley 1993). Most
treatments of the family recognize five to seven potoo species (Chapman 1926; Peters 1940;
Schulenberg et al. 1984; Sibley and Monroe 1990), depending on whether the Middle American
form, jamaicensis (Northern Potoo), is given specific status or lumped within griseus (Common
Potoo), and whether maculosus (Andean Potoo) is lumped within leucopterus (White-winged
Potoo) (Schulenberg et al. 1984). Confusion concerning the specific status of maculosus began
when Peters (1940) reduced it to a subspecies of leucopterus. This was presumably based on
Chapman’s (1926) conclusion that maculosus was an Andean representative of leucopterus, al-
though Chapman did not explicitly state that he considered them conspecific. More recent anal-
yses of morphology and voice strongly support the species status of leucopterus and maculosus
(Schulenberg et al. 1984; Cohn-Haft 1993).

As with most Neotropical avian taxa, there have been few attempts to elucidate the evolu-
tionary relationships within this family. The Northern Potoo has been hypothesized to be the
sister taxon to grandis (Great Potoo) based on their vocalizations, rather than to the phenotyp-
ically similar Common Potoo (Davis 1978). Schulenberg et al. (1984) proposed that maculosus
is a highland relative of griseus, not leucopterus, based on similarities in size and plumage.
Mariaux and Braun (1996) recently performed a molecular phylogenetic survey of Nyctibiidae
using DNA sequence data from the mitochondrial cytochrome & (cyt b) gene. They found evi-
dence for a maculosus-leucopterus clade, confirming Chapman’s (1926) early view. However,
they were not able to fully resolve relationships among potoos, partly due to unexpectedly high
levels of divergence among potoo cyt b sequences. To confirm and extend those observations,
we examined nuclear genetic markers generated from electrophoresis of isozymes to perform a
phylogenetic analysis of Nyctibiidae.

METHODS

We use the taxonomy of Sibley and Monroe (1993) as the most recent comprehensive treat-
ment of Caprimulgiformes. All available frozen tissue samples of Nyctibius were obtained for
this study (n = 14). Specimens examined in this study included one to three individuals of each
currently recognized potoo species (Table 1), aside from N. [griseus] jamaicensis, of which no
samples were available. One individual from each of five other caprimulgiform families was
used as outgroups (Table 1). Because the SOD locus could not be resolved for Podargus stri-
goides, an individual of Podargus papuensis was scored for this locus.

Protein electrophoresis was performed on Titan III cellulose acetate plates (Helena Labora-
tories Inc.) according to methods described by Richardson et al. (1986). Tissue homogenates
were prepared by grinding approximately 50 mg of heart, liver, and pectoral muscle in 500 pl
of distilled water. The mixture was spun in a Brinkman 5415C Eppendorf centrifuge at 14,000
rpm for 2 min. The resulting supernatant was divided into 20 pl aliquots and frozen (—80°C)
for subsequent electrophoretic analyses. Running conditions for all loci appear in Table 2. Elec-
tromorphs were coded alphabetically in order of relative mobility from the origin with the most
anodally migrating allele as “‘a.”

BIOSYS-1 (Swofford and Selander 1981) was used to compute Cavalli-Sforza and Edwards
(1967) and Nei (1978) genetic distances (D), and to perform a UPGMA cluster analysis using
the Cavalli-Sforza and Edwards (1967) chord distance. Phylogenetic analyses were performed
using FREQPARS (available electronically via anonymous ftp from onyx.si.edu; see Swofford
and Berlocher 1987) and PAUP (Swofford, 1993; the edition used was a prerelease version of
PAUP* 4.0).

RESULTS
GENETIC VARIATION

Interspecific variation—Levels and patterns of variation at 23 presumed genetic loci from 20
enzyme systems were resolved for all ingroup and outgroup taxa (Table 3). One locus represents
an unknown dehydrogenase (UDH) that appeared as a lightly staining but well resolved locus
on SORDH. Because three additional loci from three enzyme systems (GPT, ME-1, NP; Table
3) could not be fully resolved for all outgroups, they were not included in the phylogenetic
analyses. Twenty-two of the 26 loci (85%) were variable among the potoos; the monomorphic
loci were AK, GOT, GPI, and MDH-1. There were no monomorphic loci when outgroups were



POTOO MOLECULAR SYSTEMATICS 131

TABLE 1

SPECIMENS EXAMINED IN THIS STUDY. SPECIMEN NUMBERS REFER TO THE TISSUE CATALOG AND
NoOT THE VOUCHER SPECIMEN. IN ADDITION TO SAMPLES AVAILABLE AT THE UNITED STATES
NATIONAL MUSEUM OF NATURAL HisTorRY (USNM), TisSUE SAMPLES WERE PROVIDED BY THE
FrozeN TissUE COLLECTIONS OF THE FOLLOWING INSTITUTIONS (IN DECREASING ORDER OF
AMOUNT BORROWED): LOUISIANA STATE UNIVERSITY MUSEUM OF Z0OOLOGY (BATON ROUGE;
LSUMZ), MUSEUM OF VICTORIA (AUSTRALIA; MV), ACADEMY OF NATURAL SCIENCES OF
PHILADELPHIA (PHILADELPHIA; ANSP)

Taxon/specimen number Collector Locality
NYCTIBIIDAE
Nyctibius aethereus (NAET)
LSUMZ B10877 A. S. Meyer PERU: depto. Ucayali: SE. slope Cerro Tahuayo.
LSUMZ B11236 D. C. Schmitt PERU: depto. Ucayali: SE. slope Cerro Tahuayo.
Nyctibius bracteatus (NBRA)
LSUMZ B4509 S. W. Cardiff PERU: depto. Loreto; Lower Rio Napo region, E.
bank Rio Yanayacu, ca. 90 km N Iquitos.
LSUMZ B20270 M. Cohn-Haft BRAZIL: Amazonas; Munic. Manaus, km 34 ZF-3,
FAZ. Esteio, ca. 80 km N Manaus.
LSUMZ B20318 K. V. Rosenberg BRAZIL: Amazonas; Munic. Manaus, km 41 ZF-3,

Faz. Esteio, ca. 80 kn N Manaus.
Nyctibius grandis (NGRA)

USNM B3223 R. T. Brumfield PANAMA: prov. Bocas del Toro; 6 km E Changui-
nola on road from Changuinola to Almirante.

LSUMZ B8954 C. G. Schmitt BOLIVIA: depto. Pando; Nicolds Suarez, 12 km by
road S Cobija, 8 km W on road to Mucden.

LSUMZ B15415 J. M. Bates BOLIVIA: depto. Santa Cruz, Velasco, Pre-Parque

Nacional: “Noel Kempff Mercado,” 30 km E As-
erradero Moira.
Nyctibius griseus (NGRI)

USNM B3252 M. J. Braun PANAMA: prov. Panam4; Chiva Chiva Rd.
ANSP B3238 E Sornoza M. ECUADOR: prov. Sucumbios; Imuya Cocha.
Nyctibius leucopterus (NLEU)

LSUMZ B20267 M. Cohn-Haft BRAZIL: Amazonas: Munic. Manaus; km 34 ZF-3,
Faz. Esteio, ca. 80 km N Manaus.

LSUMZ B20315 M. Cohn-Haft BRAZIL: Amazonas: Munic. Manaus; km 34 ZF-3,
Faz. Esteio, ca. 80 km N Manaus.

LSUMZ B20319 M. Cohn-Haft BRAZIL: Amazonas: Munic. Manaus; km 34 ZF-3,

Faz. Esteio, ca. 80 km N Manaus.
Nyctibius maculosus (NMAC)

LSUMZ B271 M. J. Braun PERU: depto. Cajamarca; Lucuma on Sapalache-Car-
men Trail.
LSUMZ B1825 T. S. Schulenberg PERU: depto. Pasco; Santa Cruz, about 9 km SSE
Oxapampa.
CAPRIMULGIDAE
Chordeiles minor (CHOR)
LSUMZ B5279 L. Hale USA: Louisiana: Cameron Par.; Holly Beach, % mi N
Holly Beach Hwy.
EUROSTOPODIDAE
Eurostopodus mystacalis (EURO)
MV JWC 129 J. Wombey AUSTRALIA: Australian Capital Territories; Canber-
ra; 35°17'S, 149°08'E.
AEGOTHELIDAE
Aegotheles cristatus (AEGO)
MYV C450 J. Wombey AUSTRALIA: Queensland; Kroombit Tops; 24°26'S,
150°43'E.
PODARGIDAE
Podargus papuensis
MYV C876 J. Wombey AUSTRALIA: Queensland; Silver Plains; 13°59’S,
143°33'E.
Podargus strigoides (PODA)
LSUMZ B8654 A. P. Capparella AUDUBON Z0OO, New Orleans, Louisiana.
STEATORNITHIDAE
Steatornis caripensis (STEA)
LSUMZ B7474 D. E. Willard VENEZUELA: terr. Amazonas; Cerro de la Neblina

Camp VII, 1,800 m.
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TABLE 2
ENzYMES EXAMINED, BUFFERS USED, AND RUNNING TIME FOR EACH ENZYME

Running
Number Running time
Enzyme (E.C. no) Abbreviation of loci buffer® (hr)t
Aconitate hydratase (4.2.1.3)

(aconitase) ACON 1 (anodal)¢ C 1
Adenosine deaminase (3.5.4.4) ADA 1 B 1
Adenylate kinasec (2.7.4.3) AK 1 C 1
Alanine aminotranserase (2.6.1.2)

(glutamate-pyruvate transaminase) GPT 1 B 1
Aspartate aminotransferase© (2.6.1.1)

(glutamate-oxaloacetate transaminase) GOT 1 (anodal)¢ B 1
Creatine kinase® (2.7.3.2) CK D 1
Esterase (a-napthyl acetate) (3.1.1.1) EST 1 C 1
Fumarate hydratase© (4.2.1.2)

(fumarase) FUM 1 A 2
Glucose-phosphate isomerase* (5.3.1.9) GP1 1 B 1.5
Glutathione reductase (1.6.4.2) GSR E 1
a-Glycerophosphate dehydrogenase (1.1.1.8)

(glycerol-3-phosphate dehydrogenase) aGPD 1 B 1.5
Guanine deaminase (3.5.4.3) GDA 1 B 0.75
Isocitrate dehydrogenase* (1.1.1.42) IDH 2 A 2
Lactate dehydrogenase (1.1.1.27) LDH 2 A 2
Malate dehydrogenase® (1.1.1.37) MDH 2 C 1
Malic enzyme (1.1.1.40)

(NADP-malate dehydrogenase) ME 2 B 1
Mannose phosphate isomerase* (5.3.1.8) MP1 1 B 1
Phosphoglucomutase* (2.7.5.1) PGM 2 B 1
6-Phosphogluconate dehydrogenase (1.1.1.44) 6PGD 1 B 1.5
Purine nucleoside phosphorylase (2.4.2.1) NP 1 B 0.75
Peptidases (3.4.11)

Leucine-alanine LA 1 A 0.75

Leucine-glycine-glycine LGG 1 A 1

Phenylalanine-proline Phe-Pro 2 A 75

Valine-leucine VL 1 A 1
Pyruvate kinase® (2.7.1.40) PK 1 A 1.5
Sorbitol dehydrogenase (1.1.1.14)

(L-iditol dehydrogenase) SORDH 1 C 1
Superoxide dismutase (1.15.1.1) SOD 1 (anodal)¢ A, B 1
Unknown dehydrogenase® (1.1.1.?) UDH 1 C 1

*A = 0.01 M Citrate-phosphate (10 mM di-sodium hydrogen orthophosphate, 2.5 mM citric acid), pH
6.4, B = 0.02 M Phosphate (11.6 mM di-sodium hydrogen orthophosphate, 8.4 mM sodium di-hydrogen
orthophosphate), pH 7.0, C = 0.05 M Tris-maleate (50 mM Tris, 20 mM maleic acid), pH 7.8, D = 0.015
M Tris-EDTA-borate-MgCl, (15 mM Tris, 5 mM di-sodium EDTA, 10 mM magnesium chloride, 5.5 mM
boric acid), pH 7.8, E = 0.13 M Tris-EDTA-borate (130 mM Tris, 2.2 mM di-sodium EDTA, 6 mM sodium
hydroxide, 71.3 mM boric acid), pH 8.9. Recipes found in Richardson et al. (1986).

b At 200 V or 7 mA.

¢ Conservative loci suggested for birds by Les Christidis (pers. comm.) with the exception of UDH, which
was considered conservative based on the small number of alleles.

4 Indicates direction of migration of scored locus. Most vertebrates have more than one locus for these
enzyme systems.

included. Eleven additional loci (ACON-1&2, EST, LA-1&2, LDH-2, LGG, ME-2, PGM-2,
PHEPRO-1, and SORDH) showed variation among the potoos, but either could not be fully
resolved or exhibited uninterpretable variation for some species. When these additional loci are
considered, 92% of the loci are variable within the potoos.

Genetic distances (Table 4) among potoo species are extremely high (average Nei’s D = 0.655;
range = 0.191-1.172). Likewise, genetic distances between potoo species and the outgroups are
high, dramatically illustrated by the absence of shared alleles between N. bracteatus (Rufous
Potoo) and Aegotheles cristatus (Tables 3 and 4). In fact, the smallest average genetic distance
between the potoos and an outgroup is 2.031 with Eurostopodus mystacalis.
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TABLE 3

MATRIX OF ALLELE FREQUENCIES USED FOR PHYLOGENETIC ANALYSIS. SPECIES ACRONYMS ARE AS
IN TABLE 1. Loct FOLLOWED BY ASTERISKS WERE CONSIDERED CONSERVATIVE

Species
Locus Allele NMAC NLEU NGRI NAET NGRA NBRA CHOR EURO AEGO STEA PODA
ADA a — — — — — — — — — 1.0
b — — — — — — — 1.0 — — 1.0
c — — — 1.0 — —
d 1.0 0.833 1.0 1.0 1.0 — 0.5 — — — —
e 0.167 — — — — — —
f — — — — — 1.0 0.5 — — —
AK* a — — — — — — — — 1.0
b — — — — — — 1.0 1.0 —
c 1.0 1.0 1.0 1.0 1.0 1.0 1.0 —
CK-1 a — — — — — 1 — —
b 1.0 — 1.0 — — 1.0 — — — — —
c — — — — — — 1.0 —
d — 1.0 — — — — — — —
e — — — — — — 1.0 — — —
f — — — — — — 1.0 — —
g — — — 1.0 — — — — —
h — — — — — — — — — 1.0
i — — — — 1.0 — — — — —
CK-2* a — — — — — — — — — 1.0
b — — — — — — 1.0 —
c — — — — — — 1.0 1.0 1.0 —
d — — — — 1.0 — — —
e — — 1.0 1.0 1.0 — — — — — —
f 1.0 1.0 — — — — — — — —
FUM* a — — — — 0.667 — — — — — —
b — — — — 0.333 — — — —
c — — — — — — — — — 1.0
d — — — — — — — 1.0 —
e — — —_ — — — 1.0 — —
f — — — — — — 1.0 — — —
g — — — — — 1.0 —
h 1.0 1.0 1.0 — — 1.0 — — — — —
i — 1.0 — — — — —
GDA a — — 1.0 — — — — — —
b — — 1.0 — — — — — —
c — — — — — — — — — 1.0
d 1.0 — — — — — — — — —
e — 1.0 — — — — — — — —
f — — — — — — 1.0 — — — —
g — — — 1.0 — — — —
h — — — — — 1.0 — — — —
i — — — — — : — 1.0 — —
j — — — — — — — — 1.0 —
k — — — — — — — — 1.0 —
GOT* a — — — — — — — — 1.0
b — — — — — — 1.0 1.0 1.0 1.0 —
c 1.0 1.0 1.0 1.0 1.0 1.0 — —
aGPD a — — — — 1.0 — — —
b — — — — — — — — 1.0 — —
c — — — 0.333 — — — — —
d 1.0 0.667 1.0 — 1.0 0.667 — — — —
e — — — — — — — — 1.0 —
f — 0.333 — 1.0 — — — — —
g — — — — — — — — — 1.0
h — — — — — — 1.0 — — —
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TABLE 3
CONTINUED

Species
Locus Allele NMAC  NLEU NGRI NAET NGRA NBRA CHOR EURO AEGO STEA PODA

GPI* — 0.5 — —

a —_— — —_— — — —_
b — _ — — — — 1.0 — — — —
c — — — — — — — 1.0 0.5 —
d — — — — — — 1.0 1.0
e 1.0 1.0 1 1.0 — — — —
GSR a — — 1.0 1 — — — — —
b — 1.0 — — _— — — — — —
c — — — — —_ — — — — 1.0 —
d 1.0 — — — — — — — — —
e — — — — — 1.0 — — — —
f — — — —_ — —_ 1.0 —_ — —
g —_ — — — — 1.0 — — —
h — _ — — — — —_ — 1.0 — —
i — — — — — —_ — — — 1.0
IDH-1 a — — 0.25 — 0.667 — — — — — —
b — — — — — 0.167 — — — —_ —
c 1.0 1.0 0.75 1.0 0.333 0.833 —_ — — — —
d — — —_ — — — 1.0 — — 1.0 —
€ — —_ — — —_ — — — 0.5 —_—
f — — — — — — — 1.0 — — —_
g —_ — — — — — —_— — — 1.0
h — —_ — — — — — — 0.5 —
IDH-2* a — — — — — — —_— — 0.5 1.0 —
b — _ — — — — 0.5 — — —
c 1.0 1.0 1.0 — — — —_ _— —
d — — — —_ — — 1.0 0.5 — 0.5
e —_— — — — — — —_— 0.5 — —
f — — — 1.0 1.0 1.0 —_ — — — 0.5
LDH-1 a — — — — 1.0 —
b 1.0 1.0 1.0 — — — — — — 1.0 —
c —_ — — 1.0 — — 1.0 — — —
d — — — 1.0 — —_ — —_ —
e — _ — — — 1.0 1.0 — — —_
f — —_ — — — — —_ 1.0 — —
g — _ — _ — — — — —
MDH-1* a — — — — —_ —_ — 1.0 1.0 1
b 1.0 1.0 1.0 1.0 1.0 1.0 — — — —
c — 1.0 — — —
d — — — — — — 1.0 — — — —
MDH-2* a — — — — — — — — 1.0
b 1.0 1.0 1.0 1.0 0.833 1.0 1.0 1.0 1.0
c — 0.167 1 — — —
MPI* a — — — — —_ 1 — — — — —
b — — — — — — — 1.0 — —
c — — — 0.25 0.667 — — — — — —
d —_ — 025 0.75 — —_ — —_ — — —
[ — — — 0.333 — — — — - —
f 1.0 1.0 0.75 — — — — — — —
g — — — — — — 0.5 —
h — _ —_ — — — 1.0 1.0 — — —
i — — — — — — — — 0.5 —
j _— —_— — — — — — — — — 1.0
6PGD a — — — 0.25 — — — — —_ — —_
b — — — — — — —_ 1.0 — — —
c 1.0 — — —_ — — — — —_ — —
d
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TABLE 3
CONTINUED

Species
Locus Allele NMAC NLEU NGRI NAET NGRA NBRA CHOR EURO AEGO STEA PODA

e — 0.833 1.0 0.75 1.0 — — — — — —
f — — — — — 1.0 — 1.0 — —
g — — — — — 1.0 — — — —
h — 0.167 — — — — — — — — —
i — — — — — — — — — 1.0
PGM-1* a — — — — — 1.0 — — — 1.0
b — — — — — 1.0 1.0 1.0 — —
c 1.0 1.0 1.0 1.0 1.0 —_ — — — —
d — — — — — 1.0 —
PHE-
PRO-2 a — — — — — — 1.0 1.0 — — —
b — — — — 1.0 — — — — — —
c — — — — — — — — — 1.0
d — — — — — — — — 1.0 — —
€ — — — — — 1.0 — — — —
f 1.0 1.0 1.0 1.0 — — — — — 1.0 —
PK* a — — — 1.0 —
b — — — — — — — — — 1.0
c 1.0 1.0 1.0 — — — 1.0 — — — —
d — — — — — 1.0 — — — —
€ — — - — 1.0 —_ — — 1.0 1.0 —
f — — — 1.0 — — — — — — —
SOD a — — — — — — — — 0.5 1.0 —
b — — — 1.0 — — — — — —
c — — — — — 1.0 — — — —
d — — — — 1.0 0.5 — —
e 1.0 1.0 1.0 — 1.0 — — — —
f — — — — 1.0 — — — —
g R — — —_— — —_— —_— — —
UDH* a — — — — — — — — — — 1
b — — — — 1.0 — —
c 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 — — —
d — — — 1.0 —
VL a — — — — — — — 1.0 —
b — — — — — — 1.0 — —
c — — — — —_ — — — 1.0 —
d — — — — — — —_ — — — 1.0
e — —_ 0.25 — — — — — — —
f — — — 1.0 — — — 1.0 — — —
g 1.0 1.0 0.75 — 1.0 1.0 — — — — —_

The small sample sizes may have resulted in some inflation of genetic distances because lower
frequency alleles shared between taxa were unlikely to be detected. To assess the contribution
of small sample size to genetic distance, we calculated pairwise genetic distances between in-
dividuals within a species. In this analysis, the average genetic distance among individuals within
species in our data set (see Appendix) was 0.04 over all possible comparisons (n = 12). If
comparisons among populations of griseus and grandis separated by the Andes are eliminated
from the analysis (see Intraspecific Variation section below), the average genetic distance is
0.02. These results illustrate that the extremely high genetic distances found among potoo species
are not simply an artifact of small sample size.

Examination of the genetic distance matrix reveals two striking patterns (Table 4). First, gri-
seus consistently has among the lowest genetic distances to all other potoo taxa, a pattern also
revealed in the matrix of raw distances generated from cyt b sequences (Mariaux and Braun
1996). Secondly, bracteatus consistently has the highest genetic distance to all other potoo taxa.
These patterns may reflect lineage-specific reduction or acceleration in evolutionary rate. An
alternative explanation for the high distances to bracteatus is that it represents the basal potoo
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lineage, and simply has not shared a recent common ancestor with the other extant potoo taxa.
Regardless, these patterns are indicative of rate variation, and the distance-based methods of
phylogenetic inference used herein that assume rate constancy (i.e., UPGMA) should be inter-
preted with caution.

Intraspecific variation—Nine additional loci (ACON-1, EST, LA-1, LDH-2, LGG, ME-2,
PGM-2, PHEPRO-1, and SORDH) were scored for the analysis of intraspecific differentiation
within griseus, grandis, and bracteatus for a total of 34 or 35 loci (EST was not resolved for
griseus). The genetic distance (Nei 1978) between samples of griseus on opposite sides of the
Andes was 0.131 based on 34 loci (0.034 for the 23 loci used in phylogenetic analyses; Tables
3 and 4). Nyctibius grandis had a similar across-Andes genetic distance of 0.188 based on 35
loci, but the distance based on 23 loci (Nei’s D = 0.101) was considerably higher than that of
griseus. Levels of genetic differentiation between populations on opposite sides of the Andes
are consistently higher than levels of genetic differentiation between populations on the same
side of the Andes (0.188 versus 0.010 for grandis). These values are quite high for intraspecific
comparisons in birds, but are consistent with levels of genetic differentiation across the Andes
that have been found in a taxonomically diverse array of avian species (Brumfield and Capparella
1996). It is noteworthy that the magnitude of genetic divergence between cross-Andean popu-
lations of grandis approaches that separating maculosus, leucopterus, and griseus (Table 4).

The two populations of bracteatus, between which the Rio Negro represents the largest po-
tential barrier to dispersal, had a genetic distance of 0.035 based on 35 loci. Although this value
is relatively low, it suggests that some genetic differentiation exists among populations of brac-
teatus because the genetic distance between two individuals from the same population was 0.010.
Analysis of more specimens will be necessary to determine if significant genetic structure exists
in bracteatus.

PHYLOGENETIC ANALYSIS

Phylogenetic analyses were performed on the allele-frequency data shown in Table 3. Only
phylogenetically informative loci consistently scoreable in all taxa were included. We chose the
FREQPARS method (Swofford and Berlocher 1987) as our primary method of analysis. FRE-
QPARS implements a parsimony method for polymorphic character data that assigns (for any
given tree) a set of ancestral allele-frequency arrays that minimize the total amount of frequency
change implied by the reconstruction, with change measured in terms of Manhattan distance
between nodes (the “MANAD” criterion). Although our sample sizes are small, methods of
analysis that incorporate frequency information are, in fact, less sensitive to sampling error than
coarser ‘‘presence-absence’ coding strategies (Swofford and Berlocher 1987).

The FREQPARS program has limited searching capabilities and is best used by evaluating
user-defined trees that cover the range of trees likely to be optimal. Because over 34 million
unrooted trees are possible for the 11 taxa included in our study, evaluation of all possible trees
was impractical. However, only 99,225 unrooted trees are consistent with monophyly of the six
potoo taxa. We evaluated all of these trees using FREQPARS; this strategy guarantees finding
the optimal tree(s) assuming only that the potoos are monophyletic (see Potoo monophyly section
below). The input treefile for this analysis was constructed by creating a dummy data matrix
containing a single uninformative character and performing an exhaustive search using the “to-
pological constraints” feature of PAUP with the ““collapse zero-length branches’ option dese-
lected. The resulting trees were then exported in FREQPARS format.

Potoo relationships—A single most-parsimonious tree resulted (219.668 ‘‘steps” or units of
allele-frequency change) from the FREQPARS analysis, placing aethereus as the basal potoo
taxon (Fig. 1A). On this tree, a grandis-bracteatus clade is sister to a clade composed of ma-
culosus, leucopterus, and griseus, with maculosus and leucopterus appearing as sister taxa within
the latter clade. The cost of rejecting either the maculosus-leucopterus-griseus or the maculosus-
leucopterus clade is 222.268-219.668 = 2.500 steps, equivalent to 1.25 allelic substitutions. The
five next-most-parsimonious trees were less than one-half step longer than the most parsimonious
(each 220.002 steps) and should probably be treated as equally parsimonious given the small
sample sizes. All six trees agree on the ([maculosus, leucopterus], griseus) relationship. However,
basal to this clade, all permutations of potoo relationships occur, with the exception that grandis
never appears as the basal taxon.

The extremely high levels of genetic divergence found among the potoos raise the possibility
that the true phylogenetic signal might be obscured by high rates of substitution at loci evolving
too rapidly to provide reliable information. Consequently, we performed a second FREQPARS
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Fic. 1. Cladograms of caprimulgiform relationships based on parsimony (FREQPARS) analysis of allele-
frequency data from isozyme loci (Table 3). The potoos were constrained to be monophyletic, and the trees
are drawn rooted to Steatornis based on its large genetic distance to all other taxa (Table 4). A) Most-
parsimonious tree (219.668 steps) of caprimulgiform relationships based on 23 isozyme loci (Table 3). Branch
lengths reflect amount of allele-frequency change (measured as Manhattan distance) between each pair of
nodes. B) Strict consensus of nine most-parsimonious trees (97.020 steps) based on data from 12 conservative
loci (Table 3). Branch lengths do not reflect genetic distance. C) 50% Majority-rule consensus tree resulting
from bootstrap analysis under MANOB criterion. Values shown on branches reflect the percentage of 1,000
bootstrap replicates in which the corresponding clade was found.
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analysis in which only 12 loci considered to be conservatively evolving in birds (Table 3) were
included. Nine equally parsimonious trees (97.020 steps) were found; the strict consensus (also
the majority rule consensus) of these nine trees is shown in Figure 1B. The trees from the
conserved-loci-only analysis preserved most aspects of the all-loci analysis, except that bractea-
tus consistently appears as the basal potoo taxon, a relationship supported by an apparent PGM-
1@ synapomorphy in the remaining five potoo taxa.

Taken jointly, we interpret the FREQPARS analyses as supporting a terminal clade composed
of maculosus, leucopterus, and griseus based on the synapomorphic alleles MPIf, IDH-2¢,
LDH-1%, and PKc. The presence of some of these alleles in other taxa is most parsimoniously
interpreted as homoplasy, perhaps due to coincident migration of nonidentical alleles. The mono-
phyly of maculosus plus leucopterus is supported by the shared allele CK-2f. These analyses
failed to resolve definitively whether aethereus or bracteatus is the basal potoo taxon, but suggest
that grandis is not. Although distance analyses (see below) provide weak support for a grandis-
aethereus relationship, no allelic synapomorphies for such a grouping are evident in the data
matrix, and FREQPARS analysis rejects this relationship. The only unambiguous synapomorphy
for the grandis plus bracteatus clade is the allele MDH-2¢, which occurs at low frequency in
grandis; evidence for this clade should therefore be regarded as tentative in light of the small
sample sizes.

Potoo monophyly.—The analyses described above do not directly address the question of
whether the six potoo species constitute a monophyletic group, as potoo monophyly was as-
sumed. To evaluate the evidence for potoo monophyly, we used a technique (Berlocher and
Swofford in press; available in PAUP* 4.0) that obtains an exact solution to the “MANOB”
criterion of Swofford and Berlocher (1987), which is a good approximation to the MANAD
criterion. MANOB requires that allele-frequency arrays assigned to each internal node of the
tree (hypothetical ancestral taxa) be chosen from the set of allele-frequency arrays observed in
the terminal taxa. In this analysis, each unique allele-frequency array is treated as a character-
state, and ‘‘stepmatrices” are created in which the cost of transformation between any pair of
states is the Manhattan distance between the allele-frequency arrays represented by the two states.
The generalized parsimony (Sankoff and Rousseau 1975; Swofford and Maddison 1992) algo-
rithms available in PAUP can then be used for tree searches, overcoming the limitations of
FREQPARS.

An unconstrained search using MANOB found the same most-parsimonious tree and tree-
length as the exact FREQPARS analysis, demonstrating that in this case MANOB’s approxi-
mation to MANAD is perfect. By performing a constrained search in PAUP, we found that the
shortest tree incompatible with potoo monophyly required 223.668 steps for the full set of loci.
Thus, the cost of rejecting potoo monophyly is 223.668—-219.668 = 4.0 steps, equivalent to two
complete allelic substitutions. The comparable analysis using the conserved-locus set yields a
cost of rejecting potoo monophyly of 100.668-97.020 = 3.648 steps. In view of these results
and the uniformly greater genetic distances between potoos and non-potoos than within potoos,
we believe that potoo monophyly is reasonably well-supported by the allozyme data.

Support for potoo monophyly, as well as for relationships within potoos, was also evaluated
with the bootstrap procedure (Felsenstein 1985), using the PAUP* MANOB approximation. The
bootstrap proportions shown in Figure 1C reflect the extent to which these groupings might be
supported by an independent sample of loci, although in many cases they provide conservative
estimates of the probability that each group represents a true phylogenetic clade (Hillis and Bull
1993). The bootstrap results indicate reasonably strong support for potoo monophyly, with some-
what weaker support for the (maculosus, leucopterus) and (griseus, (maculosus, leucopterus))
clades.

Caprimulgiform relationships.—Steatornis was used to root the FREQPARS analysis of all
taxa. Although Steatornis is not an unequivocal candidate for the basal caprimulgiform, the high
genetic distances between it and all other taxa (Table 4) make it the best ad hoc outgroup. In
addition, a weighted parsimony analysis of cyt b sequence data, including Gallus gallus as an
outgroup, placed Steatornis as the basal caprimulgiform (Mariaux and Braun 1996). In the FRE-
QPARS analysis of all loci (Fig. 1A), the most parsimonious tree joins Chordeiles and Aegotheles
as sister taxa based on the shared allele AK®. This is inconsistent with the UPGMA and minimum
evolution analyses (see below), in which Chordeiles and Eurostopodus are sister taxa. There are
no unambiguous synapomorphies that support Chordeiles and Eurostopodus as sister taxa, and
constraining Chordeiles and Eurostopodus to be monophyletic requires an additional 2.67 steps
relative to the most parsimonious FREQPARS topology (222.668 steps). With respect to the non-
potoo taxa, the analysis of the conserved-loci-only data set is consistent with the all-loci data
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Fic. 2. Distance analyses of caprimulgiform relationships based on chord distances of Cavalli-Sforza and
Edwards (1967) derived from allele frequencies at 23 isozyme loci. A) UPGMA phenogram. B) Optimal
minimum evolution tree (Kidd and Sgaramella-Zonta 1971, Rzhetsky and Nei 1992) found by branch-and-
bound search under the constraint of potoo monophyly.

set. However, the grouping of Podargus as a sister taxon to the Chordeiles-Aegotheles-Euros-
topodus clade is not unequivocally supported, and is therefore absent from the consensus of the
nine equally parsimonious trees (Fig. 1B). The Chordeiles-Aegotheles clade is the only one for
which bootstrap support exceeds 50% (Fig. 1C).

Distance analyses.—The data of Table 3 were also analyzed using several distance methods
for comparison. The results of a UPGMA cluster analysis are shown in Figure 2A. Figure 2B
shows the optimal tree under the ‘“‘minimum evolution” criterion of Rzhetsky and Nei (1992)
(originally described as “LS-length” by Kidd and Sgaramella-Zonta 1971). This tree was found
by a branch-and-bound search under the constraint of potoo monophyly and was also found in
every one of 100 unconstrained heuristic searches using the random-addition-sequence option
of PAUP*. The score for the minimum-evolution tree is slightly better (3.837 vs. 3.842) than
the tree found by the neighbor-joining method (Saitou and Nei 1987) (not shown), and one
additional tree had a score better than the neighbor-joining tree. All of these contain a Chordeiles-
Eurostopodus clade absent from the FREQPARS trees. Except for this discrepancy (addressed
above), all trees from the distance analyses are generally consistent with the tree from the
conserved-loci FREQPARS analysis, differing only in rearrangements around the short branches
indicated by asterisks in Figure 2B. In particular, bracteatus is consistently the sister taxon to
the remaining potoos, and the (griseus, (maculosus, leucopterus)) clade is consistently present.

DISCUSSION

Intraspecific geographic variation—Although our sample sizes are small, the genetic dis-
tances found between populations of griseus and grandis from opposite sides of the Andes are
clearly large, indicating that significant geographic variation does exist in these taxa, and sup-
porting the notion that the Andes have played an important role in the diversification of Neo-
tropical birds restricted to the humid lowlands (Chapman 1917; Haffer 1967; Brumfield and
Capparella 1996). It is unclear from the literature whether the populations of griseus we sampled
from opposite sides of the Andes are currently united within the same subspecies (Chapman
1926; Peters 1940; Meyer de Schauensee 1964). All populations of grandis that we sampled are
recognized as the same subspecies (Land and Schultz 1963). The isozyme data suggest that a
careful examination of morphological characters and vocalizations may reveal significant differ-
ences between cis- and frans-Andean populations of both griseus and grandis.

Relationships among potoos.—The large mouth and eyes, gray-brown vermiculated plumage,
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and distinctive body form give most potoos a common general appearance that likely explains
why they have traditionally been classified in a single genus. Nyctibius bracteatus, however, is
strikingly different, with unvermiculated rufous plumage and pronounced white spots on the
wing coverts and flanks that make it appear like Steatornis. However, the isozyme data dem-
onstrate that not only are the potoos monophyletic, but they have probably not recently shared
a common ancestor with another caprimulgiform.

The fossil record provides little help in resolving relationships and divergence dates within
Nyctibiidae, although a fossil of griseus from the Pleistocene (20,000 years ago) of coastal Brazil
confirms that diversification events within Nyctibius are at least as old as the late-Pleistocene
(Brodkorb 1971). In addition, the high degree of overlap in current potoo distributions obfuscates
any insight into evolutionary relationships based on biogeography.

The isozyme data strongly support the monophyly of a terminal clade composed of maculosus,
leucopterus, and griseus, based on synapomorphic alleles at MPI, IDH-2, LDH-1, and PK. Ge-
netic distances among these three species are remarkably similar, indicating a relatively rapid
radiation among them. Interestingly, cyt b sequence divergences among these three taxa were
also similar, although the taxonomic relationships of griseus remained unresolved by parsimony
analyses of those data (Mariaux and Braun 1996). The similarity in genetic distances among
these three species highlights the controversy that has surrounded their relationships (Chapman
1926; Peters 1940; Schulenberg et al. 1984; Cohn-Haft 1993; Mariaux and Braun 1996).

All analyses (FREQPARS, UPGMA, minimum evolution, neighbor-joining) performed on the
isozyme data indicate that maculosus and leucopterus are sister taxa (Figs. 1-2). However, close
examination of the data reveals that the monophyly of maculosus and leucopterus rests largely
on a single synapomorphy at the CK-2 locus, assuming monophyly of the maculosus-leucopterus-
griseus clade. Polymorphisms present in griseus and not in maculosus and leucopterus (IDH-1,
MPI, and VL) also contribute to the clustering of maculosus and leucopterus in the analyses,
yet the small available sample size renders allele-frequency estimates imprecise. Increased sam-
ple sizes of both individuals and loci should help in verifying relationships within this clade.
Although the possibility of rate deceleration in griseus further complicates interpretation of the
genetic distance data, such a deceleration may actually be responsible for the difficulty in placing
griseus, because it would tend to make griseus appear more closely related to maculosus and
leucopterus than it really is. On the whole, the isozymes provide weak support for the sister
taxon relationship of maculosus and leucopterus. This same grouping is strongly supported by
cyt b sequence data, however (Mariaux and Braun 1996). Taken together, we believe the genetic
data provide a reasonably firm resolution of this trichotomy in favor of a maculosus-leucopterus
clade, as originally proposed by Chapman (1926).

Of the 23 loci in which two or more potoo species shared an allele, bracteatus possessed a
unique allele at 12 of those loci. This level of divergence suggests that either bracteatus repre-
sents the basal branch of the potoo lineage or it has undergone an accelerated rate of evolution
relative to the other potoos (e.g., Fig. 1A). The presence of a synapomorphic allele for all other
potoos at PGM-1 (see also ADA and MDH-2) favors the former interpretation. Although the
FREQPARS analysis of all loci was unable to clearly resolve whether bracteatus or aethereus
represents the basal potoo taxon, the FREQPARS analysis of conservative loci and all distance
analyses placed bracteatus in that position. We conclude that the isozymes provide some evi-
dence for the placement of bracteatus as the basal potoo, but consider this conclusion tentative
based on these data alone. Unfortunately, the cyt b data did not elucidate the placement of
bracteatus (Mariaux and Braun 1996).

The relationships of aethereus and grandis also remain problematic. It seems unlikely, how-
ever, that grandis is the basal potoo. The FREQPARS analysis of all loci suggested that aethereus
may represent the basal lineage, but this relationship was unsupported in the analysis of con-
servative loci. Of the 23 loci in which two or more potoo species share an allele, aethereus and
grandis possess unique alleles at seven and five of those loci, respectively. The high number of
unique alleles in bracteatus, aethereus, and grandis suggest an ancient divergence among these
potoos. Unfortunately, the high number of autapomorphies obfuscates attempts to resolve their
relationships. Relationships of these potoos will most easily be resolved through examination of
more conservative genetic markers.

Relationships among caprimulgiforms.—The fossil record indicates an early divergence date
among caprimulgiforms. Fossils of Nyctibiidae (Euronyctibius kurochkini), Aegothelidae, and
Podargidae all appear in the fossil record of France by the upper Eocene (Mourer-Chauviré 1982,
1987). These fossils demonstrate that not only was the diversification of caprimulgiforms ancient,
but also that current distributions are relicts of once more extensive ranges. The uniformly high
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isozyme genetic distances among caprimulgiform families are consistent with their apparent age.
Sibley and Ahlquist (1990:412, 840) also found high genetic divergences among caprimulgiform
families using DNA-DNA hybridization data.

The unvermiculated rufous plumage and aberrant behavior of Sreatornis, a frugivorous
echo-locating troglodyte, make it the most distinctive caprimulgiform. Phylogenetic analysis of
all caprimulgiform families based on cyt b sequences (including Gallus gallus as an outgroup)
placed Steatornis as the basal caprimulgiform taxon (Mariaux and Braun 1996). The occurrence
of a fossil oilbird in the early Eocene (ca. 50 Mya) of Wyoming (Olson 1987) confirms that
Steatornithidae has had a long and complex history. Sibley and Ahlquist (1990:412, 840) pre-
sented an alternative phylogenetic view based on UPGMA analysis, which placed Nyctibiidae
and Steatornithidae as sister taxa in a terminal clade. However, another analysis presented by
these authors (1990:819) linked Steatornis with Podargus in a terminal taxon, and a reanalysis
of these data (Harshman 1994) produced a “‘star” phylogeny of caprimulgiform families, indi-
cating a lack of resolution in the data.

The large isozyme genetic distances to Steatornis (Table 4) make it a likely candidate for the
earliest branching lineage, as indicated by the UPGMA phenogram and minimum evolution tree
(Fig. 2). However, because we did not include any non-caprimulgiform outgroup taxa, we could
not determine cladistically whether Steatornis is the basal caprimulgiform. In addition, there are
no unambiguous isozyme synapomorphies that unite all other caprimulgiform families. In sum,
we believe that the available evidence indicates that Steatornis is the earliest branching lineage
of the caprimulgiforms, although this position cannot be considered incontrovertible.

Our analyses of the isozyme data result in various groupings of the other caprimulgiform
families (Figs. 1-2). The high genetic distances involved probably make resolution of their
relationships difficult. One interesting linkage that does arise in the FREQPARS analyses is that
of Chordeiles and Aegotheles with Eurostopodus. This putative clade is supported by an isozyme
synapomorphy at PGM-2. It also received some support from parsimony analysis of the cyt b
data (Mariaux and Braun 1996), although it did not appear in the phylogenies of Sibley and
Ahlquist (1990) or Cracraft (1981). Further data are required to confirm or refute this hypothesis
of relationship.

Potoo taxonomy.—The levels of isozyme genetic divergence found among the currently rec-
ognized potoo species may be the highest ever found within a single genus of birds. Randi et
al. (1991) examined levels of allozyme divergence among genera within Strigiformes (Strigidae
and Tytonidae), an order hypothesized to represent the sister taxon to Caprimulgiformes (Sibley
et al. 1988; Bleiweiss et al. 1994). Although they did not analyze intrageneric differentiation,
they found levels of genetic differentiation among genera within Strigidae (average Nei’s D =
0.88) comparable to those found among species within Nyctibiidae (average Nei’s D = 0.65).
An isozyme analysis of genetic differentiation among the procellariiform families (Barrowclough
et al. 1981) found an average interfamilial genetic distance (average Nei’s D = 0.68; range =
0.336 to 1.214) less than that found among potoo species.

The amount of genetic variation that exists among potoo species is not adequately conveyed
in the current nomenclature, in which all potoos share a single genus. Simply elevating all of
the current species to monotypic genera, however, will not greatly improve the utility of the
taxonomy, and would, in fact, remove any phylogenetic information. If additional support is
found for the maculosus-leucopterus-griseus clade, an alternative treatment would be to place
these three taxa in one genus, and elevate aethereus, grandis, and bracteatus as monotypic
genera. This classification would retain phylogenetic information while also recognizing the high
genetic differentiation among the taxa. Another possible arrangement would be to treat bracteatus
as a monotypic genus, leaving the other species in Nyctibius. Again, this treatment can only be
recommended if additional support for bracteatus as the basal taxon can be mustered. We prefer
the conservative approach of retaining the traditional taxonomy until additional data allow more
certain resolution of potoo phylogeny.

The paucity of specimens of most potoos in museum collections has prevented detailed anal-
yses of geographic variation and speciation. A conspicuous case in point is that of leucopterus
and maculosus, two dramatically differentiated species that were conflated well into the 1980’s
due to lack of comparative material (Schulenberg et al. 1984). Conservative morphology, some-
times coupled with intrapopulational plumage variability, has made discerning species and sub-
species limits difficult even in well-collected taxa like griseus and grandis. For example, although
the Northern Potoo, jamaicensis, has often been treated as a subspecies of griseus, it is still
uncertain whether the two are even close relatives (Davis 1978). Further analyses of genetics,
vocalizations, and morphology will clarify variation within several of the currently recognized
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species. Such studies may identify other geographically delineated taxa differentiated at or near
the species level. Populations of both griseus and grandis on opposite sides of the Andes seem
to be prime candidates, as they appear to be well-differentiated genetically, based on the limited
samples available. In particular, the amount of genetic divergence between populations of grandis
from opposite sides of the Andes is comparable to that found among maculosus, leucopterus,
and griseus.

ACKNOWLEDGMENTS

This paper really began on a mountainside in northern Peru on June 30, 1980, when M.J.B.
and Theodore A. Parker III recorded the first Nyctibius maculosus for the country. Parker and
Braun immediately realized that the bird must be specifically distinct from N. leucopterus, con-
trary to the literature of the time. For sharing the thrill of discovery on that day, and much
knowledge, insight, and inspiration before and since, M.J.B. and R.T.B. acknowledge a deep
debt to Ted Parker. We thank the many skilled field workers named in Table 1 for collecting
samples, and Les Christidis, Van Remsen, Diana Reynolds, Mark Robbins, Fred Sheldon, and
Bob Zink for providing them to us. Mario Cohn-Haft, Van Remsen, and Tom Schulenberg
provided helpful reviews of the manuscript. Fernanda Zermoglio helped with the Spanish trans-
lation of the Abstract.

LITERATURE CITED

BARROWCLOUGH, G. E, K. W. CorBIN, AND R. M. ZINK. 1981. Genetic differentiation in the Procellariiformes.
Comp. Biochem. Physiol. 69B:629-632.

BERLOCHER, S. H., AND D. L. SWOFFORD. 1997. Searching for phylogenetic trees under the frequency par-
simony criterion: an approximation using generalized parsimony. Syst. Biol. 46:209-213.

BLEWEISs, R., J. A. W. KirscH, AND E LAPOINTE. 1994. DNA-DNA hybridization-based phylogeny for
“higher” nonpasserines: reevaluating a key portion of the avian family tree. Mol. Phylogenet. Evol.
3:248-255.

BRrODKORB, P. 1971. Catalogue of fossil birds: part 4 (Columbiformes through Piciformes). Bull. Florida
State Mus., Biol. Sci. 15:163-266.

BRUMFIELD, R. T., AND A. P. CAPPARELLA. 1996. Historical diversification of birds in northwestern South
America: A molecular perspective on the role of vicariant events. Evolution 50:1607-1624.

CAVALLI-SFORZA, L. L., AND A. W. E EDWARDS. 1967. Phylogenetic analysis: models and estimation pro-
cedure. Evolution 21:550-570.

CHapMmaN, E M. 1917. The distribution of bird-life in Colombia. Bull. Am. Mus. Nat. Hist. 36:1-729.

CHAPMAN, E M. 1926. The distribution of bird-life in Ecuador. Bull. Am. Mus. Nat. Hist. 55:1-784.

CoHN-HAFT, M. 1993. Rediscovery of the White-winged Potoo (Nyctibius leucopterus). Auk 110:391-394.

CRrACRAFT, J. 1981. Toward a phylogenetic classification of the recent birds of the world (Class Aves). Auk
98:681-714.

Davis, L. 1. 1978. Acoustic evidence of relationship in potoos. Pan Am. Studies 1:4-21.

FELSENSTEIN, J. 1985. Confidence limits on phylogenies: An approach using the bootstrap. Evolution 39:
783-791.

HAFFER, J. 1967. Speciation in Colombian forest birds west of the Andes. Am. Mus. Novit. 294:1-57.

HArsHMAN, J. 1994. Reweaving the tapestry: What can be learned from Sibley and Ahlquist? Auk 111:377-
388.

HiLis, D. M., AND J. J. BULL. 1993. An empirical test of bootstrapping as a method for assessing confidence
in phylogenetic analysis. Syst. Biol. 42:182-192.

HILTY, S. L., AND W. L. BROWN. 1986. A Guide to the Birds of Colombia. Princeton Univ. Press, Princeton,
New Jersey.

Kmp, K. K., AND L. A. SGARAMELLA-ZONTA. 1971. Phylogenetic analysis: Concepts and methods. Am. J.
Human Genetics 23:235-252.

LanD, H. C., AND W. L. ScHULTZ. 1963. A proposed subspecies of the Great Potoo, Nyctibius grandis. Auk
80:195-196.

MARIAUX, J., AND M. J. BRAUN. 1996. A molecular phylogenetic survey of the nightjars and allies (Capri-
mulgiformes) with special emphasis on the potoos (Nyctibiidae). Mol. Phylogenet. Evol. 6:228-244.

MEYER DE SCHAUENSEE, R. 1964. The Birds of Colombia, and Adjacent Areas of South and Central America.
Livingston Publishing Company, Narberth, Pennsylvania.

MEYER DE SCHAUENSEE, R. 1970. A Guide to the Birds of South America. Livingston Publishing Company,
Narberth, Pennsylvania.

MONROE, B. L., JrR., AND C. G. SBLEY. 1993. A World Checklist of Birds. Yale Univ. Press, New Haven,
Connecticut.

MOURER-CHAUVIRE, C. 1982. Les oiseaux fossiles des Phosphorites du Quercy (Eocéne supérieur a Oligocéne
supérieur): implications paléobiogéographiques. Geobios, Lyon, mém. spéc. 6:413-426.

MOURER-CHAUVIRE, C. 1987. Les Caprimulgiformes et les Coraciiformes de 1’Eocene et de 1’Oligocéne des
phosphorites du Quercy et description de deux genres nouveaux de Podargidae et Nyctibiidae. Pp.



144 ORNITHOLOGICAL MONOGRAPHS NO. 48

2047-2055 in Acta XIX Congressus Internationalis Ornithologicus, 1986. Univ. Ottawa Press, Ottawa,
Canada.

NEI, M. 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals.
Genetics 89:583-590.

OLsoN, S. L. 1987. An early Eocene oilbird from the Green River Formation of Wyoming (Caprimulgifor-
mes: Steatornithidae). Docum. Lab. Géol. Lyon 99:57—69.

PARkER, T. A, IIl, T. S. SCHULENBERG, G. R. GRAVES, AND M. J. BRAUN. 1985. The avifauna of the Huan-
cabamba region, northern Peru. Pp. 169-197 in Neotropical Ornithology (P. A. Buckley, M. S. Foster,
E. S. Morton, R. S. Ridgely, and E G. Buckley, Eds.). Ornithol. Monogr. No. 36.

PETERS, J. C. 1940. Check-List of Birds of the World, vol. 4. Museum of Comparative Zoology, Cambridge,
Massachusetts.

Ranpy, E., G. Fusco, R. LORENZINI, AND E SPINA. 1991. Allozyme divergence and phylogenetic relationships
within the Strigiformes. Condor 93:295-301.

REMSEN, J. V., JR. AND M. A. TRAYLOR, JR. 1983. Additions to the avifauna of Bolivia, Part 2. Condor 85:
95-98.

RICHARDSON, B. J., P. R. BAVERSTOCK, AND M. ApaMs. 1986. Allozyme electrophoresis: A handbook for
animal systematics and population studies. Academic Press, New York.

RIDGELY, R. S., AND J. A. GWYNNE, JR. 1989. A Guide to the Birds of Panama: With Costa Rica, Nicaragua,
and Honduras. Princeton University Press, Princeton, New Jersey.

RZHETSKY, A., AND M. NEL. 1992. A simple method for estimating and testing minimum-evolution trees.
Mol. Biol. Evol. 9:945-967.

Sarrou, N., AND M. NEI. 1987. The neighbor-joining method: a new method for reconstructing phylogenetic
trees. Mol. Biol. Evol. 4:406—425.

SANKOFF, D., AND P. Rousseau. 1975. Locating the vertices of a Steiner tree in an arbitrary metric space.
Math. Prog. 9:240-246.

SCHULENBERG, T. S., S. E. ALLEN, D. E St0oTZ, AND D. A. WIEDENFIELD. 1984. Distributional records from
the Cordillera Yanachaga, Central Peru. Gerfaut 74:57-70.

APPENDIX
GENOTYPE FOR EACH INDIVIDUAL AT ALL Locl. REFER TO TABLE 1 FOR TAXON ACRONYMS.
ALLELE DESIGNATIONS IN UPPER CASE ARE REFERABLE ONLY TO VARIATION WITHIN A SINGLE
SPECIES.

Individual ACON ADA AK CK-1 CK-2 EST FUM GDA GOT oGPD GPI GPT GSR IDH-1 IDH-2

1825 (NMAC) S
271 (NMAC)
20315 (NLEU)
20319 (NLEU)
20267 (NLEU)
3238 (NGRI)
3252 (NGRI)
10877 (NAET)
11236 (NAET)
15415 (NGRA)
8954 (NGRA)
3223 (NGRA)
20270 (NBRA)
20318 (NBRA)
4509 (NBRA)
5279 (CHOR)
129 (EURO)
450 (AEGO)
7474 (STEA)
8654 (PODA)

pPooocRmmmananananiean
| moemwn | | | [ |[]]]

OFMPOTCTrrR | CORRRATT
®MOROmDETTORS TS
O R T ETOPPRRTTEOO AR
crmoprallraammacnERan
| | o mooco~rraanrd oo
O =D-0o0aiqoe & OO POCOoTOoAR

[T ]ensmmun]| | ad| | |
0P TOETOOOO0000000000O00
O T 00D B0 0O 0 O - -,
TP TTTOOO0000060O00GO0G0O0
AREO0T0000000O0O0000O0OGO
ar rnacZorBBooceBoooonon
PEREBRTaArmm 6 060606060




POTOO MOLECULAR SYSTEMATICS 145

SBLEY, C. G., J. E. AHLQUIST, AND B. L. MONROE, JrR. 1988. A classification of the living birds of the world
based on DNA-DNA hybridization studies. Auk 105:409—423.

SIBLEY, G. C., AND J. E. AHLQUIST. 1990. Phylogeny and Classification of Birds. A Study in Molecular
Evolution. Yale Univ. Press. New Haven, New Jersey.

Sick, H. 1993. Birds in Brazil: A Natural History. Princeton Univ. Press, Princeton, New Jersey.

SwoFFORD, D. L. 1993. Phylogenetic Analysis Using Parsimony, Version 3.1.1. Computer program distrib-
uted by the Smithsonian Institution, Washington, D.C.

SWOFFORD, D. L., AND S. H. BERLOCHER. 1987. Inferring evolutionary trees from gene frequencies under the
principle of maximum parsimony. Syst. Zool. 36:293-325.

SWOFFORD, D. L., AND W. P. MADDISON. 1992. Parsimony, character-state reconstructions, and evolutionary
inferences. Pp. 186-223 in Systematics, Historical Ecology, and North American Freshwater Fishes
(R. L. Mayden, Ed.). Stanford Univ. Press, Stanford, California.

SwoFFORD, D. L., aND R. B. SELANDER. 1981. BIOSYS-1: A FORTRAN program for the comprehensive
analysis of electrophoretic data in population genetics and systematics. J. Hered. 72:281-283.

APPENDIX
EXTENDED
LDH- LDH- MDH- MDH- PGM- PGM- PHE- PHE- SOR
LA 1 2 LGG 1 2 ME-l ME2 MPI NP 6PGD 1 2 PRO-1 PRO-2 PK SOD DH VL UDH
— b — — b b c — f ad ¢ c — — f c e — g ¢
— b — — b Db c — f eh ¢ c — — f c e — g ¢
— b — — b b c — f g e c — — f c e — g ¢
— b — — b b ¢ — f g e ¢ — — f c e — g ¢
— b — — b Db c — f g eh ¢ — — f c e — g ¢
FS b b F b b c F f hi e ¢ F F f c e F g ¢
M b b F b b c S df h e c F F f c e- F eg ¢
— ¢ — — b b ¢ — d f ae ¢ — — f f b — f ¢
— ¢ — — b b c — cod f e c — — f f b — f ¢
S d a F b b — S c f e ¢ F S b e e F g ¢
F d a F b bc a F ¢ f e c F S b e e F g ¢
S d a F b b a F e fh e c F F b e e F g ¢
BD ¢ b F b ¢ ab F a ¢ g a F F e d f F g ¢
DE e b F b c b F a bc g a F F e d f F g ¢
AC e b F b c b F a c g a F F e d f F g ¢
— ¢ — — d b — — h — f b — — a c ¢ — b ¢
— g — — ¢ b — — h — b b — — a a d — f ¢
— a4 — — a b — — b — f b — — d e ad — a b
— b — — a a — — j — d a — — c b g — d a
— h — — a b — — g — i d — — f e a — ¢ d







Ornithological Monographs
Volume 48 (1997), pp. 147-163

TECHNIQUES FOR AUDIO RECORDING
VOCALIZATIONS OF TROPICAL BIRDS
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ABSTRACT.—Audio recordings of tropical birds are important tools for biologists in-
volved in the study, management, and conservation of birdlife; the ability to acoustically
identify a species in a number of tropical habitats is essential. Recording method, equip-
ment, and the condition of equipment can affect the accuracy and quantity of audio
recordings collected. Suitability of currently available analog recording systems, emerg-
ing digital recording formats, and differing microphone designs for field work varies.
This paper discusses essential and effective criteria that can be used to select a recording
system based upon research goals and financial resources.

To survey and study tropical birds, biologists increasingly recognize that it is essential
to be able to identify the birds by their sounds and to have the skill to make audio
recordings of their voices (Parker 1991). Although several papers have been written on
making audio recordings of bird sounds for research (Gulledge 1976; Wickstrom 1982;
Ranft 1991; Vielliard 1993), recent advances in recording technology, together with the
specific requirements of the tropical researcher, warrant revisiting and updating the in-
formation presented in these publications. This paper presents the fundamental technical
information required to master the operation of a field recording system and prepares
the recordist for situations that may be encountered in the tropics.

ReSUMEN.—Las grabaciones del sonido de aves tropicales son herramientas importan-
tes para los bi6logos envueltos en el estudio, manejo y conservacién de las aves. La
habilidad para identificar acdsticamente a una especie en varios tipos de hébitats tropi-
cales es esencial. El método de grabacién, equipo y la condicién del equipo, pueden
afectar la exactitud y cantidad de grabaciones coleccionadas. La conveniencia de los
sistemas de grabacién andlogos disponibles al presente, los formatos de grabaciones
digitales actuales y los diferentes disefios de micr6fonos para trabajo de campo varian.
Este articulo discute los criterios esenciales y efectivos que pueden ser utilizados para
seleccionar un sistema de grabacién basado en las metas de investigacién y los recursos
financieros disponibles.

Para estudiar y hacer censos de aves tropicales, los bi6logos reconocen que es esencial
poder identificar los p4jaros por sus sonidos y tener las destrezas para hacer grabaciones
de sus voces (Parker 1991). Aunque varias publicaciones sobre la preparacién de gra-
baciones de sonidos de aves han sido escritas para la investigacién (Gulledge 1976,
Wickstrom 1982, Ranft 1991, Vielliard 1993), avances recientes en la tecnologia de
grabacién, junto con los requerimientos especificos del investigador del tr6pico, ameritan
revisar y poner al dfa la informacién presentada en estas publicaciones. Este articulo
presenta la informacién técnica fundamental requerida para dominar la operacién de un
sistema de grabaciones en el campo y prepara al grabador de sonidos de aves para
situaciones que se pueden encontrar en los trépicos.

THE IMPORTANCE OF RECORDING

About 3,100 bird species (Ridgely and Tudor 1989), roughly a third of the world’s bird species,
occur on the continent of South America. Although much of the region’s baseline natural history
remains undocumented, the rate of habitat destruction is outpacing the ability of scientists to
document and study these species and populations. The next decade offers a critical window of
opportunity in which to document the voices of wildlife in the Neotropics before many disappear.

Every researcher collecting sound recordings in this region can make a unique contribution
to bird research and conservation (Kroodsma et al. 1996a). Relative to temperate latitude birds,
the biology of tropical species is little known. Recordings of their voices provide important
baseline data for research in the fields of avian systematics, behavior, and bioacoustics, and are
essential to conservation initiatives as training and playback tools for surveys and censuses.
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The researcher who records in the tropics faces not only unprecedented opportunities, but also
unique challenges. Many bird species are elusive, hidden in impenetrable vegetation or high in
the canopy. Recording equipment must be transported to remote locations with limited repair
facilities and often must function under conditions of extreme humidity. With a combination of
good field technique, common sense, and appropriate recording equipment, a recordist can ensure
that equipment remains operational and that the objective of recording tropical bird voices is
consistently achieved.

TECHNIQUE

Good recording technique combines advance preparation with field savvy, the ability to rec-
ognize and create recording opportunities, and the knowledge of how to operate recording equip-
ment properly. Good technique maximizes the recorded level of the target bird’s sound compared
to the level of background sounds and the recording system’s self-noise. It also involves an
understanding of animal behavior and using it to one’s best advantage. Proper technique will
yield superior acoustic data for analysis, experimentation, and publication.

PREPARING TO RECORD

Many important recordings have been made as a result of serendipitous encounters in the field
(e.g., recordings of the flight calls of parrots). To have the maximum chance of success in
unpredictable situations, one must have the recording system in a constant state of readiness.
When an opportunity arises, the action of turning on the recorder and aiming the microphone
should be reflexive.

Operational readiness begins with the testing of a fully assembled recording system prior to
entering the field. Assemble the components of the system, connect them, and make certain the
system is capable of recording. If a system is in daily use, check it routinely at the end of each
day’s work. Prepare the system for the next day’s operation the night before, remembering to
load new tape and batteries if required.

SETTING A RECORDING LEVEL

To maximize the signal-to-noise ratio, one must set the record level on the tape recorder
correctly. The objective is to record as strong a signal (bird sound or other animal sound) as
possible on tape without distortion. For analog recorders the signal-to-noise ratio of the recorded
sound is maximized with respect to inherent noise produced by the tape and components of the
recorder itself. For digital recorders, recording at an optimal level on tape ensures that signals
are recorded at or near the maximum bit rate (16-bit in modern 16-bit digital recorders). This
practice helps reduce quantizing errors. To properly convert an analog signal to digital, two
dimensions must be stored. Sampling implicitly creates a value representing time information,
and quantization creates a value for amplitude information. With quantization, as with the mea-
surement of any analog event, accuracy is limited by the system’s resolution. Because of a 16-bit
word length, the digital system’s resolution also is limited, thereby introducing a measuring or
quantizing error. Carefully recording at or near the maximum allowable level permits the re-
cordist to use the system’s resolution capabilities more fully, thereby minimizing quantizing
erTors.

Skilled recordists familiar with a particular system will set their recorder’s gain control at an
intermediate setting before venturing into the field. If the record level is turned completely down
or left at the maximum setting, it will certainly require adjustment. With experience, one will
have an idea of the appropriate operating range for the record gain setting, depending on the
type or class of sound and the distance. Set the record level control at the low end of this range
before recording. If the recorder must be turned on quickly to capture a suddenly heard sound,
the chance of recording the signal without distortion will be greatly increased.

AUDIO RECORDER METERS

The ideal recording level can be difficult to determine. To understand proper record level
setting, one must understand the characteristics of a recorder’s meter. Three types of meters are
typically found on commercially available audio recorders: VU (Volume Unit), PPM (Peak Pro-
gram Meter), and bar graph, or LED (Light Emitting Diode) meters.

The integration time of a meter is of paramount interest to those who record wildlife. In
simplest terms, a meter’s integration time is the time it takes the needle, or LEDs, to go from a
position of rest to “0,” the point beyond which distortion will occur. The response time or speed
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of a meter determines whether it can provide accurate readings when a bird sound is recorded.
Of the three meter types, VU meters offer the slowest ballistics (response time), with an inte-
gration time of 300 msec. Peak Program Meters are considerably faster, with an integration time
of 12 msec. Bar graph meters offer the fastest integration time, typically 10 msec. or less.

The slow response time of the VU meter makes it less desirable than the PPM and bar graph
meters for recording wildlife sounds. Many of the sounds produced by birds such as warblers,
sparrows, and tanagers have such quick onsets or rapid transients that the VU meter’s pointer
shows little or no response to the sound. An inexperienced recordist who sees no meter move-
ment or only a slight deflection of the meter pointer often reacts by increasing the record gain
until the meter indicates a satisfactory level. But this action is a mistake; if the meter’s ballistics
were capable of indicating the true signal amplitude, then the VU meter pointer would likely
register well into the range of distortion.

Despite the disadvantages of VU meters, several popular field cassette recorders are equipped
with them (Sony TCM-5000EV, Sony TC-D5 Proll, Marantz PMD221, and PMD222). If a
recorder has off-tape monitoring capability (e.g., Marantz PMD221, PMD222, and Sony TCM-
5000EV), one can circumvent the VU meter’s foible by using headphones to listen carefully for
distortion while making the recording. Marantz and Sony, recognizing the limitation of the VU
meter alone offer a “Peak’ light to supplement the recorder’s VU meter in the models PMD222
and TC-D5 Proll respectively. This ‘“‘Peak’ light has the integration time of a Peak Program
Meter, 12 versus 300 msec., and is therefore capable of accurately indicating signals with a quick
onset or transients (e.g., wood-warbler call notes or songs).

How LONG TO RECORD

Turning on a tape recorder at the appropriate time is important when making any recording.
Sound archives are filled with ‘“decapitated’”” recordings—recordings that lack the introductory
portion of a song or call. For example, of the nine examples of Nightingale Wren (Microcerculus
marginatus) from north of the Amazon River archived in the Cornell Laboratory of Ornithology’s
Library of Natural Sounds, four do not contain a complete song. The problem of decapitation
in M. marginatus recordings is restricted to the form north of the Amazon River, where song
consists of a very brief series of musical rising and falling notes followed by an extended series
of single whistled notes descending in scale, each song separated by long periods of silence.
Decapitated recordings are the result of waiting until the bird vocalizes before turning on the
recording system. The most common rationale for recording in this manner is “to save tape,”
but tape is the least expensive component of any recording system or recording expedition. The
solution to this problem is straightforward: anticipate when a bird will vocalize and start the
recorder in advance.

Allowing the tape to run 5-10 seconds after the bird stops vocalizing is also important. It will
be invaluable if the recording is used in an audio publication; the brief amount of ambient sound
lets the producer insert transitional fades into and out of the recording. Again, tape is the least
expensive component in a recording system—don’t be afraid to use it.

Assuming that one has anticipated the bird’s song and captured the beginning, for how long
should one record? The answer depends on one’s purpose for recording, of course. The longer
a recording is, the broader its potential range of uses and the greater the number of potential
users.

If one wants to document the song repertoire of a Sedge Wren (Cistothorus platensis) from
Brazil, for example, one will need several hours and thousands of songs (Kroodsma, pers. com.).
For biological inventory purposes or some types of taxonomic investigations relatively brief
recordings will suffice. For example, while conducting biological surveys, Parker (1991) rec-
ommended recording at least one minute of ‘““natural”’ song (barely long enough to record a
complete song of a Nightingale Wren). For many suboscines, songs may be very stereotyped,
but if one is interested in their singing behavior, a recording of 10-20 minutes in length is not
excessive for a bird that sings for extended periods. Similarly, a recording with intact intersong
intervals is infinitely more valuable for research than 20 brief song samples from the same song
bout of an individual. In contrast, some species may vocalize only sporadically or only for a
brief period of the day or season. Most species of woodcreepers (Dendrocolaptidae) sing natu-
rally only in the hours prior to or at dawn. It may be necessary to record for significant stretches
of time during that period to obtain just a few vocalizations.
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INTEGRATING TECHNICAL KNOWLEDGE AND FIELD SKILLS

Although the quality of recording equipment is important, one’s recording technique is even
more important. In competent hands, a modest cassette system can yield excellent results. Con-
versely, high-quality gear will yield inferior results if improperly used.

The distance from the microphone to the bird is crucial. One of the most important recording
techniques to remember is that one can substantially increase the sound level of a recording by
halving the distance between the microphone and the bird. By cutting the distance to the singing
bird in half, one can potentially achieve as much as a 6dB increase in the signal going to tape.

When recording a bird, attempt to get as close as possible without causing the bird to flee.
Ted Parker maintained that if one heard an unusual sound, one should pursue it, because rarely
does the sound come to the recordist. Although not without its risks (remember to carry a
compass and note reference points to avoid getting lost), moving toward the sound will increase
the probability of obtaining a recording (and visually identifying the bird). Closer proximity to
the vocalizing bird also maximizes the signal-to-noise ratio and reduces unwanted interference
from other vocalizing animals. Plan an approach accordingly, so that when aiming the micro-
phone at a bird, an unobstructed line of sight can be achieved. Foliage can affect the transmission
of sounds, particularly high frequencies, which have shorter wavelengths and are therefore more
subject to scattering.

Try to be aware of the noise that you, the recordist, make. Avoid nylon clothing or any other
type of apparel that makes a great deal of noise with slight movement. Minimize the movement
of feet when standing on a potentially noisy surface, such as leaf litter or gravel. If necessary
to turn while recording to keep the microphone focused on a moving bird, pivot the upper body
to avoid shifting one’s feet.

Because of naturally high levels of ambient sound, many habitats pose inherent challenges to
acquiring good quality recordings. The sounds of swift-running mountain streams, for example,
are inescapable in many Andean locations. To attenuate background sound relative to the vo-
calizing bird, take advantage of topography. Look for features that can act as barriers between
the microphone and unwanted ambient noise. Retreating just a few meters from the edge of a
ravine with a stream below will attenuate higher frequency elements of ‘‘white’” noise generated
by the rushing water; the edge now effectively cuts off the direct reception of those frequencies
from the microphone. Moving to a position behind a buttressed tree has a similar effect. In
windy, open situations, take cover behind a rock or earthen berm, or construct a wind break to
shield against wind that would otherwise vibrate a microphone diaphragm uncontrollably. Con-
ditions will vary and so will the resources available, but in nearly every instance, one can find
a way to improve the signal-to-noise ratio through careful positioning.

Another aspect of good recording technique is timing. Be at the research site before first light
(Parker 1991). For many species, the pre-dawn and dawn hours represent the period of greatest
(and sometimes only) activity. Forest-falcons (Micrastur spp.) vocalize in the pre-dawn hours
and are easily overlooked during the rest of the day. Some tyrannid flycatchers give vocalizations
at dawn that they do not make during any other period of the day.

Learning the habits of individual birds also helps. If one is aware of a bird’s habitual behaviors,
such as the repetitive use of a particular song perch, attempt to position oneself near the perch
and be prepared to record before the bird arrives. One can also use a remote microphone with
a long cable to record birds that predictably return to a certain location. For example, lekking
manakins use the same display sites for extended periods of time. By placing a microphone near
a male’s display arena and running a long microphone cable back to a unobtrusive vantage point,
one can observe the birds’ behavior and make recordings of a high signal-to-noise ratio.

UsSING PLAYBACK

Whether working with a known species or an unidentified one, ‘‘playback’ (broadcasting a
recording of a song or call) is an essential and invaluable tool for detecting and identifying birds
in the tropics. In many cases playback is the only practical method for observing a species. An
elusive bird hidden in thick foliage will often move into the open to investigate playbacks.

The successful use of playback involves not only operating a recording system, but also
understanding bird behavior. For example, when feasible, determine that you are within the
territory of the target individual. Also, try to select a location that contains suitable cover through
which a ‘“‘skulking” bird can approach, but also a break in the vegetation where the bird can be
lured into view. Next, play one or two songs and wait for a response. Impatience and sudden
movement by the recordist can lead to failure. The response time varies among species. Some
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species, such as wrens, can be attracted with playback of only one or two songs, whereas other
species, such as tapaculos, may require additional playback and patience.

Be aware that birds may use different vocalizations or alter the temporal pattern of their song
in response to playback. Therefore, we strongly recommend that recordists clearly announce on
tape when vocalizations are in response to playback.

Playback can be used in extraordinary circumstances, with seemingly extraordinary results.
Ted Parker used playback to call in parrots in flight. As soon as he heard parrots in the distance,
he would immediately turn on his recorder and tape their flight calls as they passed nearby.
Then, directing his recorder toward the departing parrots, he would play back the tape. Often
the parrots would respond by changing their flight direction and moving toward the sound of
the playback. A positive identification and an additional recording opportunity were then pos-
sible.

Playback is often used as a research tool because it is so effective at eliciting a vocal response
from a bird or causing it to reveal itself (Johnson et al. 1981). Birds will respond to signals of
varying fidelity, including distorted signals. The equipment used for playback can directly influ-
ence the results of one’s research, however (Weary and Krebs 1992; Dhondt and Lambrechts
1992). If an investigation involves a quantitative and qualitative study of a species’ response to
playback, then it is essential to know the frequency response of each component in the playback
system, including the system used to record the original source recording.

DOCUMENTATION

To have scientific value, a recording must be accompanied by documentation: species, how
identified (sight and/or sound), sex, behavior, habitat, time of day, exact locality (including
latitude, longitude, and elevation, if known), and model numbers of recording equipment. These
data can be announced directly on tape, at the end of a recording. Announcing this information
during a recording makes the recording less useful. If some of the information remains constant
for several recordings, one need not announce it following every recording, only when some
parameter changes (such as habitat description or the type of equipment used). Taped notes can
be brief, just enough to jog the memory when more detailed text records are constructed. Kettle
and Vielliard (1991) and Kroodsma et al. (1996b) provide recordists with a detailed text data
convention for audio recordings that is accepted by most major sound archives.

Another important aspect of documentation is assigning numbers to the original field tapes.
‘When tapes are numbered, recordings are more easily located within a collection. One commonly
used method is a sequential numbering system, akin to the sequential specimen numbering used
by collectors of museum specimens. Another scheme involves numbering reels first by year, then
by reel within a year. Some far-ranging researchers find a country prefix to be a useful part of
a numbering scheme. For more detailed information on the organization of field recordings see
Kroodsma et al. (1996b).

EQUIPMENT

A range of analog and digital recorders, directional microphones, shockmounts and wind-
screens, and related equipment are available to researchers. Selecting the most suitable recording
components depends on the frequency range produced by the subject, field conditions, and money
available for purchasing equipment.

For work in the tropics, a good portable field recording system should have the following
features: (1) resistance to humidity, (2) off-tape monitoring, (3) playback capability, (4) the
option to use conventional dry-cell batteries as a power source, (5) a PPM or LED record-level
meter, and (6) a three-pin-XLR style microphone input. Every system, regardless of its capabil-
ities, should be calibrated to known standards before taken into the field.

ANALOG RECORDERS

Cassette and reel-to-reel recorders are the two most commonly used types of analog field
recorders, with cassette recorders by far the most common. Analog recording systems offer
proven reliability to researchers even under the harsh conditions of the tropics. Analog tape
transport mechanisms are virtually immune to humidity-related problems.

To record faithfully the vocalizations that birds produce, recordists must be certain that their
analog recorders are properly calibrated to a recognized standard (NAB, AES, CCIR, DIN &
IEC). These internationally recognized standards were adopted by the audio recording industry
to allow accurate interchangability of tapes from machine to machine, i.e., cassette to cassette,
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open reel to open reel, and R-DAT to R-DAT. Track placement, recording equalization, and
reference flux levels are just a few of the many standards that apply to audio recording. Also
important is that the recorder be calibrated for the exact tape stock (type of tape). Even newly
purchased audio-recorders may not perform to specification because of the rigors of shipment.
Head misalignment, speed errors, and improper bias settings are just a few of the problems that
plague even new machines.

Cassette recorders.—Cassette recorders have limited-frequency bandwidth and a lower signal-
to-noise ratio, but are much lighter and use longer-running tapes than reel-to-reel machines.
Cassette recorders are a low-cost alternative to other types of recorders: the highest price for a
portable cassette recorder is about $1125. When calibrated and used properly, they can produce
excellent results.

Several cassette recorders offer the basic features required of a field recorder for tropical field
work: off-tape monitoring, good metering capability, professional microphone connectors, play-
back speaker, durable construction, and light weight. Although no one recorder has all features
desired by field recordists, several offer combinations of most of these features: such as Sony’s
TCM-5000EV and TC-D5 Proll, and Marantz’s PMD221, PMD222, and PMD430 models. All
but the Sony TC-D5 Proll has off-tape monitoring. All have VU meters. The Sony TC-D5 Proll
and Marantz PMD222 also provide a Peak light in addition to the VU meter.

Noise reduction features such as Dolby or DBX should be not be used. These features may
work well for voice and music recording but are detrimental to bird song recording. Similarly,
avoid using any limiter or AGC (automatic gain control) feature. Limiters and noise reduction
processors all have a response or reaction time that in most cases is slower than most birds
produce sounds. This lag in response time creates undesirable artifacts recorded along with the
target sound. Once recorded, it is impossible to remove them.

Connectors are the components in a recording system most likely to fail, because they are
subject to tugging, flexing, and other forms of strain. The Sony TC-D5 Proll and Marantz
PMD222 offer the best type of microphone input connectors, namely professional 3-pin Cannon
(also known as XLR) connectors. The Marantz PMD430 uses a less desirable, but durable, %4”
phone connector, whereas the Sony TCM-5000EV and Marantz PMD221 use a 3.5 mm mini-
plug connector that is unreliable under difficult field conditions.

Of the machines discussed here, the Sony TCM-5000EV has the loudest playback capability.
Many field biologists find the playback volume of other recorders insufficient, where others find
the playback adequate. For those who require loud playback, but prefer the performance of
recorders other than the TCM-5000EV, a small battery-powered playback speaker usually solves
the problem.

Durability of a recorder is determined by the quality of its construction. With one exception,
the recorders mentioned are well designed and constructed. With proper care and regular main-
tenance, a life span of 3-5 years under hard use is reasonable. One recorder stands out with
respect to durability among this group of cassette recorders: the Sony TC-DS Proll. It is very
well made and able to withstand field work, maintaining speed and head alignment even under
rough conditions. Weight and dimensions are also important considerations for anyone working
in remote locations. All of these cassette recorders are of the same approximate weight and
dimensions.

Analog reel-to-reel tape recorders—Reel-to-reel analog recorders, also known as open-reel
recorders, have wider tape width and faster linear tape speeds than do cassette recorders; they
offer the widest frequency bandwidth, greatest fidelity, and best signal-to-noise ratios of any
analog recorder. These machines are capable of accurately recording sonically challenging bird
sounds, such as tanager songs and calls, sounds that most cassette recorders cannot record ac-
curately.

At present, the only portable analog reel-to-reel recorder suitable for recording bird sounds is
the stereo Nagra IV-S. The IV-S features off-tape monitoring, a Peak Program Meter, profes-
sional Cannon-style microphone inputs, and recording speeds of 15 ips (inches per second), 7.5
ips, and 3.75 ips. The Nagra IV-S is extremely durable, has excellent speed stability, and is
unaffected by humidity. Power usage by a IV-S is conservative, up to 25 hr on 12 D-cell
batteries, a distinct advantage in remote locations.

Other aspects of reel-to-reel tape recorders are potential limitations for field work. The IV-S
weighs approximately 22 lbs (8.2 kg) with 12 D-cells installed. At 7.5 ips, a 5-inch reel of 1.5
mil tape provides 16 minutes of recording time, and only 8 minutes at 15 ips. The weight of
both the machine and tape present significant concerns with respect to portability in the field
and shipment to a field location.
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With the price of a new Nagra IV-S exceeding $10,000, a reel-to-reel recorder might not be
an option for many researchers. However, used recorders offer an alternative. It is possible to
acquire a used stereo Nagra in good condition for $2,500-$3,000; monaural Nagras cost some-
what less and are excellent alternatives.

DiGITAL RECORDERS

Digital audio recording is an extremely promising technology, one that offers great potential
as a field recording format for research. Three digital-format portable recorders are commercially
available in North America: R-DAT (Rotary Head Digital Audio Tape), Nagra open-reel digital,
and MiniDisc (MD). Simply put, digital recorders convert audio signals to binary code stored
either on magnetic tape or optical disc. R-DAT and Nagra digital recorders record signals on
magnetic tape. The MiniDisc format uses an optical disc as its storage media.

The convenience of digital recorders is seductive. Digital machines are lightweight, typically
weighing 2 to 4 Ibs (~0.75-1.5 kg), compared to more than 20 lbs (7.5 kg) for portable reel-
to-reel analog recorders. They are small, with dimensions comparable to most cassette recorders.
The Sony TCDS is the smallest digital recorder, weighing only 1lb 1 oz (510 g), including
battery, and measuring 5%" X 1%" X 3%" (132 mm X 36.7 mm X 88.2 mm). Furthermore, a
single R-DAT cassette has a maximum running time of two hours, far more than the few minutes
for some reel-to-reel recorders. R-DAT recorders also feature a convenient track indexing
scheme, making it possible to program a maximum of 99 randomly accessible points.

R-DAT recorders.—Of the digital formats mentioned, R-DAT is the one most often used for
field recording. To record a signal, the R-DAT recorder uses a helical scanning head-drum
assembly, a structure mechanically similar to the head on a video cassette recorder. This head
assembly spins rapidly (2,000 rpm) while recording on slow-moving tape (8.15 mm/sec). In the
“play’” mode, this same head functions as a playback head. Few R-DAT recorders actually have
separate record and play heads (discussed in a later paragraph).

R-DAT recorders deliver high-quality audio, comparable to that of a reel-to-reel recorder. The
standard professional sampling rate of 48 kHz yields a frequency bandwidth limited to approx-
imately 24 kHz. Although some R-DAT machines are capable of recording at lower sampling
rates (44.1 kHz and 32 kHz), recordings should be made at the highest possible sampling rate.

Many recordists have successfully used R-DAT recorders in tropical climates, although others
have had problems. The R-DAT recorder’s main drawbacks for tropical field use are susceptibility
to humidity (the recorder records unreadable data or shuts down), heavy power consumption,
and lack of off-tape monitoring capability for most machines. Under humid conditions, conden-
sation can form on the spinning head drum of R-DAT recorders. This moisture creates what
audio engineers refer to as ‘‘stiction:”” as the tape moves over the rapidly spinning head, mois-
ture-induced friction causes the head to slow down or stall completely. The net result is that no
readable data are recorded on the tape. If operation of the recorder continues under such con-
ditions, damage to the recorder can result.

R-DAT recorders consume considerably more power than conventional analog recorders. Run-
ning out of tape may be the bane of the open-reel recordist, but running out of battery life is
the bane of the R-DAT recordist. Most R-DAT recorders are powered by ni-cad (nickel-cadmium)
battery packs. Although the running time for a fully charged pack is typically 1.5 to 2 hrs,
recharging ni-cad batteries can be difficult under remote field conditions. Furthermore, R-DAT
recorders take several seconds to go from a ‘‘power off”” mode to “‘record-ready’ state. So, a
recordist who wants to be ready to record unpredictable vocalizations must keep the recorder in
“pause’” mode. But, in contrast to reel-to-reel analog recorders, which draw little power when
paused, R-DAT recorders consume almost full power, so batteries are depleted quickly.

A final drawback of R-DAT recorders is that most do not have off-tape monitoring. The
recordist is therefore unable to listen to what is actually stored on the tape. R-DAT manufacturers
Fostex, HHB, and Sonosax offer recorders with off-tape monitoring, a feature reflected in their
higher purchase prices. Additionally, Sonosax has engineered ‘‘climate-control’’ on their record-
ers, resulting in machines virtually unaffected by humidity. The advent of off-tape monitoring
and climate-control on portable R-DAT recorders are positive developments toward addressing
the requirements of field work. Machines offering one or both of these features should receive
careful consideration, in spite of additional cost, by anyone recording in the tropics.

One of the most difficult decisions a recordist makes in assembling a recording system today
is whether to invest in a digital recorder. Anecdotal accounts both support and refute the reli-
ability of R-DAT recorders under extremely humid conditions. The lack of off-tape monitoring
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capability of most R-DAT recorders, together with problems under humid conditions and heavy
power consumption, contribute additional risks to the rigors of collecting tropical bird sound
recordings. The cost of R-DAT machines is not inconsequential and reflects important distin-
guishing features. Prices range from $750 for the Sony TCD8 with 3.5 mm microphone input,
to $1,500 for the basic professional Tascam DA-P1, to $4,000-6,000 for HHB and Fostex re-
corders that provide off-tape monitoring. Recordists should weigh the convenience, light weight,
and cost of an R-DAT recorder against the possibility of equipment failure in a remote location
or at the moment when a rare recording opportunity presents itself. Some recordists address this
issue by carrying a back-up recorder, such as a reliable analog cassette recorder.

The Nagra D recorder.—A second digital format was introduced by Kudelski S.A., manufac-
turer of the renowned Nagra portable reel-to-reel analog tape-recorders. The Nagra D is a digital,
open reel, two or four channel, 20 bit, rotary head recorder with a sampling rate of 48 kHz and
uses %" DASH, PD type tape. It has off-tape monitoring capability, a feature absent from many
R-DAT digital cassette recorders. Recording time per 5” reel is 2.0 hrs when recording on two
channels and 1 hr when recording on four channels. Tape speeds are 49.6 mm/sec and 99.2
mm/sec respectively. Weight of the recorder is 17.8 1bs (6.64 kg) with the battery.

Nagra tape-recorders are renowned for their reliability under adverse field conditions. The
Nagra D’s rotary-head configuration and open-reel tape transport are designed with field use in
mind. The tape transport is covered by a hermetically sealed, clear, plastic cover, thus minimizing
potential damage from dust and moisture. ‘“Confidence monitoring,” the ability to listen to the
signal recorded on tape during recording, is a standard feature that is invaluable for field re-
cording.

Two aspects of this recorder limit its suitability for field recording, however. The Nagra D has
been designed for on-location use for movie shoots and music recording. This is reflected in the
placement of meters and many controls (i.e., record level controls) on the recorder’s top surface
rather than on the front panel as with analog Nagras. Carried “‘over the shoulder,” as required
in most wildlife field recording situations, it is virtually impossible to view the meters while
recording. With a price of nearly $20,000, cost is also a significant factor. For those who can
afford its cost and are not handicapped by the position of its meters, the Nagra D will undoubt-
edly offer years of reliable and outstanding performance.

Digital recorders with data compression.—Recently introduced, the Mini-Disc recorder out-
wardly appears that it might have application for field use. Mini-Disc is a compact digital re-
corder that stores up to 74 minutes of audio on optical disc. Like other digital formats, the
MiniDisc offers convenient track numbering along with the rapid accessing of a compact disc.

A significant drawback to this recording system is that it uses data compression algorithms to
maximize data storage capacity. These algorithms are based on psychoacoustic research—the
study of how humans hear and perceive sound. As a result, when bird sounds are recorded,
harmonic content at the upper margin of human hearing can be lost. Furthermore, the “program
material” (i.e., the bird song plus the background noise) is “reviewed’” as a whole. This means
that if, in processing the algorithm, the machine determines that the background sounds are
masking elements of the signal of principal interest, the “masked” components of the principle
signal are not necessarily recorded. Data compression algorithms may also add spurious data
during the recording process (Fig. 1).

For the present, we cannot recommend Mini-Disc recorders or other recorders that use data
compression, although they do have utility as a sound storage system with quick access capability
for listening purposes.

MICROPHONES

Two types of directional microphone systems are typically used to record in the tropics: the
parabolic reflector/microphone combination and the shotgun microphone. Both have excellent
directional characteristics and minimize interference from other sound sources. Each has advan-
tages and disadvantages, depending on recording circumstances.

The parabolic reflector—The terms “‘parabolic reflector’”” and “‘parabola” are used inter-
changeably to mean the combination of a reflector (a mechanical amplifier) and a microphone
(which can be either omni-directional or cardioid in pick-up pattern). The reflector’s amplification
capability is what makes it useful for field work. The parabola’s surface area determines the
degree of amplification, whereas its diameter determines its low-frequency operating range (Little
1964, Wickstrom 1982). All properly designed parabolas amplify the source signal hundreds of
times; furthermore, amplification is achieved without addition of electronic noise that commonly
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Fic. 1. Recording devices that use data compression schemes or other algorithms designed for human
speech or music can severely alter recorded vocalizations of birds. Here an *““Audio Precision System One,”
a computer-based audio test system used in standard tests of audio equipment, is used to generate a test
signal of a 6.5 kHz and 7.5 kHz tone. This test signal, when recorded on a Sony portable Mini-Disc recorder,
is noticeably distorted, producing strong signal anomalies at 1 kHz, 14 kHz, and a variety of other frequencies
as well. How the Mini-Disc will record a bird’s signal with background noise, or how the Mini-Disc might
record two independent signals produced by the two syringes of a bird, is unpredictable. Abscissa is kiloHertz,
ordinate milliseconds.

occurs with in-line preamplifiers. A field recordist using a parabola can make recordings with a
high signal-to-noise ratio at a greater operating distance than is possible with other microphone
systems. Canopy species, such as tanagers or Terenura antwrens, are probably best recorded
with a parabola.

A parabolic reflector must be set up properly to achieve the best results. The parabolic reflector
can be thought of as a system made up of a microphone and a reflector. The microphone must
be accurately placed in the focal point (the area where all the collected sound energy is concen-
trated or focused) of the reflector. Dan Gibson and Telinga are two parabolic reflector manufac-
turers that solve this problem by providing a fixed rigid-mounting system for the microphone.
When the system is fully assembled the microphone is guaranteed to be in the proper placement.
However, if one chooses to assemble a system using discrete parts, e.g., a Roché reflector and
a Sennheiser microphone, then it is necessary to determine the correct position. There are two
ways to accomplish this.

One such method requires using a small portable FM radio as a fixed sound source. Set up
the recording system, complete with parabola, microphone and recorder. Next place the radio on
a table or chair. Turn it on and adjust the volume to a comfortable listening level. Now tune the
radio between stations so that only noise is heard. Position the recording equipment about 20
feet away from the radio. Turn all equipment on and place the recorder in the record-pause mode.
Manually aim the reflector so that it is pointing in the direction of the radio speaker. Adjust the
record level on the recorder so that the meter is indicating mid-scale. Be sure to keep the reflector
perfectly still. Mounting the reflector to a camera style tripod works well. Now carefully and
slowly slide the microphone back and forth in its mount while watching the meter on the recorder.
One should be able to see the level rise and fall as one moves the microphone around the focal
point. The point at which the highest sound level is attained is the optimal position to place the
microphone. One can also monitor the sound level with headphones, although the differences
may not be as easy to determine.

The second method uses the sun, but the microphone must be removed before attempting this
procedure. The concentrated energy from the sun will create dangerously high temperatures that
can easily destroy a microphone. While aiming the reflector at the sun, move a small white card
around the area of the microphone mount. As the card is moved in and out of the reflector, the
reflected light pattern moves in and out of focus. Find the spot that gives the sharpest focus and
note the relative position from the center of the reflector. This dimension is the focal point. The
next step is to determine where the diaphragm in the microphone capsule is located. Usually the
diaphragm (which looks like a gold or silver disc) can be seen by holding the microphone up
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to a light and looking through the wire screen mesh of the capsule. Note its position relative to
the actual face of the microphone. To complete the installation make sure that the face of the
diaphragm is positioned precisely at the focal point determined in the first step.

The optical and acoustic focal points should be the same for a parabola. However, this is not
always the case. For this reason the preferred method for establishing the focal point is the
acoustic technique. The optical method offers an alternative when resources required for the
acoustic method are not available.

Aiming a parabola in the field also requires precision. If the parabola is not aimed accurately
at the sound source, the recording will lack the high-frequency content (detail) of the sounds.
To aim a parabola correctly, one must listen through headphones while the recording is made.
When the bird is not visible, use the following technique to aim the parabola. First, smoothly
“pan’ the parabola across the horizon, beginning at the extreme right or left of where the bird
is believed to be and listen through headphones for the point at which the sound’s clarity and
loudness, particularly high frequency elements, are the greatest. Once the correct position on the
horizontal axis is determined, pan along the vertical axis until the angle of elevation at which
the sound is the loudest is determined. At this point, the parabola will be properly aimed.

Parabolas are available in both clear and opaque materials. Clear parabolas are typically con-
structed of plastic and enable one to see a vocalizing bird through the parabola and to aim the
parabola accurately. Opaque parabolas may be made of plastic, fiberglass, or carbon fiber. Many
recordists outfit opaque parabolas with a sight, which allows them to use visual cues for accurate
aiming.

The parabola is not without its drawbacks. The reflector’s unwieldy shape makes it inconven-
ient in some situations, such as seeking out a bird in dense undergrowth. Furthermore, parabolas
are better at capturing high-frequency (short wavelength) sounds than low-frequency (long-wave-
length) sounds, so recordings made with a parabola generally have a high-frequency emphasis.
A bird song that contains both high-frequency and mid-frequency sounds will be altered when
recorded with a parabola, with a relative increase in the amplitude of high frequencies with
respect to the source sound. How low of a frequency can be recorded is limited by the diameter
of the parabola. Very low frequency (long-wavelength) sounds may be picked up by the micro-
phone but will not be amplified by the reflector at all, because these wavelengths are larger than
the reflector’s diameter.

The parabola’s large size can also make shipping it to remote locations a problem. Shipping
cases that will stand up to abuse are available and worth the investment. Such cases not only
protect a parabola but often provide ample room to pack a recorder, cables, blank tapes, and
other gear. One parabola that is especially easy to pack is the 22-inch (56 cm) Telinga Pro
parabolic reflector/microphone system. The dish is made of a clear, thin plastic that can be rolled
up into a cylinder 22 inches (56 cm) long and 8 inches (20 cm) in diameter. The microphone
and handle apparatus can be removed and conveniently stored inside the rolled dish for transport.
The entire system weighs approximately 1.5 Ibs (0.56 kg) Although the Telinga Pro’s diameter
is somewhat smaller than ideal, this system’s transportability makes it especially useful for work
in remote locations, particularly where there is a need to record canopy species.

Shotgun microphones.—Shotgun microphones are well suited for all-around use in tropical
situations. This type of microphone does a good job of selecting a target sound from surrounding
noise by rejecting off-axis sound. Shotgun microphones achieve their directionality through the
hollow, ported, interference tube that surrounds the microphone; the longer the interference tube,
the more directional the microphone. The ports in a shotgun microphone create a time delay for
sounds arriving off-axis (sounds not from the direction aimed). This time delay causes certain
frequencies to be canceled out, thus giving the shotgun its directionality.

The shotgun microphone has a broader “‘angle of acceptance” than the parabola and is, there-
fore, easier to aim. A shotgun microphone is ideal for recording loud, moving signals, such as
the flight calls of parrots and the song or call of a moving antbird.

Shotgun microphones have some disadvantages, too. Although shotguns are directional, they
are not as directional as parabolic reflectors. Also, shotgun microphones lack the amplifying
capability of parabolic reflectors. This can be a problem when recording distant birds or low
level signals. Thus, a recordist using a shotgun microphone must be much closer to the bird than
a recordist with a parabola to get a recording of the same amplitude.

Condenser and dynamic microphones.—The two microphone designs most commonly used
for bird sounds are dynamic and condenser microphones. Both shotgun microphones and the
omni-directional or cardioid microphones used in parabolas can be either dynamic or condenser
in design. Dynamic microphones are durable and require no electrical power, but are typically
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low in signal output strength. Condenser microphones typically have greater sensitivity and
higher signal output than dynamic microphones, but also require electrical power and can be
affected by humidity.

Condenser microphones come in two designs: electret condenser and rf (radio frequency)
condenser. An example of an electret condenser microphone is the Sennheiser ME66/K6 *‘short™
shotgun microphone. An example of an rf condenser shotgun microphone is the Sennheiser
MKH70. Under humid conditions, electret condenser microphones are susceptible to static dis-
charge, which is manifested in the form of audible crackling and popping on the recording (it
is easy to mistake the sound of static discharge for a failed cable or connection). RF condenser
microphones are more resistant to humidity. No matter what kind of microphone one selects, it
should be stored with desiccant and be serviced routinely to minimize humidity related problems.
An alternative to dessicant is to use a “hot closet,” a closet with a light bulb or heating element
in the bottom. If a ‘“hot closet” is used, avoid placing equipment close to the light bulb or
heating element as temperatures may exceed that which is safe for some types of equipment.

Because the microphone is the first stage of the recording system, one should purchase the
best microphone affordable. One superb all-purpose shotgun microphone for tropical recording
is the Sennheiser MKH70 rf condenser shotgun microphone. The Sennheiser MKH20 rf con-
denser omnidirectional microphone is the rf condenser equivalent for use with a parabolic re-
flector.

SHOCKMOUNTS AND WINDSCREENS

With today’s sensitive microphones, shockmounts and windscreens are essential components
for field recording. Shockmount systems are mechanical devices in which a microphone is typ-
ically suspended by elastic cords or bands, effectively isolating it from hand-held vibration. With
the sensitive microphones preferred for field research, handling noise can be substantial, and
because it is picked up by the microphone, it is recorded directly on tape. It is not uncommon
for recordist-generated noise of this type to be as loud as the bird vocalization recorded.

Windscreens are essential, too. Without a windscreen, light breezes of wind can often obscure
the bird vocalization on tape. Windscreens perform their isolating function by creating a turbu-
lence-free zone around the microphone itself, while allowing the sought-after sound to arrive
effectively at the microphone’s diaphragm.

Use of a windscreen and shockmount are relatively inexpensive ways to minimize noise cre-
ated by wind and by hand-holding a microphone. These two accessories come in many different
styles. Most microphone manufacturers offer a range of custom-fit windscreens and shockmounts
for their microphones. A few manufacturers also offer universal shockmounts that will accom-
modate many different styles of microphones. One example of a universal shockmount is Audio
Technica’s AT-8415, which is popular among researchers who use shotgun microphones. With
a little ingenuity, it is also possible to fabricate a shockmount at little cost from a variety of
basic materials, such as aluminum strap stock, rubber bands, plastic conduit, and neoprene tubing.

PREAMPLIFIERS, TRANSFORMERS AND ATTENUATORS

Nearly all audio equipment that bird sound recordists use today has been designed with another
purpose in mind, such as recording concert or studio music, spoken interviews, or on-location
motion picture sound-tracks. Most portable audio equipment comes with enough built-in “gain”
or amplification to accommodate these types of recording events, because the target signal is
usually strong and the microphone is typically placed close to the subject.

Recording birds in the field is another matter. Many bird sounds are not loud, and it is not
always possible to place the microphone close to the bird without disturbing it. The recording
of bird sound thus requires more ‘“gain’ than most portable recorders typically offer. Further-
more, the dynamic range of wildlife sounds pushes audio equipment to its performance limits.

One way that field recordists can address this problem is by using an in-line preamplifier to
achieve a stronger signal on tape. An in-line preamplifier installed between the microphone and
tape recorder will boost the signal from the microphone prior to arrival at the tape recorder’s
internal microphone preamplifier. These devices require power, typically supplied by a dry-cell
battery. ‘“‘Pre-amps’” are generally small and relatively inexpensive ($100—600). Unfortunately,
most inexpensive preamplifiers add a substantial amount of electronic noise to recordings.

Some recorder/microphone combinations can also benefit by using a matching transformer
between the microphone and the recorder. To facilitate the transfer of electrical energy from the
microphone to the recorder, it is important to have the microphone’s impedance (AC resistance)
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closely match that of the recorder’s input. In the case of the Sony TCM-5000EV cassette recorder
and the Sennheiser MESQ, one does not have the optimal match. They will function as a system,
but the usable gain will be less than ideal.

To solve the problem of a mismatched recorder and microphone, many recordists use an
impedance matching transformer between the microphone and recorder. The recordist can realize
a 10-12 dB increase in recorder sensitivity by adding the proper matching transformer between
the microphone and the recorder. Because these devices are free of electronic noise, they have
an advantage over preamplifiers in that they give a similar, but cleaner result. They also do not
require electrical power, and so they work well in field conditions. Note, however, that matching
transformers will not work with all recorder/microphone combinations; check with a competent
audio engineer for recommendations.

Just as the above section addresses ways to increase signal strength, some situations may arise
where the target signal is so strong that distortion occurs. This is where the microphone attenuator
switch comes into play. The attenuator is a resistive device designed to lower the signal strength.
It can be found on some of the more expensive Sennheiser RF condensor microphones, as well
as on many of the recording machines. One situation that sometimes causes distortion is having
a microphone set up remotely to record a vocalizing bird. When the bird is close to the micro-
phone, it is possible that the signal level is so strong that a condenser microphone’s internal
preamplifier is overloaded (distorting) or the signal coming from the microphone is overloading
the microphone input preamplifier of the recorder. When these situations arise, simply lowering
the record level will not solve the problem. An overloaded signal occurring at the microphone
cannot be corrected or cleaned up at the recorder. Lowering the record level on the machine
simply lowers the signal level, distortion included. A good telltale sign of a possible overload
condition (aside from listening) is to note the level control setting on the recording device. Let’s
say the record level control has a range of 1 to 10. If one is forced to set the control at around
1.5 or 2.0 to obtain proper meter levels, then the signal coming from the microphone is probably
too strong. A better operating position for the control would be in the 5 to 7 range. One way to
correct this overloaded condition is to switch the attenuator on at the microphone (if it is so
equipped). For those using microphones that do not have attenuators or if the microphone atten-
uator alone proves insufficient, the next option is to use the attenuator switch on the recorder.
If neither option is available, simply moving the microphone further away from the bird should
correct the problem. Always remember to switch the attenuator off when it is not needed because
it will significantly degrade the system’s signal-to-noise ratio.

CABLES

The quality of the cables that connect the components of a recording system are critical. Select
high-quality cables that are flexible, shielded (braided shield only), and only as long as required.
Balanced cables with three-pin XLR-style connectors are preferred whenever possible. (Look for
three-pin connectors also when selecting a recorder and microphone.) Use professional-grade
connectors that incorporate good strain-relief mechanisms.

No matter how good the cables are, carry spares. No component in a recording system un-
dergoes more physical stress, and failure is always a possibility. It is far easier to attach a new
cable to a recording system than to try to repair a damaged one in the field.

AUDIO TAPE

Analog tape-recorder manufacturers design and calibrate their machines to meet “‘general”
technical tolerances (electronic performance specifications) on a variety of different tape stocks
(brands). For example a Marantz PMD222 will function satisfactorily with TDK, Scotch, Sony,
BASE and Fuji tapes. Open reel machines are similar. Although these ‘“‘general” calibrations
are fine for music and speech applications, sounds produced by animals are much more complex
and difficult to store on tape; thus the calibration requirements for recording these natural sounds
must be much more precise. To insure the best possible recordings, it is important to calibrate
a recorder for a single tape stock and then to consistently use it for all of one’s recording work.
When an analog tape-recorder is calibrated for a particular tape stock, it is literally “‘fine tuned”
to optimally match the recorder’s electronic performance to the magnetic properties of that tape
stock.

Digital tape-recorders are exempt from this fine-tuning. For example, any R-DAT digital tape
from any manufacturer can be used on any R-DAT recorder without compromising machine
performance.
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Cassette tape.—Cassette tape is physically small and delicate. Its thickness is 0.67 mil, 0.47
mil, and 0.33 mil for C-60/C-90/C-120 lengths, respectively. The tape width is 3.81 mm (1/8").
Each manufacturer has its own tape stocks (formulations), each of which offers different per-
formance levels. These performance levels are known as “IEC types’ of tape.

Three “IEC types” (not to be confused with brands) of tapes are made for use in analog
cassette recorders, and a given cassette recorder may accommodate one or more of these three
types. The three types of tape are IEC Type 1 (also called ferric oxide/normal bias), IEC Type
II (chromium dioxide/high bias), and IEC Type IV (metal/high bias). All cassette tape manufac-
turers make all three types.

Obtaining optimal performance from a cassette recorder demands that one must use the type
or types of tape recommended by the manufacturer. For example, a Sony TCM-5000EV is
designed only for Type I (ferric oxide) tape. If Type II tape is used in this machine, the resulting
recording may contain machine-generated distortion, such as spurious harmonics, and the re-
cording will not be a faithful representation of the original sound (Figs. 2A and 2B). If a cassette
recorder accepts more than one tape type (the Marantz PMD222 and Sony TC-DS5 Proll are
examples), be sure that the tape selector switch is set for the tape used. Type II is the preferred
tape for bird sound recording, provided the recorder is designed to accommodate it. Metal tape
also offers good recording performance, but battery life is somewhat reduced when this type is
used because of the extra demands placed on the recorder electronics.

For best results, use only C-60 (60-min) or shorter cassettes. Long-playing cassettes, the kind
that record for 90 or 120 minutes, are made with a thinner backing material than 60-min tapes.
These thin-backing tape stocks are more susceptible to stretching, deformation, and print-through.
Print-through occurs when high level recorded signals are transferred from one layer of tape to
adjacent layers. It manifests itself as a pre- and post-echo of the principal signal when a tape is
played back. :

To increase recording time and to minimize costs, one might be tempted to record on bo
““sides” of a cassette or open reel tape. Whenever possible, however, one should record on only
one side. Signals on opposite sides of a tape can sometimes bleed across ‘“‘guard bands” (un-
recorded areas that separate tracks) onto adjacent tracks. This is called ““cross-talk.” The con-
taminating signal will appear as low level backwards audio in the background of the recording.
Once this problem has occurred, the offending signal cannot be removed.

Reel-to-reel tape.—Reel-to-reel or open-reel tape is available from many manufacturers. As
with cassettes, each manufacturer has its own various tape stocks that offer varying degrees of
performance. These different formulations are also available in different lengths. The length
(running time) of the tape is determined by three factors: the size of the reel, 5" or 7”; the
thickness of the tape used, 1.0 or 1.5 mil; and the recording speed, 3.75 ips, 7.5 ips, or 15 ips.
As mentioned in the “AUDIO TAPE” section, it is imperative to calibrate the reel-to-reel re-
corder for the specific tape stock being used. Reel-to-reel tape is time proven as a reliable field
recording format. When compared to cassette audio tape, open-reel tape’s physical proportions
of 1.0 and 1.5 mil thickness and its %" width make it less susceptible to stretching, damage from
dust, and tape-edge damage. Reel-to-reel tape is capable of sustaining considerable damage or
contamination and yet remaining playable, whereas an R-DAT tape under the same circumstances
would become unplayable.

R-DAT tape.—The DAT cassette, slightly more than half the size of the analog cassette, was
developed and standardized exclusively for the R-DAT recording format. As with a video cas-
sette, the tape is protected until the cassette is installed in a recorder. At that time a small flap
on the cassette opens, and the tape is extracted and wrapped around the head-drum assembly.
R-DAT tapes, which use a metal-powder oxide, come in standard lengths of 15, 30, 46, 60, 90
and 120 minutes. The tapes are 3.81 mm wide, the same as the standard 1/8” analog cassette
tape, and 0.47 mils thick, the same as analog cassette C-90 tape stock. Because R-DAT tape is
transported past the heads at about one third the speed of an analog cassette, tape length required
for 120 minutes is 60 meters with R-DAT and 171.45 meters for analog cassette. The combi-
nation of the rapid spinning head assembly, the helical data writing pattern, and the slow linear
tape speed of the R-DAT allow tremendous amounts of data to be stored on very little tape.
This is a mixed blessing, however. Although R-DAT allows long recording time and the ability
to search an entire tape quickly, a small crinkle or even a finite amount of dirt or dust can render
significant amounts of R-DAT data useless.

PROTECTIVE FIELD CASES

Protective cases for field recorders are a frequently overlooked but useful accessory. A
well-designed field case, constructed of Cordura cloth, will protect a recorder from dust, detritus,
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Figure 2A FFTBOK AMP{(dBu) vs FREQ (Hz) 20 MAY 96 11:54:24
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Figure 2B FFTBOK AMP1(dBu) vs FREQ (Hz) 20 MAY 96 11:57: 15
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FiG. 2. A seemingly minor mistake, such as using Type II cassette tape on a recorder designed or set for
Type 1 tape, can amplify undesirable harmonics in a recording, thus confounding spectral patterns in complex
bird vocalizations. A. Spectral analysis of a 3 kHz test signal recorded at “O” VU on a “modified” Sony
TCM-5000EV cassette recorder, which is designed for using IEC normal-bias tape (we used Maxell XLI-
$60). Aside from the overall noise and the 3 kHz fundamental test signal, the only harmonic clearly visible
is the 3rd harmonic, at 9 kHz. When a cassette recorder is properly calibrated, this 3rd harmonic, an ines-
capable byproduct of magnetic audio recording, is about 50 dB below that of the test signal; it should not
be audible or cause serious problems in any spectral analysis. B. The same test, but this time using IEC
Type II high-bias tape (Maxell XLII-60). Note that the 3rd harmonic is now only 20 dB below that of the
test signal, and that the 5th harmonic becomes significant, too, at 40 dB below the fundamental. Abscissa,
signal amplitude in dBu; ordinate, frequency in Hertz.
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and rain, and will cushion it if dropped. A case will also cover and protect cables and connections
and will put gear in a tidy package less likely to snag in dense undergrowth. Padded shoulder
straps and waist belts, a common feature of high-quality cases, distribute weight and reduce
fatigue associated with carrying a heavy recorder. Although the initial investment of $125-200
for a good case may seem high, the protection it provides will add years to a tape recorder’s
life.

CALIBRATION AND MAINTENANCE

Recorders should receive routine maintenance and be calibrated prior to the start of each field
season, as well as before any major expedition. Audio recorders are complex mechanical and
electronic devices. All internal moving parts are subject to wear. Many moving parts also have
some kind of lubricant coated on them to help overcome friction. This lubricant is like a magnet
for any dirt, dust, and small debris. Routine maintenance (changing belts, drive rollers/idlers,
and internal cleaning) can greatly reduce the chances of total machine failure in the field.

Calibration should be performed by a professional audio service center or the manufacturer’s
authorized service facility. When sending a machine in for calibration you should do the follow-
ing:

1. Supply a new, unused tape from the stock you will be using. The performance of the
recorder can then be optimized for your tape stock.

2. Give detailed instructions as to the level of calibration required (see calibration instruction
list below).

3. Request proof of performance, i.e., charts, graphs, documentation etc., that states the re-
corder’s performance after calibration.

4. Provide a time-table so the service center is aware of when you need the recorder back.
Be aware that the turn-around time for service centers can typically run 4-6 weeks.

Audio recorder calibration instruction list (applies only to analog recorders): check take-up and
supply reel tensions; check and set absolute speed; check wow and flutter specification; check
speed drift; demagnetize and adjust record/playback head azimuth (head height if needed); cal-
ibrate playback level and frequency response to reference standards; adjust bias and record
equalization for flatest frequency response using the tape stock provided; adjust recorder cali-
bration for unity gain in record/play mode (if unable to obtain unity gain please note record/
playback gain offset); check distortion levels (THD, 3rd and 2nd harmonic); check signal-to-
noise ratio (both “A” weighted and flat); print-out calibrated performance data. Once the above
is completed, your machine will be calibrated to known reference standards. These procedures
will maximize the scientific validity of your recordings.

Clean the recorder routinely, even daily if frequently used. For analog recorders, a good agent
for cleaning the tape path (the heads, guides, and capstan) is isopropyl alcohol. (Do not use
agents such as rubbing alcohol, which contain lubricants and will leave a residue.) Cotton swabs
moistened with alcohol, the excess squeezed out, are effective for reaching and cleaning recorder
heads and guides. If an excessive amount of alcohol comes into contact with the recorder’s
bearings and motor lubricants, it can cause premature failure.

R-DAT recorders should not be cleaned in the same manner as analog recorders. Use only
the manufacturer-recommended cleaning tape or have the recorder cleaned by a professional,
certified technician.

FIELD REPAIRS

With a modest amount of preparation and a bit of common sense, the recordist can ensure
that a recording system will operate. A schematic of a recorder’s circuitry will be invaluable if
one can locate a good repair facility. Be aware, however, that an unskilled technician can do
more damage than good.

Problems such as broken cables can completely disable a recordist. With an assortment of
simple tools, however, one can handle most small repairs in the field. We recommend carrying
the following:
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1. Leatherman® or equivalent multipurpose tool (includes knife, screwdrivers, scissors, and
pliers). A Leatherman-type tool together with a Swiss Army knife will cover a wide range
of tool requirements.

Wire cutters and strippers.

Black electrical tape.

. Portasol® (or equivalent) butane-powered soldering iron and 60/40 rosin core solder. Note
that butane is not typically permitted on commercial aircraft. It will, therefore, be necessary
to purchase butane in the country of destination.

. Simple, battery-powered voltage/continuity multi-meter.

“Helping hand” holding apparatus (available through most electronic repair shops) or vice.

. Extra batteries. In remote locations it is not uncommon to discover that newly purchased,
name-brand batteries have already been partially or completely discharged.

LN
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If soldering is required to repair a broken cable and a suitable electronic repair facility cannot
be located, jewelry shops often have soldering equipment.

SOUND ARCHIVES

Once recordings are collected, the recordist must consider how to preserve them for long-
term use. Depositing recordings in an established sound archive ensures not only that they will
be preserved for others to use in research and conservation, but also that they are protected
against damage or destruction. Sound archives provide safe, long-term storage of recordings and
also provide centralized access to recordings, which facilitates their use by others (Kroodsma et
al. 1996b). Some sound archives extend their service role to include the repair and calibration
of field recording equipment.

The five sound archives with the largest collections of Neotropical recordings are the Arquivo
Sonoro Neotropical, Universidade Estadual de Campinas, Brazil; Laboratorio de Sonidos Natur-
ales, Museo Argentino de Ciencias Naturales ‘Bernardino Rivadavia’, Argentina; Library of
Natural Sounds at the Cornell Laboratory of Omithology; Bioacoustics Archives and Library,
Florida State Museum, University of Florida; and the Wildlife Section of the British National
Sound Archive (formerly the British Library of Wildlife Sounds [BLOWS]).

Most archives provide copies rather than original tapes to those who wish to use archived
recordings. Users may range from biologists studying animal communication and taxonomy, to
resource managers who use recorded sounds to prepare for and conduct censuses, to commercial
users such as television or film producers.

Responsible sound archives take the following steps to preserve original recordings:

1. High-quality copies of the original tapes are generated using rigidly calibrated professional
studio recorders. One of these copies is the “working” copy, which is used as the source
recording when additional copies are made, thus avoiding wear and tear on the original
recording.

2. A good archive will also produce a first-generation safety copy. This copy should be stored
off-site.

3. To prevent tape deterioration, original tapes, working copies, and safety copies should be
stored under strict climate-controlled conditions.

4. The archive should restrict access to working copies, originals, and safety copies, allowing
only authorized personnel to work with them.

5. The archive provides copies to users and does not loan the original on a routine basis.

6. The archive requires users to sign an agreement that outlines the manner in which copies
may be used.

SUMMARY STEPS FOR RECORDING

To maximize your recording opportunities, here is a short list of the steps one should follow:

Assemble the entire recording system and check the equipment in advance.

Be at the investigation site before first light.

Position the microphone so that a clear path exists between it and the vocalizing bird.
Carefully aim the microphone.

Get closer to the bird; remember that halving the distance to the vocalizing bird (repeat-
edly if necessary) doubles the signal level reaching the microphone.

Position the microphone so that interference from background sounds is minimized.

NALD =

*
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7. Set the record level for the loudest element in the target bird’s vocalization, and then
leave it there.
8. Record for at least one minute, or longer if the bird allows.
9. Minimize handling and machine noise.
10. Announce basic data at the end of each recording.
11. Review and organize your field tapes at the end of each day.
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ABSTRACT.—Percnostola rufifrons jensoni, a new subspecies of Black-headed Antbird, is
described from northeastern Peru on the north bank of the Amazon River east of its conflu-
ence with the Napo River Comparison with the three other subspecies and the historical
taxonomic treatment of formicariids suggests this complex consists of two pairs of subspecies
that should be ranked as species, Percnostola rufifrons rufifrons + Percnostola rufifrons
subcristata (=Percnostola rufifrons, the Black-headed Antbird, with two subspecies rufifrons
and subcristata) and Percnostola rufifrons minor + Percnostola rufifrons jensoni (= Perc-
nostola minor, the Amazonas Antbird, with two subspecies minor and jensoni).

RESUMEN.—Percnostola rufifrons jensoni, una nueva subespecie de Hormiguero Ca-
becinegro, ha sido descrita desde el noreste del Pert sobre el banco norte del Rio Ama-
zonas al este de su confluencia con el Rio Napo. Comparaciones hechas con las otras
tres subespecies, ademds del tratamiento histérico del grupo de los formicaridos, sugieren
que este complejo consiste de dos pares de subespecies que deben ser jerarquizados
como especies, Pernostola rufifrons rufifrons + Percnostola rufifrons subcristata (=
Percnostola rufifrons, el Hormiguero Cabecinegro, con dos subespecies rufifrons y sub-
cristata) y Percnostola rufifrons minor + Percnostola rufifrons jensoni (= Percnostola
minor, el Hormiguero Amazonas, con dos subespecies minor y jensoni).

From 6 June to 3 July 1984, we inventoried the avifauna of a locality in nonflooded (terra
firme) forest on the north bank of the Amazon River in Peru, approximately 10 km northeast of
the mouth of the Napo River, on the west bank of the Quebrada Ordn. At this site a series of
Percnostola rufifrons (Black-headed Antbird) was collected, a species previously known from
Peru only from one male taken at Nauta, depto. Loreto, in 1866 by Bartlett (Hellmayr 1924).
Nauta is on the north bank of the Marafién River near its confluence with the Ucayali River,
approximately 175 km southwest of our Oran camp (Fig. 1). Hellmayr (1924) assigned the Nauta
specimen to the subspecies P. r. minor. Although the males from Quebrada Ordn resemble males
of minor quite closely, the females differ dramatically from minor as well as the other described
subspecies of P. rufifrons. We propose to name a new subspecies.

Percnostola rufifrons jensoni subsp. nov.

Holotype.— ouisiana State University Museum of Natural Science (LSUMZ) No. 119831; adult
female, from Quebrada Or4n (local name and name used on specimen labels; also known as “Rio
Yanayacu de Ordn” on the 1967 Mapa Politica, 1:1,000,000, Instituto Geografico Militar del Perd),
ca 5 km N of the Amazon River, 85 km NE of Iquitos, 3°25'S, 72°35'W, depto. Loreto, Peru,
elevation ca. 110 m; 19 June 1984; prepared by Gary H. Rosenberg (original number 1204).

Paratypes.—Three females: LSUMZ 119829 (skin and tissues), 119832 (skin, complete skel-
eton, tissues), and 119834 (skin only, head destroyed). One adult male: LSUMZ 119833 (skin
and tissues). One immature male: LSUMZ 119830 (skin and tissues).

Diagnosis.—Males are 100% separable from the three described subspecies (rufifrons, sub-
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cristata, and minor) in crown coloration. Male jensoni have black crown feathers with broad
gray edges that give the crown a distinctive, scaled appearance. In contrast, nominate rufifrons
and subcristata have solid black crowns and minor has crown feathers that are mostly black
with narrow gray edges. The crown feathers of jensoni and minor are short (ca 10.5 mm), in
contrast to the longer crown feathers in rufifrons and subcristata (ca 14.7 mm).

Differences among the subspecies are more pronounced in females. Female jensoni are 100%
separable by the (1) more concolor grayish crown and back versus blackish crowns contrasting
with grayish-brown backs (rufifrons and subcristata) or a dull rufous crown contrasting with a
grayish-brown back (minor), (2) sides of the head gray, not rufous or ferruginous as in the other
subspecies, and (3) primaries dark grayish-brown with pale brown edging to the outer webs, not
lighter brown with dull rufous edging on the outer webs as in the other subspecies. As in males,
the crown feathers of female jensoni and minor are shorter than in rufifrons and subcristata. The
relatively pale underparts of jensoni more closely resembles minor than rufifrons or subcristata.

Iris color for both sexes is gray in jensoni (as in minor; FMNH specimens), but red in rufifrons
(Dunning 1982) and subcristata (L. Harper, pers. comm.).

Description of holotype.—Forehead and crown feathers with Blackish Slate basal two-thirds, re-
curved Black subterminal band, and broad, dull Sepia tips, giving the crown a scaled appearance;
nape, back, scapulars, ramp, and upper-tail coverts Blackish Slate tinged dull Sepia; lores, auriculars,
and subocular region predominately Blackish Slate mixed with Light Drab; indistinct Raw Umber
posterior supercilium; sides of neck Blackish Slate mixed with Raw Umber; chin Ochraceous Buff;
center of breast Amber Brown blending to darker Raw Umber on sides; belly and under-tail coverts
Ochraceous Buff blending to darker Raw Umber on flanks and tibiotarsus feathers; remiges Fuscous
Black, narrowly edged Raw Umber; lesser, median, and greater upper-wing coverts Black, broadly
tipped Amber Brown, forming three distinct wing bands; rectrices Blackish Slate with narrow Pale
Olive Buff tips on outer three pairs (capitalized color names from Ridgway 1912). Colors of bare
parts (in life): iris gray; maxilla black; mandible, tarsus, and foot gray.

Measurements of holotype.—Wing (chord) 62.7 mm; tail 44.9 mm; tarsus 27.7 mm; culmen
from anterior edge of nares 17.5 mm; body mass 21 g.

Variation—Two males and four females were examined from the type locality. One male is
an immature (skull 90% pneumatized, left testis 2 X 1 mm, wing 64.2 mm, tail 50.5 mm, body
mass 21.5 g) that differs from the adult male (skull 100% pneumatized, left testis 3 X 1% mm,
wing 69.2 mm, tail 52.5 mm, 22 g) in lacking the black throat, having some brown-edged feathers
intermixed in the normally slate-gray body plumage (mainly in the breast, belly, and flanks), and
retaining brown-edged juvenal (instead of gray adult) remiges and greater upper-wing coverts.

Crown and ventral coloration varies in females. Crowns vary from Black with feathers edged
Blackish Slate (as in 119829), to Black with feathers edged Sepia (as in the holotype). The
holotype has relatively dark underparts compared to the other three females, especially on the
breast and throat. We suspect that variation in the intensity of the ochraceous coloration of the
underparts is age-related. All three females with intact heads had 100% pneumatized skulls.
However, the headless female with relatively pale underparts (LSUMZ 119834) was obviously
an immature bird with a 3 X 2 mm smooth ovary. The other two relatively pale females had
ovaries that were 6 X 3 mm (ova minute, LSUMZ 119829) and 7 X 5 mm (largest ovum 1 mm
diameter, LSUMZ 119832). Thus, the holotype has the darkest underparts and the largest ovary
(8 X 5 mm, largest ovum 1 mm); we presume it to be more typical of more mature birds, but
more specimens will be needed to confirm this. Unfortunately, existing female specimens have
no data on bursa condition or oviduct configuration to further aid in age determination.

Soft part colors vary between the sexes only in bill coloration; males have an all black bill,
whereas females have a black maxilla and a gray mandible.

Specimens examined.—Percnostola r. rufifrons BRAZIL: Amap4, Alto Rio Araguari (LSUMZ
67332-3; 1 8, 1 ?); Amap4, Prosperidade, Rio Maracd (LSUMZ 67330, 1 &); Amap4, Macapa,
Rio Amapari (LSUMZ 67331, 1 ?); Amap4, Monte Caiari, Uassa Swamp (CM 68376, 1 J);
Amapi, Serra do Navio (ANSP 170079-80, 1 8, 1 2, LACM 59750-3, 2 &, 2 ?); Par4, Obidos
(CM 82644, 82660, 82714, 82716-7, 82788-90, 82812, 82841-3, 82971-2, 83044, 83236, 83369,
84153, 11 8,7 ?, YPM 28916-9, 2 &, 2 9); FRENCH GUIANA: Cayenne (AMNH 233853,
1 3, CM 55569, 55588, 55656, 56180-1, 56310, 56834, 3 &, 4 ?, YPM 28912-4,2 3,1 ?);
Mana River, Tamanoir (CM 60896, 60935-6, 61060, 61281, 61453, 61530, 62237, 62262, 62340,
62393-4,8 8,3 2,1 27, YPM 28908-11, 2 &, 2 ?); Oyapock River, Pied Saut (CM 64765,
64957, 64975, 65021, 65123, 65561, 2 &, 3 ?, YPM 28915, 1 &); GUYANA: Omai mine,
Essequibo River (LSUMZ 64748, 1 J); 5 km N Rockstone, E. bank Essequibo River (ANSP
186620, 186622, 1 3, 1 9); ca S ksn NW Mabura Hill, between Essequibo and Demerara rivers
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(ANSP 186642-3, 1 &, 1 9); Waratilla Creek, Demerara River (UMMZ 108584, 1 3); SURI-
NAM: “interior” (AMNH 491394, 1 9); locality unknown (UMMZ 116714-5, 1 8, 1 ?);
vicinity of Paramaribo (MCZ 144852-4, 144856-8, 4 4, 2 ?); Apoera, Courantyne River (YPM
27475, 1 ?); Paraku, Saramacca (MCZ 199709-10, 1 &, 1 ?); Albina (MVZ 123567-8, 2 3);
District of Para (MCZ 83324, 1 ?).

P. r. subcristata BRAZIL: Para, Faro, Rio Jamund4, Sdo José (AMNH 283926, 1 &); Pard,
Faro, Rio Jamund4, Castanhal (AMNH 283929, 1 ?); Amazonas, Itacoatiara, Rio Amazonas
(FMNH 50701, 1 3).

P. r. minor BRAZIL: Amazonas, Rio Negro, Cucuhy (USNM 316487, 1 &); Amazonas, Rio
Negro, Sdo Gabriel (USNM 327252-3; 1 4, 1 ?); Amazonas, Serra Imeri, near Salto do Hua
(USNM 326271-3, 326397-8; 2 3, 3 ¥); Amazonas, Rio Cauabury, Panela de Onca (USNM
327254-5; 1 &, 1 ?); Amazonas, Rio Solimdes, Tonantins (CM 96556, 96599-600, 96636-7,
96667, 96703, 96826-7, 96932-3, 97060, 97213-4, 97398, 97430, 97560, 97722, 97728, 97858,
97898, 13 &, 8 2, YPM 28920-3, 2 &, 2 ?); VENEZUELA: Amazonas, Mt. Duida, Valle de
los Monos (AMNH 273304, 1 8); Amazonas, confluence of Rio Huaynia and Rio Casiquiare
(AMNH 432651, 1 ?); Amazonas, Brazo Casiquiare near Cafio Duratamoni (USNM 327256, 1
?); Amazonas, San Carlos de Rio Negro (FMNH 319235-8; 3 4,1 9).

P. r. jensoni PERU: Loreto, Quebrada Ordn (LSUMZ 119829-34; 2 3, 4 ?); Loreto, Nauta
(BMNH 69.5.25.46, 1 38).

Etymology.—1It is our pleasure to name this distinctive subspecies after Peter Jenson, owner
of Exploraciones Amazénicas (Explorama Tours), Iquitos, Peru, in thanks for his generous help
and support through the years for Louisiana State University Museum of Natural Science field
work in northeastern Peru.

Distribution—All LSUMZ specimens for this subspecies were collected at the type locality
on the north bank of the Amazon River east of the confluence with the Napo River. We have
assigned tentatively the only other Peruvian specimen of this species, collected at Nauta, to P.
r. jensoni (see remarks below).

DISCUSSION

Distribution.—The distributional limits of the four subspecies of Percnostola rufifrons are
known poorly (Fig. 1). The species is not known from south of the Amazon River (Peters 1951).
The boundary between P. r. rufifrons and P. r. subcristata is given as the Trombetas River in
eastern Brazil (Peters 1951). Published locality data (Zimmer 1932) suggest that the Branco
River could be the boundary between subcristata and minor. The species is known from Nappi
Creck just east of the upper Branco River (ca. 3°17'N, 59°39'W), a critical locality for deter-
mining subspecies distribution, but unfortunately no subspecies identification was given and no
specimens were reported (Oniki and Willis 1972). The western boundary of subcristata appears
to be the lower Negro River, except for one locality, Igarapé Cacdo Pereira, on the immediate
west bank of the Negro across from Manaus. A male and a female were collected from this
locality by the Olalla brothers (Zimmer 1932). The general lack of specimens from north of the
Amazon River between the Negro River and our Ordn site precludes determination of the bound-
ary between minor and jensoni, although the series of minor from Tonantins is highly suggestive
that the Putumayo/I¢d River separates these two forms (Fig. 1). It is interesting that two of the
four subspecies have at least part of their ranges delimited by rivers, a phenomenon often found
among taxa of understory terra firme forest suboscines (Capparella 1988, 1991).

It is notable that this species remained unrecorded in eastern Peru between 1866 and 1984,
despite intensive collecting at several sites in the Iquitos region in the interim (e.g., Puerto
Indiana, Pebas, Rio Curaray). Our specimens were collected in terra firme forest, but this species
was not found by LSUMZ in six other terra firme sites with similar coverage in the same region
(Fig. 1). This suggests P. r. jensoni is patchily distributed in eastern Peru, perhaps because it
requires a particular subset of rerra firme habitat. The species appears to inhabit edges, mainly
treefall gaps, in ferra firme forest around Manaus, Brazil (C. E. Quintela, pers. comm.) and is
caught with some degree of regularity in mist nets (Bierregaard 1988); at Ordn, five of the six
specimens were netted and one was shot. Oniki and Willis (1972) reported that the species is
found in second growth and edges of dense forest at their study sites of Nappi Creek, Reserva
Ducke (3°08’S, 60°02'W), and Serra do Navio (0°55'N, 52°01'W). Hilty and Brown (1986)
remarked that the species is found mainly in white-sand soil forests in Colombia. Tostain et al.
(1992) listed understory of primary forest and second growth in addition to treefall gaps as the
habitat of P. rufifrons in French Guiana. Ridgely and Tudor (1994) described the habitat as
undergrowth and treefalls at the edge of humid forest and mature second-growth.
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FiG. 1. Range of the taxa comprising the Percnostola rufifrons complex based on specimens examined. Within
the square are: (1) filled circles showing the two Peruvian localities of jensoni, (2) open squares showing four
other LSUMZ collecting sites where jensoni was not found, and (3) open circles showing two sites worked by
Theodore A. Parker III, where jensoni was not found. Filled square shows Tonantins locality of minor.

Hellmayr (1924) noted that the male from Nauta (a specimen in poor condition, with broken bill,
bent tarsi, and missing feathers) is not typical of minor because of its lighter, nearly slate-gray pileum.
Zimmer (1932) suggested that this characteristic was within the range of variation exhibited by minor
as seen in males from the upper Negro River. Our examination of the Nauta male revealed that the
crown was not concolor but was faded black and broadly edged with Blackish Slate like specimens
of jensoni. Therefore, based on crown color and locality we assign tentatively the Nauta male to
Jensoni until the more distinctive female is collected from that locality.

Systematic relationships.—There are no recordings of the vocalizations of jensoni. Unpub-
lished recordings by S. L. Hilty of minor at Mitu, Colombia, and rufifrons at the Brownsberg
Nature Park, Surinam, were compared by one of us (Rosenberg). Although the sample size is
insufficient for definitive conclusions, analysis of sonograms shows subtle but distinct differences
in the overall frequency of the song and in the change of frequency within the individual notes
of the song. Willis (1982) described in detail the vocalizations of rufifrons at Reserva Ducke,
Brazil, but made no comparisons to other subspecies. Ridgely and Tudor (1994) reported that
the song of rufifrons and subcristata are the same. The apparently allopatric distribution of the
taxa prohibit direct determination of reproductive compatibility.

We believe that recognition of two species is warranted based on the rather broad suite of
characters (various aspects of plumage color and pattern discussed above, eye color, crown
feather length, non-overlapping measurements of tail [Table 1]) that can be used to separate the
subspecies minor and jensoni from nominate rufifrons and subcristata. In our opinion, however,
morphological differences between minor and jensoni (males separable by the relative width of
gray tips to the crown feathers, females separable by the more rufous versus slaty crown and
face) and between rufifrons and subcristata (females separable by the black versus dark brownish
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black crown) are comparatively slight and consistent with maintenance of these two pairs of taxa
as subspecies. In contrast, rufifrons + subcristata and minor + jensoni are at least as well-
differentiated phenotypically as several other currently recognized pairs or complexes of species
within the Formicariidae, most notably in the genera Thamnomanes (caesius vs. schistogynus),
Myrmotherula (the brachyura-obscura, gutturalis-fulviventris-leucopthalma, and haematonota-
spodionota-ornata complexes), and even within the *“Percnostola” assemblage itself (e.g., Schis-
tocichla [Percnostola) schistacea vs. leucostigma). Based on nomenclatural priorities, the two
species would be called Percnostola rufifrons and Percnostola minor. The English name for
Percnostola rufifrons would remain Black-headed Antbird. We suggest that the English name
for Percnostola minor be Amazonas Antbird because the major part of the known range is in
Amazonas state, Brazil, Amazonas state, Colombia, and Amazonas state, Venezuela.

In summary, our recommended taxonomy, with approximate ranges (all north of the Amazon),
is as follows:

Percnostola rufifrons. Black-headed Antbird
P. r. rufifrons (eastern Guyana, Surinam, French Guiana, northeastern Brazil)
P. r. subcristata (north-central Brazil)
Percnostola minor. Amazonas Antbird
P. m. minor (eastern Colombia, northwestern Brazil, southern Venezuela)
P. m. jensoni (northeastern Peru)
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ABSTRACT.—Austral migrants are bird species that breed in temperate South America
during the southern summer and migrate north for the austral winter. Tyrant flycatchers
are the dominant group of austral migrants. Detailed examination of geographical and
seasonal distribution of flycatchers in Bolivia reveals that 57 species or subspecies show
evidence of seasonal movements. Most of these (33 taxa) are present within the country
throughout the year, and many of these have overlapping breeding and wintering ranges,
as is typical of austral migrants. Of the taxa present in Bolivia during only part of the
year, 18 occur exclusively as winter residents, five as summer residents, and one solely
as a transient. Bolivian austral migrant tyrannids tend to occur in the lowland, puna, and
valle life zones, where they occupy mainly scrub, woodland, and open habitats. Rela-
tively few breed in humid areas, including the Amazonian lowlands and upper tropical
and subtropical zones, but 16 species occur mainly or exclusively in winter in Amazonia,
where they tend to occupy secondary and edge habitats. Many austral migrant tyrannids
show seasonal elevational differences in Bolivia, in addition to latitudinal differences.
Pseudocolopteryx acutipennis is the most extreme of the species studied in range of
seasonal elevational differences and delayed timing of migration. The easternmost por-
tions of the Bolivian Andes may be important as a migration route for long-distance
austral migrants, including tyrannids.

ResuMEN.—Las aves migradoras australes son aquellas especies que se reproducen en
América del Sur durante el verano y migran hacia el norte cuando llega el invierno. Los
Tyrannidae son el grupo dominante de aves migradoras australes. Un estudio detallado
de la distribucién estacional y geografica de los migradores australes de la familia Tyr-
annidae de Bolivia revel6 que 57 especies y subespecies tenfan movimientos estacionales.
La mayoria de éstos (33 taxones) estdn presentes en el pais durante todo el afio, y muchos
presentan superposicion de sus rangos de apareamiento y de invierno, como es tipico de
los migradores australes. De los taxones presentes en Bolivia durante sélo una parte del
afio, 18 residen exclusivamente durante el invierno, cinco son residentes de verano, y
uno solo es transitorio. Los tirdnidos que son migradores australes tienden a habitar las
zonas de vida de areas bajas, puna, y valles, donde ocupan ambientes de matorral,
arbustivos, y abiertos. Algunos pocos se aparean en dreas himedas, incluidas los bajos
del Amazonas y las zonas tropicales y subtropicales superiores, pero 16 especies existen
en Amazonia principalmente o exclusivamente en el invierno, donde tienden a ocupar
ambientes secundarios y marginales. Muchos de los tirdnidos migradores australes de
Bolivia muestran tanto diferencias estacionales de altitud como diferencias latitudinales.
Pseudocolopteryx acutipennis es la especie que presenta un mayor rango de diferencias
estacionales de altitud y retardo migratorio. Las dreas de mads del este de los Andes
bolivianos podrian ser importantes rutas migratorias para los migradores australes de
larga distancia, incluyendo los Tyrannidae.

Austral migrant birds are species that breed in south temperate South America during the
southern summer, and migrate north for the austral winter. Austral migration is in this respect a
mirror image of the north temperate migration systems, such as Nearctic-Neotropical migration,
although the number of austral migrant species is lower and distances migrated are generally
less, often involving overlapping breeding and wintering ranges (Chesser 1994). Austral migra-
tion was recognized as long ago as the time of Azara (1802-1805), and many ornithologists,
such as Hudson and Barros, have written extensively about migrants in their countries, but
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system-wide investigation of austral migration was until recently limited to brief discussions in
Zimmer (1938) and Sick (1968). The last decade has seen greatly increased interest in austral
migration, however, and has witnessed the publication of a number of works dealing solely or
in part with individual migrant species (e.g., Lanyon 1982, Remsen and Parker 1990, Marini
and Cavalcanti 1990, Marantz and Remsen 1991, Chesser and Marin 1994), migration in specific
regions (e.g., Nores et al. 1983; Belton 1984, 1985; Sick 1984, 1993; Willis 1988; Fjeldsi and
Krabbe 1990; Narosky and Di Giacomo 1993; Hayes et al. 1994), and austral migration as a
whole (Chesser 1994).

In this paper I examine the distributional patterns in Bolivia of austral migrant tyrant-flycatch-
ers (Tyrannidae), the dominant group of austral migrants (Chesser 1994). Most previous discus-
sions of austral migrants have focussed on temperate localities, such as Argentina, Chile, and
southeastern Brazil (although see, for example, Zimmer 1938, 1931-1955; Pearson 1980). Bo-
livia, in contrast, lies wholly within the tropical zone of South America, and patterns of migration
there differ considerably from those in more southern localities. In addition, Bolivia is extremely
topographically diverse, allowing for elevational, as well as latitudinal, migratory movements.

Bolivia’s avifauna is the most diverse of any land-locked country in the world, owing primarily
to its Neotropical location and the great topographical diversity (Remsen and Traylor 1989).
Because these factors are so important to the distribution of Bolivian birds, an understanding of
the results and discussion to follow will be greatly enhanced by an introduction to the geography
of the country.

Bolivia is the fourth largest country in South America, extending from approximately 10° to
23° south latitude and 57° to 70° west longitude, and bordered to the west by Chile and Peru, to
the north and east by Brazil, and to the south by Paraguay and Argentina (Fig. 1). The country
may be divided into two main parts: the lowlands, which encompass the whole of northern and
eastern Bolivia, and the Andean highlands, which are found in roughly the southwestern quadrant
of the country, although they extend north of this area in depto. La Paz (Fig. 1). Much of the
northern part of Bolivia, including all of depto. Pando and portions of depto. El Beni and northern
deptos. La Paz, Cochabamba, and Santa Cruz, is composed of lowland tropical forest. Inter-
spersed among these forests, especially in depto. El Beni, but also in deptos. La Paz and Santa
Cruz, are seasonally inundated savannas, which also extend along the Brazilian border in depto.
Santa Cruz south of the zone of lowland tropical forest. The major part of depto. Santa Cruz,
in contrast, is composed of chaco and dry and semi-humid lowland forest, all of which extend
south into eastern deptos. Chuquisaca and Tarija.

The highland region of Bolivia is likewise composed of a variety of habitats. Montane forests
line the eastern slopes of the easternmost Andes (Cordillera Oriental). From depto. La Paz
through depto. Cochabamba and into portions of extreme western depto. Santa Cruz, these are
humid or cloud forests; in the southern half of the country, from western depto. Santa Cruz to
depto. Tarija, these montane forests are semihumid. West of the semihumid montane forest,
between the Cordillera Oriental and the Cordillera Central, is an area of semiarid valleys, ex-
tending from depto. Cochabamba south through western deptos. Chuquisaca and Tarija, and
eastern depto. Potosi. The southwestern portion of Bolivia, encompassing southern depto. La
Paz, most of deptos. Oruro and Potos{, and part of southwestern depto. Cochabamba, is composed
of an arid montane plain, the altiplano, surrounded by the high montane puna of the Cordillera
Central to the east, and the Cordillera Occidental to the west, along the Chilean and Peruvian
borders.

METHODS

The information presented here is based on specimens and, occasionally, published sight re-
cords. Although Bolivia lacks the history of local ornithological interest enjoyed by some South
American countries, most regions of the country have been studied in sufficient detail for patterns
of seasonal distribution to emerge. The major exception to this, and a potential source of bias
in the results, is the extreme northern portion of Bolivia, in the lowland rainforests and savannas
of depto. Pando and northern deptos. La Paz, El Beni, and Santa Cruz. Relatively few collections
have been made in this area, and this collecting activity has been concentrated during the dry
season (May to November); there are no records for this region for most of December, January,
and February.

Data on known or suspected austral migrant tyrannids were gathered during research trips to
major North and South American collections of Bolivian birds, from a thorough search of the
literature on Bolivian birds, and occasionally through correspondence with personnel at museums
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I was unable to visit personally. Principal information taken from each specimen included mu-
seum number, collector, date of collection, locality, elevation, sex, and any supplemental data
on subcutaneous fat deposits, habitat, and gonad size or other information on breeding condition.
Specimen or literature records lacking date of collection could not be used in most cases. Data
on date and locality of collection were then mapped, using geographical coordinates from the
Bolivian ornithological gazetteer of Paynter (1992) and coordinates determined from local maps
(for localities not covered in the gazetteer), for all species of austral migrant tyrannids known
or suspected to be migratory in Bolivia. Patterns of seasonal distribution were assessed and fit
into a continental context. For those few taxa whose seasonal distributions were unclear, or for
which collecting bias, especially in extreme northern Bolivia, might have played a factor, avail-



174 ORNITHOLOGICAL MONOGRAPHS NO. 48

able distributional data, including specimens and literature records, were examined from neigh-
boring countries.

Geographical patterns of Bolivian austral migrant tyrannids were grouped according to avail-
able data into categories of migration (see Table 1 et seq.), and analyses were conducted relating
migration patterns to taxonomy, life zone occurrence (following the scheme of Remsen and
Traylor [1989]), habitat (following the methods of Chesser [1994]), and foraging (after Fitzpat-
rick [1980]). Detailed maps of seasonal distribution were drawn for nine flycatchers (Figs. 2—
10), illustrating the variety of migration patterns among Bolivian tyrannids. Patterns of seasonal
differences in elevation and timing of migration of Bolivian migrant tyrannids were also con-
sidered. In four instances, multiple subspecies (of the same species) were found to undergo
seasonal movements in Bolivia; in all analyses, these were considered to be separate taxa.

The species accounts follow the taxonomy and sequence of Remsen and Traylor (1989). The
accounts contain information concerning the status of each species or subspecies in Bolivia, its
winter and summer distribution, months of occurrence (including early and late records) for
those parts of the range where the species is not present year-round, and elevational range, as
well as any additional relevant data (e.g., specimens with subcutaneous fat deposits). Status for
a species in any particular portion of its range is indicated as either permanent resident, summer
resident, winter resident, or transient (passage migrant); in many cases, the same species is of
different status in different parts of Bolivia. Taxa that are migratory in southern South America,
especially in Argentina, but which do not show seasonality of distribution in Bolivia, are not
discussed. Taxa present in an area during the austral spring and summer, the breeding season for
these taxa in more southerly portions of their range, are assumed to breed in that area.

Specimens of particular interest are identified by museum acronym and collection number.
Acronyms used are AMNH (American Museum of Natural History, New York), ANSP (Acad-
emy of Natural Sciences of Philadelphia), BMNH (British Museum [Natural History], Tring),
CM (Carnegie Museum, Pittsburgh), DMNH (Delaware Museum of Natural History, Greenville),
FML (Fundacién Miguel Lillo, Tuacumén), FMNH (Field Museum of Natural History, Chicago),
LACM (Los Angeles County Museum, Los Angeles), LSUMZ (Louisiana State University Mu-
seum of Natural Science, Baton Rouge), MACN (Museo Argentina de Ciencias Naturales, Bue-
nos Aires), UMMZ (University of Michigan Museum of Zoology, Ann Arbor), and PMNH
(Peabody Museum of Natural History, Yale University, New Haven).

RESULTS AND DISCUSSION

Fifty-seven species or subspecies of austral migrant flycatchers were found to undergo migra-
tory movements in Bolivia; another six are of uncertain status or have been recorded solely as
vagrants (see Appendix). Many of these taxa are found in some portion of Bolivia throughout
the year, but others are present only during winter or, less frequently, solely as summer residents
or transients.

SPECIES ACCOUNTS

Camptostoma obsoletum bolivianum (Southern Beardless-Tyrannulet).—Apparent permanent
resident (81 specimens) in most of its range in Bolivia, including deptos. Tarija, Chuquisaca,
Cochabamba, Santa Cruz, and possibly El Beni; probably present exclusively as a winter resident
(seven specimens) in northwestern depto. Cochabamba and depto. La Paz (and adjacent depto.
Madre de Dios, Peru), where there are records only for May, June, August, September, and
October (earliest 20 May [CM 119644], latest 11 October [Fjeldsa and Krabbe 1989; J. M. C.
da Silva, pers. comm.]). There is also a published sight record from depto. Potosi (Nores and
Yzurieta 1984). This species is migratory in Argentina (Nores et al. 1983, Capurro and Bucher
1988) and may be migratory elsewhere (Short 1975, Belton 1985). It has been found in Bolivia
from the lowlands to over 3,000 m in both the breeding and non-breeding seasons.

Phaeomyias murina ignobilis (Mouse-colored Tyrannulet).—Summer resident (34 specimens)
in deptos. Tarija, Chuquisaca, southwestern depto. Santa Cruz, and apparently southern depto.
Cochabamba; permanent resident (12 specimens) in deptos. Cochabamba and Santa Cruz north
and east of this area. Phaeomyias m. ignobilis has been collected in the area of summer residence,
along the Andean foothills south of ca. 18°S, in all months from October through March (earliest
record 9 October [ANSP 136192], latest 25 March [CM 119535]). There are only eight winter
specimens of this subspecies (one from June, seven from August), indicating that it is overlooked
in the non-breeding season. B. Whitney (in litt.) has observed individuals of this species in
apparent fall migration along the base of the Andes near Santa Cruz (depto. Santa Cruz), and
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Hayes et al. (1994) reported P. murina as a summer resident in Paraguay. Phaeomyias m. ig-
nobilis breeds in Bolivia up to 2,150 m, and possibly as high as 3,085 m (FMNH 181518,
collected 20 October), but has been found in winter only at low elevation (800 m and below).

Sublegatus modestus brevirostris (Scrub Flycatcher).—Winter resident (15 specimens) in
northern Bolivia; permanent resident (31 specimens) along the Andes from depto. Tarija and
western depto. Potosi north to northern depto. Chuquisaca, western depto. Santa Cruz, possibly
southeastern depto. Cochabamba, and possibly in eastern depto. Santa Cruz (although it may
occur there only as a transient). This subspecies has been recorded from deptos. Pando and La
Paz (one record; ANSP 120029), and northern deptos. Cochabamba and Santa Cruz, north of
ca. 17°S, only in June, July, August, and September (earliest record 23 June [LSUMZ 133585],
latest 22 September [LSUMZ 1508701). Sublegatus m. brevirostris has been recorded from east-
ern depto. Santa Cruz during September, March, and April only, suggesting that the subspecies
may occur there exclusively as a passage migrant. Likewise, specimens collected in southern
depto. Santa Cruz, near the Paraguayan border, in September 1990 (LSUMZ 153753-55), were
probably migrants. This species was not found at this locality in June of that year (T. A. Parker,
pers. comm.), and the September specimens all had deposits of subcutaneous fat, ranging from
light to heavy. Elevations at which S. m. brevirostris has been collected in Bolivia range from
300 m to 2,750 m, with a wide elevational range throughout the year.

Suiriri s. suiriri (Suiriri Flycatcher).—Winter resident (64 specimens) in lowland areas of
deptos. Santa Cruz and Chuquisaca; permanent resident (68 specimens) in the montane and
semiarid intermontane zone of depto. Cochabamba and extreme western deptos. Santa Cruz and
Chuquisaca, and probably most of depto. Tarija. Sixty-eight of the seventy lowland records
(below 1,000 m) for this subspecies have been recorded from March through October (earliest
record 9 March [FMNH 295414], latest 24 October [Laubmann 1930]); the other two records
are a February specimen from depto. Tarija (Salvadori 1897), probably a post-breeding wanderer,
and a January specimen from eastern depto. Santa Cruz (FMNH 295413), an apparent non-
breeder (skull completely ossified, but testes 1 X 1 mm). With the exception of these two lowland
records, S. s. suiriri has been found from 1,525 m to ca. 3,000 m during the breeding season,
and from 300 m to ca. 3,000 m in the non-breeding season.

Myiopagis c. caniceps (Gray Elaenia).—Of uncertain status in Bolivia, but possibly an un-
common winter resident. There are only two records from Bolivia, one from depto. Tarija,
collected 21 August (ANSP 136150), the other from depto. Santa Cruz, collected 21 July
(LSUMZ 124630). Myiopagis c. caniceps has also been found near the Bolivian border in the
state of Mato Grosso, Brazil (Willis and Oniki 1990) and in Salta and Jujuy, Argentina. This
subspecies is considered a possible migrant in southeastern Brazil (Belton 1985). It appears that
all records from the westernmost portion of its range, from ca. 58°W to 65°W, are from the non-
breeding season (June through October; n = 8; Chesser, unpubl. data), such that the Bolivian
specimens form part of an unusual pattern. It has been collected only at ca. 700 m in Bolivia.

Myiopagis v. viridicata (Greenish Elaenia).-——Summer resident (41 specimens) in southern
Bolivia; apparent permanent resident (12 specimens) in much of central Bolivia; apparently
occurs only as a winter resident (11 specimens) in extreme northern Bolivia. This subspecies
has been recorded in the breeding season from deptos. Tarija and Chuquisaca, and southern
depto. Santa Cruz, south of ca. 18°S, in October, November, December, January, February,
March, April, and May (earliest record 19 October [LACM 35550]), latest 7 May [DMNH
67075]). North of ca. 17°S, in deptos. Pando, La Paz, El Beni, and northern depto. Santa Cruz,
M. v. viridicata has been recorded during February, March, July, August, September, October,
and November. It seems clear that the species winters in this region, and the relative lack of
summer records, combined with the presence of birds with deposits of subcutaneous fat in the
early spring (e.g., LSUMZ 150876, collected 4 October with extremely heavy fat), suggests that
many individuals vacate the area during the austral summer. Davis (1993) recorded it only in
February, March, and November at Concepcién, depto. Santa Cruz, and was unsure of its status
there. This species  apparently occurs only in winter in Peru, and in the states of Amazonas,
Acre, and Rondonia, northwestern Brazil (Chesser 1995), coinciding with its period of occurrence
in northern Bolivia. Myiopagis v. viridicata has been found in Bolivia as high as 1,300 m during
breeding, but only below 750 m in the non-breeding season. It has not been recorded from
deptos. Oruro and Potosi.

Elaenia s. spectabilis (Large Elaenia).—Summer resident (28 specimens) in southern Bolivia;
winter resident and transient (24 specimens) to the north of ca. 18°30’ S. There are breeding
season records for this species from southwestern and extreme southeastern depto. Santa Cruz,
and depto. Tarija, in all months from October through April (earliest record 30 October [ANSP
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136088], latest 22 April [LSUMZ 124558]). Elaenia spectabilis has been recorded north of this
area, in deptos. Pando, L.a Paz, El Beni, and Santa Cruz, only in April, May, June, July, Sep-
tember, October, and November (earliest record 15 April [FMNH 181435], latest 20 November
[FMNH 334472]). Davis (1993) reported this species as an uncommon transient during October
and November at Concepcién, depto. Santa Cruz, and late October and November specimens
from the non-breeding range had moderate [FMNH 334471] to very heavy [FMNH 335163]
deposits of subcutaneous fat. This lowland species has been recorded to 1,125 m in the breeding
season, and to 600 m in the non-breeding season. There are no records of E. spectabilis from
deptos. Cochabamba, Chuquisaca, Oruro, -or Potosi.

Elaenia albiceps chilensis (White-crested Elaenia).—Transient (48 specimens) in the lowlands
of depto. Santa Cruz and in deptos. Cochabamba and La Paz, and apparent summer resident (11
specimens) in depto. Tarija. Intermediates between this subspecies and E. a. albiceps (the resident
subspecies in depto. Cochabamba) breed in depto. Chuquisaca, and hybrids between E. a. chi-
lensis and E. parvirostris breed at intermediate elevations on the eastern slopes of the Andes in
deptos. Tarija, Chuquisaca, and Cochabamba (Traylor 1982). Traylor suggested that populations
of chilensis on the eastern slopes of the Andes are probably sedentary, because of wing shape,
but there appear to be no Bolivian specimens of chilensis from June and July; it is here consid-
ered to be wholly migratory, pending further information. Specimens of pure E. a. chilensis have
been taken in deptos. Santa Cruz, La Paz, and Cochabamba in March, April, and May (earliest
13 March [FMNH 294294-95], latest 20 May [CM 94751]), and in August, September, October,
and November (earliest 6 August [ANSP 120001], latest 14 November [FMNH 181466]), a
pattern probably best considered that of a passage migrant. There are records of pure chilensis
(depto. Tarija) and the intermediate and hybrid birds (deptos. Tarija, Chuquisaca, Cochabamba,
and Santa Cruz) from October, November, December, January, and February (earliest record 19
October [ANSP 136098], latest 27 February [FMNH 294304]). Specimens of presumed transient
E. a. chilensis have been collected from 300 m to 3,300 m; breeding season records (including
the intermediates and hybrids) range from 1,400 m to 2,450 m (see Traylor 1982 for further
details). The continent-wide seasonal and geographic distribution of this species was reviewed
by Marini and Cavalcanti (1990).

Elaenia parvirostris (Small-billed Elaenia).—Winter resident (40 specimens) in northern Bo-
livia; summer resident (213 specimens) along the eastern slopes of the Andes in deptos. Tarija,
Chuquisaca, and southern deptos. Santa Cruz and Cochabamba, and possibly further east in
depto. Santa Cruz. There are records from deptos. Pando, El Beni, and northern deptos. Santa
Cruz and Cochabamba, north of ca. 17°S, for all months from March through November (earliest
record 23 March [FMNH 335168], latest 20 November [FMNH 334473]). The 20 November
specimen had heavy deposits of subcutaneous fat, indicating a migrating bird. Elaenia parviros-
tris has been recorded from its breeding area along the base of the Andes in all months from
September through May (earliest record 15 September [ANSP 43810], latest 25 May [CM
80219]). This species is of uncertain status in eastern depto. Santa Cruz, where there are spec-
imens only from March, April, and May (although the March specimen is a juvenile [M. A.
Traylor, in litt.]), and at Concepcién, north-central depto. Santa Cruz, where Davis (1993) re-
ported records from October and January through April, but whose specimens indicate its pres-
ence in September and March only (FMNH 335166-68). This species has been reported in
January from Esta¢do Ecol6gica Serra das Araras, Mato Grosso, Brazil (Silva and Oniki 1988).
Elaenia parvirostris is found up to 1,500 m (intergrades with E. albiceps chilensis up to 2,150
m, and possibly to 2,450 m) during the breeding season in Bolivia, and up to ca. 1,000 m in
the non-breeding season. See Traylor (1982) for data on hybridization of this species with the
higher elevation E. albiceps.

Elaenia strepera (Slaty Elaenia).—Summer resident (59 specimens) in deptos. Tarija, Chu-
quisaca, and western depto. Santa Cruz. There are records from Bolivia for all months from
September through March (earliest record 19 September [CM 50855], latest 27 March [CM
81091)). Elaenia strepera has been collected in Bolivia only along the eastern slope of the Andes
from 500 m to 2,700 m. The seasonal and geographic distribution of this species was reviewed
in detail by Marantz and Remsen (1991).

Elaenia chiriquensis albivertex (Lesser Elaenia).—Summer resident (20 specimens) in depto.
Santa Cruz; apparent permanent resident (21 specimens) in depto. El Beni; recorded once from
depto. La Paz. Specimens have been collected in depto. Santa Cruz during September, October,
January, February, March, and April (earliest record 11 September [FMNH 62623], latest 30
April [UMMZ 106860]). There are records for depto. El Beni from March, August, September,
October, and December, and a July specimen for eastern depto. La Paz (ANSP 119997). This
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species has been recorded in the Bolivian lowlands up to 700 m. The continent-wide seasonal
and geographic distribution of this species was reviewed by Marini and Cavalcanti (1990).

Serpophaga nigricans (Sooty Tyrannulet).—Of uncertain status in Bolivia. This species has
been recorded only in depto. Tarija, and only during September and October (earliest record 17
September [ANSP 136028], latest between 21 and 31 October [Nores and Yzurieta 1984]).
Carriker, who collected all seven Bolivian specimens, found this species breeding in late October
at Entre Rios (Bond and Meyer de Schauensee 1942). Serpophaga nigricans is thought to be
migratory (Meyer de Schauensee 1970; Short 1975; Traylor 1979) or partially migratory (Bar-
rows 1883) in at least some portion of its range.

Serpophaga munda (White-bellied Tyrannulet).—Permanent resident (68 specimens) in most
of its range in Bolivia, but apparently occurs exclusively as a winter resident (four specimens)
in depto. Santa Cruz east of ca. 62°30'W. There are both summer and winter records for S.
munda from deptos. Tarija, Potosi, Chuquisaca, and Cochabamba, and western depto. Santa Cruz;
there is also a single record from La Paz on 11 November (Niethammer 1956). Davis (1993),
evidently treating S. munda as a subspecies of S. subcristata, and not distinguishing between the
subspecies, observed “‘S. subcristata” at Concepcién, depto. Santa Cruz (16°08’S, 62°02'W),
only in April, June, September, and October; her single specimen is an individual of S. munda,
suggesting that this species is a winter resident in her area. Other evidence of seasonal occurrence
comes from eastern depto. Santa Cruz and across the border in western Mato Grosso, Brazil,
where S. munda has been recorded in May, July, and August (Chesser 1995, unpubl. data). The
species is migratory to the south in Argentina (Olrog 1963; Meyer de Schauensee 1966; Traylor
1979; Nores et al. 1983; Fjeldsd and Krabbe 1990). This species has been recorded at a wide
range of elevation (300 m to 3,500 m) more-or-less throughout the year.

Serpophaga subcristata (White-crested Tyrannulet).—Winter resident (40 specimens) in Bo-
livia. This species has been recorded from depto. Tarija, eastern depto. Chuquisaca, and depto.
Santa Cruz, with single records from deptos. Cochabamba (ANSP 135970), El Beni (Cabot
1990), and La Paz (Remsen, unpubl. data). There are records for all months from April through
September (earliest record 13 April [Laubmann 1930], latest 19 September [ANSP 135971])).
Curiously, this species was recorded exclusively in summer (September through February) across
the Bolivian border in the Pantanal of Mato Grosso, Brazil, by Cintra and Yamashita (1990).
Serpophaga subcristata has been recorded in a variety of lowland habitats in Bolivia, from 300
m to 850 m.

Inezia inornata (Plain Tyrannulet).—Winter resident (23 specimens) in deptos. Pando, El Beni,
and northern depto. Santa Cruz, north of ca. 17°S; apparent summer resident (five specimens)
in southwestern depto. Santa Cruz and depto. Tarija; permanent resident (20 specimens) from
northern depto. Cochabamba east through eastern depto. Santa Cruz, south of 17°S. Records
from the “winter only” range are from May, June, July, August, September, and October (ex-
treme dates are 9 May and 7 October [both from Gyldenstolpe 1945]). The November records
from the Rio Itenez on the El Beni/Ronddnia border (Ridgely and Tudor 1994) are evidently
erroneous, the result of transposing IX (September) to XI (November; AMNH 792118-792120).
Inezia inornata also occurs only as a winter resident in depto. Madre de Dios, Peru, and the
Brazilian states of Acre, Ronddnia, and Mato Grosso (Chesser 1995; Willis and Oniki 1990).
Records for the breeding range are from November and January (earliest record 4 November
[ANSP 135980], latest 11 January [DMNH 66039]). This lowland species has been recorded in
Bolivia up to 1,100 m in summer, and to 800 m during the non-breeding season.

Culicivora caudacuta (Sharp-tailed Grass-Tyrant).—Probably an uncommon and local per-
manent resident in Bolivia, but some individuals may migrate south to breed. The 14 Bolivian
specimens of this species were collected in deptos. Santa Cruz, El Beni, and La Paz, in March,
June, July, August, October, and November (earliest record 16 March [CM 79126], latest 20
November [CM 51046]). Although these records are most consistent with winter resident status,
the birds observed in June were singing and in family groups (Parker and Rocha 1991), and
may have been territorial and resident. A series of this species (LSUMZ 150981-87, 151790,
151884) was collected atop the Serrania de Huanchaca in northeastern depto. Santa Cruz in early
October; to date this is the only month that collections have been made at this locality. One of
these birds (LSUMZ 150985) had heavy deposits of subcutaneous fat, possibly indicating pre-
migratory fattening, but the others had no fat or light fat deposits. Culicivora caudacuta may
be partially migratory in Argentina (B. Whitney, in litt.). This grassland species has been found
from 350 m to 725 m in Bolivia.

Polystictus p. pectoralis (Bearded Tachuri).—Winter resident (eight specimens) in Bolivia.
This species has been collected only in western depto. Santa Cruz, where there are records from
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July, August, September, and October (earliest record 30 July [CM 43944-45], latest 18 October
[AMNH 4989801). Across the Brazilian border in Mato Grosso, the species is also apparently
present only in winter, from May through September (Chesser 1995, unpubl. data). All Bolivian
records are from lowland localities (350 m to 700 m).

Pseudocolopteryx sclateri (Crested Doradito).—Of uncertain status in Bolivia, where recorded
from only two localities. Three specimens were taken in south-central depto. El Beni from 18—
20 October 1988 (LSUMZ 123065, 124487-88), and seven in western depto. El Beni from 30-31
December 1937 (Gyldenstolpe 1945). The two October specimens for which fat and gonad data
are available, had no or only a trace of fat, and were probably not breeding (female with ovary
3X2 mm, ova and oviduct not enlarged, although male with largest testis 7 X 5). The species
is probably a local permanent resident in Bolivia, although it may be migratory in the southern
portion of its range in Argentina and Brazil (Meyer de Schauensee 1970, Short 1975, Belton
1985; but see Ridgely and Tudor 1994).

Pseudocolopteryx dinellianus (Dinelli’s Doradito).—Apparently an uncommon winterer in
southern Bolivia; there are only three Bolivian records for this marshland species. A recently
re-identified specimen was collected from the Sierra de Santa Rosa (Itau), depto. Tarija, 1,600
m, in September 1924 (BMNH 1925.6.5.22), and there are two specimens from Villa Montes,
depto. Tarija, ca. S00 m, collected 16 April and 5 May 1926 (Laubmann 1934; elevation from
Paynter 1992). This species was considered migratory by Short (1975) and Olrog (1984).

Pseudocolopteryx acutipennis (Subtropical Doradito).—Summer resident (64 specimens) in
the highlands of deptos. Tarija, Chuquisaca, Cochabamba, and La Paz; occurs solely as a non-
breeder (17 specimens) in the lowlands of deptos. Santa Cruz, Cochabamba, El Beni, and La
Paz. This species has been recorded from its breeding area in Bolivia during December, January,
February, March, and April (earliest record 17 December [FMNH 181345, but specimen not
located], other early 22 December [FMNH 181340]; latest 20 April [LSUMZ 37967]). Records
from the wintering range are from May, June, August, October, and December (earliest record
2 May [FMNH 296279], latest 5 December [LSUMZ 37969]). This species is migratory to the
south in Argentina (Short 1975; Traylor 1979; Nores et al. 1983; Fjeldsd and Krabbe 1990).
Elevational range in Bolivia during the breeding season is from 2,200 m to 3,550 m; remarkably,
P. acutipennis has not been recorded above 700 m outside of the breeding season.

Pseudocolopteryx flaviventris (Warbling Doradito).—Vagrant. There is only one Bolivian rec-
ord for this migratory species, a specimen taken 15 May 1915 at Buenavista, depto. Santa Cruz,
400 m (CM 51268; Remsen et al. 1987).

Euscarthmus m. meloryphus (Tawny-crowned Pygmy-Tyrant).—Winter resident in eastern,
central, and northern Bolivia; of uncertain status in depto. Tarija, where the only record is a
specimen collected 7 November (ANSP 135897). This subspecies has been recorded from deptos.
Pando (Davis et al. 1994), El Beni, and Santa Cruz in all months from May through November
(earliest record 2 May [FMNH 296276; Remsen et al. 1987], latest 6 November [FMNH
334479]). Although the 6 November specimen, collected in eastern depto. Santa Cruz, had only
light fat, it was not in breeding condition (testes 4 X 3 mm). Records of E. m. meloryphus from
western Mato Grosso, Brazil, indicate that it is also present there only during the non-breeding
season (Willis and Oniki 1990; Chesser 1995). This species is found at low elevation in Bolivia,
from 175 m to 700 m.

Myiophobus fasciatus auriceps (Bran-colored Flycatcher).—Summer resident (79 specimens)
along the Andes and Andean foothills from depto. La Paz south through Tarija and into Argen-
tina; winter resident (64 specimens) principally to the north and east of this area; apparently
occurs year-round (six specimens) in central depto. Cochabamba (Fig. 2). Records from the area
of winter occurrence only (deptos. Pando and El Beni, central and northern depto. La Paz, and
all but extreme western depto. Santa Cruz) range from 25 March (FMNH 335212, 335214) to
1 November (PMNH 38669), and include all months in between. Records from the area of
summer residence range from 10 October (FMNH 181279) to 3 May (Laubmann 1930). This
species breeds from 1,000 m to 2,800 m in southern depto. La Paz and deptos. Cochabamba,
Santa Cruz, and Chuquisaca (dropping down to 450 m near the Argentine border in depto. Tarija),
but has been found almost exclusively below 1,400 m during the non-breeding season (one
record from 2,225 m [FMNH 181275], and one from ca. 2,700 m [Fjeldsi and Krabbe 1989],
out of 64 total). At least some breeding populations in Bolivia may be subspecifically distinct
from auriceps (unpublished LSUMZ data).

Lathrotriccus e. euleri and L. e. argentinus (Euler’s Flycatcher).—The nominate subspecies
appears to be a winter resident (36 specimens) in deptos. Santa Cruz, Cochabamba, El Beni, and
La Paz; L. e. argentinus is an apparent summer resident (39 specimens) in southern and central
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FiG. 2. Seasonal distribution in Bolivia of Myiophobus fasciatus, the Bran-colored Flycatcher. In this
map and those to follow, each symbol represents one or more specimens collected at the locality indicated,
and the lines partitioning off the southwestern portion of the country roughly divide high elevation localities
(ca. 2,000 m and above) from low elevation localities (below ca. 2,000 m). Myiophobus fasciatus is a summer
resident along the Andes, and a winter resident in the lowlands to the north and east, with areas of apparent
permanent residency in depto. Cochabamba.

Fic. 3. Seasonal distribution in Bolivia of Pyrocephalus rubinus, the Vermilion Flycatcher. This species
is a permanent resident in the lowlands of extreme southern Bolivia and a winter resident in the lowlands
to the north, including Amazonia.

Bolivia in deptos. Tarija, Chuquisaca, Santa Cruz, and Cochabamba, and an apparent winter
resident (25 specimens) in the north in deptos. La Paz and El Beni. There are records for L. e.
euleri for April, June, July, August, September, and October (earliest record 15 April [FMNH
181242], latest 13 October [FML 11924]). Lathrotriccus e. argentinus has been recorded in
southern and central Bolivia, south of ca. 16°S, in all months from August through April (earliest
record 7 August [ANSP 138726], latest 10 April [CM 81147]). This subspecies has been found
in deptos. La Paz and El Beni in April and August only, suggesting that it may be present there
only during migration. Lathrotriccus e. euleri ranges up to 1,650 m in Bolivia; L. e. argentinus
has been recorded up to 2,150 m on its Bolivian breeding grounds.

Cnemotriccus fuscatus bimaculatus (Fuscous Flycatcher).—Permanent resident (18 specimens)
in southeastern Bolivia; apparent summer resident (13 specimens) along the lower foothills of
the Andes from depto. Tarija north to depto. Cochabamba; apparent winter resident (18 speci-
mens) in northeastern depto. Santa Cruz. Records for the area of apparent summer residence are
from September, October, and November (earliest 30 September [FMNH 217774], latest 29
November [LSUMZ 36305]), and for the area of apparent winter residence from July and August
(earliest 1 July [LSUMZ 137535], latest 8 August [LSUMZ 137552]). This species was found
to occur mainly as a summer resident in Paraguay (Hayes et al. 1994) and is present only in
winter in western Amazonian Brazil (Chesser 1995). Year-round elevational range for C. f.
bimaculatus in Bolivia is generally 700 m or below, but there is a single November record from
ca. 3,000 m (AMNH 139436). Some migrant C. f. bimaculatus may winter within the range of
C. f. beniensis, but distinguishing migrants is difficult, because of extensive character overlap
between these subspecies.

Pyrocephalus r. rubinus (Vermilion Flycatcher).—Winter resident (164 specimens) in Bolivia,
except in the extreme south (four specimens from depto. Tarija, where permanently resident),
and perhaps in depto. Cochabamba (10 specimens; possible permanent resident); not recorded
in depto. Oruro or Potosi (Fig. 3). Collected in deptos. Pando, La Paz, El Beni, Santa Cruz, and
Chuquisaca in all months from April through November (earliest record 8 April [FMNH 296226],
latest 1 November [FMNH.335226]). Records from depto. Cochabamba include three November
specimens and an early December specimen (LSUMZ 36231-33, 37894), indicating that some
individuals may stay to breed, but no breeding or fat information was noted, and there are no
other austral summer records. Recorded elevations for this species in Bolivia range from 175 m
to 2,400 m, with the vast majority below 1,000 m.
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FiG. 4. Seasonal distribution in Bolivia of Muscisaxicola capistrata, the Cinnamon-bellied Ground-Ty-
rant. This species is a winter resident in the high Andes of Bolivia.

FiG. 5. Seasonal distribution in Bolivia of Muscisaxicola flavinucha, the Ochre-naped Ground-Tyrant.
This highland species is present in Bolivia mainly during the breeding season.

Xolmis coronata (Black-crowned Monjita).—Winter resident (15 specimens) in the chaco and
dry forest zone in eastern depto. Tarija and southeastern depto. Chuquisaca, with a single record
from western depto. Santa Cruz (CM 32854). This species has been recorded in Bolivia in April,
May, July, August, and September (earliest date 24 April [Laubmann 1930}, latest 4 September
[LACM 35527]). All specimens for which elevation was noted were taken at ca. 500 m.

Agriornis m. microptera (Gray-bellied Shrike-Tyrant).—Uncommon winter resident (six spec-
imens) in Bolivia. There are specimens from deptos. Tarija and Cochabamba, southern depto.
La Paz, and western depto. Santa Cruz, collected in May, June, July, and September (earliest
record 30 May [LSUMZ 102445], latest 22 September [ANSP 135202]). The depto. La Paz
specimen (LSUMZ 102445) is the northernmost record for the subspecies (ca. 16°19’S). This
subspecies has been recorded in Bolivia at widely divergent elevations, from 375 m to 3,750 m.

Agriornis murina (Lesser Shrike-Tyrant).—Winter resident (37 specimens) in deptos. Tarija,
Chuquisaca, and Cochabamba, and western depto. Santa Cruz. Months during which A. murina
has been recorded from Bolivia are May, June, July, August, and September (extreme dates are
2 May [CM 80016] and 22 September [ANSP 135257-58]). This species has been found from
375 m to 2,570 m in Bolivia.

Muscisaxicola m. maculirostris (Spot-billed Ground-Tyrant).—Permanent resident (127 spec-
imens) in much of its range in Bolivia, but occurs only as a winter resident (43 specimens) to
the north and east. This species occurs in the altiplano and puna regions of deptos. Oruro and
Potosi throughout the year, as well as in the semiarid intermontane zone of depto. Cochabamba.
It is apparently much more common in depto. Cochabamba in winter than during the breeding
season; 86 of 97 specimens were collected from April through September, and only two from
November through February. This species has been recorded exclusively in winter in deptos.
Chuquisaca, Tarija (a single July record [ANSP 135387]), and La Paz, where specimens have
been collected in all months from April through August (earliest record 6 April [ANSP 175121],
latest 2 August [AMNH 803450]); and as a presumed non-breeder (vagrant?) in depto. Santa
Cruz (a single October record [FMNH 180921]). Elevational range for M. m. maculirostris is
from ca. 2,500 m to over 4,000 m during both breeding and non-breeding seasons, but at least
39 of the 47 records below 3,000 m are from April through early October (non-breeding season). .

Muscisaxicola capistrata (Cinnamon-bellied Ground-Tyrant).—Winter resident (65 specimens)
at high altitude in deptos. Potosi, Oruro, Cochabamba, and La Paz; recorded as a vagrant from
depto. Santa Cruz (Fig. 4). Muscisaxicola capistrata has been recorded from Bolivia during May,
June, July, August, and September (earliest record 5 May [ANSP 135316], latest 18 September
[UMMZ 212733]). The species has been found wintering from 2,600 m to 4,780 m, but most
records (52 of 65) are at elevations of 3,400 m and above. The record from depto. Santa Cruz



AUSTRAL MIGRANT FLYCATCHERS 181

was at low elevation (520 m) on 13 September, coincident with a strong surazo, or southern
cold front (Kratter et al. 1993).

Muscisaxicola rufivertex pallidiceps (Rufous-naped Ground-Tyrant).—Apparent permanent
resident (29 specimens) in the western portion of its Bolivian range, along the altiplano and
puna zone from southeastern depto. Potosi to northwestern depto. Oruro, and possibly into south-
ern depto. La Paz; apparent winter resident (nine specimens) to the northeast, in eastern depto.
Oruro, northern depto. Potosi, and in the semiarid intermontane region of depto. Cochabamba,
where it overlaps with the resident M. r. occipitalis. Records from the area of winter resident
status are from May, June, and September (earliest record 7 May [UMMZ 222966], latest 7
September [CM 120414]). This species breeds in Bolivia at elevations from 3,350 m to 4,350
m,; it is found in winter down to 2,225 m.

Muscisaxicola albilora (White-browed Ground-Tyrant).—Winter resident (26 specimens) in
Bolivia. This species has been recorded from the altiplano and puna zone of southern depto. La
Paz and northeastern depto. Potosi, and from the intermontane region of depto. Cochabamba.
There are records for April, May, June, July, August, and September (earliest 7 April [ANSP
138789], latest 5 September [ANSP 146681]), at elevations from 2,400 m to 4,000 m.

Muscisaxicola c. cinerea (Cinereous Ground-Tyrant).—Summer resident (15 specimens) in
deptos. Cochabamba, Chuquisaca (one September record only), and Potosi, on the altiplano and
in the puna and intermontane zones; apparent permanent resident (13 specimens) in eastern depto.
La Paz and northern depto. Oruro; possibly only a winter resident (one specimen) at the northern
end of its Bolivian range (in western depto. La Paz). There are records from the area of summer
residence for September, October, December, January, and February (extreme dates are 21 Sep-
tember [BMNH 1902.3.13.656] and 17 February [ANSP 135360]). Records for the area of
apparent permanent residence are from March, August, October, November, and December. The
northernmost Bolivian specimen (LSUMZ 124298) was collected on 22 May, in depto. La Paz
(ca. 16°19'S, 68°01'W); M. c. cinerea may occur in this area solely as a winter resident. Available
data indicate that specimens have been collected in Peru only from April through September
(Chesser, unpubl. data), although Fjeldsd and Krabbe (1990) published a record of an immature
from Puno in January. Elevations occupied by M. c. cinerea range from 3,600 m to over 4,500
m; elevation is similar throughout the year.

Muscisaxicola flavinucha (Ochre-naped Ground-Tyrant).—Summer resident (18 specimens) in
Bolivia in the altiplano and puna zones of deptos. Potosf, Oruro, and southern depto. La Paz;
apparent winter resident (20 specimens) north and northeast of this region in deptos. Cochabamba
and La Paz (Fig. 5). Specimens from the breeding area have been collected during December,
January, February, and March (earliest record 8 December [LSUMZ 124289], latest 25 March
[ANSP 135310]). There are records from the apparent non-breeding range for April, May, June,
August, and October (earliest 21 April [CM 81234-35], latest 2 October [ANSP 135309]).
Available data indicate that M. flavinucha occurs only as a winter resident in adjacent Peru, and
exclusively as a summer resident in Argentina and Chile (Fjeldsd and Krabbe 1990; Chesser
1995). This species has been found in Bolivia from 3,875 m to 4,780 m during the austral
summer, and from 3,220 m to 4,300 m in the non-breeding season.

Muscisaxicola frontalis (Black-fronted Ground-Tyrant).—Uncommon winter resident (six
specimens) in Bolivia. This species has been recorded from the altiplano and puna zone of deptos.
Potosi, Oruro, and La Paz, during June, July, and August (earliest record 5 June [ANSP 135333],
latest 15 August [LSUMZ. 101480)). It is apparently found only in winter in Peru, as well (Traylor
1979, Fjeldsd and Krabbe 1990, Chesser 1995). The elevational range of M. frontalis in Bolivia
is from ca. 4,000 m to ca. 4,600 m.

Lessonia oreas (Andean Negrito).—Apparent summer resident (19 specimens) on the altiplano
of southern depto. La Paz and deptos. Oruro and Potosi; winter resident (65 specimens) to the
north and east in central depto. La Paz, eastern depto. Oruro, northeastern depto. Potosi, and
deptos. Cochabamba and Tarija. Records from the area of summer residence range from 7 Oc-
tober (FMNH 180926, 180934) to 7 February (ANSP 135397-98). Records for the wintering
zone are from March, April, May, June, July, August, and October (earliest date 2 March [CM
94477, 94482-83], latest 26 October [BMNH 1902.3.13.676]). Records of L. oreas from the
breeding season range from 3,600 m to 4,200 m (17 of 19 records at 3,900 m or above), whereas
those from the non-breeding season range from 2,400 m to 4,500 m, with 16 records below
3,000 m. This species also appears to be migratory in Peru (Parker et al. 1982, Chesser 1995),
and apparently at the southern end of its range in Argentina (Chesser 1995).

Lessonia rufa (Austral Negrito).—Uncommon winter resident (eight specimens) in depto. Tar-
ija, with a single record from western depto. Santa Cruz (LSUMZ 37859). This species has been
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FiG. 6. Seasonal distribution in Bolivia of Knipolegus hudsoni, Hudson’s Black Tyrant. This species is a
winter resident in the lowlands of Bolivia.

Fig. 7. Seasonal distribution in Bolivia of Myiarchus swainsoni ferocior, one of the subspecies of Swain-
son’s Flycatcher. This subspecies is a summer resident in the lowlands of southern Bolivia and a winter
resident to the north. Breeding and non-breeding ranges do not overlap.

recorded in Bolivia only during May, July, and September (earliest date 10 May [LSUMZ 37859,
Remsen et al. 1987], latest 19 September [ANSP 135390, 135392-93, 135395-61]). Bolivian
records range from the lowlands to the semiarid montane zone, from 375 m to 2,400 m.

Knipolegus striaticeps (Cinereous Tyrant).—Winter resident in depto. Tarija, southeastern dep-
to. Chuquisaca, and depto. Santa Cruz south of ca. 17°S; a few individuals may breed in the
southern portion of the Bolivian range. Of 27 specimens, 25 were collected in April, June, July,
August, and September (earliest record 15 April [FMNH 181038], latest 25 September [CM
119406]). The other records are a 20 November specimen from depto. Tarija (LACM 35569),
and a 28 January specimen from extreme southwestern depto. Santa Cruz (MACN 41039);
although there is no information on the breeding condition of these birds, it is possible that they
are permanently resident, breeding individuals. This species is also more common in winter, and
a rare breeder, in the chaco of western Paraguay (Hayes et al. 1994), and apparently a rare non-
breeder in the state of Mato Grosso, Brazil (Chesser 1995). Knipolegus striaticeps has been
found in Bolivia only in areas of chaco or deciduous or semihumid forest, at low elevation (175-
750 m).

Knipolegus hudsoni (Hudson’s Black-Tyrant).—Winter resident (36 specimens) in Bolivia,
primarily in depto. Santa Cruz, west of ca. 61°W, and in depto. El Beni; there is also a single
record from depto. La Paz (LSUMZ 96312; Remsen et al. 1987) (Fig. 6). This species has been
recorded during all months from May through October (earliest date 12 May [Gyldenstolpe
1945], latest 11 October [LSUMZ 124320]), in a variety of lowland habitats up to 800 m. A
bird collected 19 September 1990, near the Paraguayan border in the chaco of southern depto.
Santa Cruz (LSUMZ 153784; Kratter et al. 1993), had moderate levels of subcutaneous fat and
was probably a spring migrant. Records from Paraguay suggest that it is found there only as a
southbound migrant (in September and early October; Hayes et al. 1994).

Knipolegus a. aterrimus (White-winged Black-Tyrant).—Permanent resident (220 specimens)
along the Andes, from western depto. Tarija north through central depto. Chuquisaca into extreme
western depto. Santa Cruz and southern depto. Cochabamba, south of ca. 17°S; apparent winter
resident (13 specimens) in the lowlands to the east and north, in eastern deptos. Tarija and
Chuquisaca, southwestern depto. Santa Cruz, and northern depto. Cochabamba; apparent summer
resident (22 specimens) in eastern depto. Potosi and western depto. Chuquisaca. There are re-
cords from the area of apparent winter residence from April, May, July, August, September, and
October (earliest 28 April [Laubmann 1930], latest 21 October [CM 51639]). Specimens have
been collected in the zone of apparent summer residence in September, November, December,
and February (earliest 13 September [BMNH 1902.3.13.625], latest 26 February [ANSP
135532]). Knipolegus a. aterrimus has been recorded in Bolivia during the breeding season
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(November through February) only from 2,150 m to 3,350 m (additionally at 1,500 m and 3,800
m in March), primarily within areas of montane forest and semiarid intermontane valleys. In the
non-breeding months, it can also be found to more than 3,000 m, but many individuals have
been recorded at low altitude (down to 250 m) in northern depto. Cochabamba, southwestern
depto. Santa Cruz, and eastern deptos. Chuquisaca and Tarija.

Hymenops p. perspicillatus and Hymenops p. andinus (Spectacled Tyrant)—Both subspecies
occur as winter residents in Bolivia. Females and immatures are not diagnosably different; there-
fore, the subspecies records below are based on specimens of adult males. The nominate sub-
species (14 specimens) has been recorded only from depto. Santa Cruz, in March, May, June,
July, August, and November (extreme dates are 22 March [CM 119864] and 17 November [CM
79938]). Hymenops p. andinus (five specimens) has been collected in deptos. Santa Cruz, El
Beni, and Cochabamba (Niethammer 1956), in April, May, June, and July (earliest date 17 April
[LSUMZ 124329], latest 7 July [LSUMZ 124327]). There are records of females and immatures
(29 specimens) of this species from deptos. Santa Cruz, El Beni, and Tarija, for March, May,
June, July, August, September, October, and November (no specific date for the March specimen
[MACN 8979]; latest record 7 November [MACN unnumbered]). Hymenops p. perspicillatus
has been found up to 1,200 m in Bolivia, and H. p. andinus up to ca. 900 m.

Fluvicola pica albiventer (Pied Water Tyrant).—Permanent resident (53 specimens) in most
of central and eastern Bolivia; possibly present only as a summer resident (three specimens) in
depto. Tarija (records from October, November, and March), and apparently only as a winter
resident (four specimens) in northern depto. El Beni and northern depto. Santa Cruz (records
from June, August, September, and October; the November specimen published in Pefia 1962 is
Fluvicola leucocephala [PMNH 38627]). This species also breeds in northwestern Argentina,
but apparently is not present there during winter (no specimens between 10 May [FML 11372]
and 23 August [USNM 284359]). Likewise, this subspecies appears to occur only in winter in
the northwestern Brazilian states of Amazonas, Acre, and Rondoénia, and in Peru (Traylor 1952;
Parker et al. 1994; Chesser 1995). Willis and Oniki (1990) found this species exclusively in
winter at two sites in Mato Grosso, Brazil, although Cintra and Yamashita (1990) reported it as
common in the Pantanal of that state from August through May. Elevations occupied by F. pica
albiventer in Bolivia range from 150 m to 1,100 m.

Satrapa icterophrys (Yellow-browed Tyrant)—Permanent resident (90 specimens) in the
southern half of Bolivia, from central depto. Cochabamba and western depto. Santa Cruz south;
occurs only as a non-breeder (16 specimens) in the northern half of the country. Except for a
sight record of a visiting individual in February from Concepci6n, depto. Santa Cruz (Davis
1993), records from deptos. La Paz and El Beni, and northern deptos. Cochabamba and Santa
Cruz (north of ca. 17°S) are from June, July, August, September, and October only (earliest
record 1 June [AMNH 792072], latest 3 October [Fjeldsd and Krabbe 1989; J. M. C. da Silva,
pers. comm.]). The species appears to occur solely in winter in Peru, as well (Parker et al. 1982;
Chesser 1995). Its status in eastern depto. Santa Cruz, where there are records only from Sep-
tember and October, is uncertain, as is its status in adjacent Mato Grosso (Chesser, unpubl. data).
Willis and Oniki (1990) recorded it exclusively in winter in Mato Grosso, but it was present at
only one of their ten sites, whereas Cintra and Yamashita (1990) recorded it from July through
January in the Pantanal. Satrapa icterophrys ranges in elevation up to ca. 3,300 m in Bolivia,
during both breeding and non-breeding seasons. The species has not been recorded from deptos.
Oruro and Pando.

Attila phoenicurus (Rufous-tailed Attila)—Apparent winter resident in northeastern depto.
Santa Cruz, although it is possible that it is present only as a transient. The only records for
Bolivia are a tape-recording from 25 August and a vocal record from late September, both from
a forest island atop the Serranfa de Huanchaca at 720 m (Bates et al. 1992). This species breeds
in southeastern Brazil and northeastern Argentina, and may winter over a broad expanse of
Amazonia (Ridgely and Tudor 1994, Chesser 1995). However, these ‘‘winter”” records are pri-
marily from April, May, and September, and may refer to transient individuals. The actual
wintering range of Attila phoenicurus may be much more restricted than has been indicated (cf.
Elaenia strepera [Marantz and Remsen 1991]).

Casiornis rufa (Rufous Casiornis).—Permanent resident (139 specimens) in most of Bolivia,
but apparently present in the extreme north only during the austral winter (13 specimens). There
are records from all deptos., excluding the southwestern deptos. of Oruro and Potosi, although
relatively few from deptos. La Paz and Cochabamba. Probably present only as a winter resident
in depto. Pando, northern depto. El Beni, and extreme northern depto. Santa Cruz, where there
are records only from June, July, August, September, and October (27 records from 18 June
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[LSUMZ 133454] to 14 October [Gyldenstolpe 1945]). Seasonality of occurrence is indicated
in neighboring areas by specimen data from southern Peru, and the states of Acre and Rondénia,
Brazil, where C. rufa appears to occur only during the austral winter (Chesser 1995). Parker et
al. (1994) listed this species as a wintering austral migrant at the Tambopata Reserve in southern
Peru, and Willis and Oniki (1990) found it only in winter at the three northernmost Mato Grosso
sites at which it was present. Olrog (1963) observed migratory behavior by this species in
Bolivia. This species occurs up to 1,630 m (ANSP 136366; CM 80995) from October through
March, with many records above 1,000 m, but the highest elevational record from the non-
breeding season is a late April specimen from 875 m (LSUMZ 124400).

Myiarchus tuberculifer atriceps (Dusky-capped Flycatcher).—Summer resident (38 speci-
mens) in forests and woodlands of the southern Bolivian Andes; permanent resident (42 speci-
mens) to the north. This subspecies has been recorded in deptos. Tarija, Chuquisaca, and Santa
Cruz only in October, November, December, January, February, and March (records range from
19 October [ANSP 135735] through 17 March [CM 810091). Myiarchus t. atriceps is present
year-round in depto. Cochabamba and possibly in depto. La Paz (although there are specimen
records here only from July and October), as it is also in Peru. The species breeds and is mostly
migratory in northwestern Argentina, although there are winter records (only two of 82 available
records south of depto. Cochabamba, Bolivia, are from winter). Elevational range in Bolivia,
which is similar throughout the year, is from 1,000 m to 3,400 m. This subspecies has not been
recorded from deptos. Pando, El Beni, Oruro, or Potosi.

Myiarchus s. swainsoni and M. s. ferocior (Swainson’s Flycatcher).—The nominate subspecies
occurs only as a passage migrant (four specimens) in Bolivia; M. s. ferocior is a summer resident
(nine specimens) in deptos. Tarija and Chuquisaca and southwestern depto. Santa Cruz, and a
winter resident or transient (36 specimens) throughout central, northern, and eastern Bolivia (Fig.
7). Of the four records for M. s. swainsoni, three are from the lowlands (two immature birds
from eastern Bolivia collected in April [FMNH 296254-55], and one from northern depto. El
Beni, collected on 13 October [Gyldenstolpe 1945]), and one is a March specimen from high
elevation (3,300 m) in Cochabamba (FMNH 181198). There is also a specimen of an M. s.
swainsoni X M. s. ferocior hybrid from lowland depto. Santa Cruz in March (FMNH 294126).
Davis (1993) reported the species as a fairly common spring transient at Concepcién, depto.
Santa Cruz, and all of her specimens (collected 13 September through 9 November; FMNH
335250-55) are referable to M. s. ferocior. There are records for M. s. ferocior in southern
Bolivia, where a female collected 4 December (FMNH 294124) is noted to have already laid
eggs, only from October, November, and December. North of 18°S, this subspecies has been
recorded only in March, April, May, July, August, September, October, and November (extremes
are 8 March [AMNH 497136] and 9 November [FMNH 335254]). Myiarchus s. ferocior has
been recorded from low elevation to over 2,000 m during the breeding season, but only below
600 m during winter (although there is a probable transient specimen from 3,300 m [UMMZ
106864] in March).

Myiarchus t. tyrannulus (Brown-crested Flycatcher).—Permanent resident (120 specimens) in
most of Bolivia, although not recorded from deptos. Oruro and Potosi; apparently present only in
winter (37 specimens) in much of northern Bolivia. There are records of adults for depto. Pando
and along the Brazilian border in depto. El Beni and northern depto. Santa Cruz, from June, July,
August, September, and October (extreme dates are 20 June [LSUMZ 133427] and 28 October
[Gyldenstolpe 1945]); an immature, however, was collected on 19 December in depto. El Beni
(PMNH 38664; Pefia 1962). Specimen records from southern Peru, and the Brazilian states of
Acre and Rond6nia, likewise range from June through October, except for a 20 November spec-
imen from depto. Cuzco, Peru (AMNH 822446). Donahue (1987) listed this species as a possible
(wintering) migrant at the Tambopata Reserve, Peru, and Willis and Oniki (1990) reported it only
in winter at the four northernmost Mato Grosso sites at which they recorded this species. Olrog
(1963) observed migratory behavior of this species in Bolivia. Elevational range of M. t. tyrannulus
in Bolivia is from 175 m to 2800 m, and appears not to change seasonally.

Mpyiodynastes maculatus solitarius (Streaked Flycatcher).—Summer resident (62 specimens) in
eastern and southern Bolivia, south of ca. 18°S; permanent resident (86 specimens) in much of the
central and northern regions; possibly present only in winter (10 specimens) in extreme northern
Bolivia (depto. Pando, northern depto. El Beni); not recorded from deptos. Oruro and Potosi.
Specimens have been collected from deptos. Tarija and Chuquisaca, southern depto. Cochabamba,
and southwestern depto. Santa Cruz in October, November, December, January, February, March,
and April (earliest record 10 October [ANSP 135636], latest an undated April specimen [Lénnberg
1903]. There are specimens from eastern depto. Santa Cruz (east of ca. 63°W, and south of ca.
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FiG. 8. Seasonal distribution in Bolivia of Empidonomus varius, the Variegated Flycatcher. This species
is a summer resident in the lowlands of Bolivia.

FiG. 9. Seasonal distribution in Bolivia of Empidonomus aurantioatrocristatus, the Crowned Slaty-Fly-
catcher. This species is a summer resident in lowlands in the southern half of the country, wintering only in
depto. Pando in northwestern Bolivia. Note the large number of transient records.

15°S, the southern limit of tropical forest in eastern Bolivia) from September, October, November,
December, February, March, and April (extreme dates are 26 September [Laubmann 1930] and 25
April [FMNH 296242]). This species was recorded at Concepcién, depto. Santa Cruz, only during
these same months in 1985-87 (Davis 1993). Myiodynastes m. solitarius is a permanent resident
in northern deptos. Santa Cruz, Cochabamba, and La Paz, primarily in areas of humid lowland
and montane forest, although also in semihumid lowland forest in western depto. Santa Cruz. It
has been recorded in the area of possible winter residence, in depto. Pando and northern depto. El
Beni, in July, August, September, October, and November (extreme dates are 11 July [LSUMZ
133410] and 2 November [Gyldenstolpe 1945]). The elevational range for this species in Bolivia
is from ca. 150 m to 2,700 m throughout the year.

Legatus 1. leucophaius (Piratic Flycatcher).—Summer resident (26 specimens) in most of its
range in Bolivia, although it also winters (eight specimens) in depto. Pando. There are multiple
breeding-season specimens from deptos. El Beni and Santa Cruz, two specimens from depto. La
Paz, and sight records from depto. Tarija (Nores and Yzurieta 1984). These records are from
August, September, October, November, December, January, and February (extreme dates are 29
August [BMNH 1902.3.13.810] and 6 February [AMNH 496438]). The single specimen from
Cochabamba (ANSP 135633) was collected 8 September and was probably a migrant bird. Records
for depto. Pando are from July, August, and October. There are also records of apparent wintering
birds from the adjacent Brazilian states of Acre and Rond6nia. This species has been found up to
1,500 m during the breeding season, and from 175 m to 325 m in winter in depto. Pando.

Empidonomus v. varius (Variegated Flycatcher).—Present in Bolivia during breeding and mi-
gration only (54 specimens; Fig. 8). This species has been recorded in deptos. La Paz (collected
26 August [Niethammer 1956], presumably in migration), El Beni, Santa Cruz, Chuquisaca, and
Tarija. Breeding season records are generally north or east of the high Andes, extending as far
east as the Brazilian border; however, there are no records for Bolivia north of 14°S. There are
specimens for all months from August through April (earliest 26 August [as above], latest 15
April [FMNH 181126, 296237]). Davis (1993) reported E. varius as present but uncommon
during the wet season (November through April) at Concepcion, depto. Santa Cruz. This species
breeds in Bolivia from 150 m to 1,775 m, but a migrant individual has been seen in March at
2,850 m (Whitney et al. 1994).

Empidonomus a. aurantioatrocristatus (Crowned Slaty-Flycatcher).—Summer resident (94
specimens) in central, southern, and southeastern Bolivia; apparent winter resident (three spec-
imens) in the extreme northwest (Fig. 9). Present only as a transient (17 specimens) in much of
northern Bolivia. There are records for the breeding area in deptos. Tarija and Chuquisaca,
southern depto. Cochabamba, and western and southeastern depto. Santa Cruz, for ail months
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Fic. 10. Seasonal distribution in Bolivia of Tyrannus melancholicus, the Tropical Kingbird. This species
is present year-round in most of lowland Bolivia, but is found in the southern portion of the country during
the breeding season only.

Argentina

from September through May (earliest record 10 September [FMNH 181135], latest 2 May [an
immature; LSUMZ 37993]). Three wintering individuals were collected in July in northwestern
depto. Pando (LSUMZ 133403-05); the species is also present in Peru and northwestern Brazil
only during winter (Pearson 1980; Parker et al. 1982; Chesser 1995). Records for this species
during apparent passage migration, from areas for which summer or winter records are lacking,
are from deptos. La Paz and El Beni, eastern depto. Pando, and northeastern depto. Santa Cruz.
Except for a sight record from March (Davis 1993), these records (z = 14) are exclusively from
spring migration (September, October, November). Individuals from these areas, and from which
data on subcutaneous fat were taken, had either heavy (LSUMZ 125883, 151153-54) or very
heavy (FMNH 335275) fat. Other specimens with heavy fat deposits were taken in southern
(LSUMZ 153786; collected 20 September) and eastern (FMNH 334517; collected 9 November)
depto. Santa Cruz. Empidonomus a. aurantioatrocristatus occurs in the breeding season at ele-
vations up to 2,500 m, with two March specimens (one an immature) at 3,300 m (CM 120285;
FMNH 181145); it has been recorded in winter only at 325 m in lowland tropical forest.

Tyrannus m. melancholicus (Tropical Kingbird).—Permanent resident (155 specimens) in
northern and central Bolivia; summer resident (35 specimens) south of ca. 18°30’S (not recorded
from deptos. Oruro or Potosi) (Fig. 10). There are records from deptos. Tarija, Chuquisaca, and
southern depto. Santa Cruz for all months from October through May (ranging from 21 October
[ANSP 135601] to 4 May [Laubmann 1930]). Davis (1993) reported T. melancholicus as an
uncommon or rare permanent resident in Concepcién, depto. Santa Cruz, but stated that its
numbers were supplemented during migration periods (March—April and September—October),
when it became common. This species has been recorded throughout the year at elevations up
to 2,500 m.

Tyrannus s. savana (Fork-tailed Flycatcher).—Present in Bolivia as a breeding bird (48 spec-
imens) and passage migrant (27 specimens). Tyrannus savana has been recorded from all deptos.
except Potosi, but apparently only as a transient in deptos. Oruro (Whitney et al. 1994), Pando,
northern depto. El Beni, and northern and central depto. Santa Cruz, where there are specimen
records only from September, October, and November (spring migration), and February and
March (fall migration). This species was a common transient at Concepcidn, north-central depto.
Santa Cruz, during these same months, and was additionally seen in April (Davis 1993). A bird
with heavy subcutaneous fat was collected here 15 September (FMNH 335290). Tyrannus savana
has been found in deptos. La Paz and Cochabamba only during February and March, indicating
that it may occur there only during fall migration. Definite breeding season records occur from
western depto. El Beni, western and southeastern depto. Santa Cruz, and depto. Tarija, where
the species has been recorded during all months from September through April (earliest record
10 September [CM 32996], latest 1 April [Lonnberg 1903]). According to Pearson (1975, 1980),
T. s. savana occurs in Tumi Chucua, depto. Beni, from April through November (non-breeding
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season), but this appears to be an error. Pearson was present at this site only in September,
October, and November (spring migration), and the southernmost wintering records for this
species appear to be at least several hundred kilometers north of Tumi Chucua. This species
evidently breeds only at low elevation (below 1,000 m) in Bolivia, but specimens have been
taken as high as 2,570 m during apparent fall migration, and two migrants were sighted on 20
March 1992 at 3,760 m (Whitney et al. 1994).

Tyrannus albogularis (White-throated Kingbird).—Occurs in Bolivia only as a summer resi-
dent (15 specimens). Specimen and published sight records indicate that this species is present
from August (earliest record 28 August [LSUMZ 151155]) through April (no specific date [Davis
1993)]). Tyrannus albogularis has been recorded only from the lowlands of depto. El Beni and
northern depto. Santa Cruz. Davis (1993) reported it to be a common species, primarily in the
cerrado vegetation, in Concepcién, depto. Santa Cruz, where nests were found. Remsen (1986)
noted that it was fairly common in savanna and around buildings at Estancia Inglaterra, depto.
El Beni. Two birds collected in prov. Velasco, extreme northeastern depto. Santa Cruz (LSUMZ
151155-56), were found in open campo and open campos cerrado, respectively. This lowland
species has been found up to 725 m in Bolivia.

Xenopsaris a. albinucha (Xenopsaris).—Apparently a winter resident in Bolivia. The seven
records (six specimens, one sight record) are from deptos. El Beni and Santa Cruz, from May,
September, and early October (extreme dates are 10 May [Gyldenstolpe 1945] and 3 October
[Parker and Rowlett 1984]). Available data indicate that X. albinucha has been recorded in
nearby Mato Grosso, Brazil only during probable non-breeding times (April and May), and is
found to the south in Argentina in the breeding season only, from mid-September through April
(n = 48 specimens; Chesser 1995, unpubl. data). The lack of Bolivian records for June, July,
and August is most likely a result of the uncommonness of the species, rather than its absence
during these months, although it is possible that it merely migrates through Bolivia and Mato
Grosso towards an unknown wintering area (there is also an apparently disjunct population in
northeastern Brazil; Short 1975, Chesser 1995). This species has been found in Bolivia at ele-
vations from 200 m to 600 m.

Pachyramphus polychopterus spixii (White-winged Becard).—Present only during the breed-
ing season (12 specimens) in central, southern, and eastern Bolivia, south of ca. 17°S; winter
resident (34 specimens) in northern Bolivia. There is an area of apparent permanent residence
(20 specimens) in western depto. Santa Cruz (and no records from depto. El Beni and from the
southwestern deptos. Oruro and Potosi). In the area of summer residence, in southwestern and
southeastern depto. Santa Cruz, and deptos. Chuquisaca and Tarija, P. p. spixii has been recorded
in October, November, December, February, March, and April (extreme dates are 29 October
[LACM 35749] and 26 April [FMNH 296211]); the species has additionally been collected in
January in the area of permanent residence to the north. North of ca. 18°S, in deptos. Cocha-
bamba, La Paz, Pando, and northern depto. Santa Cruz, there are records for this species for all
months from February through October (earliest 13 February [FMNH 335295-96], latest 11
October [Gyldenstolpe 1945]). Davis (1993) observed this species only in February, March, and
April at her study area near Concepcién, depto. Santa Cruz, and could not determine its status,
but seven specimens at nearby localities from May and June (CM 79994, 80089, 80101-02,
80222, 80345, and 80432), suggest that it is a winter resident in this region. This subspecies is
apparently a winter resident in Peru and the state of Acre, Brazil (Chesser, unpubl data). Pa-
chyramphus p. spixii has been collected up to 2,150 m during the breeding season, but only to
1,500 m in winter, when 41 of 43 Bolivian records are below 900 m.

Pachyramphus v. validus and P. v. audax (Crested Becard)—The nominate subspecies is
uncommon and of uncertain status in Bolivia, but may be a winter resident at the edge of its
range; P. v. audax is a summer resident (21 specimens) in southern Bolivia, and a probable
permanent resident to the north. The three Bolivian records for P. v. validus are a specimen of
unknown date from eastern depto. Santa Cruz (Hellmayr 1925), and two specimens from north-
eastern depto. Santa Cruz, a male collected on 4 July (LSUMZ 137484) and a female collected
on 12 October (LSUMZ 151166; identified by range); the latter bird had moderate levels of
subcutaneous fat. A wintering female (LSUMZ 102284), possibly of this subspecies, was col-
lected in June in depto. La Paz (females of validus and audax are not distinguishable [Hellmayr
1929]). This subspecies is migratory in the southern part of its range (Willis 1979; Belton 1985;
Chesser 1995), and is apparently found only in winter in Rond6nia, Brazil, across the border
from northeastern depto. Santa Cruz (Chesser 1995). There are also two winter specimens in
female plumage from Rondo6nia, Brazil (FMNH 330650-51), presumably but not certainly this
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TABLE 1
NUMBER OF SPECIES OF MIGRANT TYRANNIDS IN BOLIVIA, ARRANGED BY SUB-FAMILY AND
MIGRATORY PATTERN. VAGRANTS OR TAXA OF UNCERTAIN MIGRATORY HABITS IN BOLIVIA ARE
Nort INCLUDED IN TOTALS

Elaeniinae Fluvicolinae Tyranninae Tityrinae Total
Breeding season only 2 0 3 0 5
Wintering only 4 11 1 1 17
Transient only 0 0 1 0 1
Year-round in Bolivia
Breeds S, perm N 3 0 4 1 8
Perm S, winters N 4 5 2 0 11
Breeds S, winters N 4 8 2 1 15
Uncertain/vagrant ) 0) ) @ (6
TOTAL 17 24 13 3 57

subspecies. Both Bolivia specimens from northeastern depto. Santa Cruz were collected 12—15
m up in mixed-species flocks in lowland tropical forest.

Pachyramphus v. audax breeds in western depto. Santa Cruz, and in deptos. Chuquisaca and
Tarija, south of ca. 17°30'S, in the zone of semihumid lowland and montane forest. Records
from this area date from October, November, December, January, February, March, and April
(earliest 28 October [ANSP 138514], latest 10 April [Laubmann 1930]). There are evidently
only three, possibly four, Bolivian records of P. v. audax north of this area: an August specimen
from Cochabamba (ANSP 138515), a February specimen from depto. El Beni (FML 11410), a
December specimen from La Paz (ANSP 120135), and the June specimen mentioned above
(LSUMZ 102284). The subspecies appears to be resident but uncommon in this region. The
paucity of winter records throughout the range of this subspecies is striking. Available data show
no records in Argentina from mid-June until late September, indicating that the species migrates
(see also Nores et al. 1983), but there are few winter records from Bolivia or Peru. That one of
the Peruvian specimens (AMNH 820184) was collected 40 m up in the lower canopy of cloud
forest (at 1,680 m), suggests that this species may be overlooked in winter. Elevation for breeding
birds in Bolivia ranges from 650 m to 2,400 m, with a March specimen collected at 2,700 m.
The two Bolivian winter specimens were found at 300 m and 600 m, in the zone of lowland
tropical forest.

GENERAL CONSIDERATIONS

Geographic patterns.—Many discussions of regional patterns of austral migration (e.g., Hilty
and Brown 1986, Hayes et al. 1994) have considered only species whose presence within the
region is strictly seasonal (i.e., species that are winter or summer residents). Such focus is
warranted at the northern or southern extremes of species’ ranges. Bolivia, situated in the south-
ern end of the tropical zone, presents more complicated patterns of distribution. The latitudinal
position and great topographic diversity of Bolivia allow species to migrate fairly extensively,
yet remain within the borders of the country throughout the year.

Indeed, most tyrannids migratory in Bolivia (34 of 57) are present somewhere within its
borders year-round (Table 1), and many show overlapping breeding and wintering ranges, as is
typical of austral migrants (Chesser 1994). Most of these taxa are found in the northern (and
eastern, for many species that show seasonal elevational differences) portion of their range only
during winter, but nine are resident in the northern part of their range, and extend their range
southward during the breeding season. These within-Bolivia migrations tend to be geographically
independent; predominant patterns of range demarcation do not appear to occur.

Of the 23 migrant flycatchers present in Bolivia only part of the year, the vast majority (17
species or subspecies) are winter residents (Table 1). Five of these are species of the high-
elevation genera Muscisaxicola and Agriornis. Species from eleven other (often dissimilar) gen-
era (e.g., Serpophaga, Lathrotriccus, Knipolegus, Hymenops, and Xenopsaris) are also repre-
sented in this group.

Only one tyrannid, the subspecies Myiarchus s. swainsoni, occurs solely as a transient in
Bolivia, and five are present in summer only. That these five tyrannids (Elaenia albiceps chi-
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Isla Grande from Humphrey et al. (1970), for Cérdoba (Argentina) from Nores et al. (1983), and for Colombia
from Hilty and Brown (1986).

lensis, Elaenia strepera, Empidonomus varius, Tyrannus savana, and Tyrannus albogularis)
completely and two more (Legatus leucophaius, Empidonomus aurantioatrocristatus) nearly va-
cate Bolivia during winter is fairly remarkable, given its location at tropical latitudes and the
range of habitats present there. Several species, including L. leucophaius, are known to leave at
least portions of their range at similar latitudes in the northern Neotropics during winter, appar-
ently in response to resource fluctuations associated with the dry season (Eisenmann 1963;
Morton 1977). The dry season in northern Bolivia coincides in part with the absence of the
“summer only” species, but not precisely. Wintering of several of these austral migrants (E.
varius, T. albogularis, T. savana) is associated in part with Amazonian river islands (Rosenberg
1990), a habitat not found in Bolivia. However, these migrants winter in many other habitats,
and occur as far north as the Caribbean coast of South America, far from Amazonian river
islands. Breeding ranges of three of the summer resident taxa (Elaenia albiceps chilensis, Em-
pidonomus varius, and T. savana) extend from tropical South America far into the temperate
zone, south to central Argentina or beyond. Tropical/temperate overlap in breeding range is fairly
unusual in long-distance migrants of other migration systems, but common among austral mi-
grants, owing to greater habitat continuity between temperate and tropical South America, to the
small area of the South American temperate region relative to its tropical area, and to the lack
of geographic barriers between temperate and tropical areas (Chesser 1994).

Three species of austral migrant tyrannids (Hymenops perspicillatus, Lathrotriccus euleri,
Myiarchus swainsoni), and possibly a fourth (Pachyramphus validus), are represented by more
than one migratory subspecies in Bolivia. In one case (H. perspicillatus), both subspecies occur
exclusively in winter in Bolivia. In the others, the subspecies show different patterns. Lathro-
triccus e. euleri occurs in Bolivia solely as a winter resident, whereas L. e. argentinus is a
summer resident in central and southern Bolivia, and an apparent winter resident to the north;
range of these subspecies overlap in winter. Myiarchus s. swainsoni is present in Bolivia only
as a transient, whereas M. s. ferocior is a summer resident in southern Bolivia and a winter
resident or transient to the north. Pachyramphus v. audax is a summer resident in southern
Bolivia and a probable permanent resident to the north, whereas the nominate subspecies may
occur in Bolivia only as a winter resident.

It is fairly common for austral migrant taxa to winter partially within the range of a resident
(usually tropical) subspecies to the north (Chesser 1994). In Bolivia, this occurs in only six
instances, probably owing to its proximity to the southern temperate zone: Sublegatus modestus
brevirostris winters within the range of the nominate subspecies in northern Bolivia, Lathrotric-
cus e. euleri and L. e. argentinus winter within the range of L. e. bolivianus in northern Bolivia,
Agriornis m. microptera winters somewhat within the range of A. m. andecola in depto. La Paz,
Muscisaxicola rufivertex pallidiceps winters within the range of M. r. occipitalis in depto. Co-
chabamba, Myiarchus swainsoni ferocior winters within the range of M. s. pelzelni in northern
Bolivia, and Pachyramphus polychopterus spixii winters within the range of P. p. nigriventris
in depto. Pando. Because of the ease of overlooking subspecific differences in specimens or in
the field, migration in such cases is difficult to ascertain, and further research may prove that
other species show this same migratory pattern.

A small percentage of tyrannids are austral migrants in Bolivia relative to temperate regions
of South America, but a high percentage relative to tropical South America north of Bolivia
(Fig. 11). As might be expected, the percentage of austral migrant tyrannids declines steadily
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TABLE 2
STATUS OF AUSTRAL MIGRANT TYRANNIDS IN SELECTED REGIONS OF SOUTH AMERICA. DATA FOR
CoLOMBIA AFTER HILTY AND BROWN (1986), FOR CORDOBA AFTER NORES ET AL. (1983), AND FOR
IsLA GRANDE AFTER HUMPHREY ET AL. (1970)

Summer
Summer resident ‘Winter resident and winter Transient only
Colombia (4°S-12°N) 0% 84% 8% 8%
Bolivia (10-23°S) 9% 30% 59% 2%
Cérdoba, Arg, (29-35°S) 60% 20% 17% 3%
Isla Grande (53-55°S) 100% 0% 0% 0%

from south to north. Twenty-nine percent (57 of 195) of Bolivian flycatchers are migratory to
some degree. In contrast, 89% (eight of nine) of tyrant flycatchers occurring regularly on Isla
Grande (Tierra del Fuego) are austral migrants, and 60% (30 of 50) of those found in the province
of Cérdoba (central Argentina), but only 7% (12 of 175) of the tyrant flycatchers of Colombia.

Comparative analysis of the status of austral migrant tyrannids in these four regions reveals
that, although the percentage of migrants that are summer residents and winter residents, re-
spectively, increases or decreases with increasing south latitude, the percentage of austral migrant
flycatchers present throughout the year within Bolivia is extremely high (Table 2). Fifty-nine
percent of these taxa occur year-round in Bolivia, compared to 8 percent for Colombia, 17
percent for Cérdoba, and O percent for Isla Grande, thus underscoring the ‘‘crossroads position”
of Bolivia in the geography of austral migration. Although the latitudinal range covered by Isla
Grande and Cérdoba is less than that of Bolivia, this accounts for only a small portion of the
observed pattern. Expanding the latitudinal range of Cérdoba south by seven degrees (to equal
that of Bolivia), for instance, changes the percentage of ‘‘summer and winter” migrants by less
than ten percent.

Taxonomic patterns.—Bolivian austral migrant tyrannids are most numerous in the subfamily
Fluvicolinae, followed by the Elaeniinae, Tyranninae, and Tityrinae (Table 1). This pattern is the
same as that for austral migrant tyrannids as a whole (Chesser 1994). All 24 migrant fluvicolines
are present in Bolivia in winter only, or are present in the northern portion of their Bolivian
range in winter only; none of these taxa extend their range south in summer from a permanent
Bolivian population (although other subspecies of a few of these species [e.g., Muscisaxicola
rufivertex] are permanent residents north of the range of the migratory subspecies), or occur only
as breeding residents that winter further north.

Migrant elaeniines exhibit the widest range of migration patterns in Bolivia, and include all
geographic patterns except ‘“‘transient only” (Table 1). Most of these occur in Bolivia throughout
the year, but four species are present in winter only, and two are breeding season residents. The
13 migrant tyrannines likewise exhibit a variety of geographic migratory patterns, although the
majority of tyrannines occurs in part or all of their Bolivian range during the breeding season
only. Three of the five “breeding season only’’ migrants are included in this group, and six other
taxa that extend their range southward during the breeding season from a permanent Bolivian
population. Only one tyrannine flycatcher occurs in Bolivia solely as a winter resident.

Life zones and habitat.—Analysis of life zone preferences of migrant flycatchers in Bolivia
reveals that large numbers of migrant tyrannids occur in four life zones or combinations of life
zones (non-Amazonian lowlands, lowlands in general, puna, and lowlands + valle zone), and
few in the other life zones (Table 3). Of the ten most common life zones occupied by Bolivian
flycatchers, these four contain from 43 to 75 percent migratory species, whereas the other six
range from O to 17 percent migratory species. Life zones containing few tyrannids but high
percentages of migrants are the non-Amazonian lowlands + valle zone (three of four taxa mi-
gratory), the lowlands in general + upper tropical zone (two of two migratory), and the ‘“wide-
spread” category (two of two migratory). Life zones with unusually low numbers of migrant
taxa are the Amazonian lowlands (1 of 52 taxa migratory), the upper tropical zone (0 of 14
migratory), the temperate + temperate/puna transition zone (0 of 10 migratory), and the upper
tropical + subtropical zone (1 of 10 migratory). In part this may be explained by the lack or
scarcity of these life zones south of Bolivia, and the fact that species of southern South America
do not breed in most of these zones, but this does not necessarily preclude species from wintering
in these zones (as do some Nearctic-Neotropical migrants; several austral migrants winter in part
in Amazonian lowlands [see below]), nor does it apply to occupants of the temperate life zone.
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TABLE 4

NUMBER OF SPECIES OF MIGRANT TYRANNIDS IN BOLIVIA, ARRANGED BY BREEDING HABITAT.
Taxa OoF UNCERTAIN MIGRATORY STATUS IN BOLIVIA ARE EXCLUDED FROM THE TOTALS

Marsh/ Open/ Scrub/ Woodland
Open wetland scrub Scrub woodland  Woodland /fforest Forest

Breeds only ] 0 1 0 2 1 0 1
Winters only 5 3 3 1 3 0 1 1
Transient 0 0 0 0 1 0 0 0
Year-round in Bolivia

Breeds S/perm N 0 0 0 1 2 3 2 0

Perm S/winters N 3 0 0 1 6 1 0 0

Breeds S/winters N 2 2 1 2 2 2 3 1
Uncertain/vagrant (4] ) ©) (1) @ ¢y O 0
Total migr. tyr. (Bol.) 10 5 5 5 16 7 6 3

Relative temporal stability of food resources and high species diversity of the resident avifauna
are often advanced as reasons for low numbers of migrants in humid tropical habitats (e.g.,
Willis 1966, Karr 1976), and are likely applicable here, as well.

A closer examination of the life zone data indicates that taxa that winter in Bolivia tend to
occur in the non-Amazonian lowlands and in the puna zone. The lowland species represent a
wide variety of taxonomic and foraging (see below) groups, including Serpophaga subcristata
and other perch-gleaning elaeniines; Xolmis coronata, a perch-to-ground feeding fluvicoline;
Knipolegus hudsoni, an aerial hawking fluvicoline; and Xenopsaris albinucha, a tityrine species
(Prum and Lanyon 1989) whose foraging behavior is little known. The puna species include
principally ground tyrants of the genus Muscisaxicola. In contrast, the five species found in
Bolivia only during the breeding season represent five life zones: non-Amazonian lowlands
(Tyrannus albogularis), lowlands in general (Tyrannus savana), lowlands + the valle zone (Em-
pidonomus varius), the subtropical zone (Elaenia strepera), and the temperate + subtropical
zone (Elaenia albiceps chilensis).

Broad-scale analysis of breeding habitats of passerine austral migrants has shown a prepon-
derance of migrants in open and scrubby habitats, owing in part to the prevalence of these
habitats in temperate South America (Chesser 1994). Austral migrant tyrannids are similar to all
migrant passerines in breeding habitat, but somewhat fewer flycatchers are found in open areas
(32 percent to 42 percent) and slightly more in various woodland habitats (34 percent to 25
percent), presumably due to the primarily insectivorous habits of tyrannids on their breeding
grounds. Bolivian tyrannids occupy habitats in almost exactly the same proportions as austral
migrant tyrannids as a whole. However, with the exception of Elaenia spectabilis, E. strepera,
and Attila phoenicurus, the few austral migrant tyrannids that breed only in forest do not occur
in Bolivia. One of these species (Colorhamphus parvirostris) breeds more-or-less exclusively in
Nothofagus forest in southern Chile and Argentina, wintering mainly in Chile; others, such as
Phyliomyias fasciatus, occur only in the Atlantic forests of eastern South America.

Examination of habitat and migratory habits of Bolivian tyrannids on a finer scale shows that
most breed in scrub/woodland, woodland, and open habitats (Table 4). Species of open habitat
tend to occur in Bolivia as winter residents, but most other habitat types are also represented
among wintering tyrannids. Woodland is the most common habitat of summer resident flycatchers
in Bolivia; one species (Empidonomus v. varius) occupies primarily woodlands, and two others
(Elaenia albiceps chilensis and Tyrannus albogularis) occur in woodland as well as other hab-
itats. Scrub/woodland species exhibit a variety of migration patterns, but many (six of 16) are
permanent residents in the southern part of their Bolivian range, and extend their range northward
during the non-breeding season.

Although only one migrant flycatcher, Attila phoenicurus, is found exclusively in Bolivia’s
Amazonian lowlands (with the possible addition of Pachyramphus v. validus), numerous taxa
occur there in part. Most (15 of 24) are present exclusively (or nearly so) in winter. These
species tend to breed in scrub or woodland habitats; thus some individuals change macrohabitats
during the non-breeding season (Table 5). Six tyrannids are resident in Bolivian Amazonia, but
extend their range southward during the breeding season. Two other tyrannids (Empidonomus
varius, Tyrannus savana) breed in Amazonian Bolivia but move north in winter, and one (Myiar-
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chus s. swainsoni) is a transient. Of the flycatchers present in Amazonia during winter, all, except
Attila phoenicurus and Euscarthmus m. meloryphus, appear to breed in Bolivia; these taxa are
either permanent (e.g., Myiarchus t. tyrannulus) or summer (e.g., Inezia inornata) residents in
southern Bolivia.

Pearson (1980) and Robinson et al. (1988) have argued that a principal strategy of wintering
migrant birds in Amazonia, including several austral migrant tyrannids, is use of secondary and
edge habitats. Data from specimens in the LSUMZ tend to support this hypothesis (Table 5).
Secondary microhabitats regularly occupied by wintering tyrannids in tropical forest include
forest edge, second-growth, varzea, forest clearings, and river-edge forest. Thus, despite the
macrohabitat differences between breeding and wintering grounds, microhabitats of austral mi-
grant tyrannids wintering in Bolivian Amazonia resemble those of their breeding grounds. Can-
opy has been considered similar to secondary habitats in seasonal resource availability patterns
(Stiles 1980, Levey and Stiles 1992), and at least two wintering austral migrant flycatchers (Inezia
inornata and Attila phoenicurus) occur regularly in the canopy of tropical forest. Several species
additionally may be found in mixed-species flocks.

Foraging behavior—The most common characteristic modes of foraging among Bolivian
migrant tyrannids are ground-foraging, perch-gleaning, aerial hawking, fruit/'upward hover-glean-
ing, and outward hover-gleaning; eight to twelve migrants use each of these foraging types (Table
6). In contrast, all other foraging modes are characteristic of four or fewer migrant tyrannids,
and upward striking and near-ground foraging are characteristic of only one species each.

By percentage, ground foragers are the most migratory (70.6%) group of Bolivian flycatchers.
Fewer than one-tenth of Bolivian upward strikers (2.3%) and near-ground foragers (8.3%) are
migratory. Species characterized by each of the other seven foraging types range from 25.0%
migratory (perch to ground foragers) to 66.7% migratory (enclosed perch hawkers). Thus mi-
grants are not concentrated among only a few foraging types; species using many foraging modes
are fairly similar in their tendency to migrate.

Analysis of foraging with migratory pattern reveals that high percentages of ground foraging,
perch-to-ground foraging, and perch-gleaning flycatchers occur in Bolivia in winter only. Like-
wise, only aerial hawkers and fruit/'upward hover-gleaners are present in Bolivia exclusively as
breeders. Such patterns undoubtedly indicate a degree of seasonality in resources available to
species of particular foraging types, but are more properly analyzed on a continental scale, at
which foraging of resident species, particularly in temperate South America, can be taken into
account. The ““crossroads’ position of Bolivia, where both wintering, breeding, and year-round
migrants occur, makes these patterns particularly difficult to assess. For example, in addition to
the aerial hawking summer residents cited previously, an aerial hawking species (Knipolegus
hudsoni) occurs in Bolivia as a winter resident, “replacing,” in terms of feeding behavior, the
summer resident taxa. The degree to which species are not reliant solely on insects (i.e., take
fruit in winter) probably also plays a role in their distribution, and many austral migrant fly-
catchers are at least somewhat frugivorous (Chesser, unpubl. data).

Seasonal differences in elevation—Of the 34 migrant tyrannids present within Bolivia
throughout the year (hence, those for which both breeding and non-breeding season data are
available), a surprising 15 appear to show seasonal differences in elevational range of 500 m or
more (Table 7). The breeding and non-breeding ranges of one species, Pseudocolopteryx acuti-
pennis, are completely and strikingly separate; breeding-season elevation ranges from 2,200 m
to 3,550 m, whereas non-breeding records are all below 700 m (Figure 12). All other tyrannids
showing seasonal elevational differences have elevationally overlapping breeding and wintering
ranges, and form two groups: taxa that breed at middle or high elevation and extend the lower
limit of their ranges downward during winter, and taxa that breed at low to middle or high
elevations but are found in winter only at low elevation. In the former group, it is the lower
elevational limit that changes, whereas the upper elevational limit shifts seasonally in the latter
group. Other species (e.g., Myiophobus fasciatus auriceps) probably undergo at least an eleva-
tional shift in abundance, with most winter records at the lower end of the breeding range, or
most breeding season records at the upper end of the winter range. However, range of elevation
does not appear to differ seasonally for such species (see species accounts for other examples).

Excluding the exceptional P. acutipennis, those species that undergo a seasonal downward
shift of their upper range limit are roughly evenly divided between the 500—1,000 and 1,000+
m groups (five and four species, respectively; Table 7). In contrast, four of five species whose
lower range limit shifts downward in winter show differences of 1,000+ m. This may result
from the fact that the lower range limits of the middle and high elevation species of the latter
group (¥ = 2,900 + 1,012 m) are significantly higher than the upper range limits of the middle
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TABLE 7
SEASONAL DIFFERENCES IN ELEVATIONAL RANGE OF AUSTRAL MIGRANT TYRANNIDS IN BOLIVIA.
“ELEVATIONAL DIFFERENCE” INDICATES WHICH END OF A SPECIES’ ELEVATIONAL RANGE DIFFERS
SEASONALLY (SEE TEXT FOR FULL EXPLANATION); “DEGREE OF DIFFERENCE” Is CATEGORIZED AS
500-1,000M, 1,000+ M, ORrR 2,000+ M

Species Elevational difference Degree of difference (m)
Phaeomyias murina ignobilis Upper limit 1,000+
Suiriri s. suiriri Lower limit 1,000+*
Myiopagis v. viridicata Upper limit 500-1,000
Elaenia s. spectabilis Upper limit 500-1,000
Pseudocolopteryx acutipennis Total (no overlap) 2,000+
Muscisaxicola rufivertex pallidiceps Lower limit 1,000+
Muscisaxicola flavinucha Lower limit 500-1,000
Lessonia oreas Lower limit 1,000+
Knipolegus a. aterrimus Lower limit 1,000+
Casiornis rufa Upper limit 500-1,000
Mpyiarchus swainsoni ferocior Upper limit 1,000+
Legatus 1. leucophaius Upper limit 1,000+
Empidonomus a. aurantioatrocristatus Upper limit 1,000+
Pachyramphus polychopterus spixii Upper limit 500-1,000
Pachyramphus validus audax Upper limit 500-1,000%*
* Excludes an obviously non-breeding lowland speci from January (see species account for details).

** Includes a Peruvian winter record from 1,680 m; for Bolivian specimens only, the degree of difference is 1,000+ m.

and low elevation species of the former (¥ = 1,862 * 491 m; z-test; p = 0.01). Thus the latter
group has greater potential for elevational range shifting. Differences in degree of seasonal
climate change between high and low elevation may also play a factor in this pattern, although,
significantly, no high-elevation species appears to vacate the upper portion of its range (with the
possible exception of Muscisaxicola flavinucha; see species account), as would be expected if
harshness of climate were driving the seasonal differences in elevation.

It should be noted that patterns of seasonal differences in elevation among these migrants are
not necessarily the result of altitudinal migration. If a species breeds and is migratory in areas to
the south of a permanent population in Bolivia, then only in those cases in which the upper portion
of the range is vacated during winter can it be ascertained that altitudinal migration is taking place.
If the lower limit of such a species’ elevational range is adjusted downward during winter, it may
merely be the result of latitudinal migrants from the south occupying the lower elevational sites.
Such a pattern may occur, for example, in Suiriri s. suiriri. Similarly, an upward shift in elevational
range in the breeding season may not be an indication of altitudinal migration, if the species
winters and is migratory in areas to the north of a permanent Bolivian population. In this instance,
the shift may result from latitudinal migrants from the north occupying the higher elevational sites,
although, if these migrants winter at lowland sites, their migration is partially altitudinal as well.
Most austral migrant tyrannids that exhibit seasonal shifts in elevation, however, do not show these
patterns, and appear to undertake actual elevational movements.

That many Bolivian austral migrant tyrannids are both latitudinal and elevational migrants
emphasizes the continuity of the two forms of migration. Levey and Stiles (1992) suggested that
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seasonal movements of Neotropical birds occur at a variety of scales, from local and elevational
to long-distance, and that movements on all levels appear to be related to tracking variable
resources. They argued that long-distance migration (from the tropics to the temperate zone) is
merely the evolutionary endpoint of a continuum of movements associated with resource fluc-
tuations, including elevational migration. The data on the flycatchers considered here are con-
sistent with this hypothesis.

A second elevational pattern, characteristic of long-distance migrant flycatchers in Bolivia, is
the extent to which records of lowland taxa have been recorded at high elevation (3,000+ m)
during fall migration periods, particularly in March. There are some nine species whose breeding
ranges extend extensively south of Bolivia, in Argentina, and whose wintering ranges extend north
of Bolivia in western Amazonia, or in northern portions of Colombia and Venezuela; these taxa
vacate large areas of their ranges in both winter and summer. These species (Elaenia spectabilis,
E. albiceps chilensis, E. parvirostris, Pyrocephalus r. rubinus, Myiarchus swainsoni, Myiodynastes
maculatus solitarius, Empidonomus v. varius, Empidonomus a. aurantioatrocristatus, and Tyrannus
s. savana) likely pass through Bolivia in reasonably large numbers during migration, in addition
to breeding or wintering there. The highest elevational record for five of these nine species (E. a.
chilensis, M. swainsoni, E. v. varius, E. a. aurantioatrocristatus, and T. s. savana) was recorded
from mid to late March. Because these species are present in Bolivia for an average of roughly
eight months of the year (either as breeders and transients or as winterers and transients), the
expected chance of observing a high elevational record during any particular month is approxi-
mately 12.5 percent. That high elevational records for five of nine species are from March is a
highly significant result (x> = 18; d.f. = 1; p < 0.0001), and suggests either that portions of the
Bolivian high Andes may lie along fall migration routes, or that elevational vagrants tend to occur
in the Andes during fall migration. T. A. Parker (pers. comm.) and B. M. Whitney (in litt.) have
noted “fallouts” or unusual numbers of migrants, especially tyrannids, along the base of the Andes
in depto. Santa Cruz in the southern fall, indicating that at least the eastern slopes of the Andes
may be important as a fall migration route (or a possible source of vagrants). The geographical
position of the central and southern Bolivian (and northern Argentine) Cordillera Oriental, where
the Andes reach their easternmost point, places these mountains on the most direct route between
much of Argentina and western Amazonia, and provides at least circumstantial geographical sup-
port for this hypothesis. That migration routes may differ in spring and fall is supported by the
observations of Davis (1993) in lowland depto. Santa Cruz, who noted two of four long-distance
transient flycatchers (Elaenia spectabilis, Myiarchus swainsoni) only during spring migration (Sep-
tember, October, and November).

Timing of migration.—Although analysis of timing of migration using specimens is best ac-
complished with a large data set from the entirety of a species’ range, data available from
specimens from Bolivia (e.g., specimens with high levels of subcutaneous fat, specimens from
areas of passage migration only, and early and late dates of occurrence on breeding and wintering
grounds) are potentially useful for examining timing of migration. Indeed, several patterns
emerge from analysis of the data for Bolivia alone and are corroborated by available data from
other regions.

Data for eight species for which sufficient spring and fall data are available indicate that spring
migration of Bolivian flycatchers occurs generally from September to November, and fall mi-
gration from March to May (Table 8). However, analysis of timing of migration of individual
species suggests that intraspecific variation in timing is extensive. This is particularly clear in
the data for spring migrations of E. parvirostris, E. aurantioatrocristatus, and T. savana, which
show strong indications of migration occurring over periods of two months or more, from early-
to-mid September to early-to-mid November. Given the relatively compressed breeding area of
southern South America, relative to the wintering area apparently available to austral migrants
(cf. the situation for many Nearctic-Neotropical migrants; Chesser 1994), one might predict that
populations of many austral migrants are limited by habitat on their breeding grounds, and that
selection for timing of spring migration in the austral system would be relatively strong. Instead,
these data suggest that timing is rather relaxed, at least for the species considered here.

Several deviations from the general pattern of timing of migration, or timing that occurs rather
early or late within the general period, are evident among austral migrant tyrannids in Bolivia.
The most obvious of these is the late migration of Pseudocolopteryx acutipennis, for which there
are breeding range records from 17 December to 20 April and non-breeding records from 2 May
to 5 December (Figure 2). These data are supported by the available specimens from breeding
areas in northwestern Argentina, where records extend from December through early May, and
with observations that the species arrives in the Cachi area of pcia. Salta (Argentina) in mid-
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December (B. M. Whitney, in litt.) and that it is still fledging young in early April in depto.
Cochabamba, Bolivia (B. M. Whitney, in litt.), although Fjeldsd and Krabbe (1990) reported
nesting in northwestern Argentina in November. Relatively late timing of spring migration also
seems to be characteristic of Elaenia s. spectabilis (Table 8), although not to the extent of that
of P. acutipennis. Spring migration of E. spectabilis appears to occur only in late October and
November; this is further supported by a series of specimens with no fat from the Bolivian
wintering grounds in early- to mid-October (LSUMZ 124540—42, 125913-15).

A second pattern involves early timing of spring migration among the ground-tyrant genera
Muscisaxicola and Agriornis. Late records from the Bolivian non-breeding range of seven of these
species, excluding only the uncommon Muscisaxicola frontalis and Agriormis m. microptera, range
from 5 September to 13 October, with only two records after 18 September. It therefore appears
that these species are uniformly early spring migrants from Bolivia, with most individuals presum-
ably beginning migration in August and early September. This suggestion is supported for at least
one of these species by data from Humphrey et al. (1970), who noted that Muscisaxicola capistrata
arrives on Isla Grande, Tierra del Fuego, in early September (cf. Elaenia albiceps chilensis, for
which the earliest record for Isla Grande is 14 October [Humphrey et al. 1970]).

Presumably such deviations are related to timing of breeding (or activities associated with
breeding, such as territory settlement), which in temperate areas is apparently closely tied to
annual peaks in food availability (Lack 1954; Perrins 1970; Martin 1987). Thus one would
predict that the food relied upon by nesting ground tyrannids reaches its most abundant stage
earlier than, and that of Pseudocolopteryx acutipennis later than, that of most other tyrant-
flycatchers, or that early arrival or territory settlement is especially important for ground tyrants.
Late migrations in some other austral migrant species (e.g., some Sporophila seedeaters) are
believed to be related to seasonality of food resources (seeds, for these species) on their breeding
grounds (Remsen and Hunn 1979), and high abundance of migrant birds on the Planalto Central
of Brazil has been linked to periods of great insect abundance (Negret 1988). The unusual
migrations of P. acutipennis are particularly intriguing, for other high Andean and temperate
marsh-nesting species (e.g., Tachuris rubrigastra, Phleocryptes melanops) do not appear to share
the same annual cycle (see data on earlier nesting in Pefia 1987, Fjeldsd and Krabbe 1990); this
would be a rewarding avenue for future research.

Other issues.—This study was based upon the most traditional and data-rich method of de-
termining migrations of birds: a thorough geographical and seasonal investigation of legitimate
records and observations of particular species. Although bird-banding potentially yields valuable
information not obtainable through analysis of seasonal distributional records, such data are slow
in accumulating and should not be viewed as a panacea. Recovery of a banded bird provides
two data points only, and in South America, particularly Amazonia, recoveries of banded mi-
grants, especially small passerines, will likely be rather rare, even if and when banding programs
become more common. In contrast, the data points provided by seasonal distributional records
of South American birds are many and continue to increase.

Nevertheless, it must be emphasized that, even in areas where collecting or observational activity
has been plentiful, absence of records during a particular season does not necessarily indicate
absence of the species. Such information is compelling, however, when combined with data indi-
cating presence of the same species in other areas during the same season that the species is absent
in a given region (and vice-versa). The only other explanation for this phenomenon would be
massive geographical and seasonal sampling error, an extremely unlikely possibility.

The sampling error argument is potentially applicable to the elevational data presented here, as
well as the geographical information; that is, that the elevational patterns observed are the result of
inadequate collection or observation at particular elevations during certain seasons. If this were the
case, one would expect to find few, if any, species resident at the elevations that produced the bias;
and one would expect to find patterns of bias such that changes in elevational distribution would be
the same for different species at similar elevations. However, species were found to be resident at
all elevations considered, from the lowlands to the puna zone, and those species exhibiting seasonal
differences in elevation frequently differed in pattern of elevational change (Table 7).

Migration of birds in at least some portions of Bolivia was previously discussed or mentioned
by Olrog (1963), Pearson (1980), and Davis (1993). The species considered in this paper as
austral migrants include all tyrannids listed as long-distance migrants by Pearson and Davis for
their study areas. Two other species designated here as austral migrants (Myiophobus fasciatus
and Casiornis rufa) were considered local migrants at the study site of Davis (1993); investi-
gation at a larger scale reveals these species to be true austral migrants.

Olrog (1963) reported having observed migratory (“‘migratorio”) or displacement (*‘despla-
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zamiento’’) behavior in six tyrannids not considered here to be austral migrants (Tolmomyias
sulphurescens grisescens [pallescens?], Ochthoeca r. rufipectoralis, Ochthoeca cinnamomeiv-
entris thoracica, Myiotheretes striaticollis pallidus, Xolmis cinerea, and Knipolegus signatus
cabanisi), as well as four thought to be migratory (Knipolegus striaticeps, Knipolegus hudsoni,
Mpyiarchus t. tyrannulus, and Myiarchus swainsoni ferocior). Movements of the former six taxa
would appear to be strictly local or elevational movements, and not evidence of austral migration.
Significantly, Olrog, in his final checklist of the avifauna of Argentina (1979), mentioned mi-
gration of only the latter four tyrannids in describing their continent-wide geographical ranges;
the former six were either tacitly considered resident, or had not been recorded in Argentina and
thus were not discussed (in the case of the two Ochthoeca species).

Nevertheless, Bolivian flycatchers not considered here may eventually prove to be austral
migrants, and many species will certainly be shown to undergo elevational or local movements.
Moreover, it should be emphasized that the geographical and elevational range boundaries given
for migrants are approximations, and that further fieldwork will likely demonstrate that migratory
patterns of a number of species differ from those presented here. There are great opportunities
for research on migrants in Bolivia and elsewhere in South America, and studies of these taxa
are strongly encouraged. For Bolivia, collections in the northern portion of the country from
December or January, or year-round fieldwork there, would be particularly helpful in sorting out
migration patterns of many species.
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A NEW LOOK AT THE “SPECIES-POOR” CENTRAL
AMAZON: THE AVIFAUNA
NORTH OF MANAUS, BRAZIL
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\Projeto Dindmica Biolégica de Fragmentos Florestais, INPA Ecologia,
C. P. 478, Manaus, Amazonas 69011, Brazil,
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‘Department of Biological Sciences, Southeastern Louisiana University,
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ABsTRACT.—The birds of the Fazendas Dimona, Porto Alegre, and Esteio, and adjacent
areas, ca. 80 km north of Manaus, Amazonas, Brazil, have been intensively studied since
1979. Stotz and Bierregaard (1989) published a list of 352 species, based on seven years
of study. Here we modify that list based on an additional eight years of work at the
same sites. We add 49 species, revise the identification of four species, and remove seven
species, for a total of 394 species. We also list 12 additional species as ‘‘hypothetical,”
requiring further substantiation, and revise the status of numerous species. Additions
include 22 species believed to have been overlooked previously, 15 species believed to
have colonized the area recently in response to anthropogenic change, and 12 species
that are probably vagrants from habitats not well represented in the study area. Status
revisions reflect an increase in availability and diversity of secondary habitats or better
knowledge of vocalizations of birds that are much more commonly heard than seen.
Specimens indicate that Campylorhamphus procurvoides and Hemitriccus zosterops, not
C. trochilirostris and H. minor, are present at the site. We also present evidence that
Hemitriccus z. zosterops and H. z. griseipectus are distinct species, and we report the
first Brazilian records (including specimens) of Phylloscartes virescens.

Comparison with the avifauna of two well-studied sites in Amazonian Peru, Manu
National Park and Tambopata Reserve, reveals similar species richness in the terra firme
forest component of all three sites. The difference in richness between the sites is because
of the variety of habitat types present at each. We suggest that habitat heterogeneity, not
primary productivity or rainfall as have been proposed elsewhere, is the major deter-
minant of patterns in bird species richness within Amazonia.

RESUMO.—As aves das fazendas Dimona, Porto Alegre, e Esteio, e das dreas adjacen-
tes, a cerca de 80 km ao norte de Manaus, Amazonas, Brasil, foram estudadas intensi-
vamente desde 1979. Stotz e Bierregaard (1989) publicaram uma lista com 352 espécies,
baseada em sete anos de estudo. Modificamos essa lista a partir de mais oito anos
trabalhando nas mesmas 4reas. Acrescentamos 49 espécies, corrigimos a identificagio de
quatro, e removemos sete, resultando num total de 394 espécies. Também listamos doze
espécies adicionais como ‘‘hipotéticas,” que necessitam maiores evidéncias de sua ocor-
réncia, e revisamos o status de virias espécies. Adi¢Ges incluem 22 espécies provavel-
mente negligenciadas anteriormente, 15 espécies que acreditamos terem colonizado a
drea recentemente em resposta a mudangas antropogénicas, e 12 espécies que provavel-
mente sfo visitantes irregulares de ambientes pouco representados na irea de estudo. As
revisbes de status refletem um aumento na disponibilidade e diversidade de vegetagdo
secundédria e um maijor conhecimento das vocalizagbes de aves que sdo muito mais
comumente ouvidas do que vistas. Espécimes indicam a presenga na irea de estudo de
Campylorhamphus procurvoides e Hemitriccus zosterops, em vez de C. trochilirostris e
H. minor. Também apresentamos evidéncia de que Hemitriccus z. zosterops ¢ H. z.
griseipectus sao espécies distintas, e confirmamos com exemplares o primeiro registro
de Phylloscartes virescens para o Brasil.

A comparagiio desta avifauna com a de duas 4reas igualmente bem conhecidas na
Amazénia peruana, o Parque Nacional de Manu e a Reserva Tambopata, revela uma
riqueza de espécies semelhante nas 4reas de floresta de terra firme dos tres locais. A
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maior riqueza total nas dreas peruanas € devido A maior variedade de tipos de habitats
presentes. Sugerimos que a heterogeneidade de habitats é o maior fator determinante de
padrdes de riqueza de espécies de aves dentro da Amazdnia, em vez da produtividade
priméria ou pluviosidade propostas anteriormente.

Accurate and complete avifaunal site lists are a cornerstone in improved understanding of
avian biogeography and community ecology. With recent improvement in knowledge of vocal-
izations and with new, high-quality field guides, skilled observers can produce reasonably ac-
curate species lists for many Neotropical sites. However, considerable research (including tax-
onomic revision) remains to be done before identification to species will be acceptable without
tangible evidence (voucher specimens, tape-recordings, or photographs). Perhaps even more
daunting than accuracy, however, in the species-rich Neotropics is completeness of species lists.
Most lists are based on short-term samples and qualify only as preliminary. To enable meaningful
comparison between sites or over extended time intervals, complete lists are needed; these are
labor-intensive.

Until recently, all avifaunal site lists from Amazonia were preliminary in nature. One of the
most-studied sites in all of South America is in Manu National Park in Amazonian Peru, where
John Terborgh and his students have been working at the Cocha Cashu Research Station since
1973 (Terborgh et al. 1990). The Cocha Cashu bird list (in Karr et al. 1990) is probably the
most complete published list for any South American, and certainly any Amazonian, location.
The recently published list (Parker et al. 1994) for nearby Tambopata Nature Reserve, also in
Peru, may rival Cocha Cashu in completeness.

The subject of our study is the reserves of the Biological Dynamics of Forest Fragments
Project (BDFFP, formerly Minimum Critical Size of Ecosystems Project) north of Manaus in
central Amazonian Brazil. This is probably the most intensively studied area in central Amazonia.
Ecological studies began at the site in 1979, aimed at examining the effects of fragmentation of
continuous forest on a wide variety of organisms and abiotic parameters (see Lovejoy and Bier-
regaard 1990 for a history of the project). Ornithological investigations have been a major
component of the project. A program of mist-netting in the understory of continuous forest and
fragments of one, 10, and 100 ha began in 1979 and has continued nearly uninterrupted since
then (see Lovejoy 1985; Bierregaard and Lovejoy 1988, 1989; Bierregaard 1990a, b; Stouffer
and Bierregaard 1995a, b). Other studies have dealt with focal species or groups, especially those
not sampled in mist nets (Bierregaard 1984, 1988; Quintela-Almeida 1985; Bierregaard et al.
1987; Harper 1987, 1989; Quintela 1987; Klein and Bierregaard 1988a, b; Klein et al. 1988;
Mesquita 1989; Powell 1989; Stotz et al. 1992; Cohn-Haft 1993, 1995; Stouffer and Bierregaard
1993; Whittaker 1993, 1995; Borges 1995), and scores of volunteer banders and visitors have
contributed their observations.

Stotz and Bierregaard (1989) listed the bird species known in the BDFFP reserves as of 1987,
after seven years of study. Since then, an increased emphasis on vocal recording, auditory and
visual censuses, and use of a canopy tower (see Methods) have added numerous species to the
project’s avifauna. Habitat change within the study area, mostly in the form of abandonment of
pasture and subsequent regeneration of second-growth forest, and encroaching deforestation
along the road from Manaus have probably led to colonization by some species and changes in
abundance of others. Finally, specimen collecting has permitted a closer examination of some
difficult species, leading in some cases to reidentification of species previously listed. Here we
present a modified list of bird species from the BDFFP site and adjacent areas, based on an
additional six years of field work, incorporating increased knowledge of the birds, changes in
abundance, and documentation of evidence for inclusion. We discuss the differences between
this list and the earlier one and lists from other Amazonian sites. Our approach emphasizes the
study area as a whole and any changes on a regional scale. Detailed treatment of the effect of
habitat fragmentation on a local scale is covered elsewhere (e.g., Stouffer and Bierregaard 1995a,
b; Bierregaard and Stouffer 1997).

STUDY AREA

The BDFFP study site, about 80 km north of Manaus, Brazil, is located on three adjacent
15,000 ha ranches partially deforested for cattle pastures (fazendas Dimona, Porto Alegre, and
Esteio, 60°W, 2°20’'S; Fig. 1). In addition to the fazendas, the exclusive focus of Stotz and
Bierregaard’s (1989) list, we include the area swrrounding a 40-m tower, located on the ZF-2
road, and the intervening region (Fig. 1). We do not include a large, isolated, white-sand campina
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FiG. 1. Map of Manaus (1) and area to north, showing study area (outlined in white), Reserva Ducke
(2), and locations of the tower on the ZF-2 road (3) and of the campina (4). Dark gray represents primary
forest, light gray is secondary forest, and white represents open areas such as pastures, roads, and urban
construction. The fazendas studied by Stotz and Bierregaard (1989) are in the upper part of the study area,
centered around the large areas of pasture and second growth. Map based on Landsat TM image; bands
3.4,5; 22 May 1992; source INPE.



208 ORNITHOLOGICAL MONOGRAPHS NO. 48

(see Fig. 1; described in Anderson 1981) that is roughly the same distance south of the fazendas
as the tower, because it represents a distinct habitat, not found on the fazendas (but see campi-
narana below), with an endemic avifauna (see Willis 1977; Oren 1981). The study area does
not extend farther south to avoid the direct affects of urban expansion from Manaus and to
permit comparison with Reserva Ducke (Fig. 1). Records from north of the fazendas are also
excluded because there is a small river (Rio Urubu) and a marked change in terrain (including
the presence of rocks, greater relief, and caves) roughly 100 km north of Manaus. Several bird
species known from that region that have not been recorded closer to Manaus (see Discussion).

The site was continuous forest until the late 1970s, when some development began, consisting
mostly of land clearing for cattle pasture. Stotz and Bierregaard (1989) reported that 10,000 ha
had been cleared from the fazendas by the middle 1980s. Since that time almost no new land
has been cleared, and much pastureland has been abandoned. The second-growth forest, formed
on abandoned clearings, is all less than 15 years old and of known history (R. Mesquita, unpubl.
data). Disturbance is still minimal to the north, east, and west of the site, where the forest
stretches for hundreds of kilometers. To the south there is increasing disturbance, including some
fairly large farms, but even near Manaus clearing is only close to existing roads. Primary forest
connecting the study area to Reserva Ducke and the outskirts of Manaus is interrupted in most
places by only one or two narrow roads. The main road north out of Manaus, BR-174, is
gradually being paved, and this will undoubtedly bring with it increasing settlement and hunting
pressure. Game animals (such as monkeys and cracids) and large predators (such as jaguars,
Felis onca, and pumas, F. concolor) persist in the study area in good numbers, although local
ranchers and weekend hunters from Manaus exert some pressure on these species.

The study area is roughly 500 km?, made up mostly of primary terra firme forest, but con-
taining several “‘islands” of disturbed habitats connected to each other (and eventually to a larger
region of disturbed habitat, Manaus, and the Rio Negro) by narrow dirt roads (Fig. 1). There
are two major types of second growth present, tall second growth dominated by Cecropia scia-
dophylla and a shrubbier vegetation dominated by Vismia spp. Both types occur on abandoned
pastures, depending on land use before abandonment, and in narrow belts fringing the dirt roads
cut through primary forest. Some Cecropia stands are as tall as 20 m and provide a dark, open
understory much like primary forest. Details of bird use of these two kinds of second growth,
which are not distinguished in this study, were studied by Borges (1995). Open water is restricted
to four or five (depending on rainfall) small ponds formed in the middle of pasture and one
seasonal pond occuring naturally in the midst of undisturbed forest.

The primary forest in the study area has been described in detail elsewhere (Lovejoy and
Bierregaard 1990). Important features are a canopy height of ca. 30 m, with occasional taller
emergents, open understory dominated by stemless palms, a relatively closed canopy, except for
areas of treefall gaps, high tree species diversity, and fairly low epiphyte loads. There is little
macro-relief and no major watercourse, but small streams (less than 2 m across and 1 m deep)
have eroded many steep valleys 10—30 m deep. Annual rainfall averages about 2,200 mm, with
an annual peak in March and April and a pronounced dry season from July through September
(MME 1978, Stouffer and Bierregaard 1993).

Relative to many Amazonian sites, the study area has low habitat heterogeneity. There is no
equivalent to Manu’s ““floodplain” or bottomland forest, that is, forest on flat, ancient alluvial
plain, not subject to annual flooding. There is also no seasonally flooded forest (vdrzea or igapd),
no bamboo, nor oxbow lakes—all habitat types associated with specialized fauna. White-sand
campina scrub and woodland (‘“Amazonian white-sand caatinga’ of Anderson 1981) is an im-
portant and locally distributed vegetation type in the Manaus region, with a characteristic avi-
fauna. Only one small patch of this vegetation, surrounded by typical terra firme forest, is known
within the study area, and it is a closed-canopy woodland (campinarana), not a fully developed
scrub (campina); consequently, it lacks species typical of more open campinas (e.g., Elaenia
ruficeps; Oren 1981).

METHODS

This study includes all bird species observed in the study area during the entire 15-yr history
of the BDFFP through 1994. Our own work over an 8-yr period (1987-1994) immediately
follows the period (1979-1986) covered by Stotz and Bierregaard’s (1989) list, and provides the
basis for determination of species status and any changes believed to have occurred in the
project’s duration. Whittaker and Cohn-Haft began working in the area in 1987, and Stouffer
began in 1991. We each worked in various parts of the study area at all times of year, focusing
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on a variety of research objectives (described elsewhere), during which time the data for this
paper were incidentally gathered. Cohn-Haft worked mostly in unbroken primary forest and
collected specimens during a study of bird diets (Cohn-Haft 1995). Whittaker and Stouffer fo-
cused more on disturbed forest, surveying birds in isolated forest fragments and studying avian
use of forest edge and second growth, respectively. All of us ran mist nets in continuous forest
and isolated patches at one time or another, as well as conducted general avian surveys using
tape recorders, both for playback and for documentation; we have also made over 50 morning
bird surveys from the tower. Our field work was facilitated by, but not limited to, grid systems
(100 or 200 m) of narrow trails in demarcated study plots and small rustic camps located within
the study area. In addition to our own observations, we drew on observations of other project
participants over the years, the project’s database of more than 50,000 mist net captures in over
150,000 net-hours, and previously published records from the tower (Bierregaard 1982).

We expanded the study area to include the tower because it permitted a better assessment of
the abundance of canopy species. Although this extended the region covered by some 15 km to
the south beyond that of Stotz and Bierregaard (1989), the overall areal extent of coverage is
only minimally increased by that amount visible from the tower itself and from the roads leading
to it. Our extensive observations from the tower and mist-netting below it (unpubl. data) reveal
that the avifauna is essentially identical to that of the BDFFP reserves. Therefore, we do not
attribute any differences between our results and those of Stotz and Bierregaard (1989) to in-
crease in area studied (see Discussion).

Status categories—Species’ abundance was determined subjectively, combining frequency of
detection (visual or auditory) and capture rate to reflect our impression of actual population
density in preferred habitat. This differs from the categories of Stotz and Bierregaard (1989) in
having one fewer category (their ““fairly common” is usually subsumed in our ‘“common’’) and
in not being based on quasi-quantitative rates of detection, which we believe are strongly meth-
ods-biased. Thus, our ratings represent dimensionless hypotheses of density that can (and should)
be tested by quantitative census techniques (e.g., Terborgh et al. 1990). “Common” is used for
species believed to occur everywhere in appropriate habitat; for small passerines this probably
translates to contiguous territories up to roughly 15 ha each (unpubl. data). Species listed as
‘“uncommon” occur in most, but not all seemingly appropriate habitat and probably have den-
sities roughly an order of magnitude lower than common species. ‘‘Rare’” species appear to be
absent from more appropriate habitat than that in which they occur and probably have densities
an order of magnitude lower than uncommon species. These three coarse categories include all
species that we consider the “‘core avifauna” (Remsen 1994) at our site. In addition, we use
“‘casual” (equivalent to ‘‘extremely rare” of Stotz and Bierregaard [1989]) for species registered
three or fewer times. Unlike the other abundance categories, ““‘casual” is based strictly on number
of detections and may include vagrants as well as extremely low-density or sporadic residents,
which our limited data are unable to distinguish. The single abundance rating giving to each
species refers to its period of greatest abundance. For species with variable annual abundance,
seasonal status was rated as ‘“‘austral migrant” (present April-September), ‘‘boreal migrant’
(usually October—April, but shorebirds arrive much earlier; see Stotz et al. 1992), or as having
“unspecified movements” of undetermined seasonality, possibly at a local scale, leading to
periods of lower abundance or absence.

Birds were classed with respect to habitat and microhabitat. We distinguished five major
habitat types: primary terra firme forest; secondary forest, of which specific types and age classes
were not differentiated; pasture, often including some low bushes, solitary tall trees and snags,
and fences; open water, in the form of ponds either in pasture or in forest; and campinarana.
These categories are similar but not identical to those used by Stotz and Bierregaard (1989). We
do not consider treefall gaps, edges, small woodland streams (igarapés), and overhead airspace
as major habitats, but rather as microhabitats within the above habitat types. Other microhabitats
or positions (including vertical strata) were also recognized: terrestrial, understory, midstory,
canopy, water surface.

Following Stotz and Bierregaard (1989), we use ‘‘sociality” to refer to intra- and interspecific
associations of each species (i.e., pairs, monospecific flocks, mixed-species flocks, etc.). To these
categories, we added ‘‘lekking” for species in which males are usually gathered at communal
display grounds (e.g., some hummingbirds and manakins).

Evidence documenting each species was ranked heirarchically, and only the highest quality
evidence available for each species is listed (Appendix). We consider the best evidence to be a
specimen. Next is a permanent record, either a photograph or tape recording, which can be used
to confirm identification to species in most cases. Third is a capture record, that is, an in-hand
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sight record augmented by some morphometrics (usually wing chord, tail, and weight) that could
help to confirm identification. The lowest form of evidence are field observations, either sighting
or vocalization heard. A few species based only on sight records are listed separately as ‘hy-
pothetical,” meaning that the species was positively identified by the observer, but that such an
identification requires a higher category of evidence for inclusion in the main list. This is used
for especially difficult field identifications or species deemed very unlikely to occur by range.

The taxonomy used here follows Morony et al. (1975 and corrigenda) except for the Ardeidae
and the expanded Emberizidae, which follow the AOU Check-list (1983), and the Tyrannidae,
Cotingidae, and Pipridae, which follow Traylor (1979). Other minor exceptions, including any
differences in nomenclature from that used by Stotz and Bierregaard (1989), are explained in
footnotes to the Appendix.

All specimens were registered at the Museu Paraense Emilio Goeldi (MPEG) in Belém and
will be deposited there, at the Louisiana State University Museum of Natural Science (LSUMZ)
in Baton Rouge, or at the National Museum of Natural History (USNM) in Washington, D.C.
Specimens are referred to by preparator’s field number, pending final deposition. Tape recordings
are or will be deposited at the Cornell Library of Natural Sounds (LNS) and the Arquivo Sonoro
Natural (ASN) in Campinas. Photographs are or will be deposited at Visual Resources in Or-
nithology (VIREO) in Philadelphia.

RESULTS

As of January 1995, 394 bird species were recorded in the study area (Appendix); in addition
to these we list another 12 species as “‘hypothetical” (see Table 4). Seven species included in
Stotz and Bierregaard’s (1989) list of 352 species were removed, four were reidentified, and 49
species were added.

REMOVALS

Earlier inclusion of Tinamus guttatus was based on vocalizations and two mist net captures.
Examination of the capture records revealed a carefully described adult Crypturellus variegatus,
with appropriate measurements, and a small chick, doubtfully identifiable to species. Identifi-
cation of tinamous by voice has improved considerably in the decade since T. guttatus was
placed on the reserve list (although there is still much to learn and recording accompanied by
playback and collection is badly needed to resolve remaining problems). We have never heard
in the study area the vocalization we attribute to this species elsewhere in Amazonia, based on
recordings at LNS: two clear, whistled notes. The vocalization previously ascribed to this species
(D. Stotz, in litt.) may be that of T. major, which we hear frequently during the rainy season: a
single, clear whistle followed by a tremulous descending note. Vocalizations of C. brevirostris
(see below) may also have been attributed to 7. guttatus. Considering that T. guttatus has never
been seen in the reserves (despite frequent sight records of 7. major and C. variegatus) in nearly
15 years of work and that it is unknown north of the Amazon and east of the Rio Negro, we
doubt that the species is present in the study area. We have placed it on the hypothetical list.

The identification of Aramides calopterus, known in the area from a single sight record (Stotz
and Bierregaard 1989), was based on the terse plumage descriptions in Meyer de Schauensee
(1970) and may have been erroneous (D. Stotz and R. Bierregaard, pers. comm.). Because the
species is otherwise unknown from the region east of the Negro and north of the Amazon rivers,
we have listed it as hypothetical from our study area.

Nyctiphrynus. ocellatus had been listed on the basis of a single vocal record (D. Stotz, pers
comm.). Although the vocalization is fairly distinctive, we suspect that the species was included
erroneously, and so we list it as hypothetical. We have never heard the characteristic song despite
scores of hours of night survey work in appropriate habitat. In regions where it occurs this
species is normally fairly common and readily detected in primary forest, so we doubt we have
overlooked it. It is not known from the Guianas or from Brazil north of the Amazon and east
of the Negro rivers, so its presence at Manaus would represent a major range extension.

Myrmotherula surinamensis was included earlier based on a single record lacking habitat
description (D. Stotz, pers. comm.). Considering recent discoveries of extremely similar-looking
M. klagesi and M. cherriei near Manaus (Cohn-Haft, unpubl. data), and the preference by all
three species for seasonally flooded river- or lake-edge habitats, we prefer to list M. surinamensis
as hypothetical. To our knowledge, there are no specimens of M. surinamensis from the Manaus
area (see Gyldenstolpe 1930), although its occurrence in appropriate habitat is to be expected.

Hypocnemoides melanopogon was included earlier on the basis of a single record from ca.
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km 100 of the BR-174 along the Rio Urubu (D. Stotz, pers. comm.). This is outside of the study
area and so we have removed the species entirely from the BDFFP avifauna. There is probably
no appropriate habitat for it in the reserves, although it could appear as a vagrant.

Hylophilus brunneiceps is associated with white-sand vegetation, especially along the upper
Rio Negro, and is not known from specimens near Manaus (Oren 1981). Like other campina
specialists, it could certainly appear in our area, although we have never registered it. Given the
difficulties in greenlet identification and apparently considerable earlier confusion (see ‘“‘Reiden-
tifications™ below), we prefer to list D. Stotz’s single sight record as hypothetical.

Conirostrum bicolor was included earlier based on a single record included among the BDFFP
notes from the earliest years (D. Stotz, pers. comm.). In central Amazonia, this species occurs
in seasonally flooded vegetation along white-water rivers, so we feel its appearance in the study
area is very unlikely. We list it as hypothetical.

REIDENTIFICATIONS

We question the identification of Forpus passerinus (including one record of our own). In the
city of Manaus and in disturbed and river-edge habitats nearby, we have only positively identified
F. crassirostris. (Note, as pointed out to us by D. E Stotz [in litt.], that F. crassirostris is the
correct name for the species commonly called F. xanthopterygius; see Pinto 1978.) Although
both species are possible by range (and some authors consider them conspecific), they are dif-
ficult to distinguish. We are not convinced that the few sight records of Forpus parrotlets from
the study area refer to F. passerinus, best told from F. crassirostris by the absence of a blue
rump in the male; we prefer to list “Forpus sp.” in recognition of the need for better documen-
tation. Bierregaard (1982) listed a single sight record of “Forpus cf. sclateri” from the tower,
which we suspect refers to the same taxon as the other study-area sightings.

The scythebill found at Manaus was identified as Campylorhamphus trochilirostris by Stotz
and Bierregaard (1989), after Willis (1977) reported C. procurvoides from Reserva Ducke. Ma-
naus birds had long been recognized to bear the most conspicuous distinguishing field mark for
C. procurvoides north of the Amazon, the unstreaked mantle (Meyer de Schauensee 1970; Hilty
and Brown 1986; Ridgely and Tudor 1994); nevertheless, this identification was overruled by
bill measurements of netted birds and of a single specimen (D. Stotz, pers. comm.), which we
were unable to locate. A recent specimen (MCH 225) from the study site, however, is indistin-
guishable in plumage from a series of nominate C. p. procurvoides at the American Museum of
Natural History. The unstreaked mantle, sagittate breast streaks (vs. long, linear stripes) not
extending to the belly and lacking conspicuous dark borders, and the generally browner, less
rufescent ground color clearly distinguish this form from any C. trochilirostris subspecies found
in nearby regions. The bill chord of our specimen (63 mm, measured from base of bill) and of
netted birds (BDFF Project, unpubl. data) is longer than expected for C. procurvoides (46-56
mm) and within the range for C. trochilirostris (58—-64 mm), according to Hilty and Brown
(1986). Those measurements, however, may only apply to forms found in Colombia because,
among central Amazonian forms of the two species, Zimmer (1934) found a considerable range
of overlap (56—-61 mm). Zimmer also noted that bill length, as measured along the curve of the
culmen, is similar in the two species, the generally shorter chord length of procurvoides indi-
cating the deeper curvature of that species’ bill. We are unable to place all specimens to species
by subjective estimation of bill curvature and, pending larger samples of consistently measured
bills, we suggest that neither curvature nor chord length is diagnostic at the species level. Zimmer
(1934) proposed that tarsus length might consistently distinguish procurvoides (18—-20 mm) from
trochilirostris (21-23 mm); the tarsus of our specimen (18.7 mm) supports that dichotomy.

We are confident that C. procurvoides is the only regularly occurring scythebill in the terra
firme forest north of Manaus. The species has been known from Manaus since Hellmayr’s (1925)
accurate reidentification as procurvoides of a ““trochilirostris’ specimen collected by Natterer
in 1833 (Natural History Museum of Vienna 15911, examined by Cohn-Haft). Zimmer (1934)
apparently overlooked this but, without access to the specimen, independently suspected it might
be procurvoides. Subsequently, Peters (1951) did not include Manaus within the range of any
scythebill. To our knowledge, the Manaus area represents a gap in the central Amazonian dis-
tribution of trochilirostris, falling between two distinct subspecies, C. t. notabilis to the south
and C. t. snethlageae occurring as close as Faro, 400 km east of Manaus on the same side of
the Amazon and Negro (Zimmer 1934). In general, the distribution of C. trochilirostris is mostly
peripheral to the Amazon basin, in which procurvoides is widespread (see maps in Ridgely and
Tudor 1994). In areas of sympatry in central Amazonia, trochilirostris is apparently restricted



212 ORNITHOLOGICAL MONOGRAPHS NO. 48

N 6 A B b
= |
:“‘ AA N "y Pt
g [ f _‘frui)acsvnhnrq.qﬁb.ﬁ t\ h )\ ﬂ A ‘
S 29 4 CARAARARRAAR R A & A & 4 4 2
g |
g : , ' o
0.0 0.2 0.4 0.6 0.0 0.1

Time (seconds)

FIG. 2. Song of (A) Hemitriccus z. zosterops (from study site north of Manaus, Brazil; recorded by MCH)
and (B) H. z. griseipectus (Tambopata Reserve, Madre de Dios, Peru; recorded by T. Parker; LNS 12872).
Sound spectrograms were produced using Canary software of the Bioacoustics Research Program of the
Cornell Laboratory of Ornithology, Ithaca, New York.

to seasonally flooded forest (E. Snethlage in Zimmer 1934). Thus, we predict that (1) if trochi-
lirostris is found to occur near Manaus, it will inhabit vdrzea forest (not present at our site),
and (2) procurvoides will prove to be resident in terra firme forest throughout the region between
Manaus and Guyana (shown as distributional gap on map in Ridgely and Tudor 1994: 213).
Although there is considerable geographic variation in both species and a thorough taxonomic
revision is needed, the form occurring at our site, nominate procurvoides, is unlikely to be
affected by revision.

Earlier identification of Hemitriccus minor (Bierregaard 1982, Stotz and Bierregaard 1989)
was based on morphometrics of netted birds and similarity of the voice to that of H. minor in
Rondonia. Specimens collected in the reserves (MCH 14, 56, 96, 97, 109), however, have con-
firmed the identification as H. zosterops, by such diagnostic characters as wing formula and
nostril shape (Hellmayr 1927, Zimmer 1940, Cohn-Haft 1996). The form of H. zosterops found
in the reserves is the nominate subspecies (following the taxonomy of Traylor 1979), widespread
in Amazonia north of the Amazon River. This yellow-bellied form looks much like H. minor in
plumage, but is slightly larger. Because Hemitriccus spp. are sexually dimorphic in size (females
smaller; Zimmer 1940) and because female zosterops overlaps in size with male minor (Cohn-
Haft, unpubl. data), small, sex-blind samples could easily fail to distinguish the two morpho-
metrically. In the field they are virtually identical, nominate zosterops differing subtly from minor
by more conspicuous wingbars, more distinctly streaked throat, greenish-white as opposed to
beige-white iris, white versus white-to-buffy eyering, all-black mandible versus variable amounts
of pale coloration at base, and flatter culmen (see also Cohn-Haft 1996). The ‘‘tip-trill” song of
Manaus birds (Fig. 2A), described by Stotz and Bierregaard (1989), closely resembles songs of
H. minor, as well as both Lophotriccus species found in the study area. The song of H. zosterops,
however, differs from all of these by always beginning with a “‘tip”’ note and by gradually
slowing throughout the trill (Cohn-Haft 1996). Near Manaus, H. minor occurs only in igapd
(unpubl. data), and the species is unknown from the region east of the Rio Negro and north of
the Amazon, except in French Guiana (Tostain et al. 1992), where we question the identification.
A specimen from Surinam (Haverschmidt 1968) proved to refer to nominate zosterops (see
Ridgely and Tudor 1994).

Proper identification of the Manaus birds is further complicated by the fact that H. z. grisei-
pectus, the familiar ‘“‘zosterops™ to workers in southern Amazonia, looks and sounds more dif-
ferent from the Manaus form than does H. minor. White-bellied, gray-breasted griseipectus,
found throughout Amazonia south of the Amazon River, was originally described as a full species
(Snethlage 1907). It gives a distinctly different song from nominate zosterops: a rapid, high-
pitched, metallic ‘‘ca-DEEK”’ (Fig. 2B), confirming the full species status of Hemitriccus gris-
eipectus (as accorded without justification by Sibley and Monroe [1990]).

Stotz and Bierregaard (1989) listed Hylophilus pectoralis, followed by a question mark indi-
cating doubt as to identification, as rare in primary forest. We have found H. thoracicus (not
listed by them) at only two locations in the study area, including the one where Stotz (pers.
comm.) registered the possible pectoralis, and we assume that this is the species in question.
Our identification is based on the yellowish-white iris, complete yellow pectoral band, head
lacking contrasting gray coloration, and the song (recorded) lacking the terminal trill given by
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TABLE 1
SPECIES ADDED THAT WERE PROBABLY OVERLOOKED PREVIOUSLY

Crypturellus brevirostris Chaetura chapmani Progne subis
Leptodon cayanensis Avocettula recurvirostris Riparia riparia
Chondrohierax uncinatus Chrysolampis mosquitus Vireo altiloquus
Accipiter poliogaster Pharomachrus pavoninus Piranga rubra
Coccyzus melacoryphus Ornithion inerme Tersina viridis
Ciccaba huhula Phylloscartes virescens Dendroica petechia
Nyctibius leucopterus Tyrannus tyrannus

Streptoprocne zonaris Progne tapera

pectoralis (Ridgely and Tudor 1989). Both species are fairly widespread in Amazonia, but thor-
acicus is typical of forest canopy and edge (Hilty and Brown 1986), whereas in central Amazonia
pectoralis is known only from natural savannas. Willis (1977) listed both species as occurring
just south of our study area, near but not expressly in the campina (Fig. 1). We have recorded
neither species from the campina itself, where pectoralis (and H. brunneiceps; see above) could
theoretically occur. Outside of it, we would not be surprised to find thoracicus in tall forest, and
similar-looking H. semicinereus in second growth. There is also a single record of H. thoracicus
from the tower by J. Fitzpatrick (Bierregaard 1982).

In addition to these species, Stotz and Bierregaard (1989) questioned their identifications of
Ciccaba virgata and Anthracothorax nigricollis, suggesting that the latter might be A. viridigula.
We have found both C. virgata and C. huhula in the study area (see below). The only Anthra-
cothorax species we have observed at the site is A. nigricollis. In the region, we find A. viridigula
to prefer late successional vegetation on islands in the Amazon River, although both species are
present in planted areas in the city of Manaus.

Also, several species listed in Bierregaard (1982) from the tower would be additions to the
list, but were not included because they are surely early misidentifications of similar species now
known to be regular in the area. Trogon collaris, otherwise unknown in the Manaus area, was
reported heard on a single occasion by J. Fitzpatrick; however, this species sounds similar to T.
rufus. Polioptila plumbea, which occurs near Manaus only in igapd (pers. obs.), was reported
as uncommon in canopy flocks, exactly the role filled by P. guianensis. The single record of
Nasica longirostris from the tower has since been rescinded (R. Bierregaard, pers. comm.).

ADDITIONS

To facilitate discussion of the 49 species not reported by Stotz and Bierregaard (1989), we
divided them into three groups (Tables 1-3), emphasizing what we believe are the characteristics
most responsible for the species being encountered in the study area.

The largest group of additions are 22 species that have probably always been present in the
abundance that we encountered (Table 1). Six of these (Crypturellus brevirostris, Ciccaba hu-
hula, Nyctibius leucopterus, Chaetura chapmani, Ornithion inerme, and Phylloscartes virescens)
are relatively common forest birds, present all year. With the exception of C. chapmani, all these
species are regularly heard and are much easier to detect by voice than by sight. All are either
canopy species, nocturnal, or difficult to see or identify. Specimens support identifications of N.
leucopterus (see Cohn-Haft 1993), C. chapmani (MCH 324), and P. virescens (MCH 38, 136,
137, 194). Our records and specimens of P. virescens are the first for Brazil (see Stotz 1990).
Ciccaba huhula, first sighted in the reserves by Whittaker, is the more common Ciccaba owl in
primary forest, judging by its characteristic calls and by sight records. Although we are not able
to distinguish all of its varied vocalizations from those of C. virgata, the latter is also present,
known from one capture and one sight record (Stouffer), and may prefer more disturbed forest
habitat. Ornithion inerme was first reported in the study area from the ZF-2 tower (Bierregaard
1982) and is easiest to see there, but can be heard throughout the area from primary forest
canopy.

Crypturellus brevirostris has been seen twice in the reserves (Whittaker). Before this, in
December 1989, T. Parker identified and recorded (LNS) a tinamou vocalization as a C. bartletti-
type song. Although we have never seen the singer, we believe the song belongs to C. brevi-
rostris. This is not a radical suggestion considering that the song of brevirostris is undescribed,
that bartletti is unknown north of the Amazon River,. and that the two are considered close
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TABLE 2

SPECIES ADDED SINCE 1986 THAT ARE TYPICAL OF OPEN OR SECOND-GROWTH VEGETATION AND
ARE BELIEVED TO BE RECENT ARRIVALS TO THE STUDY AREA (SEE TEXT)

Athene cunicularia Thamnophilus punctatus Manacus manacus
Phaethornis ruber Camptostoma obsoletum Sporophila bouvronides
Polytmus theresiae Phaeomyias murina Sporophila lineola
Amazilia fimbriata Elaenia chiriquensis Saltator maximus
Chelidoptera tenebrosa Pachyramphus rufus Euphonia chlorotica

relatives (Blake 1977), even conspecific by some (Hellmayr and Conover 1942). The type spec-
imen of Crypturellus brevirostris was collected in Manaus (see Hellmayr and Conover 1942),
and there is one specimen (MPEG 29939, collected in 1964) from Reserva Ducke, where we
have since heard the same song (although the species is not included on the Ducke list [Willis
1977]). The song is a prolonged series of evenly spaced pure tones, rising in pitch slightly
throughout, and reminiscent of songs of Microcerculus bambla in the same region. Prior to
Parker’s identification we had noted this vocalization frequently in our field notes without iden-
tification as to species. Judging by voice, C. brevirostris is the least common of the three tina-
mous found principally in primary terra firme forest, where it occurs exclusively, and may be
associated with small forest streams. We have heard this vocalization throughout the study area
and presume the species to be widespread in the terra firme forest north of Manaus. Although
larger and longer-billed, C. variegatus is extremely similar and would probably be difficult to
distinguish from C. brevirostris in the field, which may explain the lack of earlier sight records
or captures.

The remaining species in Table 1 are probably either resident at very low densities, vagrants
from other habitats, or are scarce long-distance migrants. Many of these prefer non-forest hab-
itats, and some (e.g., swallow spp.) are found in considerable numbers outside of our study area
(Stotz et al. 1992), but within it are generally seen as they pass overhead. Tyrannus tyrannus
and Piranga rubra breed in North America and winter in greatest numbers in western Amazonia
(see Stotz et al. 1992). Accipiter poliogaster is known in our area from two sight records from
the ZF-2 tower (Bierregaard 1982; Whittaker and K. Zimmer). The second record, of an im-
mature-plumaged individual on 13 January 1995, does not fit the pattern of austral winter records
noted in Amazonian Colombia (Hilty and Brown 1986). Avocettula recurvirostris and Chryso-
lampis mosquitus are both known at the site from single female individuals, seen on the same
day (7 November 1993) from the tower by Whittaker, K. Zimmer, and V. Emanuel. Pharomach-
rus pavoninus appears to be extremely rare in ferra firme forest north of Manaus; our record is
of a single singing male, noted repeatedly over a period of several months near a camp in
continuous forest. Tersina viridis has been seen from the tower (Whittaker) and in the canopy
of undisturbed forest on one of the fazendas (T. Towles, pers. comm.).

Another group of newly added species (15 spp.) are birds of second growth and open or
disturbed areas that are common in similar habitats closer to Manaus and appear to have colo-
nized the study area since 1987 (Table 2). Colonization by these species probably reflects gradual
northward expansion along roads from areas of more extensive habitat near Manaus. Roads
resemble rivers—being long, narrow, and bordered by disturbed habitat—and as such may fa-
cilitate the dispersal of riverine species (e.g., Chelidoptera tenebrosa, Camptostoma obsoletum,
Pachyramphus rufus) as well as inhabitants of secondary forest (e.g., Phaethornis ruber, Saltator
maximus). During our tenure at Manaus, we have noted Chelidoptera tenebrosa progressively
farther north along the BR-174 road (see Fig. 1), and Whittaker first noted it on one of the
fazendas (Dimona) on 10 September 1991. Similarly, Phaethornis ruber, whose earlier absence
was “‘particularly perplexing” to Stotz and Bierregaard (1989), and Pachyramphus rufus were
first noted on a fazenda in 1988 and have since spread and been confirmed nesting (Whittaker).
We suspect that this mode of colonization may be typical of species occupying disturbed and
second-growth habitats, and all species listed in Table 2 may be expected to increase gradually
in numbers at our site.

One probable exception to the dispersal pattern just described is Athene cunicularia. It is
widespread in arid and open habitats throughout most of the New World. We are unaware of
any other records from rainforest areas in Amazonia. Our record is of a single individual in a
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TABLE 3
SPECIES ADDED THAT ARE TYPICAL OF WATER-RELATED AND OTHER MARGINALLY PRESENT

HABITATS

Butorides striatus Pipile cumanensis Celeus flavus

Oxyura dominica Aratinga leucophthalmus Tachyphonus phoenicius

Pandion haliaetus Crotophaga major

Npycticorax nycticorax Chloroceryle amazona

Mesembrinibis cayennensis Chloroceryle americana

pasture on the Fazenda Dimona, first seen by R. Bierregaard on 4 December 1992 and seen
again as recently as June 1994 (Whittaker).

A third group of newly added species (12 spp.) is made up of birds that normally occupy
habitats absent or only marginally present in our area, and that appear as vagrants from nearby
areas, but are not expected to colonize (Table 3). All are listed as casual (known from three or
fewer records), and so none is considered part of the core fauna. One, Tachyphonus phoenicius,
is a specialist of campina. The two sight records, both from the tower (Bierregaard 1982, Stotz,
pers. comm.), probably represent wandering individuals. Other species found mostly in campina
(e.g., Galbula leucogastra and Thamnophilus punctatus) also occur to a lesser extent in second
growth or edge situations in the study area, but T. phoenicius is not one of these. Nor has it
appeared in the campinarana, the only site where the campina-specialist Neopelma chrysoce-
phalum has been recorded in our area.

The remaining species in Table 3 are associated with aquatic environments, either open water
(Oxyura dominica, Pandion haliaetus), river and lake edge (Butorides striatus, Nycticorax nyc-
ticorax, Mesembrinibis cayennensis, Aratinga leucophthalmus, Crotophaga major, Chloroceryle
amazona, C. americana), or bottomland and flooded forest (Pipile cumanensis, Celeus flavus).
The appearance of O. dominica, P. haliaetus, and C. americana is clearly related to the formation
of the ponds in pasture where they were found. Surprisingly, O. dominica may have taken up
residence in a single pond, where up to two males have been seen repeatedly over several years.
Nevertheless, the small extent of habitat seems likely to limit any expansion in the study area
by these species. Aratinga leucophthalmus might be expected to visit second-growth areas in
the reserves, given its abundance in the city of Manaus. However, birds noted in the city seem
to prefer wet areas or to be in wandering flocks, perhaps associated with the large rivers nearby.
Our two records are of small groups overhead, once over primary forest from the tower and
once over pasture.

Finally, the other river- and lake-edge species listed above were all recorded at camps in the
middle of unbroken primary forest. Nycticorax nycticorax (Whittaker) and Mesembrinibis cay-
ennensis (A. Martins, pers. comm.) were each noted once, heard calling at night; the latter bird
apparently perched atop a snag at the edge of camp. A single B. striatus was found at dawn in
one camp, walking nervously on the sandy ground and periodically ‘‘freezing’ in response to
human activity in camp; it was only seen for one day (A. Martins, pers. comm.). The one record
of C. major (Cohn-Haft) was of an individual skulking low in dense vegetation at the edge of
a camp. These records suggest dispersal, in many cases nocturnal, of species resident in aquatic
habitats in the general vicinity. Seen from the air, our camps, which are more or less round
breaks in the canopy, may resemble ponds, especially at night when sandy ground, camp roofs
or tarps, or even pockets of mist probably reflect light differently from the relatively uniform
canopy around them. Similar camp records at dawn of single Podiceps dominicus (W. Strickland,
pers. comm.), Gallinago gallinago (Whittaker), an unidentified shorebird (A. Martins, pers,
comm.), and a pair of Ceryle torquata (Cohn-Haft and Whittaker) also suggest nocturnal move-
ment and mistaken identification of camps as ponds. Barbara Zimmerman (pers. comm.) reports
that a species of Phyllomedusa, a nocturnal frog that normally vocalizes only around ponds or
pig wallows, also commonly calls at the edge of camps with blue tarp roofs.

HYPOTHETICAL

Twelve species reported based on inadequate documentation, but possibly present, are listed
as “hypothetical”’ (Table 4). We believe that substantiation in the form of a specimen, or at least
an unambiguous tape recording or photograph, is necessary to confirm the presence of any of
these species in the area. Tinamus guttatus, Aramides calopterus, Nyctiphrynus ocellatus, Myr-
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TABLE 4
HYPOTHETICAL SPECIES (SEE TEXT)

Tinamus guttatus Nyctiphrynus ocellatus Capsiempis flaveola
Accipiter striatus Chaetura cinereiventris Pipreola whitelyi
Falco deiroleucus Popelairia langsdorffi Hylophilus brunneiceps
Aramides calopterus Myrmotherula surinamensis Conirostrum bicolor

motherula surinamensis, Hylophilus brunneiceps, and Conirostrum bicolor had been listed by
Stotz and Bierregaard (1989). We suspect that they were identified incorrectly for reasons dis-
cussed above (‘“Removals’’). Other hypothetical records are as follows:

Accipiter striatus is unknown from the Amazon basin. Our records of unidentified small ac-
cipiters include individuals resembling North American (Whittaker), plain-breasted (Cohn-Haft)
and rusty-thighed (Cohn-Haft) forms. Unusual plumages of A. superciliosus or Harpagus diodon,
an austral migrant to eastern Amazonia noted once by Willis (1977) just outside of the study
area, may be involved in these sightings.

Whittaker observed a possible adult Falco deiroleucus at a considerable distance perched on
a snag on one of the fazendas. There are several Manaus-area records for this species (Whittaker
1996), including photographs (Cohn-Haft), although the status of the species in Amazonia is
poorly known. At the time of the reserve sighting (7 April 1988), the observer was unfamiliar
with the species and could not positively rule out the similar F. rufigularis. After subsequent
comparative experience, Whittaker strongly suspects that the initial identification was correct,
but we would prefer better documentation.

Chaetura cinereiventris was seen on one occasion (two individuals on 15 May 1990 by Whit-
taker); although we are familiar with the species from elsewhere in Amazonia, given the difficulty
identifying swifts in the field, we would prefer specimen confirmation.

Whittaker and K. Zimmer observed a female coquette from the tower that had a pure white
rump band, suggesting Popelairia langsdorffi. Typical buff-rumped females of Discosura lon-
gicauda were also present; however, the variation in female plumage in these birds appears to
be poorly documented, and it is not clear if this mark is sufficient to distinguish the two species.
Furthermore, several other coquette species have white rump bands, and P. langsdorffi is un-
known from east of the Negro and north of the Amazon.

John Fitzpatrick reported seeing an adult Capsiempis flaveola feeding young in the canopy of
primary terra firme forest from the tower (Bierregaard 1982). Considering that this species
normally occurs in low, shrubby vegetation or bamboo and that the only Manaus-area record
besides this one is from lake-edge bushes south of the Amazon (Jan Pierson and Cohn-Haft),
we prefer to list the species as hypothetical in the study area. Perhaps this record refers to
Phylloscartes virescens (J. Fitzpatrick, pers. comm.).

Pipreola whitelyi, known only from montane forest in the eastern tepuis of Venezuela and
adjacent Guyana near the Brazilian border (Traylor 1979), is an unlikely candidate to appear
near Manaus. Nevertheless, the male should be entirely distinctive, so we are inclined to rec-
ognize here two independent sight records of single males from the Manaus area. Jan P. Smith
(pers. comm.) noted one with other canopy frugivores foraging on fruits at the edge of Camp
Florestal. Outside of the reserves, in a residential neighborhood of Manaus, Randy Downer (pers.
comm.) reports observing this species with other frugivores also in a fruiting tree over a stream.

StaTUS CHANGES

The following types of status were evaluated for each species and assigned a separate column
in the Appendix:

Abundance and seasonality.—Many species were assigned a different abundance code from
that in Stotz and Bierregaard (1989). This is in part an inevitable function of the different criteria
and number of categories employed. Most such changes are for greater abundance than previ-
ously estimated (e.g., most species listed as “‘fairly common” earlier are simply ‘“‘common”
here). Greater familiarity with species, especially their voices, generally led to upward revisions
for a large number of species (e.g., Micrastur ruficollis, Nyctibius aethereus, N. bracteatus,
Frederickena viridis, Zimmerius gracilipes, Myiopagis caniceps). The longer total period of study
reflected here has given us a more accurate picture of the abundance of some rare species. Three
species not seen since 1986, Laterallus melanophaius, Pionites melanocephala, and Chordeiles
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acutipennis were reclassified as casual. Just as some of the casual species noted for the first time
after 1986 may have appeared in response to changing habitats, the lack of subsequent records
of these species could signify their disappearance from the area; however, there are simply too
few data to know.

In certain cases, our different abundance assignment appears to reflect a real change in abun-
dance since 1986. Many edge and secondary species have probably increased in abundance as
time for colonization has elapsed. This group includes several open-country species rarely or
never found in primary forest (e.g., Heterospizias meridionalis, Tyrannus savana, and Sturnella
militaris), but is dominated by species that are occasionally encountered in disturbed areas within
primary forest, but that thrive along edges and in second growth (e.g., Melanerpes cruentatus,
Cymbilaimus lineatus, Myrmeciza atrothorax, Tolmomyias poliocephalus, Myiarchus tuberculi-
Jer, M. ferox and Cyclarhis gujanensis). Other second-growth species appear to have decreased
as older and more diverse secondary habitats have developed (e.g., Troglodytes aedon). One
unusual change is the apparent shift in color-phase predominance in Buteo brachyura from light
in the earlier years (D. Stotz, pers. comm.) to dark phase in recent years. Perhaps this reflects
founder effects.

Species whose numbers vary considerably during the year represent 12% of the avifauna.
Eight species are austral migrants, 26 are boreal, and 15 engage in unspecified movements
(Appendix). For certain species known to have migrant and resident populations we have not
established which form is present in our area (e.g., Empidonomus varius, Tyrannus savana, T.
melancholicus).

Several relatively common species not known to be migratory appear to vary in abundance
at the fazendas, as we have indicated with an “m” after the abundance code (Appendix). Unlike
Stotz and Bierregaard (1989), we agree with Willis (1977) that Pionus and Amazona spp. fluc-
tuate greatly in numbers in the area. In particular, P. menstruus and A. autumnalis may vary
from abundant to virtually absent. Many of these species, including Geotrygon montana and
several parrots, are frugivores and may make relatively short-scale movements to track food
resources. For G. montana, capture data indicate that abundance is highly variable and does not
follow an annual cycle, although abundance peaks have occurred during the wet season (Stouffer
and Bierregaard 1993). Cohn-Haft (unpubl.) noted flocks of thousands of P. menstruus in Ro-
raima during August 1991 when the species was absent from the reserves.

Habitat—Most of the revisions of habitat codes reflect our recognition of use of second
growth and edges by forest birds. Some species (e.g., Phaethornis superciliosus, P. bourcieri,
Mionectes macconnelli, Terenotriccus erythrurus, and Myiarchus ferox) have become quite com-
mon in both Vismia- and Cecropia-dominated secondary growth, although Cecropia forests ap-
pear to be used by more forest birds. We did not list second growth as a habitat for species that
we suspect use it only in passing between areas of primary forest (see Borges 1995).

Microhabitat/position.—Although Stotz and Bierregaard (1989) did not list this category, their
habitat classification included what we consider microhabitats. The most noteworthy difference
in our microhabitat ratings concerns several manakin species (Tyranneutes virescens, Corapipo
gutturalis, Pipra pipra, Pipra erythrocephala), which we routinely observed foraging at fruiting
trees in the forest canopy. Although all of them lek (and may nest) in the understory and midstory
of closed forest (Prum 1990; pers. observ.), we believe that they forage mostly in the canopy at
our site. This behavior has not been observed elsewhere and could be attributed to the unusual
poverty of fruits in forest understory at Manaus (Gentry and Emmons 1987). Nevertheless, the
forest canopy is poorly studied at most sites, and where manakin foraging has been observed at
lower strata it is most often at treefall gaps (Levey 1988). Thus, we believe that these species
are not typical inhabitants of closed forest interior, despite the frequent classification of most
manakins as such. Guild studies also routinely class all woodpecker species as ‘‘bark-gleaning
insectivores,” although we have observed several species (especially Melanerpes cruentatus and
Celeus grammicus) regularly consuming large quantities of fruit in the canopy. Mesquita (1989)
rated several woodpecker species as the most important dispersers of Clusia grandiflora (Clu-
siaceae) fruits at our site.

Sociality—We made few revisions in sociality codes, but some of these changes reflect in-
teresting behavior changes associated with use of secondary habitats. Dendrocincla fuliginosa,
Xiphorhynchus pardalotus, and Myrmotherula axillaris are all typically found in mixed-species
flocks in primary forest, but appear to persist outside of flocks in secondary areas. This change
is most notable for M. axillaris, which is almost never found outside of flocks in continuous
forest, but has persisted and even reproduced in 1- and 10-ha fragments (Stouffer and Bierregaard
1995a).
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We believe that the flycatcher Platyrinchus coronatus normally engages in lekking behavior,
although this apparently has not been noted elsewhere. We usually encounter several singing
individuals (presumably males) at dependable locations and elsewhere may go several hundred
meters through forest without encountering any. At these presumed leks, birds often flare their
colorful crests and make short flights between perches without foraging, often accompanied by
an abrupt “chirr” sound, apparently produced by their wings. We have no evidence of lekking
in the other Platyrinchus species at our site. Species in another genus of small flycatchers,
Lophotriccus, are purported to lek elsewhere (Hilty and Brown 1986), but do not do so at our
site. Both L. vitiosus and L. galeatus appear to maintain permanent territories separated by
considerable distances in favored habitat.

Evidence—Seventy percent of all species listed in the Appendix are documented by photo-
graph, tape, or specimen (level 2 or better). Most of the others are not controversial. Species
listed as hypothetical (Table 4), as mentioned above, require better documentation and do not
appear on the main list (Appendix).

DISCUSSION

A variety of techniques is clearly needed to accurately and completely survey the avifauna of
a tropical forest (Terborgh et al. 1990). Our species list represents about a 14% increase in
species over the list of Stotz and Bierregaard (1989). Many additions are a result of more night
work, more time spent in the canopy (mostly at the tower), more emphasis on vocalizations,
more collecting, and more prolonged coverage by the same people, leading inevitably to greater
familiarity with the fauna. Extensive work with mist nets prior to our arrival in Manaus had
produced a thorough characterization of the understory fauna. Nevertheless, one understory spe-
cies, Crypturellus brevirostris, had gone completely undetected by mist nets (which undersample
ground-walking birds like tinamous; Karr 1981) and was only recognized after it was noted by
voice. Uniform coverage throughout the year is also important. More than 10% of the avifauna
at our site may be seasonal to some extent; these species could be missed by incomplete seasonal
coverage.

Time is also a critical component of faunal surveys (Remsen 1994), and high-diversity tropical
sites seem to require at least several years to be completely characterized. Like Manaus, Manu
National Park in Peru added some 40 species (and removed about five) to its list (Terborgh et
al. 1984; and updated version in Karr et al. 1990), despite a much longer history of bird work
than at Manaus. Very rare species or vagrants, such as the majority added to this list, may
continue to be added at a slow rate nearly indefinitely, especially in the tropics, where a much
larger species pool is fairly close at hand. Nevertheless, one important objective of a species list
is to characterize the “‘core” fauna in a region. At our site only one habitat could be said to
have a core fauna. This is the primary terra firme forest. The other three major habitat types
present in some abundance (second growth, pasture, and open water) are of recent anthropogenic
origin. We believe that we have characterized the core avifauna in primary terra firme forest at
our site to greater than 99% accuracy and completeness.

Another objective of our list was to monitor change over time. Our assessments of change
suggest the role of changing availability of anthropogenic habitats and varying rates of coloni-
zation. A more fine-scale approach involving censusing of bird numbers (e.g., Terborgh et al.
1990) is necessary to quantify change. Standardized mist-netting over long periods detects chang-
ing habitat use patterns by birds, although interpretation of capture rates can be complicated
(Remsen and Good 1996).

Certain second-growth species were surprisingly slow to colonize the area (e.g., Phaethornis
ruber, Chelidoptera tenebrosa, Thamnophilus punctatus, Camptostoma obsoletum, Phaeomyias
murina), but we attribute their eventual arrival to gradual dispersal along roads. We predict the
appearance of other species by the same means, for example, Herpetotheres cachinnans (seen
as far north as km 30 of the BR-174 road in August 1993 by Cohn-Haft), Megarynchus pitangua
(noted at km 45 by Whittaker), Todirostrum maculatum, and Cacicus cela—all typically river-
edge species that occur along the roads and at fazendas nearer to Manaus. The last three are
among the species listed for Ducke Reserve (Willis 1977) that still have not been recorded in
our area (see below).

Disturbed areas, embedded in a seemingly endless expanse of forest, still make up only a tiny
fraction of the habitat available north of Manaus. Nevertheless, rapid growth of Manaus and
gradual paving of the BR-174 leading to Boa Vista and Venezuela will inevitably lead to greater
forest fragmentation. Human disturbance processes have probably only increased species richness
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at our site to date, and apparently no primary forest species have suffered for it. However, levels
of habitat disturbance and hunting are extremely low and will probably increase. On a smaller
spatial scale, the negative effects of habitat fragmentation on primary forest species is clear (e.g.,
Stouffer and Bierregaard 1995a).

More importantly, increasing local species richness by increasing habitat diversity in our area
is not a meaningful conservation objective. Secondary vegetation is not an endangered habitat,
nor are the species that occupy it. On the other hand, large areas of primary forest, with low
habitat heterogeneity, are increasingly subject to destruction even if soon abandoned. These areas
may offer a key