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NSF GRF and DDIG aswell as other small grants, both local of Indiana U and national
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Contribution to Project:
undergraduate student, co-author Jawor et al. 2006

Y ear s of schooling completed:  Junior
Home Institution: Same as Research Site
Home Institution if Other:
Home Institution Highest Degree Granted(in fields supported by NSF): Associate's Degree
Fiscal year (s) REU Participant supported: 2006
REU Funding: REU supplement
Name: Richardson, Jen
Worked for morethan 160 Hours:  Yes
Contribution to Project:
REU student, Bloomington

Y ears of schooling completed:  Junior

Home Institution: Same as Research Site

Home Institution if Other:

Home Institution Highest Degree Granted(in fields supported by NSF): Bachelor's Degree
Fiscal year (s) REU Participant supported: 2005
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Organizational Partners

North Dakota State University Fargo
Wendy Reed and Mark Clark are faculty at NDSU and co-authors on Reed et al. 2006

University of Missouri, St. Louis
Patty Parker, faculty member was a co-author on Reed et al. 2006

University of California Berkeley
faculty member George Bentley was co-author on Jawor et al. 2006

University of Lund
Former post-doc Maria Sandell is a Research Associate at University of Lund

Other Collaboratorsor Contacts

Activitiesand Findings

Resear ch and Education Activities: (See PDF version submitted by Pl at the end of thereport)
Findings: (See PDF version submitted by PI at the end of thereport)

Training and Development:
NSF final report, training and development

The students and post-docs listed in the personnel section of this report had opportunities to engage in the following. Not all participants
learned all these skills. We attempt, however, to have each student |eave the program, however long they are associated with it, with an
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understanding of the goals of the project, the nature of the methods employed in the measurements and analysis, and for as many as possible,
we provide astint in the field.

1. Conducting field work at Mountain Lake Biological Station (MLBS) where they could observe the behavior of birdsin their natural
surroundings, interact with peers and faculty researchers on adaily basisin an informal setting, and receive training in experimental design and
data analysis. Some were participants in the REU program administered by MLBS that offers research training and more, including practical
advice for applying to graduate school and ethical conduct of science.

2. Learning a series of techniques for studying birdsin the field, including nest-finding, capturing birdsin nets and traps, taking blood samples,
entering data accurately, and planning field procedures in a constantly changing field environment. Other related techniques included
measurements of body size, image analysis of plumage variation, quantifying the progression of molt.

3. Learning how to care for captive birds so asto keep them healthy and safe from predators. Learning why it is essential to record animal care
protocols and the rules associated with their care.

4. Learning laboratory procedures, including microsatellite analysis of genetic relatedness (DNA extraction, PCR, identifying allelic variation,
software to relate genotype to relatedness), how to assay for hormone concentrations in blood.

5. Learning to observe behavior closely and to quantify it by first identifying behaviors and then observing, videotaping, or both.

6. With the help of Joe Casto, we developed the GnRH technique for measuring testosterone responsiveness and assessing seasonal and
individual variation in the field. The GnRH challenge is awell established technique but it had not been assessed for its repeatability or
predictive power regarding individual variation in plumage or behavior.

7. During the period of this grant we moved from using radioimmunoassays to measure plasma T to enzyme immune assays. There are costs
and benefits but we have both techniques available for use in the lab.

8. Owing to the collaboration with 1U colleague Greg Demas, many students associated with the research are learning eco-immunol ogical
techniques. Prior to this award we were ng cell-mediated immunity with PHA as the antigen and humoral immunity with KLH and sheep
red blood cells as antigens. Members of the research group are now able to assay for circulating levels of immunoglobulin G (IgG) and innate
immunity (complement assay and bacterial killing assay).

9. Some members of the research group became expert at newer quantitative methods for measuring selection and fitness (e.g., animal model,
lambda as a measure of population growth). All members gained in their ability to assess data graphically and statistically.

Outreach Activities:
NSF final report, outreach

Ketterson served at Chair of the Board of Governors for the Kinsey Institute for Sex, Gender and Reproduction. She stressed the importance of
research on natural populations of animals and what that can teach us about the science of sex differences in humans.

K etterson reviewed two science books in journals that have a broad readership (Science and BioScience).
Students associated with the research group have done one or more of the following

1. Met with the public at open houses held at Mountain Lake Biological Station (Sara Schrock, Dawn O/ZENeal).

2. Judged posters by high school students at the science fair held at Indiana University (Danielle Whittaker)

3. Served at mentors for undergraduate research students, including those in the transition period between high school and undergraduate
(Sarah Schwarzwalder, Rebecca Y oung).

4. Visited historically black college to promote the excitement of participating in field research and attending a field station (Dawn O/ZNeal).
5. Made a presentation at alocal high school about evolutionary biology (Joel McGlothlin)

6. Wrote several articles in university paper, The Daily Student, on science, e.g., the immune system (Sarah Schrock).

7. Worked with journalist to translate a paper in Evolution (McGlothlin et al. 2005) to Birding Magazine, January/February 2006 (Joel
McGilothlin).
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Journal Publications

Wolf, W.L., Casto, JM., Nolan, V. Jr., and E. D. Ketterson, "Female ornamentation and male mate choice in dark-eyed juncos.

", Animal Behaviour, p. 93, val. 67, (2004). Published

Clotfelter E.D., O?Neal, D.M., Gaudioso, J.M, Casto, M, Parker-Renga, |.M., Snajdr, E.A., Duffy, D.L., Nolan, V. Jr., and E.D. Ketterson.,
"Consequences of elevating plasma testosterone in females of a socially monogamous songbird: evidence of constraints on male evolution?”,
Hormones and Behavior, p. 171, vol. 46, (2004). Published

McGilothlin, J., Neudorf, D.L., Casto, JM., Nolan, V. Jr., and E.D. Ketterson, "Elevated testosterone reduces choosiness in femal e dark-eyed
juncos (Junco hyemalis): evidence for a hormonal constraint on sexual selection.”, Proceedings Royal Society, Series B, p. 1377, vol. 271,
(2004). Published

McGilothlin, JW., Parker, P.G., Nolan, V. Jr., and E.D. Ketterson, "Correlational selection leads to genetic integration of body size and an
attractive plumage trait in dark-eyed juncos.”, Evolution, p. 658, vol. 59, (2005). Published

Ketterson, E.D., V. Nolan Jr., and M. Sandell, "Testosterone in females: mediator of adaptive traits, constraint on the evolution of sexual
dimorphism, or both?', American Naturalist, p. S85, vol. 166, (2005). Published

Jawor, J, Young, R, and E.D. Ketterson
, "Females competing to reproduce: dominance matters but testosterone may not
", Hormones and Behavior, p. 362, vol. 49, (2006). Published

Zysling, D.A., Greives*, T.J,, Breuner, C., Casto, JM., Demas, G.E., and E. D. Ketterson, "Behavioral and physiological responsesto
experimentally elevated testosterone in female dark-eyed juncos (Junco hyemalis carolinensis)", Hormones and Behavior, p. 200, vol. 50,
(2006). Published

Reed, W.L, Clark, M.E., Parker, P.G., Raouf, S.A., Arguedas, N., Monk, D.S, Snajdr, E., Nolan, V. Jr., and E.D. Ketterson, "Physiological
effects on demography: A long-term experimental study of testosterone?s effects on fitness.", American Naturdist, p. 667, vol. 167, (2006).
Published

McGilothlin, JW., Jawor, JM., Greives, T.J., Casto, JM., *Phillips, J.L., and E.D. Ketterson, "Hormonal responses reinforce honesty of sexual
ornamentation in a songbird", Proc. Roy. Soc., seriesB, p., vol., (). Submitted

McGilothlin, JW., Duffy, D.L., Henry, J.L., and E. D. Ketterson, "Condition dependence and sexually selected traits: diet and feather growth
rate influence an attractive white plumage pattern in dark-eyed juncos.”, Behavioral Ecology and Sociobiology., p., vol., (). Accepted

Jawor, JM., McGlothlin, JW., Casto, JM., Grieves, T. J,, Bentley, G., Sngjdr, E. A., and E.D. Ketterson, "Seasonal and individual variationin
response to GnRH challenge in male dark-eyed juncos (Junco hyemalis)”, General and Comparative Endocrinology, p. 182, vol. 149, (2006).
Published

Books or Other One-time Publications

Web/Internet Site

URL(s):

http://www.indiana.edu/~kettl ab/index.html

Description:

Thisisthe Ketterson-Nolan lab page at Indiana University and it describes the work we do, offers pdfs of papers, introduces personnel, etc.

Page 6 of 9



Final Report: 0216091

Other Specific Products

Contributions
Contributionswithin Discipline:

The work supported by this award was based in large part on ideas and observations reported previously in two publications, Ketterson and
Nolan 1992 and Ketterson and Nolan 1999.

To assess the impact of work, we compiled frequency of citations of the 11 publications supported in part by the award and a so the two earlier
publications.

The work is being cited and the frequency of citation indicates that the results are having an impact on the discipline.
Times cited Publication

8 *McGlothlin JW., Neudorf, D.L.H., Nolan, V. Jr., and E.D. Ketterson. 2004. Elevated testosterone reduces choosiness in female Dark-eyed
Juncos (Junco hyemalis): evidence for a hormonal constraint on sexual selection? Proc. R. Soc. Lond. B 271:1377-1384.

18 Clotfelter E.D., *O'Nedl, D.M., *Gaudioso, J.M., Casto, J.M., * Parker-Renga, .M., Snagjdr, E.A., Duffy, D.L., Nolan, V. Jr., and E.D.
K etterson. 2004. Consequences of elevating plasma testosterone in females of a socially monogamous songbird: evidence of constraints on
mal e evolution? Hormones and Behavior 46:171-178.

5*Walf, W., Casto, JM., Nolan, V. Jr., and E. D. Ketterson. 2004. Female ornamentation on mate choice by male Dark-eyed Juncos. Animal
Behaviour 67: 93-102

6 McGlathlin, J. W., Parker, P.G., Nolan, V. Jr., and E. D. Ketterson. 2005. Correlational selection leads to genetic integration of body size and
an attractive plumage trait in dark-eyed juncos. Evolution 59:658-671.

15 Ketterson, E.D., Nolan, V. Jr., and M. Sandell. 2005. Testosterone in females: mediator of adaptive traits, constraint on the evolution of
sexual dimorphism, or both? American Naturalist 166: S85-S98.

3 Jawor, J, *Young, R, and E.D. Ketterson. 2005. Females competing to reproduce: dominance matters but testosterone may not. Hormones and
Behavior 49 (3): 362-368.

4 Reed, W.L., Clark, M.E., Parker, P.G., Raouf, S.A., Arguedas, N., Monk, D.S, Sngjdr, E., Nolan, V. Jr., and E.D. Ketterson. 2006.
Physiological effects on demography: A long-term experimental study of testosterone's effects on fitness. American Naturalist, 167: 667-683.

2 Zyding, D.A., *Greives, T.M., Breuner, C., Casto, JM., Demas, G.E., and E. D. Ketterson. 2006. Behavioral and physiological responsesto
experimentally elevated testosterone in female dark-eyed juncos (Junco hyemalis carolinensis). Hormones and Behavior, 50:200-207.

0 Jawor, JM., McGlathlin, JW., Casto, JM., Grieves, T. J., Bentley, G., Sngjdr, E. A., and E.D. Ketterson. 2006. Seasonal and individual
variation in response to GnRH challenge in male dark-eyed juncos (Junco hyemalis). General and Comparative Endocrinology, 149:182-189.

0 McGlathlin, JW., Jawor, J.M., Greives, T.J., Casto, JM., *Phillips, J.L., and E.D. Ketterson. 200x. Hormonal responses reinforce honesty of
sexual ornamentation in a songbird, Proc. Roy. Soc, submitted.

0 McGlathlin, JW., Duffy, D.L., *Henry, J.L., and E. D. Ketterson. 200x. Condition dependence and sexually selected traits: diet and feather
growth rate influence an attractive white plumage pattern in dark-eyed juncos, Behavioral Ecology and Sociobiology, in press.

175 Ketterson, E.D. and V. Nolan, Jr. 1992. Hormones and life histories: an integrative approach. American Naturalist 140:S33-S62.

126 Ketterson, E.D., and V. Nolan Jr. 1999. Exaptation, adaptation, and constraint; a hormonal perspective. American Naturalist 153:54-S25.

Contributionsto Other Disciplines:
We looked for evidence that our NSF supported research is being cited in other disciplines. The recent papers supported by the award have not
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yet been picked up outside the discipline.

However the two earlier papers (Ketterson and Nolan 1992, 1999) have.
Based on the journals publishing the articles listed below, there is evidence of impact in the disciplines of anthropology and psychology.

Articlesin non-biology journals citing Ketterson and Nolan 1992

Whitten PL, Brockman DK, Stavisky RC. Recent advances in noninvasive techniques to monitor hormone-behavior interactions. Y EARBOOK
OF PHYSICAL ANTHROPOLOGY 41: 1-23 1998

WORTHMAN CM. HORMONES, SEX, AND GENDER. ANNUAL REVIEW OF ANTHROPOLOGY 24: 593-617 1995

Bribiescas RG. Reproductive ecology and life history of the human male American Journal of Physical Anthropology Volume 116, Issue S33:
148 - 176

Muehlenbein Michael P. Intestinal parasite infections and fecal steroid levelsin wild chimpanzees. American Journal of Physical Anthropology
Volume 130, Issue 4 , Pages 546 - 550 2006

Anestis Stephanie F. Testosterone in juvenile and adolescent mal e chimpanzees (Pan troglodytes): Effects of dominance rank, aggression, and
behavioral style. American Journal of Physical Anthropology Volume 130, Issue 4 , Pages 536 - 545 2006

Budaev SV. Personality in the guppy (Poeciliareticulata): A correlational study of exploratory behavior and socia tendency JOURNAL OF
COMPARATIVE PSYCHOLOGY 111 (4): 399-411 DEC 1997

Clark MM , Galef BG Jr. A Testosterone-Mediated Trade-Off Between Parental and Sexual Effort in Mae Mongolian Gerbils (Meriones
unguiculatus. of Comparative Psychology Vol. 113, No. 4,388-395 1999

Storey AE, Walsh CJ, Quinton RL, et al.Hormonal correlates of paternal responsivenessin new and expectant fathers. EVOLUTION AND
HUMAN BEHAVIOR 21 (2): 79-95 MAR 2000

Muehlenbein Michael P, Bribiescas Richard G. Testosterone-mediated immune functions and male life histories. American Journal of Human
Biology Volume 17, Issue 5 , Pages 527 - 558 2005
Articlesin non-biology journals citing Ketterson and Nolan 1999

Bribiescas RG. Reproductive ecology and life history of the human male
American Journal of Physical Anthropology Volume 116, Issue S33: 148 - 176

Gray Peter B.Marriage, parenting, and testosterone variation among Kenyan Swahili men. American Journal of Physical Anthropology
Volume 122, Issue 3 , Pages 279 - 286 2003.

Bribiescas Richard G. Serum leptin levels and anthropometric correlates in Ache Amerindians of eastern Paraguay. American Journal of
Physical Anthropology Volume 115, Issue 4 , Pages 297 - 303 2001

Clark MM , Galef BG Jr A Testosterone-Mediated Trade-Off Between Parental and Sexual Effort in Male Mongolian Gerbils (Meriones
unguiculatus} Journa of Comparative Psychology Vol. 113, No. 4,388-395 1999

Mulder B Optimizing Offspring: The Quantity-Quality Tradeoff in Agropastoral Kipsigis Evolution and Human Behavior VOL 21; NUMBER
6, pages 391-410 2000

Gray PB, Kahlenberg SM, Barrett ES, et a.

Marriage and fatherhood are associated with lower testosterone in males. EVOLUTION AND HUMAN BEHAVIOR 23 (3): 193-201 MAY
2002

PB Gray, BC Campbell, FW Marlowe, SF Lipson, PT Social variables predict between-subject but not day-to-day variation in the testosterone
of US men Psychoneuroendocrinology 29, 115301162 2004

Contributionsto Human Resour ce Development:
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NSF final report, education and training

Personnel receiving training through participation in this project include 4 post-doctoral trainees (3 female, 1 male), 5 graduate students (4
females, 1 male; 1 African American, and 11 undergraduate students (some REU or former REU) or recently graduated and considering
graduate school (9 females, 2 males, 1 Hispanic). All are listed under Personnel.

Of the post-doctoral students, one has returned to her home country where she is supported by the Swedish government (Sandell), one has
moved on Illinois State University where he is the Research Compliance Officer and an Adjunct Professor in Biology (Casto), oneisan
Assistant Professor at Southern Mississippi University (Jawor), and oneis still in training (Whittaker).

Of the graduate students, all are still in training (Gerlach, McGlothlin, O/&Neal, Schrock, Zysling).

Of the undergraduates, oneisan M.D (Walf), two are enrolled in graduate school (Greives, Indiana University, Gaudioso, U of Hawaii, Hilo),
two are currently applying to graduate school (Pavlis, Phillips), and three are still undergraduates (Richardson, Schultz, Young). Parker-Renga
isin environmental education. | do not know where Jessica Henry and Maria Hernandez are currently working.

Contributionsto Resour ces for Resear ch and Education:

Contributions Beyond Science and Engineering:

Categoriesfor which nothing isreported:

Any Book

Any Product

Contributions: To Any Resources for Research and Education
Contributions: To Any Beyond Science and Engineering
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NSF final report, findings
Findings in relation to specific objectives

1a) Natural variation in females. In a review paper we reported a similarity in
testosterone profiles across females of many bird species. Testosterone peaks just prior
to laying (Ketterson et al. 2005), something that had not been noted previously and may
prove to be quite important as people study maternal effects of yolk steroids.

We also reported that testosterone is highest in females belonging to species that mate
monogamously as opposed to polygynously (Ketterson et al. 2005), another novel and
interesting pattern that should foster further research.

In an experimental study of captive female juncos, we learned that dominant female
juncos are more likely than subordinate females to breed in captivity (Jawor et al. 2005).
However, dominant females did not exhibit higher levels of testosterone (Jawor et al.
2005)

1b) Natural variation in males. In males, we found that the level of testosterone produced
in response to a challenge with GnRH showed a pattern of seasonal decline (Jawor et al.
2006). Importantly, we also found that despite the seasonal decline, males that were
challenged repeatedly responded similarly from challenge to challenge, indicating that
this endocrine phenotype is repeatable (Jawor et al. 2006) and also causing us to seek
correlations between it an outward phenotypic traits [see objective 4) below].

2) T'in females. In females we found that elevating testosterone experimentally led to
some phenotypic effects that were the same as those previously reported from males and
some that were female-specific in the sense that there are no counterpart traits in males
(e.g., delayed egg laying).

In male juncos, treatment with T reduces parental behavior, but in females when parental
behavior is measured as incubation (a behavior males do not exhibit), T had no detectable
suppressive effect (Clotfelter et al. 2004). Ongoing studies are addressing the impact of
T on other forms of parental behavior (nest defense, feeding of nestlings). In male
juncos, T enhances attractiveness, so we asked whether T might affect mate choice
behavior in females and found that testosterone-treated females were less choosy than
control females (McGlothlin et al. 2004). In male juncos, testosterone suppresses
immune function, and we found that in females it does so as well (Zysling et al. 2006).

Interestingly, we also found that - at least in captive females — experimentally elevated T
interfered with brood patch formation.

Importantly, we found that females varied among themselves in their response to
treatment with T and we began to consider the mechanistic and evolutionary significance
of variation in sensitivity to T (Ketterson et al. 2005)



3) Fitness of females with experimentally elevated T.

In an important publication that considered eight years of data on the relative
survivorship and reproductive fitness of testosterone-treated and control male juncos, we
found that survivorship was lower in T-treated males, but reproductive success was
greater owing to the greater success of T-treated males with respect to extra-pair
fertilizations (Reed et al. 2006). Using lambda as a measure of population growth and
thus fitness, the analysis predicts that a phenotype comparable to that created with
testosterone implants would have higher fitness.

Thus we began seriously to address whether elevation of T in females, as might be
predicted if the sexes were hormonally correlated (Ketterson et al. 2005), would be
beneficial or detrimental to females.

To date we have found that because experimentally elevated T suppresses reproduction in
a sub-set of the females we study, treatment with T reduces female fecundity as measured
by the likelihood of female’s nesting. As to whether T increases or decreases fecundity
among the females that do reproduce and whether it alters the tendency to mate with
extra-pair sires, the analysis is still underway by graduate student Nicki Gerlach.

To date, we have not found any detectable effect of treatment with T on female
survivorship.

Collectively, based on results obtained to date, it appears that elevated testosterone in
females would be detrimental and could serve at least temporarily to retard evolution of
higher T in males. The study continues.

4) Relationship of male mating phenotype to T. We assessed behavioral, genetic,
environmental, and hormonal parameters of a sexually selected plumage trait, white in
the tail.

In a study published prior to the period of the award, we showed in a mate choice study
that females prefer males with tails made whiter experimentally (Hill et al. 1999). In a
study published during the period of the award, we reported that males did not exhibit a
detectable preference for females with enhanced tail white over females with control
levels of tail white (Wolf et al. 2004)

With respect to genetic parameters, based on analysis of a long-term data set on junco
body size, tail white, and fitness in the field, and using an ‘animal model,” we found that
tail white is heritable and under correlational sexual selection (McGlothlin et al. 2005).
The pattern of correlational selection reveals that males have the highest mating success
when their plumage signal matches their body size. Large bright males and small dull
males have higher fitness than males in which these attributes do not match (e.g., bright,
small males)(McGlothlin et al. 2005.



With respect to environmental parameters, based on a study involving a diet
manipulation, we found that males fed a diet richer in protein molted feathers with more
white them than did males fed a less protein-rich diet (McGlothlin et al. in press).

With respect to hormonal parameters, which may serve to integrate both genes and
environment, we found that males with whiter tails enhanced testosterone more in
response to a GnRH challenge (see above about GnRH challenges, McGlothlin et al.
submitted) than males with duller tails. Males with larger increases in T after an injection
with GnRH also exhibited larger increases in T when challenged behaviorally by
introducing an intruder onto their territories and were also more aggressive towards the
intruder (McGlothlin et al. submitted)

Because the strength of the testosterone response and the aggressive response co-vary
with the plumage signal, a conspecific that looks at a male’s tail has the means to predict
how that male will respond aggressively to a challenge.

Summarizing and generalizing, tail white is known to be a) attractive to females, b)
heritable, and c) under correlational sexual selection to match plumage signal to body
size. Further, bright males can be expected to back-up their plumage signal with
subsequent aggressive behavior, while dull males will not. Because the signal is favored
when it is matched to body size and co-varies with aggressive behavior, the integration of
the ‘signal’ with the rest of the male’s phenotype makes it a reliable (honest) indicator of
a male’s ‘quality.” Results like these are novel and exciting and reveal what can be
learned about the evolution of complex phenotypes through research that incorporates
long-term studies, quantitative genetic modeling, and measurements of behavior and
physiology conducted in the field.
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NSF final report, research and education activities
History and goals

Since 1986 our research group has studied the steroid hormone testosterone and its
integrating effect on behavior and physiology in a songbirds, the Dark-eyed Junco. We
study free-living and captive individuals in Virginia and Indiana. In the early years of the
project our research focused on males, and publications from that work are still coming
out. For the past four years, during the period of the grant being reported on here, we
focused more on females.

The long-term goal of this work has been to take an experimental approach to the
evolution of life histories and to understand how and why hormones influence the
phenotype as they do. In particular, we experimentally alter the hormone testosterone to
alter phenotypic expression, and we compare the performance of manipulated and control
phenotypes. This comparison allows us to quantify how selection maintains adaptive
distributions of phenotypes (e.g., if the manipulated phenotypes have lower fitness than
controls) or whether organisms are sometimes hormonally constrained in their ability to
respond to selection (if altered phenotypes have higher fitness than controls). The latter
possibility might hold, at least in ecological time, because of the tendency of hormones to
produce pleiotropic effects, only some of which may be disadvantageous if hormones are
altered. This situation may hold in the junco if males would benefit from higher levels of
testosterone, but the consequences for females are disadvantageous. Our recent work has
addressed this possibility.

An important aspect of this research program that was missing until the current award
was how males vary naturally in their testosterone and how this variation relates to
phenotypic traits that are known to be affected by experimental elevations of testosterone.
Research conducted under this award focused heavily on patterns of natural variation.

Specific objectives

Listed in this section are the four specific objectives outlined in the proposal that led to
this award, as well as citations to publications that have arisen from the work.

In the following subsection, each objective is then elaborated upon briefly to describe
activities related to the research.

1) Natural variation. We assessed the role of testosterone in sexual integration by
comparing natural male and female hormone profiles, as well as male and female
response to gonadotropin releasing hormone (GnRH) challenge and to a territorial
intruder (Ketterson et al. 2005, Jawor et al, 2005, Jawor et al. 2006, McGlothlin et al.
submitted).



2) T in females. We altered the level of circulating female testosterone experimentally
and compared phenotypic effects on females to previous results from males (Clotfelter et
al. 2004, McGlothlin et al. 2004, Ketterson et al. 2005, Zysling et al. 2006).

3) Fitness of females with experimentally elevated T. We determined whether female
responses to altered testosterone are beneficial, neutral, or detrimental in the field and
compared results to earlier studies of males (Reed et al. 2006, analysis still underway by
graduate student Nicki Gerlach).

4) Relationship of male mating phenotype to T. We assessed genetic, environmental, and
hormonal parameters of a sexually selected plumage trait, white in the tail (McGlothlin et
al., 2005, in press, and submitted; analysis still underway).

Activities in relation to specific objectives

1) Natural variation. The objective here was to quantify variation among individuals in
their capacity to elevate testosterone when challenged with a releasing hormone,
gonadotropin releasing hormone (GnRH). GnRH ordinarily stimulates the release of
luteinizing hormone (LH), which leads to the release of testosterone (T). We captured
individuals in the field in Virginia (en masse in 2003-04, fewer individuals in 2005-06),
bled them to determine pre-challenge levels of T, injected (challenge) them with GnRH,
collected blood samples 30 min post-challenge, and measured T. We then related the rise
in T observed to attributes of the birds, including parental behavior, aggressiveness, and
natural levels of antibodies.

We also conducted resident-intruder trials with captive females to determine whether T
rises in response to an intrusion, and if it does not, what other hormones might. Females
were bled prior to their introduction into a breeding aviary, allowed to mate and then bled
again after an intruder was introduced. Intruders were either female conspecifics or
heterospecifics that served as controls. We compared changes in plasma levels of T and
other hormones (estradiol, progesterone), prior to and after the intrusions.

2) T in females. We captured females in the field in Virginia (2001-02, 2005-present)
and treated them with subcutaneous implants of T or with empty implants to produce
controls. We released them and observed their behavior at the nest (e.g., parental
behavior, nest defense). We also implanted captive females and observed and quantified
their mating preferences and attractiveness to males by observing their behavior in what
we call a mate choice aviary.

3) Fitness of females with experimentally elevated T. For the females implanted with T
or with empty implants, we worked in the field, and we measured fecundity (likelihood of
producing a clutch, clutch size, reproductive success), mating success (number of females
to mate/not mate, number of sires of offspring as measured by microsatellite analysis),
and survival (presence/absence in a late summer census during the summer of implant,
likelihood of being present during censuses conducted the next breeding season). This
work is ongoing.



4) Relationship of male mating phenotype to T. As the research developed it became
clear that objective 4 actually overlaps with objective 1. In captive females and males, we
experimentally elevated white in the tails of females and measured male mate choice in a
mate choice aviary. In captive males we asked whether diet quality influenced plumage
brightness by plucking several tail feathers, holding some males on a rich diet and some
on a poor diet, and then allowing the males to re-grow their feathers. We then used
image analysis to compare the degree of change in feather brightness based on diet. In
males in the field, we related plumage brightness to the degree of elevation of T in
response to GnRH and also to the natural increase in T that accompanied a simulated
territorial intrusion.
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