


nest-building) the center of the male's activity. These distances can be used to calculate the 
mean square distance of movements (a measure of dispersion, Spencer 1990), and they 
allow an estimate of variability in male movements (coefficient of variation of the distances). 
Finally, we will determine the number of off-territory movements. These will be defined 
objectively as movements greater than two standard deviations beyond the length of each 
male's average movements from the nest or center of activity. Since these points do not, by 
definition, group statistically with the other points, they will be considered off-territory. We will 
then compare T-males and controls for mean square distance, coefficients of variation, and 
numbers and distances of off-territory movements. 

Preliminary data were gathered in 1990. We tracked four T-males and three controls 
every 30 min from dawn until dusk for four to five days. Transmitters (Wildlife Materials, 
Carbondale, Illinois) weighed 0.8 g including attachment materials, i.e., < 4% of a junco's wet 
weight. These were attached to the back using a combination of eyelash cement, fabric, and 
super glue (after Raim 1980). All of each bird's locations were flagged, and later we made an 
accurate map of these locations using a meter tape and a compass. Minimum area polygons 
were calculated from the maps using a software program known as McPaal. The locations 
were also plotted in three-dimensional space (Systat, Inc.) to give an impression of which 
locations were used most frequently (Fig. 4). 

We learned that our methods are feasible. First, no bird lost its transmitter. Second, all 
birds appeared to behave normally and did not lose body mass. Third, two or three days of 
tracking gave a good indication of an individual's use of space, as indicated by the fact that 
the areas of their polygons reached an asymptote after 40 to 60 readings. This fact will allow 
us to remove transmitters at that point, and therefore a single transmitter will serve to track 
several birds. 

As for findings of substance, we learned that males ranged much more widely than we 
had guessed based on our daily notations of where we saw them (Table 4, Figure 4). Every 
male but one was observed "off territory," and home range size varied substantially among 
individuals. Further, despite the very small samples, T-males appeared to range more widely 
than controls (see Table 4, Figure 4). The average area of T-males was 52,342 m 2 , while that 
for controls was 14,887m 2 . With one exception, all T-males had larger home ranges than 
controls. However, the birds were at different stages of reproduction and obviously we must 
increase sample size and compare only within stages of reproduction. 

Testosterone and paternity 

Paternity and relative fertilization success will be measured by DNA fingerprinting. The 
blood samples that we take for hormonal determinations can also be used to determine 
genetic relatedness. The nucleated red blood cells are separated from the plasma using a 
clinical centrifuge. The plasma is frozen, and the red blood cells are blown into a phosphate-
buffered saline PBS/EDTA/Na azide solution. The cells are spun once in an Eppendorf 
centrifuge and resuspended in another volume of the PBS solution and stored at 4 degrees 
C. 

In the first year of the project, the fingerprinting will be done at Purdue University by 
Dr. Rabenold who uses a standard protocol (Rabenold et al. 1990, 1991 a,b,c). In years two 
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and three the fingerprinting will move to Indiana, although Rabenold will remain heavily 
involved during year two to ensure an effective transfer (see Budget Justification). 

Briefly, Rabenold isolates nuclear DNA with proteinase K, SDS, and 
phenol:chloroform:isoamyl alcohol extractions. Typical yields from juncos are 400 ug of DNA 
per 50 ul of blood. The DNA is digested with a restriction enzyme, e.g., Hae III, and run on 
an agarose gel. Alkaline denaturation and Southern blotting cause the DNA fragments to 
transfer from the gel to a nylon membrane. Hybridization is accomplished with radiolabelled 
probes, either Jeffreys' probes 33.15 or 33.16, or M13. After hybridization, the filters are 
exposed to x-ray film for approximately one week. They are then re-hybridized with an 
alternate probe and autoradiographed again. All three probes have yielded excellent results 
when used with junco genomic plots (see Fig. 5). 

Putative parents and their offspring are run on the same gel, along with males from the 
neighborhood. When bands are found in the offspring that cannot be found in either putative 
parent and the pattern is consistent across enzyme or probe comparisons, the treatment 
group of the excluded male is noted. Thus far (see below), only males have been excluded. 
Young of excluded males are then run on another gel along with potential fathers to see if a 
match can be found. As data emerge, we will generate statistical measures of confidence for 
both exclusions and assignments of parentage (see Rabenold et al. 1990). 

Preliminary data from 1990 indicate that the research is feasible. Adult males were 
bled at implant, and we succeeded in bleeding all the males on the experimental portion of 
the study area and many that settled nearby. Females were bled either in early spring or after 
they had begun to nest. Many nesting attempts ended in predation, but we bled all nestlings 
that survived to 7 days of age (where hatching day equals day 0), the earliest age at which 
we felt we could get a sample without harming them. We later checked for any delayed 
effects of bleeding and found no difference in mass between the nestlings that were bled this 
year and in earlier years (compare Wolf et al 1988). 

In all, we bled 262 individuals, including 25 complete families, i.e., male, female, and all 
their ostensible offspring. T-males were the putative fathers in six of the families, control 
males were the putative fathers in eleven, and eight of the families were from the untreated 
portion of the study area. The number bled also included 70 males and 36 females not known 
to have produced offspring. This represents the minimum sample to be expected per year of 
the study, because the nest predation rate in 1990 was unusually high (90% of nests lost 
prior to fledging, highest rate in eight years of study). In more typical years, we could expect 
at least to double the number of families sampled. 

Time and money have permitted only the most limited analysis of these samples. In 
October 1990, we ran two gels of 24 individuals each; these birds included six families living 
on contiguous territories. Family size ranged from a pair that produced 11 young in three 
broods, to a pair that produced a single young. There were six putative fathers, five putative 
mothers (one female had two different mates in succession), and 32 offspring. In addition, the 
gels included five males from the neighborhood. Some of the neighborhood males had 
produced young on their own territories, while others had not. We hoped that any offspring 
that could not be assigned to their putative fathers could be assigned to one of the five 
neighborhood males. 
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Only a single enzyme-probe combination was performed, so the results are quite 
preliminary. Nevertheless, we did find six offspring that do not appear to have been sired by 
their putative fathers (see Fig. 5). The banding patterns of each of the six young in question 
had between five and seven fragments that could not be attributed to either of their putative 
parents. For each, the proportion of bands shared with their putative mothers was > 55%, 
whereas with putative fathers it was < 30%. The banding patterns of some of the 
neighboring males strongly indicate that they may have been the genetic fathers of the 
excluded young, although we cannot be confident of this until the males and the excluded 
young are run on adjacent lanes. If they prove to be the fathers, this would suggest that 
when females are inseminated by males other than their social mates, these males live nearby 
(e.g., are not floaters). 

The preliminary data do not reveal whether testosterone increases a male's likelihood 
of extra-pair fertilizations. Both T-males and controls behaved parentally toward offspring 
that they did not sire, and both a T-male and a control appear to be candidates as the actual 
fathers of those offspring. These numbers are summarized in order to indicate the ways in 
which future results can be analyzed. 

Occurrence of exclusion 

6 of 32 offspring excluded, 19% 
3 of 11 broods with at least one excluded offspring, 27% 
2 of 5 females inseminated by males other than their mates, 40% 
3 of 6 males cared for at least 1 offspring not their own, 50% 

Relationship to testosterone 

1 of 4 control males cared for excluded young, 25% 
2 of 2 T-males cared for excluded young, 50% 
1 of 4 T-males fathered offspring in the nests of other males, 25% 
1 of 7 control males fathered offspring in the nests of other males, 14% 

Summary of relationship between putative and actual paternity (n=young putatively and 
actually sired) for four T-males and five controls 

male 

T-males 

putative 	actual putative 

C-males 

actual 

#1 6 4 3 0 
#2 6 5 11 11 
#3 0 4 1 1 
#4 0 0 5 7 
#5 0 0 

total 12 13 20 Ts 

mean 3.0 3.2 4.0 3.8 
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Fertility 

We will compare the treatment groups for occurrence and relative density of sperm 
using cloacal lavage, a simple technique in which an aliquot of water is inserted into the 
cloaca using the tip of an Eppendorf pipette. The water is drawn out again, and the contents 
are placed on a microscope slide, air dried, and observed with a phase contrast microscope 
(Quay 1984, 1985, 1986, 1987). We will do this on free-living males and on a set of captives 
given three different dosages (implant lengths) of T at two times of year (February, May). The 
captives will also be checked for relative gonadal size by laparotomy (a procedure we have 
used often, Ketterson and Nolan 1985). As noted, we have also asked John C. Wingfield, 
University of Washington, to assay our plasma samples for gonadotropins, and he has 
agreed (see Appendices). 

Testosterone and physiology 

Activity levels and food consumption of captive T-males and controls will be measured 
as follows. Ten males of each treatment will be captured off the study area, implanted, and 
caged individually. The cages are equipped with microswitches connected to an Apple II 
microcomputer. We have frequently used this set up to measure nocturnal restlessness 
(Zugunruhe) in juncos (Ketterson and Nolan 1987a 1987b, Nolan and Ketterson 1990), and 
the same set-up can be used to measure perch-hopping activity during the day. Each 
day,each male will be provided with a fixed amount of millet seed (ca. 5g) and a fixed number 
of mealworms (e.g., 50). Activity levels and food consumption will be measured for five days, 
and the birds returned to the field. We know from preliminary data (Ketterson et al. ms. b) 
that the implants we use cause changes in testosterone and corticosterone within 24 hours, 
so design should reveal whether T also affects food consumption and activity. Combined 
with data from the focal male watches (see above) that compare T-males and controls for 
time spent foraging, flying, etc., cage studies should give us a clearer picture of how T 
influences time allocation and energy balance. 

Finally, we will compare treatment groups for CBP to determine whether higher plasma 
concentrations of corticosterone indicate greater rates of secretion. The assay will be done in 
collaboration with Dr. Wingfield at the University of Washington (see his letter in appendices). 
If we find that secretion appears to be greater in T males, we will proceed with determining 
whether there are links connecting testosterone, corticosterone, an susceptibility to disease. 

Ratios of heterophil to lymphocytes will be used as indicator os condition and will be 
determined form blood samples taken from free-living T-males and controls following the 
methods of Gross (1984) and Campbell (1988). Dr. Gross is a member of the faculty at 
Virginia Polytechnical University at Blacksburg, Virginia, which is 20 miles from our field 
station. During the summer of 1990 he taught us how to identify and count these cells with a 
hemacytometer, and he agreed to give us further help if needed during the summer of 1991. 
We will also collect fecal samples from free-living males of both treatments and use 
commercial flotation kits (Fecalyzer) to detect the presence of coccidial oocysts. In aviaries 
and cages, oocysts may accumulate over time. Therefore, before introducing males into a 
cage we will line the bottom with a plastic lining. Free-living males come readily to bait pile 
and feed (and defecate), while being observed closely. We will maintain bait piles at field 
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locations, put down a new substrate and fresh bait, observe with a telescope, and collect 
feces after males defecate. We have no preliminary data for this portion of the project 
beyond having practiced the methods during the summer of 1990, so where we go with this 
last portion of the project will depend in large part on our findings in 1991. 

E. SIGNIFICANCE 

A central question in evolutionary biology is whether natural selection acts upon 
organisms or traits (Travis 1989), and one of our primary goals is to further understanding of 
how organisms come to function as integrated units. It can be no accident that hormones 
have such diverse effects on the phenotype, and we believe that experimental studies of 
associations among fitness-related traits with a common physiological cause can contribute 
significantly to knowledge of how evolution shapes organismal function. By asking how 
hormonal treatment and its phenotypic consequences relate to male reproductive success, 
we hope to examine the underpinnings of the trade-offs involved in the maintenance of life 
history characteristics. 

This study builds upon 15 years of studying juncos (e.g., Ketterson and Nolan 1976, 
1978, 1983), seven years of demographic information on this population (Ketterson et al. in 
press), and a solid understanding of the relationship between male parental behavior and 
male reproductive success (Wolf et al. 1988, 1989, 1991, Ketterson et al. 1990, ms a. b.). It 
will provide new information on the effect of testosterone on functional traits such as 
allocation of time to foraging and display, use of space, and resistance to disease, and it will 
be the first to ask whether testosterone affects the frequency of extra-pair fertilizations. The 
fact that much of this work will be carried out in the field will contribute to the study's 
significance, since field studies of experimentally treated but free living birds are relatively 
rare, and the field is the ultimate proving ground for our ideas about evolution. 
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V. TABLES AND FIGURES 

TABLE 1 

COMPARISON OF CORRELATES OF FITNESS BETWEEN PAIRS IN WHICH MALE IMPLANTS 
CONTAINED TESTOSTERONE (T-PAIRS) AND PAIRS IN WHICH IMPLANTS WERE EMPTY 

(CONTROLS) 

T-PAIRS 
	

CONTROLS 

x (n) s.e. x 	(n) s.e. P 

# eggs, Clutch A 3.8 (25) 0.09 4.1 (17) 0.15 0.140 

# hatched, Clutch A 3.5 (27) 0.12 3.5 (18) 0.22 0.696 

# at day-10, Clutch A 3.1 (26) 0.18 3.3 (15) 0.25 0.460 

Nestling mass, day 10 (g) 16.9 (21) 0.26 17.2 (15) 0.28 0.390 

Female mass, day 10 (g) 20.4 (20) 0.26 20.3 (14) 0.22 0.680 

Renesting interval 8.2 (16) 0.95 7.1 (15) 0.66 0.350 

# eggs, Clutch B 3.6 (14) 0.13 3.4 (11) 0.25 0.870 

# hatched, Clutch B 3.2 (9) 0.41 3.4 (11) 0.25 0.870 

NOTE.-Comparisons by Mann-Whitney U, except for the variables nestling mass, female 

mass, and renesting interval, in which t-test was used. 
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TABLE 2 - POWER OF TESTS REPORTED IN TABLE 1 

Variable 
	 % 	 n' 

	
o' 	 n 	 power 

# eggs, clutch A 

# hatched, clutch A 

# at day 10, clutch A 

nestling mass, day 10 

female mass, day 10 

renesting interval 

# eggs, clutch B 

# hatch, clutch B 

10% 	20.2 	0.550 	30 	 63% 
20% 	 <9 	99% 
30% 	 <9 	>99% 

10% 	21.6 	0.794 	85 	 30% 
20% 	 19 	 80% 
30% 	 10 	 98% 

10% 	19.0 	0.943 	137 	18% 
20% 	 33 	55% 
30% 	 13 	88% 

10% 	17.5 	1.139 	<9 	>98% 
20% 	 <9 	>98% 
30% 	 <9 	>98% 

10% 	16.5 	1.007 	<9 	>97% 
20% 	 <9 	>97% 
30% 	 <9 	>97% 

10% 	15.5 	3.238 	351 	8% 
20% 	 86 	22% 
30% 	 38 	42% 

10% 	12.3 	0.680 	64 	21% 
20% 	 17 	65% 
30% 	 <9 	>90% 

10% 	10 	 1.049 	157 	11% 
20% 	 39 	27% 
30% 	 21 	51% 

For the variables in Table 1, we used the tables in Cohen (1988) to calculate (a) the 
sample sizes that would have been required to detect differences between the means of 10%, 
20% and 30% differences with a power of 80% and (b) power of our t-tests to detect differences 
of the same magnitudes. For all comparisons to type 1 error was fixed at 0.05 (two-tailed). 
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TABLE 3 

FOCAL MALE WATCHES - PRELIMINARY DATA 

x 

T-males 

s.e. 	(n) 

Controls 

x 	s.e. (n) p 

Duration (min) 20.6 3.96 8 18.9 2.45 18 0.709 

Songs/hr 248.6 1.56 8 73.0 30.88 15 0.003** 

% foraging 8.0 2.65 7 19.9 5.57 12 0.138 

% out of sight 0.5 0.46 8 7.3 1.96 18 0.031 * 

% in sun 61.2 14.16 7 34.7 8.28 14 0.101 

% in shade 38.8 14.16 7 65.3 8.28 14 0.101 

% on ground 14.5 3.84 7 44.6 11.21 13 0.023*  

Comparisons by t-test, treatments did not differ in percent time preening (p < 0.65), flying (p < 
0.74), or sitting (p < 0.46). 

TABLE 4 

RESULTS OF RADIOTELEMETRY OF MALE DARK-EYED JUNCOS AT MOUNTAIN LAKE 
(SUMMER 1990) 

Individual Trt Home Range (m 2) n Nest Status 

STN 55 T 138,360 95 inc.-failed 
STN 56 T 26,990 67 incubating 
HTL 30 T 24,530 42 feeding 
HTL 28 T 19,490 69 inc.-feeding 

HTL 26 C 23,230 55 incubating 
HP 1 C 14,630 52 feeding 
WVN 86 CC 6,801 82 feeding 

Overall mean: 36,290 (±17,206 SE) 
T (T-male) mean: 52,642 (±28,714 SE) 
C (control male), CC (an untreated control male) mean: 14,887 (±4,744 SE). 
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Fig. 1, part 1. Effect of testosterone treatment on male song rate, according to age of the 
nestlings. T-males Implanted with testosterone, C-males were controls with empty 
Implants. Intervals refer to the ages of nestlings. Interval 1 zs days 0-3, interval 2 = days 
4-7, Interval 3 = days 8-10. 
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Fig. 1, part 2. Effect of testosterone on the percentage of feedings made by males. 
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Fig. 1, part 3. Effect of testosterone treatment on rates on food delivery to the nest by males and 
females, according to nestling age. 
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Fig. 2, part 1. Testosterone concentration (ng/mI, x + 1 s.e.) of free-living male and female dark-
eyed juncos classified accorcing to treatment of the male (T=T-implanted males, 
C=control males with empty implants). Sample sizes are displayed In histogram bars. 
AJI juncos had nestlings at the time of sampling. 

Fig. 2, part 2. Corticosterone concentration (ng/rnl, x ± 1 s.e.) of free-living male and female 
dark-eyed juncos classified according to treatment of the male (F=T-implanted males, 
C=control males). Sample sizes are displayed in histogram bars. All juncos had 
nestlings at the time of sampling. 
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Fig. 2, part 3. Body mass (x ± 1 s.e.) of free-living dark-eyed juncos at the time they were 
implanted in March-April and upon recapture in the last half of April. T and C refer to 
testosterone-filled and empty implants, respectively. T-males lost more mass between 
implant and recapture than controls did. 
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Fig. 4. Three-dimensional representations of the home-ranges of five male juncos. Each 
diagram is 600 m on a side, and the height of each represents the frequency of telemetry 
fixes at each location. The upper three are T-males and the lower two are a control with 
an empty implant and an untreated control. 
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Fig. 5. DNA fingerprints of dark-eyed juncos produced by hybridization of HaeIII genomic blots 
with M13, representing all reproduction on a single territory during the 1990 breeding season. 
Originally, an adult male M1 (lane 1) nested with an adult female F (lane 3) and produced a brood of 
three (N1, N2, and N3). After the disappearance of Ml, F renested with a different adult male M2, 
with whom she produced two broods totalling 6 offspring (N4 - N9). In testing parentage of the first 
brood, the putative father M1 can be excluded for all 3 young; particularly important bands in this 
determination are marked with arrows. F can be provisionally assigned as mother for all because she 
can account for the majority of fragments in each offspring pattern. In the second and third broods 
M2 and F can account for the complete pattern of all nestlings except N6. who also shares many 
fragments with F but few with the putative father. Interestingly, N1-N3 and N6 share many of the 
bands not contributed by their putative parents, suggesting that they may be offspring of a single 
male who repeatedly gained EPFs with F. The banding pattern of a single neighborhood male 
tentatively provides these fragments, and we are currently running this male and other neighborhood 
males with these 4 offspring and F to determine paternity. 




