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Goals 98: long version, May 2,1998, still under construction 
 
   
I.  General Methods for 1998 
 
 Implanting.  We are implanting from the green tank southward to the power cuts below 
the hotel and partway up Bald Knob and the Golf Course Road, creating a mix of males with T- 
and C-implants.  In order to assess frequency-dependent effects of T on behavior and fitness, we 
will re-establish a T-only study area on WVN perhaps create a C-only study area on 714. 
  
 On the main study area, treatment is assigned at random (coin toss) to the first young 
adult (yearling) captured at each location (trap or net site) and is alternated thereafter for each 
bird caught subsequently at the same site for all sites.  Among old adults (second-year and 
beyond), unbanded males are not implanted unless we capture them after at least one week has 
passed since initial capture or we capture them after 1 May (later modified because of early 
spring to 4/26). The delay is because they typically settle off the study area, and we cannot catch 
them in late summer to remove their implants.  This year we decided to move this date up to 
April 27, because of the early Spring.  If implanted, treatment is assigned at random within 
location and independently of young males.  Adults that were treated last year and return are 
given the same treatment as they received in 97 (see document entitled 'implant scheme’).  We 
will treat males until some time between the 7th and 14th of May.   If they stop coming to our 
nets and traps, we will target them with lures and tape-recorded song.  
  

Areas beyond the War Spur trail on WVN and beyond the stream crossing on 714 will be 
used to capture lures, birds for KJ and Casto, and possibly Diane, and for birds to take back to 
Bloomington to form a colony of captives.  We may also attempt to rear siblings to help found 
the colony. 
 

Mapping and nest-finding.  As soon as nesting begins (or in the case of this year, when 
the implanting is under control), we will map the study area to determine the locations of all 
males, their nests, and the identities of their mates.  We have not been as exact about this in the 
past as I would like to be in the future.  Starting this year, I would like to see whether it is be 
possible to obtain a GPS location for each nest. 
 
II. Specific goals for 1998 
 
1.  Male phenotype: Susceptibility to disease and survival 
 

Question?  Does T affect susceptibility to disease and male survivorship?    
 

Because we have yet to demonstrate a cost to T and because we still expect animals that 
deviate from the norm to have lower fitness, we anticipate that T-males might exhibit poorer 
health or lower survival.   What follows are two protocols by Joe Casto for testing cell-mediated 
and humoral immunity in free-living and captive male juncos.  
 
a. Assessment of cell-mediated immunity in free-living juncos (by J. Casto) 



 
   When attempting to determine how a manipulation such as long-term elevation of T 
influences reproductive success, it is important to assess as many potential benefits as well as 
costs of the treatment.  One potential cost of long-term elevation in T is suppressed immunity.  
There is substantial evidence that suggests that T can act to suppress immune function in both 
birds and mammals.  We propose to assess the ability of T-males and C-males to mount an 
immune response in response to administration of a mitogen, using a paradigm know as the 
cutaneous delayed-type hypersensitivity test (DHT).  
 
 In the DHT paradigm, a bird is sensitized with an initial subcutaneous exposure to a 
novel compound such as a plant lectin or shellfish protein.  In response to this initial sensitizing 
exposure, the bird mounts a classical, delayed (24- 48 hr) immune response characterized by T-
cell reactivity, inflammation, and edema at the exposure site, and forms an immune memory so 
that if exposed again to the same mitogen the immune response is faster and more intense.   The 
response to a second local administration of the compound (a challenge) is then measured 24- 48 
hrs after exposure.  This method will allow us to determine a bird’s ability to mount an immune 
response based on its immune memory, and to compare immune responses of T- and C-males. 
 
 During the months of April and May we capture and implant approximately 90 to 110 
male dark-eyed juncos with empty or T-filled Silastic implants at Mt. Lake Biological Station.  
During this procedure (while the birds are anesthetized) we will administer a sensitizing dose of 
phytohemaglutinin (PHA; Sigma L-8754), a T-cell dependent mitogen.  The birds will be 
administered 0.25 mg of PHA in 50 µl of complete Freund’s adjuvant via a subcutaneous 
injection in the loose skin of the neck. PHA is a harmless plant lectin derived from red kidney 
beans, and has been used successfully in DHT studies in a variety of avian species including 
chickens, bobwhite quail, jungle fowl, and barn swallows.  Swelling caused by exposure to PHA 
is very localized and the cutaneous hypersensitivity is short lived and should not negatively 
influence a bird’s ability to survive in the wild. 
 
 Injections of a challenge dose of PHA will be given to males no less than two weeks after 
sensitization at times when they are known to be feeding nestlings.  Males will be trapped at the 
nest on the 6th or 7th day after young hatch.  The thickness of the wing web of each wing will be 
measured using a spring-loaded thickness gage and recorded.  Birds will then be given an 
injection of 5 mg of PHA in phosphate buffered saline (PBS).  A subcutaneous injection will be 
given into the wing web of either the right or left wing.  The other wing web will be injected 
with an equal volume of PBS. 
 
 Between 24 and 48 hrs after injection males will again be trapped at the nest (if possible 
without prior agitation).  The thickness of each wing web will be measured again and a blood 
sample will be taken.  The magnitude of the immune response to the local challenge will be 
calculated by subtracting the change in thickness of the PBS-injected wing web from the change 
in thickness of the mitogen-injected wing web. 
 
 Although the time between sensitization and challenge will differ for individual males, it 
is necessary to perform the challenge at a time when we can insure capture of the male twice 



within a 48 hour period.  Both T- and C-males are most easily captured when they are caring for 
young at the nest.  
 
 During the last two weeks of July and the first two weeks of August we recapture 
implanted males and remove their implants.  Any males that we capture at this time that have not 
been given an immune challenge will be given the challenge and control injections and kept in 
holding cages for 24 hrs.  After 24 hrs, the immune response will be measured, a blood sample 
will be taken, the Silastic implants will be removed, and the birds will be released at the sites of 
capture. 
 
b.   Assessment of cell-mediated and humoral immunity in captive male juncos (by J. Casto) 
 
 Two immune tests will be used to assess influences of artificially elevated levels of 
circulating testosterone on both cell-mediated immunity and humoral (antibody-mediated) 
immunity in the same captive individuals.  Assessing both types of immune responses in the 
same individuals will allow us to determine if these two immune responses exhibit similar or 
different patterns of influence by exogenous hormones.  The tests will be carried out in captivity 
in order to insure a high degree of control over the timing of immunizations and assessment of 
immune responses. 
 
 30 male dark-eyed juncos will be captured in the areas surrounding MLBS, housed in 
pairs in outdoor aviaries at MLBS, and given ad libitum access to food and water.  15 males will 
be implanted subcutaneously with testosterone-filled silastic tubes and the remaining 15 males 
will receive empty silastic tubes. 
 
 10 days after implantation surgery a delayed-type cutaneous hypersensitivity test (DHT) 
will be performed to assess cell-mediated immunity of the males from the two treatment groups.  
Birds will receive a subcutaneous sensitizing injection of a plant lectin, phytohemaglutinin 
(PHA; Sigma L-8754).  Ten days later they will receive a subcutaneous challenge injection of 
PHA into the wing web of one wing and a subcutaneous challenge injection of phosphate 
buffered saline (PBS) into the other wing web.  At 24 and 48 hours post-challenge, swelling of 
each wing web will be measured and the difference between wings will  serve as an index of 
cell-mediated immune responsiveness.  In addition, a blood sample will be taken at 48 hours 
post-challenge.  This sample will be used to determine the concentration of circulating 
testosterone as well as to determine a baseline antibody concentration for the humoral immunity 
assay. 
 � 
 On the day following termination of the DHT procedure, all males will be immunized 
with 100 µl of a solution of 2% sheep red blood cells (SRBC,�ICN biochemicals) in PBS via 
intraperitoneal injection.  At 6 days post-immunization a blood sample will be collected and 
plasma will be used to determine antibody concentration using a hemagglutination assay.  This 
technique has been used to assess humoral immunity reliably in chickens, pheasants, quail, and 
black-headed gulls. 
 
I. Male phenotype: Mating effort, parental effort, and reproductive fitness 
 



1. Begging vocalizations and male responsiveness to offspring 
 

Site under construction 
 
2.    Testosterone and flexibility in behavior (likely to be postponed) 
 
 In an earlier proposal to the NSF, we proposed to investigate treatment-related 
differences in allocation of effort to mating and parenting and the coordinated physiological and 
behavioral changes involved.  We also promised to determine whether fixed hormone profiles 
(i.e., T-implants) limit male flexibility in a maladaptive way.   
 
 The idea would be to create environmental opportunities that would be expected to tilt 
the fitness equation towards mating effort or parental effort and then to compare the responses of 
T- and C-males.  One prediction might be that as the potential gains from parental effort 
increase, male physiology should reflect greater readiness to behave parentally.  Alternatively, 
the greater the potential gains from mating effort, the more male physiology should represent 
readiness to mate. 
 
 The manipulations would be alteration in brood size and induced fertility in mates of 
neighboring females.  Dependent variables would be song and feeding rates (including time 
structuring), T and Prl, and possibly sperm or responsiveness to predators.  We would also look 
at self-maintenance, i.e., self-protection, grooming, and self-feeding (foraging) vs. any form of 
reproductive effort. 
 
 We might predict that if brood size is enhanced, males would sing less, feed young more, 
preen more, possibly eat more themselves, be more likely to detect a predator, pay less attention 
to an intruder or a female in a pre-copulatory display, have more sperm (because they are not 
copulating?).  Simultaneously we would predict that they would turn down their T and possibly 
have higher Prl.   If brood size were reduced, all predictions would be reversed.  We would also 
predict that T-males would be less flexible than C-males. 
 
 If a neighboring female becomes fertile, we might predict that all males would feed less 
and raise T, but the decline in feeding would be greater in T-males than in C-males. 
 
 This project has been on the books for several years but predation rates have been too 
high to pursue it. This might be a year to get a start on the effect of brood enhancement using 
control males on 714.   
 
3.   Sperm counts and copulatory behavior 
   
 Are T-males more likely than C-males to mount a stuffed female in the field?  Do sperm 
reserves refill more rapidly in captive T and C-juncos? 
 
 We would like to know whether T affects mounting behavior in the field.  If T-males 
copulate more frequently in the field, we might expect them to copulate more readily with a 
stuffed female mounted in a precopulatory display and placed on their territories. 



 
 If we found an effect of testosterone, I would be interested in the future in trying to take 
this apart by designing an experiment to distinguish the effects of straight T, an estrogen implant, 
or an aromatase blocker. 
 

In order to determine whether males are likely to be sperm-limited, we need to know 
their 'refilling rate' in captivity and in the wild.  This could be accomplished by milking a set of 
captives at 24-hour intervals and by capturing males at their nests on successive days.  We tried 
this in 96 on captives with limited success, and I am not really sure why except to say that the 
captives did not respond well to repeated efforts to sample sperm.  This work may have to be 
done in the field.  It may not be worth pursuing unless we can obtain behavioral evidence that T-
males copulate more readily. 
   
 
II. Extended Phenotype: Indirect effects of T - impact of male’s treatment on his 

female’s behavior and physiology 
 

T-males are more attractive to females than C-males (Enstrom et al. 1997, Hill et al. in 
press), and T-males engage in less parental behavior than C-males (K et al. 1992). In terms of 
feedings per hour, females mated to T-males more than compensate; their rate of feeding is 
higher than that of control females (K et al. 1992).  Despite the increase in effort, when 
reproductive success is measured as the number of fledglings produced per season, females 
mated to T-males have lower success than do females mated to C-males (K et al. 1996, Raouf et 
al. 1997). Curiously, however, young that  fledge from the nests of T-males return to the study 
area in subsequent years at a higher rate than young that fledge from the nests of C-males (Nolan 
et al. in prep.).    
 

Question:  Does ‘male quality’ affect female reproductive behavior and effort?  Do 
females mated to T-males do more or less prospecting for extra-pair mates?  Do females mated 
to T-males scale back their reproductive in order to minimize the cost of reproduction (life 
history theory) or do they increase their effort because they are mated to attractive males that 
might give rise to attractive sons (differential allocation, Burley)?  
 

Together our observations and these questions lead us to inquire about possible 
differences between in the behavior and physiology of T- and C-females.  One project addresses 
female behavior while fertile.  Another addresses possible differences in eggs and incubation 
behavior and in the sex ratio of the young they produce. 

 
1. Impact of mate’s treatment on movements by females when female is fertile (what follows 

by D. Neudorf)   
 

Studies of female extra-pair mating behavior have found much variation in the extent of 
female influence over EPCs.  Females of some species actively pursue EPCs off territory 
(Wagner 1991, Otter et al. 1994), whereas others attract males to their territories through fertility 
advertisement (Sheldon 1994) and some may use both tactics (Neudorf 1996, Neudorf et al. 
1997).   



 
 Researchers have proposed various advantages to females that have some or all of their 
young sired by EPFs (Westneat et al. 1990).  Potential benefits include: insurance against 
infertility of the social mate, material benefits such as access to food or nest defence and "good 
genes" for the offspring.  Studies have found that certain male phenotypic traits correlate with 
male EPF success and thus may be indicative of male quality.   
 
  Male Dark-eyed Juncos with artificially enhanced testosterone levels have greater EPF 
success than control males with normal levels of testosterone (Raouf et al. 1997).  Whether this 
difference is a result of male behavior or female behavior is not known.  Female juncos that mate 
multiply have greater reproductive success, which suggests a benefit to females from obtaining 
EPFs (Ketterson et al. 1997).  In captive mate choice trials, in which female juncos could choose 
freely between two males, they preferred to associate with testosterone implanted males (T-
males) over control males (C-males)(Enstrom et al. 1997).  Whether females exhibit preferences 
for T-males in the more fluid circumstances of the field is not known.   
 
 We will use radio-tracking techniques to follow females during their fertile period to 
determine whether they preferentially seek EPCs from T-males. We will map territories of 20 
males (10 C-males and 10 T-males) using playbacks and observations of song.  Once these 
males are paired and their mates begin nest-building we will capture the females and radio-tag 
them.  Females will be radio-tagged during the late nest-building stage.  Females can be difficult 
to catch at this stage and sensitive to disturbance.  In some cases it may be necessary to radio-tag 
a female at early incubation and then induce renesting through simulated predation, i.e. 
removing her eggs.   We will use two techniques to quantify female movements: 
 
a.   Home Range Size: 
 
 Female home range size during the fertile period will be determined by monitoring 
female movements at 0.5 hour  intervals throughout the day during the nest building and early 
egg laying stage (see Chandler et al. 1994,1997).   We will attempt to get 60 to 70 fixes per 
female.  Female positions will be marked with flagging tape and positions mapped later using 
GPS.  If females mated to C-males are more likely to seek out EPCs than females mated to T-
males, then C-mated females are predicted to have larger home ranges than T-mated females.  
This method will also allow us to directly compare average home range size of females to the 
existing data on males. 
 
b.   EPC Behavior: 
 
  We will use continuous two-hour bouts of tracking to monitor female movements within 
and off their territory during their fertile stage.  These sessions may allow us to observe actual 
encounters between females and extra-pair males.  During continuous tracking sessions, female 
forays off the territory, number of territories visited and time spent on different territories will be 
monitored.  This will allow us to quantify female EPC effort.   
 
 We will also quantify female "twitter calls" and other vocalizations in terms of the 
context in which they are given (i.e. presence of mate or other males) as well as the rate and 



timing of the vocalization per observation period.  This will allow us to determine whether 
females advertise to potential extra-pair mates.  Proximity and song rates of the social mate,  
intrusions by other males and interactions between males will be quantified.  T-males are 
expected to be more aggressive during these interactions.  Aggressive behaviors that will be 
monitored include chases, threat displays, vocalizations and contacts. 
 
  DNA fingerprinting will allow us to determine if there is a relationship between female 
preferences for particular males (as demonstrated through extra-territorial forays or fertility 
advertisement) and paternity of nestlings.   
 
 
2.  Egg steroid content and egg size 

 
If T-females have means for assessing that their mates will be less attentive towards 

young, they might be expected either to lay fewer eggs or to vary the composition of their eggs 
in order to minimize the cost of reproduction.  Alternatively, if they can detect that they are 
mated to more attractive males, they might actually invest more. 

 
Based on data from many years, we have no evidence that clutch sizes differ in T- and C-

females.  Last year we asked whether females mated to T- and C-males might differ in the 
manner in which they deposit steroids in their eggs.   
   

In most avian species studied, because incubation begins before egg-laying ends, the last 
egg to be laid is the last to hatch.  The fact that last-laid eggs hatch later often puts the chicks 
that hatch from them at a competitive disadvantage.  Recently, however, Schwabl (1993) 
reported that females sometimes deposit more T in last-laid eggs and this T may aid the youngest 
chick in its competition with older chicks. 

 
 These observations led us to predict that if T-females scale back on reproduction, then 
they might not increase yolk T-levels with laying order, while C-females would.  If T-females 
increase their reproductive effort they might actually deposit more T in the last egg.  Based on 
data from last year, we found no difference in the T-content of the eggs of T- and C-females.  
Both increased yolk T with laying order.  
 

Interestingly, however, C-females laid larger eggs than T-females. Eggs of C-females 
were both wider and heavier.  We don’t know what biological significance this might have.  Egg 
size might be related to other differences in the effort that females expend early in the 
reproductive cycle.  E.g., do C-females begin to incubate sooner?  Do they exhibit more or less 
hatching asynchrony?  Are their nestlings heavier at hatching? 

 
3. Sex ratio 
 
 Based on the same reasoning of differential allocation, we might predict that because 
attractive males might be expected to produce attractive sons, females mated to attractive males 
might benefit if they biased the sex ratio of their broods towards sons.  But if reproduction is 



more costly for T-females rendering them in poorer condition, then if daughters are less costly to 
rear than sons, we might expect T-females to bias their broods towards females. 
  
a.  Methods for eggs and sex ratio 
 

For nests found prior to laying, we will visit the nest each day between 9AM and noon. 
We will (extremely cautiously) mark each egg to denote order of laying, measure it and weigh it.  
We will note whether the egg is warm or not as a measure of whether it has been incubated.  On 
the day the third egg is laid, we will do an ‘incubation watch’ between 9 and 11 AM to 
determine whether females sits on her eggs.  Midway through incubation we will re-mark the 
eggs. 
 
  On the day before hatching is expected, we will begin to visit the nest to determine 
degree of hatching asynchrony.  As soon as the young are old enough, probably on day 3, we 
will collect 30 ul of blood for DNA from which we will determine the sex of the young.  We will 
follow nests until the young leave them and during the period of dependence.  From this 
information we will determine the relative production of sons and daughters by mates of T- and 
C-males. 
 
III. Extended phenotype: offspring 
 

We need to complete a project comparing the behavior of fed and deprived nestlings 
from T- and C-nests, especially with respect to duration and amplitude of begging. I would also 
like to obtain some video footage of the behavior of T- and C-nestlings. 
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