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Abstract. Breeding Indigo Buntings (Passerina cyanea) were sampled by pectoral muscle biopsy 
for electrophoretic analysis, and their breeding success and survival were compared with buntings 
that were only handled and color-banded and with buntings banded in an earlier year. Behavioral 
and reproductive comparisons showed little difference in males or in females among the three 
groups. First-year males were more likely to disappear (and presumably to disperse to a new 
breeding site) after being caught and biopsied before breeding than after being caught and only 
marked. Mating and fledging success of breeding buntings was not affected by biopsy or by capture 
and marking. Annual survival of adults was independent of biopsy. Nestling buntings survived to 
fledging equally well in biopsied and in banded broods, but were less likely to survive when their 
mother was netted near the nest than when she was not, due to predation. Buntings biopsied as 
nestlings returned and bred in the study area but at a lower incidence than control buntings banded 
as nestlings. Muscle biopsy appears to be a nondestructive technique that is compatible with most 
aspects of long-term population studies of small songbirds. 
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INTRODUCTION 

The usefulness of electrophoretic techniques 
to study population structure, kinship, patern- 
ity, and intraspecific and interspecific brood 
parasitism in birds (Sherman 1981; Barrow- 
clough 1983; Mock 1983; Gowaty and Karlin 
1984; Fleischer 1983, 1985; Mumme et al. 
198 5) leads us to ask whether genetic sampling 
is compatible with long-term population stud- 
ies. While human geneticists routinely sample 
isozymes in blood and other tissues with no 
demographic impact of their technique on their 
subjects, avian biologists usually sacrifice their 
subjects as specimens to obtain tissues for ge- 
netic analysis (Johnson and Brown 1980, Bar- 
rowclough 1983) or rely on blood or feather 
pulp which have few genetically variable loci 
(Marsden and May 1984, Gowaty and Karlin 
1984, Mumme et al. 1985). Muscle biopsy 
(Baker and Fox 1978, Baker 198 1) yields more 
loci usable for testing biological questions of 
kinship, but the effects of the biopsy procedure 
on survival and breeding success have not been 
determined in detail in a natural breeding pop- 
ulation. We present an analysis of the survival 
and breeding success of Indigo Buntings (Pas- 
serina cyanea) that were biopsied, and we 

’ Received 13 July 1985. Final acceptance 15 November 
1985. 

compare the results with those of unbiopsied 
birds in the same population. 

METHODS 

Indigo Buntings were captured, color-banded 
and biopsied in the field in a population living 
in an area of about 140 ha located 5 km north- 
east of Niles in Cass County, Michigan. The 
population has been observed each year from 
1978 through 1985 to determine seasonal and 
lifetime individual breeding success and sur- 
vival. Our observations of extra-pair matings 
in buntings (Payne 1982, 1983a, b) led us to 
test whether the genetic consequences of these 
matings could be detected without disrupting 
the population study. 

Three groups of buntings were used for a 
comparison of the effects of biopsy and of the 
handling associated with capture and color- 
banding on behavior, breeding success and 
survival. First, some adults that had been col- 
or-marked in an earlier year were observed 
with no further capture. Second, birds that had 
not previously been captured and color-band- 
ed were caught, marked, and released. Third, 
other birds that had not previously been cap- 
tured, or returning adults that had been cap- 
tured and marked in an earlier year, were 
caught, the pectoral muscle was sampled in the 
live bird with biopsy, and the birds were 
marked and released. The times of capture var- 
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ied for the biopsied group and the new color- 
banded group insofar as males to be biopsied 
were not captured during mating; the design 
was to avoid altering male behavior during the 
period when the mate was sexually receptive. 
Males were captured in a mist net by broad- 
casting a recorded bunting song. Females were 
captured in mist nets near the nest. Nearly all 
females were caught when they had nestlings. 
Nestlings were biopsied at five to seven days, 
when they were large enough to have devel- 
oped the pectoral muscle but small enough not 
to fledge prematurely upon being handled. The 
control nestlings were banded but not biopsied 
at four to seven days. Indigo Buntings in the 
Niles population fledge at variable times de- 
pending on the weather and season from 8 to 
12 days after hatching. Cases were selected for 
biopsy or for a control group according to prior 
determination of sections of the study area. 

The biopsy procedure followed Baker (198 1). 
Birds were biopsied in the field at the site of 
capture. The wings were secured between the 
investigator’s first and second fingers, the head 
was directed towards the investigator, and the 
legs were restrained by the second and third 
fingers. The feathers along the left side of the 
breast were pushed aside, and the skin was 
wetted with propanol. A longitudinal incision 
of about 12 mm was made through the skin 
from the distal end of the sternum across the 
breast, parallel to the breast muscle fibers. A 
strip of muscle approximately 8 X 2.5 x 1.5 
mm was removed by two long cuts along the 
muscle fibers and two short cuts across the 
ends. The muscle strip was lifted from the 
muscle body with sharp forceps. The incision 
was closed and the skin sutured with silk thread 
and a curved needle (Ethicon, Inc.). Nearly all 
biopsies were carried out by Westneat. All birds 
were released immediately (total handling time, 
15 to 25 min) and nestlings were returned to 
the nest after biopsy was completed. 

Buntings were observed throughout the sea- 
son on all territories. From frequent (one- to 
seven-day) censuses we compared the seasonal 
activity of buntings in relation to their history 
of banding and biopsy. From the success of 
the nest of a bunting when captured and biop- 
sied, as well as from any subsequent nestings 
in the season, we compared the effect of the 
procedures on breeding success of the adults 
and survival of the young. Observations were 
conducted from the first buntings to arrive in 
early May until the last breeding females left 
their nests on the study area in early September 
in 1983 and 1984, so the complete seasonal 
breeding success was determined for all bunt- 
ings in the area. Survival of biopsied and un- 
biopsied adults was compared from the pro- 

portion of birds in each class that returned to 
the study area in the following year (1984 and 
1985). Males were aged at capture by noting 
whether the greater primary coverts were blue 
(adult) or brown (first-year). As breeding suc- 
cess and annual survival (= local returns) differ 
between first-year and adult male buntings 
(Payne 1982, unpubl.), the age classes were 
analyzed separately. Female buntings cannot 
be aged with certainty, so no age groups were 
used in the analyses. 

RESULTS 

Muscle biopsy had no immediate effect on be- 
havior. Indigo Buntings flew well upon release 
in almost all cases, and some males sang within 
2 min of release. Several males had been chas- 
ing in territorial conflicts with neighboring 
males or intruders when they were captured 
and biopsied. These males all held their ter- 
ritories after they were released. Females were 
observed feeding their nestlings within an hour 
of release. In the cases where the biopsied young 
were observed shortly after the operation, they 
begged actively and were fed within an hour 
of being replaced in the nest. Biopsy had no 
obvious long-term effects on those individuals 
that were recaptured in a later year except for 
a slight depression in the muscle mass where 
the tissue had been removed, both in birds 
biopsied as nestlings and in birds biopsied as 
adults. 

Most birds remained on their old territory 
and were resighted. Not all birds were seen 
alive after capture, and most of these may have 
deserted the area, as they were in apparent 
good condition upon release. However a few 
birds did not fly upon release. Of these 11 
birds, 8 had been biopsied and 3 were captured 
controls. Five of these biopsied birds were seen 
later in the season, including two females es- 
corting their fledglings. Three biopsied birds 
that did not fly appeared to be injured from 
struggling when their wings were restrained in 
biopsy; the muscles or tendons may have been 
strained. Each hopped away; one was later seen 
flying, and it returned the next breeding sea- 
son. The risk of injury in biopsy appears to be 
associated with handling, as much as with loss 
of the excised muscle or with bleeding. Bleed- 
ing was generally less pronounced than in ex- 
ploratory laparotomy of other small birds. No 
bird bled excessively. One of the most profuse 
bleeders sang within 2 min, stayed on his ter- 
ritory, and bred. He returned and bred in the 
following year as well, and he fathered fledg- 
lings in both years. In other years we had oc- 
casional birds that did not fly after capture and 
banding. Several were seen later and bred suc- 
cessfully; they had recovered from handling. 
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TABLE 1. Effect of capture and biopsy on the proportion 
of male Indigo Buntings (Passerim cyunea) that remained 
on the study area for at least seven days after capture or 
initial sighting. 

Age 

Adult 

First-year 

GVXJp 

Not recaptured 
Marked 
Biopsied 
Marked 
Biopsied 

No. of birds 
resighted 

Yes NO 

101 3 
25 4 
53 4 
44 11 
26 17 

In 1983 and 1984 a total of 173 adult buntings 
were captured and biopsied. The apparent loss 
of 3 birds that were biopsied but did not fly 
and were not seen again out of 173 leads us to 
caution that handling and biopsy may carry a 
2% risk to the bird. 

MALE ACTIVITY AND SEASONAL 
TERRITORIALITY 

The sample of male buntings for 1983 and 
1984 included 295 cases to test the effects of 
capture and biopsy on behavior, survival, and 
breeding success. Group 1 included 104 adults 
that had been color-marked in an earlier year 
and were not recaptured in the year of obser- 
vation. Group 2 included 29 adults and 57 
first-year males that were captured and color- 
marked but were not biopsied. Group 3 in- 
cluded 57 adults and 43 first-year males that 
were biopsied. 

In the analyses of the effects of biopsy on 
survival and breeding activity of males in the 
season of capture, we selected certain cases for 
comparison, because birds were captured and 
biopsied at varying times through the breeding 
season as they arrived on the study area 
throughout the period from early May through 
early August. All males that were captured and 
marked, whether or not they were biopsied, 
were selected to test whether they were seen at 
least seven days after capture. For the analysis 
of the total season of activity after capture, we 
selected only the males captured before 1 July 
(new males appear on the study area as late as 
10 August and sometimes breed after they ar- 
rive, but late-arriving males have a shorter lo- 
cal season). The adults banded in an earlier 
year were used in comparison of total days 
only if they were first seen before 1 July in the 
current season. For the total time of residency 
after “capture” of returning adults (Group l), 
we used the total number of days that the male 
was present after 21 May, which was the me- 
dian date of capture of the males that were 
captured before 1 July. 

The likelihood that a male would desert the 
area as a result of capture or biopsy was de- 

TABLE 2. Effect of capture and biopsy on the proportion 
of male Indigo Buntings that remained at least seven days 
after capture: comparison of birds captured before any 
nesting and captured after nesting had begun for the season 
(within eight days of the first egg of the first nest). 

Nesting 
when 

captured Age GrlXJp 

No. of birds 
resighted 

Yes No 

Yes 

No 

Adult 

First-year 

Adult 

First-year 

Not recaptured 
Marked 
Biopsied 
Marked 
Biopsied 
Not recaptured 
Marked 
Biopsied 
Marked 
Biopsied 

20 1 
13 
28 ; 
24 3 
13 1 
83 5 
12 2 
25 2 
20 8 
13 16 

termined by comparing the proportion of males 
in each group that were sighted again at least 
seven days after initial sighting (Group 1) or 
capture (Groups 2 and 3). Nearly all adult males 
that were captured or resighted were sighted 
again at least seven days later. The proportion 
seen after capture was similar for biopsied 
birds, captured birds, and nonrecaptured 
banded birds that returned from an earlier year 
(Table 1). In adults the capture and biopsy had 
no significant effect on desertion (x2 = 3.10, 2 
df, P > 0.05, ns). However, in first-year males 
the biopsied birds were less likely to remain 
than were birds that were only captured (x2 = 
4.51, 1 df, P < 0.05). 

In males that were captured after they had 
bred at least once in the season (including the 
eight days prior to the laying of the first egg, a 
period in which the males were seen to cop- 
ulate with their mate), nearly all were seen 
again at least seven days later (Table 2). The 
proportion sighted again was not significantly 
different among the three groups of adult males 
(x2 = 0.98, 2 df, P > 0.05, ns) or between 
groups of first-year males (x2 = 0.16, 1 df, P > 
0.05, ns). Neither in adults nor in first-year 
males did biopsy have an effect on birds de- 
serting the territory, mate and nest, or the study 
area. The experience of being captured and 
marked also had no effect on the probability 
that a male would disappear, as the adults that 
had been marked in an earlier year were no 
more likely to remain than were the adults 
captured in the current year. 

In the males that were captured before they 
had bred (at least nine days before any eggs 
were laid), capture and biopsy had no apparent 
effect on the probability that an adult would 
remain (Table 2); nearly all adult buntings re- 
mained in all treatment groups. First-year 
males were more likely to remain if they were 
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TABLE 3. Total number of days a male Indigo Bunting remained on the study area after capture: ANOVA comparison 
of control, captured and marked, and biopsied birds.’ 

Age 

Adult 

First-year 

Group n M&Ill SD F P 

Not recaptured 101 13.3 25.4 0.04 0.96 NS 
Marked 18 71.6 21.1 
Biopsied 32 72.5 26.9 
Marked 35 51.7 27.1 3.41 0.07 NS 
Biopsied 19 65.7 25.6 

’ For the returning adults that were not recaptured during the current season, we used the number of days the male was present after 21 May, the median 
date of capture of males that were captured by 1 July. 

marked than if they were both marked and 
biopsied (x2 = 4.14, 1 df, P < 0.05). The effect 
of biopsy was apparently associated with the 
nesting status of a first-year male at the time 
of biopsy. 

To test whether the tendency of first-year 
males to desert after biopsy might be related 
to a lower androgen level before they had bred 
than the levels in nesting birds, we compared 
two structures that may be androgen-sensitive, 
the cloaca1 protuberance and the bill color. The 
cloaca1 protuberance of male buntings in- 
creases in length from 3 or 4 mm early in the 
breeding season to 6 to 8 mm in breeding in- 
dividuals and is a sperm maturation and stor- 
age organ. The bill of newly returned first-year 
males is yellowish at the base but turns gray 
during the breeding season. The size of the 
cloaca1 protuberance (~6 mm; ~6 mm) was 
associated with bill color (yellowish, not yel- 
lowish) among first-year male buntings cap- 
tured from 1978 through 1982 (n = 174, x2 = 
16.5,l df, P < 0.0 1). However, the proportion 
of first-year males observed on the study area 
at least eight days after capture was not sig- 
nificantly associated with either cloaca1 pro- 
tuberance size (n = 96, x2 = 1.04, 1 df, P > 
0.1) or bill color (n = 97, x2 = 3.74, 1 df! in 
1983 and 1984, though it was nearly so in the 
latter case (P = 0.053). Nor was it significantly 
different in birds with both a large cloaca1 pro- 
tuberance and a non-yellow bill color than in 
birds without both of these characteristics of 
breeding males (x2 = 1.8 1, 1 df, P > 0.05). 
Although both the cloaca1 protuberance and 
the bill color tend to indicate a lower sexual 
activity in birds that did not remain after cap- 
ture, additional factors are apparently in- 
volved in the disappearance of nonbreeding 
males after biopsy. 

The effect of capture and biopsy on the total 
number of days that the resident males were 
active on the study area was compared with 
an analysis of variance (ANOVA), including 
only those males that were first sighted or cap- 
tured before 1 July and were seen on the study 
area for at least seven days. The results showed 
no effect of capture or biopsy on adults or on 

first-year males (Table 3). Biopsied first-year 
males tended to remain longer than the non- 
biopsied first-year males, but the difference was 
not significant. The ANOVA was repeated for 
only those birds that were known to nest, and 
for only those birds that were captured before 
they had nested. In none of the tests did the 
biopsied birds have a significantly shorter sea- 
son. 

MALE MATING AND BREEDING SUCCESS 

Males captured at least eight days before the 
first egg was laid in their first nest of the season 
were selected for comparison of the proportion 
of birds that nested. This time interval was 
selected because buntings usually initiate cop- 
ulation and the females begin to build a nest 
at least eight days before the first egg is laid. 
Most males that remained were successful in 
attracting a female (Table 4). The proportion 
that mated was not different in uncaptured 
control, marked, and biopsied adults (x2 = 
0.5 1, 2 df, P > 0.05) or in captured and biop- 
sied first-year males (x2 = 2.35, 1 df, P > 0.05). 

The number of males that initiated a new 
nest after capture was compared in birds cap- 
tured before 1 July and seen at least seven days 
after release. The proportion that nested after 
capture was no lower in biopsied birds than in 
birds that were only marked and released (Ta- 
ble 5; adults that did not nest were too few for 
comparison; first-year males, x2 = 3.46, 1 df, 
P > 0.05). 

TABLE 4. Effect of capture and biopsy on the number 
of male Indigo Buntings that acquired a mate after cap- 
ture.8 

No. of males that 
acquired a female 

Age Group Yes NO 

Adult Not recaptured 13 1 
Marked 12 0 
Biopsied 25 0 

First-year Marked 14 6 
Biopsied 12 1 

. Sample includes those males that remained on the study sea for at least 
seven days after capture or initial observation (Group I) and captured at least 
eight days before the first nest of the season (if any nest). Birds of uncertain 
mating history are excluded. 
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TABLE 5. Effect of biopsy on the number of male Indigo 
Buntings that nested after capture.8 

No. of birds that had a 
subsequent nest 

AK Group Yes NO 

Adult Marked 16 0 
Biopsied 27 2 

First-year Marked 21 9 
Biopsied 15 1 

‘Sample includes only those males that were caught before I July and 
remained on the study area for at least seven days after capture, and whose 
nesting histories were determined. 

The effect of biopsy on the success of a male’s 
current nest was tested in males captured when 
their nest had eggs or nestlings no older than 
four days. The sample is small (total 38 nests) 
and the adults and first-year males were com- 
bined for comparison (Table 6; x2 = 1.47, 1 
df, P > 0.05, ns). The comparison is compli- 
cated by the biopsy of the females and the 
nestling brood in most cases. However, male 
biopsy had no evident detrimental effect on 
the likelihood that the current nest would 
fledge. 

The effect of biopsy on breeding success was 
also tested by comparing the proportion of 
males that had fledglings either from their cur- 
rent nest or from a later nest (including only 
those males caught before 1 July and sighted 
at least seven days after capture; Table 7). In 
neither adults or first-year males did biopsy 
have a detrimental effect on breeding success 
(adults, x2 = 1.21, 1 df, P > 0.05; first-year 
males, x2 = 2.26, 1 df, P > 0.05). 

MALE SURVIVAL 

The effects of capture and biopsy on males 
observed in a later year are summarized in 
Table 8, which indicates whether or not the 
marked birds seen on the study area in 1983 
or 1984 were resighted in the following year. 
The proportion that returned to the study area 
was independent of capture and of biopsy in 
adults (x2 = 3.42, 2 df, P > 0.05, ns) and in 
first-year males (x2 = 1.22, 1 df, P > 0.05, ns). 
Ten nonrecaptured adults that did not return 
in the next year were found dead on the road; 
they are included in the totals. One was 1.0 
km from the study area and 2.3 km from its 
breeding site of the previous year. A few other 

TABLE 6. Effect of biopsy on the fledging success of 
males that were captured during an active nest (laying, 
incubation, or nestlings no older than four days). 

Group 

Captured, not biopsied 
Captured and biopsied 

Nest success: did one or 
more young buntings fledge? 

Yes NO 

3 9 
12 14 

TABLE 7. Effect of biopsy on breeding success: number 
of males that had fledglings after capture, either from a 
current nest or from a later nest.” 

A@ Group 

Breeding success: did 
one or, more young 

buntmgs fledge? 
Yes NO 

Adult Marked 9 7 
Biopsied 21 8 

First-year Marked 10 20 
Biopsied 9 7 

a Sample includes only those males that were caught before 1 July and 
remained on the study area for at least seven days after capture. “Current 
nest” is the nest that was active at the time of capture; not all males had a 
current nest when captured. 

birds that were not seen again may have re- 
turned outside the study area; fewer than 10% 
of the adult males seen in a year had not been 
banded in an earlier year, so had dispersed 
across the margin of the study area. Three males 
that did not remain for at least seven days after 
capture in the previous year were seen again 
the next year; an adult and one first-year male 
had been biopsied and the other first-year male 
had not. Survival as indicated by return in the 
next year was not affected by capture and 
marking or by biopsy. 

EFFECT OF BIOPSY ON FEMALES 

We compared the effect of capture and biopsy 
on the survival and breeding success of fe- 
males. Most females survived biopsy and re- 
mained with their nest. Two females appar- 
ently deserted nests with nestlings after they 
were captured and biopsied. One nested again 
later in the same territory; the other deserted 
a nestling Brown-headed Cowbird (Molothrus 
ater) and was not seen again. Another female 
deserted a nest with three eggs after she was 
captured but not biopsied. Female survival was 
determined from the number that either fledged 
their brood or were resighted after the nestlings 
were taken by a predator (Table 9). Survival 
was independent of capture and biopsy (x2 = 
0.33, 2 df, P > 0.05). 

The tendency of females to initiate another 
nest in the same season after they were cap- 
tured at an earlier nest was not related to 

TABLE 8. Effects of capture and biopsy on the number 
of male Indigo Buntings that returned to the study area in 
a later year. 

Age 

Adult 

First-year 

Group 

Not recaptured 
Marked 
Biopsied 
Marked 
Biopsied 

No. of birds observed 
in a later year 

Yes NO 

55 54 
13 16 
36 21 
22 33 
22 21 
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TABLE 9. Number of females that were seen again on 
the study area within the season after capture and biopsy.= 

Group 
Observed after release 
Yes NO 

Not recaptured 32 
Marked 43 : 
Bioosied 62 9 

’ Numbers of marked and biopsied females indicate cases where female was 
see” at least seven days after capture or whose brood fledged after her capture 
(no broods were reared by males alone). For females that were not recaptured, 
the numbers indicate females observed at a nest with nestlings of four to 
seven days of age at any time during the season. 

whether they were biopsied at the earlier nest 
(Table 10). Females were no less likely to nest 
again following biopsy than following capture 
without biopsy (x2 = 0.89, 1 df, P > 0.05). 

The proportion of females that returned in 
a later year was compared among the three 
experimental groups (Table 11). A few females 
were sighted one year, not sighted the next, 
then sighted again in a later year; we suspect 
they nested off the study area in the middle 
year. The field observations were intensive lo- 
cally, and females switch territories from year 
to year more often than do males (Payne 
1983b). Neither biopsy nor capture appeared 
to affect the probability that a female would 
return from year to year (x2 = 1.08, 2 df, P > 
0.05, ns). 

EFFECT OF BIOPSY ON NESTLINGS 

A total of 26 1 nestlings were biopsied in 1983 
and 1984. There was no sign that biopsy af- 
fected the growth, development, or activity of 
the nestlings. The only instance of biopsied 
young that were found dead in the nest was 
associated with female desertion. Most nest- 
lings survived both in biopsied broods and in 
broods that were not biopsied but were banded 
(Table 12). No difference in nest success was 
noted in nests where both the female and the 
young were biopsied and in nests where the 
female and young were only banded. The over- 
all survival of the biopsied nestlings was the 
same as the overall survival of the marked 
nestlings (77% of marked broods, 80% of biop- 
sied broods, x2 = 0.175, 1 df, P > 0.05, ns). 

TABLE 10. Number of females that nested again on the 
study area after capture and biopsy.” 

Group 

Not recaptured 
Marked 
Biopsied 

Nested after capture and release 
Yes NO 

8 
I :, 

10 4 

’ Samples of marked females and biopsied females include only those birds 
that were caught at a nest before I July. For females that were marked in an 
earlier year and not recaptured during the current year, the sample includes 
all birds that were observed at a nest with nestlings at least four days of age 
by 1 July. This selection of cases includes all females with a nest likely to 
have fledged by 8 July, and who had time to nest successfully again during 
the same breeding season. 

TABLE 11. Effects of capture and biopsy on the number 
of female Indigo Buntings that returned to the study area 
in a later year. 

Group 

No. of birds observed 
in a later year 

Yes NO 

Not recaptured 
Marked 
Biopsied 

28 31 
24 
44 

EFFECT OF FEMALE CAPTURE ON 
SURVIVAL OF NESTLINGS 

In addition to the cases listed in Table 12, we 
had a few cases where a female was captured 
at a nest when the nestlings were too young to 
be biopsied and the nestlings were never 
marked or biopsied because they disappeared 
from the nest before they had time to fledge. 
In five additional cases the female was cap- 
tured, marked, and biopsied. Comparing the 
sums from Table 12 in Rows 1 and 2 with the 
sums of Rows 3 and 4 (including the nine cases 
where the female was captured but the young 
were not marked), we found that nests where 
the female was captured were significantly less 
likely to survive to fledging .than were nests 
where the female was not captured but had 
been marked at an earlier nest or in an earlier 
year (x2 = 5.14, 1 df, P < 0.05). In all cases 
the nests were unsuccessful because the young 
were taken by a predator, not because they 
were deserted (no young were found dead, the 
emptied nests usually were tipped or the lining 
pulled up where a nestling apparently gripped 
while being removed by a predator). Some 
predators may have used the disturbance of 
vegetation to locate the nest; we avoided net- 
ting or visiting a nest if we saw Blue Jays (Cy- 
anocitta cristata) nearby. Although our netting 
may have increased the risk of predation of 
the nestlings, most nests with young did in fact 
fledge (Table 12). 

SURVIVAL OF YOUNG TO THE NEXT 
BREEDING SEASON 

Although most buntings banded as nestlings 
were not seen in a following year and probably 
most survivors returned to their breeding range 

TABLE 12. Number of broods that fledged: comparison 
of biopsy and nonbiopsy treatments. 

Female treatment 
Nestling 

treatment 
No. of broods 

Fledged (%) Not fledged (%) 

Not recaptured Marked 45 (78) 13 (22) 
Not recaptured’ Biopsied 34 (89) 4(11) 
Marked Marked 16 (76) 5 (29) 
Biopsied Biopsied 45 (74) 16 (26) 

’ These females were biopsied at a” earlier nest 
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to breed away from their natal site, several did 
return to their natal area. The proportion of 
buntings that returned to their natal area at 
Niles was compared for birds biopsied as nest- 
lings and for birds that were only banded as 
nestlings. Only those birds that were recap- 
tured are included. Of the 228 biopsied nest- 
lings that fledged, 13 were captured in the fol- 
lowing year. Of the 195 control nestlings that 
fledged, 26 were captured in the following year. 
The return rate was 5.7% for biopsied young 
and 13.3% for nonbiopsied young. The pro- 
portion of returning birds was significantly 
lower for the biopsied young (x2 = 7.3 1, 1 df, 
P < 0.01). We conclude that there was a neg- 
ative effect of biopsy on nestling survival from 
fledging to return to the natal area in a follow- 
ing year. 

DISCUSSION 

Our results indicate that biopsy of the pectoral 
muscle has little effect on survival and breed- 
ing success of adult Indigo Buntings. The main 
effect of biopsy appears to be a tendency for 
first-year males to desert the study area early 
in the season if they have not yet mated and 
initiated a nest. Males and females that were 
captured after they had begun a nest were likely 
to continue the current nest and to nest again 
later in the season if the initial capture was 
earlier than late June. The increase in handling 
time and the possibility of injury in stretching 
the wings may present a greater risk to the bird 
than the incision and biopsy procedure itself. 
The risk in biopsy appears to be no greater 
than in field laparotomy to measure gonad de- 
velopment; and as in laparotomies (Miller and 
Miller 1968) the birds sang and resumed their 
nesting activities shortly after release. Neither 
capture and marking nor biopsy had any ap- 
parent effect on the number of days that a male 
remained on the study area after capture, or 
on his chances of nesting again. Survival of the 
adults from year to year as determined by the 
proportion that were sighted again on the study 
area also was independent of capture and bi- 
opsy in the preceding year. 

The tendency of first-year males to desert 
their territories when biopsied early in the 
breeding season probably indicates their as- 
sessment of the area as risky and to be avoided. 
The extra handling and trauma involved in 
biopsy beyond that involved in being captured 
and color-banded may have behavioral effects 
on unmated males. We suspect that most of 
these males moved to a new territory outside 
the study area. The disappearance of some un- 
mated first-year male buntings is similar to 
that observed in the Pied Kingfisher (Ceryle 
rudis) where unmated male auxiliaries that were 

not closely related to the breeding pair were 
more likely to desert after being captured and 
sampled for metabolic data than were primary 
helpers or the breeding birds (Reyer 1984). 

Biopsy also had a negative effect on the sur- 
vival of young buntings in the months after 
fledging. The slightly lower proportion of young 
buntings that returned in the following year 
from biopsied broods than from broods that 
were only banded dampens our enthusiasm for 
a general use of biopsy in population studies. 
No decreased survival of biopsied nestlings was 
apparent. Many fledglings were sighted for 
weeks after biopsy as nestlings. Our observa- 
tions of biopsied broods were more intensive 
so we have no reliable data to compare sur- 
vival during the weeks after fledging in the 
biopsied and control broods. Several surviving 
yearlings were found to return at distances of 
1 km or greater from their natal territory and 
we usually were unable to locate them if they 
dispersed at greater distances. 

Muscle biopsy generally seems to have little 
adverse effect on small songbirds. Dark-eyed 
Juncos (Bunco hyemalis ), White-crowned 
Sparrows (Zonotrichia leucophrys), and White- 
throated Sparrows (Z. albicollis) have all been 
biopsied in field conditions with no obvious 
detrimental result (Baker 198 1; Baker and Fox 
1978; Westneat, 1986). In the present study 
on a breeding population of Indigo Buntings, 
the procedure had little adverse effect and that 
appeared to be mainly behavioral, though we 
did not trace all cases of disappearing birds to 
dispersal into another area. The potential use- 
fulness of the technique in genetic analysis leads 
us to encourage a selective and judicious use 
in other populations. 

In addition to testing the effects of biopsy, 
the comparison of the seasonal activity, breed- 
ing success, and survival across years of the 
older buntings that were captured and banded 
with birds of the same age that were identified 
by observation in the field from their color 
bands on an earlier year indicates that there is 
no significant effect on the birds of capture and 
marking. The captured and the nonrecaptured 
birds of both sexes had similar success and 
similar survival. Capture and color-marking 
of small songbirds did not greatly affect their 
lives, though it allowed us to identify individ- 
ual birds and to follow their breeding success 
and return from year to year. 

We offer a few recommendations that may 
improve results with biopsy as a field tech- 
nique. We routinely sutured the incision to 
minimize the area of exposed muscle tissue, 
though suturing added 3 to 5 min to handling 
time. Second, subjects should be caught when 
the weather is not too hot. Females should be 
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caught when their young are partly grown and 
after the brood patch has regressed, to avoid 
desertion of the nest and to facilitate the sur- 
gical procedure of biopsy by avoiding the cut- 
ting of vascular or edematous area. Capture of 
female buntings for banding often causes de- 
sertion shortly after laying, but desertion is 
rare after the first week of incubation. Finally 
we suggest continued monitoring of the tech- 
nique by comparing the behavior, breeding 
success, and survival of a control sample in 
any population study. 
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