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AI•STRACT.--We compared breeding-site fidelity of Bobolinks (Dolichonyx oryzivorus) at two 
low-quality sites (Bald Hill and Shackelton Point, BH+SP) with that at one high-quality site 
(Moore Road, MR) in central New York. Yearly density of fledglings at Moore Road was more 
than six times the density at Bald Hill and Shackelton Point. Furthermore, individual residents 
fledged 50-70% more young at the high-quality site. At Moore Road, 70% of the males and 
49% of the females returned one or more times, compared with 44% of the males and 25% of 
the females at the low-quality sites. Successful residents (i.e. those fledging one or more 
young the previous year) were equally likely to return at all sites. However, the return rates 
of unsuccessful residents were more than three times higher at the high-quality site. Neither 
overall return rates nor intrasite dispersal of returning residents differed between individuals 
that had been successful or unsuccessful the previous year at the high-quality site. At the 
low-quality sites, individuals unsuccessful the previous year were much less likely to return 
than were successful individuals (55% vs. 19% for males, 41% vs. 9% for females). Those 
unsuccessful individuals that did return tended to move farther between nest sites than 

successful individuals. Overall, site productivity was the best predictor of yearly, site-specific 
return rates. For females (but not for males), individuals that were resident in one or more 
years previous were more likely to return than were novice residents (47% vs. 20%). Indi- 
viduals that had nests experimentally destroyed by hay-cropping returned at similar rates to 
those of naturally unsuccessful residents. We believe that the patterns of breeding-site fidelity 
in Bobolinks are primarily the result of experience-based choices by the birds and do not 
simply reflect patterns of mortality. Bobolinks appear to use both their own reproductive 
success and that of others at their site to influence their decision to return to a breeding site. 
Received 18 October 1988, accepted 22 April 1989. 

STRONG site fidelity has been documented in 
many avian species (Greenwood 1980, Green- 
wood and Harvey 1982). There is, however, lit- 
tle consensus concerning the ultimate cause of 
this behavior. The balance between breeding 
dispersal (Greenwood 1980) and natal dispersal 
has been interpreted as the result of group se- 
lection (Howard 1960, Johnston 1961), inbreed- 
ing avoidance (Greenwood and Harvey 1976, 
Greenwood et al. 1978, Koenig and Pitelka 1979), 
intraspecific competition (Murray 1967, Moore 
and Ali 1984), optimal outbreeding (Bateson 
1978, 1982; Shields 1982), and physiological 
constraints (Ligon et al. 1988). 

Although ultimate causes of breeding-site fi- 
delity have been difficult to study, its proximate 
correlates have been more easily managed. In 
a wide variety of avian taxa, higher return rates 
or shorter dispersal distances are observed for 
individuals successful in hatching or fiedging 
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young the previous year (e.g. Delius 1965, No- 
lan 1978, Harvey et al. 1979, Newton and Mar- 
quiss 1982, Oring and Lank 1982, Dow and 
Fredga 1983, Gratto et al. 1985, Weatherhead 
and Boak 1986), although this pattern is not 
always found (Austin 1949, B•dard and La- 
Pointe 1984, Haig and Oring 1988a). In some 
species, philopatry increases with age of breed- 
ing adults (e.g. Austin 1949, Newton and Mar- 
quiss 1982, Oring and Lank 1982, Harvey et al. 
1984, but see Darley et al. 1977, B•dard and 
LaPointe 1984, Atwood and Massey 1988) and 
with territory quality (Baeyens 1981, Newton 
and Marquiss 1982). However, the fate of 
nonreturning individuals is generally not 
known, and their disappearance could be due 
either to dispersal (Weatherhead and Boak 1986, 
Drilling and Thompson 1988), mortality (Nol 
and Smith 1987), or both. 

Few investigators have examined patterns of 
breeding-site fidelity at more than one site. 
Those that have studied multiple sites either 
have not considered explicitly (e.g. Soikkeli 
1970, Lessells 1985) or did not have (e.g. Gavin 
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and Bollinger 1988, Drilling and Thompson 
1988) differences among sites in philopatry pat- 
terns. Furthermore, there have been very few 
experimental studies of philoparry (but see 
Berndt and Sternberg 1968, Haukioja 1971). 

Previously (Gavin and Bollinger 1988), we 
examined the relative importance of various re- 
productive parameters that influence breeding- 
site fidelity of Bobolinks (Dolichonyx oryzivorus) 
at two low-quality sites. We found large differ- 
ences in reproductive success the previous year 
between returning and nonreturning individ- 
uals. The number of young fledged was the 
strongest positive correlate of whether or not 
an individual returned. Subsequently, we tested 
the generality of these patterns by examining 
breeding-site fidelity of Bobolinks at a high- 
quality site and by experimentally manipulat- 
ing nest success. Our objectives were to com- 
pare patterns and reproductive correlates of 
breeding-site fidelity of Bobolinks between 
high- and low-quality sites and to determine 
the influence of Bobolink age or experience on 
philoparry. We examined the effects of an ex- 
perimental manipulation of nest success on 
breeding-site fidelity and determined the rel- 
ative importance of mortality and dispersal in 
influencing patterns of breeding-site fidelity in 
Bobolinks. 

METHODS 

Study areas.--The majority of this study was con- 
ducted at three sites in central New York: Bald Hill 

(BH), Shackelton Point (SP), and Moore Road (MR). 
Moore Road and Shackelton Point were 3.8 km apart; 
both were ca. 95 km from Bald Hill. Nesting habitat 
consisted of four contiguous hayfields (22 ha) at BH 
(42ø21'N, 76ø23'W), two meadows (22 ha) at SP (43ø10'N, 
75ø56'W), and two contiguous hayfields (19 ha) at MR 
(43ø8'N, 75ø55'W). We studied BH and SP from 1982- 
1985 and MR from 1984-1987, although only briefly 
in 1987 (see Gavin 1984, Gavin and Bollinger 1985, 
Wootton et al. 1986 for details). Prior to the 1986 
breeding season, 8 ha of MR were converted to pas- 
ture and this area became unsuitable as nesting hab- 
itat for Bobolinks. Only males with a territory in the 
section that was not pasture, and females with nests 
in this nonpasture section in 1985, were considered 
in the sample of individuals used to calculate return 
rates for 1986. In 1985, nest success was manipulated 
experimentally by hay-cropping at both MR and a 
fourth site, Lestina Road (LR). Nesting habitat at LR 
(43ø9'N, 75ø54'W) consisted of two hayfields (8.5 ha). 
This site was studied from 1985-1987. 

Capture and marking.--At each site, we captured, 
banded (USFWS bands), and individually marked 
adults by painting stripes on their tails. Many males 
and females were captured in nets placed in males' 
territories. Females were also captured in nets adja- 
cent to their nests. In all years and at all sites, >90% 
of territorial males and nesting females were captured 
and marked. Most unmarked males were unpaired 
birds that abandoned the sites after holding a territory 
for 1-3 weeks. Most unmarked females disappeared 
immediately after their nests were destroyed by pred- 
ators early in the nesting cycle. Some of these females 
may have been captured at a later date when renest- 
ing. Captures began in early May when males arrived, 
and most individuals of both sexes were captured by 
late May. We continued mist-netting, however, until 
early July because new birds arrived, possibly from 
other sites. All nestlings were banded at 7-9 days after 
hatching. 

Procedures and definitions.--We recorded the pres- 
ence or absence of each marked individual every 2- 
3 days beginning with the arrival of the first birds. 
Territory boundaries of males were mapped using a 
combination of Wiens' (1969) flush technique and ag- 
gressive encounters between adjacent males. Each site 
(except Lestina Road) was gridded with color-coded 
metal stakes at either 40- or 50-m intervals to facilitate 

mapping of territories, nests, and behaviors. Court- 
ship, copulations, and nest attendance, as well as the 
territory on which a female nested, allowed us to 
determine which birds were paired. Each nest was 
checked every 1-2 days to record clutch size, number 
of eggs hatched, and number of young fledged. 

A male was defined as a resident if he was territorial 

>-7 days; a female was defined as a resident if she built 
a nest. All nonresidents were considered transients. 

Most individuals either disappeared the same day they 
were captured or became residents. After the initial 
year of study at each site, residents were classified as 
either former residents (resident in a previous year at 
the same site) or novice residents (never before classi- 
fied as a resident at that site). We considered that a 
bird returned in year t + 1 if it was resident at the 
same site in year t and t + 1. We defined a successful 
bird as one that fledged >-1 young from its nest or 
territory. 

We used data collected at Bald Hill and Shackelton 

Point in 1982-1985 and Moore Road in 1984-1986 to 

determine which residents returned from the pre- 
vious year, and to compare reproductive parameters 
between MR and BH+SP. Data from 1983-1985 

(BH+SP) and 1985-1986 (MR) were used to compare 
former residents with novice residents. A total of 9 

females (5 at BH+SP and 4 at MR) disappeared from 
our sites immediately after being captured at their 
nests. These females were excluded from analyses. 
Eighty-five males (59 different individuals) and 86 
females (71 individuals) were resident at BH and SP 
during 1982-1984. At MR, 79 males (56 individuals) 
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TABLE 1. Variables used in analyses of the relation- 
ship of reproductive success to site fidelity in Bob- 
olinks. All variables refer to one breeding season. 

MATE 

NEST 

EGG 

HATCH 

FLEDGE 

FLEGG 

NEST 

EGG 

HATCH 

FLEDGE 

FLEGG 

LFLEDGE 

Males 

Total number of mates acquired on 
territory 

Total number of nests built on terri- 

tory 
Total number of eggs laid in nests 

on territory 
Total number of eggs hatched on 

territory 
Total number of young fledged from 

nests on territory 
Total number of young fledged on 

territory divided by the total 
number of eggs laid on territory 

Females 

Total number of nests built by a fe- 
male 

Total number of eggs laid by a fe- 
male 

Total number of eggs hatched by a 
female 

Total number of young fledged by a 
female 

Total number of young fledged by a 
female divided by total number of 
eggs laid by that same female 

Total number of young fledged by a 
female on her last nesting at- 
tempP 

a LFLEDGE = FLEDGE except for 6 females at Bald Hill that attempted 
a second nest after fiedging young from their first (Gavin 1984), 

and 85 females (68 individuals) were resident during 
1984-1985. 

Statistical analyses.--We used stepwise logistic 
regression (Harrell 1986) to determine which repro- 
ductive variables were the most effective at explain- 
ing the variation in the return behavior of birds at 
our sites the following year. We used six sex-specific 
variables in these analyses (Table 1). Chi-square tests 
(df = 1 unless noted otherwise), Fisher's exact tests, 
Mann-Whitney U-tests, and t-tests were used for oth- 
er comparisons. 

As elsewhere (Gavin and Bollinger 1988), we com- 
bined data from Bald Hill and Shackelton Point (de- 
noted BH+SP) for all subsequent analyses. These 2 
sites had overall return rates similar to each other for 

each sex (X 2 < 0.80, P > 0.30), and they did not differ 
significantly (X 2 and Fisher's exact tests, all P > 0.20, 
mean P = 0.60) in any of the more specific categories 
of return rates discussed below. In addition, BH and 

SP had similar Bobolink densities (residents/ha; t = 
1.22, df = 6, P = 0.28) and yearly site productivities 
(fledglings/ha; t = 1.42, df = 6, P = 0.21), although 
each differed from Moore Road for both variables (P 
< 0.05). 

8O 

6O 

4O 

2O 

(A) SUCCESSFUL BOBOLINKS 
[] MR 
ß BH+SP 

MALE FEMALE 

(52) (49) (54) (51) 

8O 

6O 

4O 

2O 

(B) UNSUCCESSFUL BOBOLINKS 

MALE FEMALE 

(27) (36) (31) (35) 

Fig. 1. Return rates (% of residents returning) in 
year t + 1 for Bobolinks that were (A) successful in 
year t and (B) unsuccessful in year t at a high-quality 
site (Moore Road) compared with rates at low-quality 
sites (Bald Hill & Shackelton Point). An asterisk in- 
dicates significant difference (P < 0.01, X 2 tests); only 
within-sex comparisons were made. No significant 
differences existed for successful residents (X 2 < 1.25, 
P > 0.25). Sample sizes are in parentheses. 

RESULTS 

Comparison of return rates and reproductive suc- 
cess between sites.--A higher proportion of both 
males (70%) and females (49%) returned at least 
once to Moore Road than to Bald Hill and 

Shackelton Point (44% for males, 25% for fe- 
males, x 2 > 7.50, P < 0.01). For residents that 
were successful in year t, there were no signif- 
icant differences in return rates in year t + 1 
between MR and BH+SP for either sex (P > 
0.25, Fig. 1A). However, unsuccessful residents 
at MR were 3-4 times more likely to return the 
next year than at BH+SP for both sexes (P < 
0.005, Fig. lB). Males returned more frequently 
than females at both MR and BH+SP (X 2 > 5.00, 
P < 0.025). 

At Moore Road, successful and unsuccessful 

residents returned at similar rates the next year 
(X 2 = 0.00, P > 0.95 for males; X 2 = 1.37, P > 
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T^I•LE 2. Comparison of reproductive variables (œ ñ 1 SD) in year t for Bobolinks that returned to a high- 
quality site (Moore Road) in year t + 1 with those for Bobolinks that did not return in year t + 1. Successful 
Bobolinks fledged -> 1 young from their territory (males) or nests (females) in year t. P values are for Mann- 
Whitney U-tests. 

All residents Successful residents 

Returned Did not return Returned Did not return 

Variables (n = 508, 405) (n = 298, 45•) P (n = 338, 28•) (n = 198, 26•) P 

Males 

MATE 1.28 ñ 0.70 1.24 ñ 0.69 0.90 1.39 ñ 0.66 1.53 ñ 0.61 0.32 

NEST 1.44 ñ 0.79 1.34 --_ 0.81 0.57 1.55 ñ 0.71 1.58 ñ 0.77 0.90 
EGG 7.46 ñ 4.06 6.97 ñ 4.13 0.59 8.18 ñ 3.64 8.16 ñ 3.91 0.77 
HATCH 5.18 ñ 3.06 5.34 --_ 3.37 0.72 5.79 ñ 2.87 6.79 ñ 2.68 0.24 
FLEDGE 3.12 + 2.58 3.34 ñ 2.79 0.83 4.73 ñ 1.55 5.11 ñ 1.63 0.63 
FLEGG a -- -- 0.66 ñ 0.27 0.71 ___ 0.25 0.44 

Females 

NEST 1.17 ñ 0.38 1.07 ñ 0.25 0.13 1.11 ñ 0.31 1.04 ñ 0.20 0.35 
EGG 6.27 ñ 1.97 5.47 ñ 1.56 0.02 5.93 ñ 1.56 5.50 ñ 1.39 0.25 

HATCH 4.65 ___ 1.61 4.38 ñ 1.69 0.49 4.82 ___ 1.31 4.72 ñ 1.06 0.90 
FLEDGE b 3.02 + 2.26 2.49 ñ 2.37 0.35 4.32 ñ 1.25 4.32 ñ 1.28 0.91 
FLEGG 0.54 ___ 0.41 0.45 ñ 0.44 0.41 0.77 ñ 0.24 0.80 ñ 0.23 0.75 

FLEGG not included for all males because several had 0 eggs. 
FLEDGE = LFLEDGE at Moore Road; no double-brooded females. 

0.20 for females). In addition, all but one of the 
measured reproductive variables were similar 
for returning and nonreturning individuals of 
each sex at this site (P > 0.10, Table 2). Females 
that returned had laid more eggs the previous 
year than those that did not return. No repro- 
ductive variables for either sex were entered 

into stepwise logistic regression models as ex- 

T^BLE 3. Comparison of reproductive variables (• ñ 
1 SD) for Bobolinks at two low-quality sites (BH + 
SP) a with those for Bobolinks at a high-quality site 
(MR) b. P-values are for Mann-Whitney U-tests. 

BH + SP MR c 

(n = 1118, (n = 1118, 
Variables 1082) 1222) P 

Males 

MATE 1.05 _+ 0.92 1.23 ñ 0.73 0.04 
NEST 1.22 ñ 1.18 1.33 ñ 0.80 0.07 
EGG 5.65 --_ 5.51 6.89 ñ 4.04 0.004 
HATCH 3.56 ñ 3.66 5.31 ñ 3.34 <0.001 
FLEDGE 2.26 ñ 2.65 3.90 ñ 2.68 <0.001 

Females 

NEST 1.18 ñ 0.45 1.07 ñ 0.25 0.03 
EGG 5.60 ñ 2.23 5.61 --_ 1.46 0.55 
HATCH 3.60 ___ 2.47 4.62 ñ 1.61 <0.001 
FLEDGE 2.33 + 2.21 3.48 ñ 2.08 <0.001 
FLEGG 0.43 _+ 0.41 0.64 ñ 0.38 <0.001 
LFLEDGE 2.08 ñ 2.19 3.48 ñ 2.08 <0.001 

' Bald Hill and Shackelton Point. 

b Moore Road. 

ß Males (9) and females (13) at Moore Road (MR) who were unsuc- 
cessful because of hay-cropping operation in 1985 were excluded. 

plaining significant variability (P < 0.05) in the 
return patterns of Bobolinks at MR. In contrast, 
variables associated with fiedging success 
(FLEDGE for males, LFLEDGE for females) were 
highly significant (P < 0.001) predictors of the 
sex-specific return patterns at Bald Hill and 
Shackelton Point (BH+SP), and successful res- 
idents were 3-5 times more likely to return than 
unsuccessful residents. Among successful resi- 
dents only, there were no significant differ- 

60 

• a'• a SP ß BH 

20 ß ß • 
ß !.R 

Productivity (fledglings/ha) 

Fig. 2. Relationship between Bobolink return rate 
(% of residents returning) in year t + 1 and yearly 
site productivity in year t (fledglings/ha) for Shack- 
elton Point, Bald Hill, Lestina Rd., and Moore Rd. 
The equation for the curve is y = 27.8 + 12.3.In(x) 
(r 2 = 0.85, P < 0.001). Each point represents one year; 
males and females were combined. 



588 BOLLINGER AND GAVIN [Auk, Vol. 106 

TABLE 4. Wing chord measurements (mm, œ + 1 SD) of Bobolinks for all sites combined. Residents were 
compared with transients and former residents were compared with novice residents (2-way ANOVA, * = 
P < 0.001). 

Males Females 

Category • + SD n a • + SD n a 

Residents 97.4 + 2.8 301 87.5 + 2.6 261 
Transients 96.0 + 2.5 90* 87.7 + 2.2 52 b 

Former residents 98.3 + 2.5 118 88.5 + 2.4 74 
Novice residents c 96.8 + 2.9 84* 87.0 + 2.7 114' 

Sample sizes include individuals from all sites (BH, LR, MR, SP, and several other nearby locations). 
p > 0.50. 

For males, novice residents had longer wing chords than transients (P < 0.05). 

ences between returning and nonreturning in- 
dividuals of either sex at MR for these 

reproductive variables (Table 2). At BH+SP, 
successful males that returned the next year (t 
+ 1) had fledged more young (year t) than those 
that did not return. Successful females that re- 

turned had built fewer nests and laid fewer eggs 
(Gavin and Bollinger 1988). 

Resident males at MR had, on average, more 
mates, more eggs laid, more eggs hatched, and 
more young fledged on their territories than 
males at BH+SP (P < 0.05, Table 3). Similarly, 
resident females at MR averaged more eggs 
hatched, more young fledged, more young 
fledged per egg laid, and more young fledged 
on the last brood than females at BH+SP (P < 
0.001, Table 3). In addition, yearly site productiv- 
ity (defined as the number of fledglings pro- 
duced per ha of nesting habitat each year) was 
significantly higher at MR than at BH+SP: an 
average of 9.4 _+ 3.0 fledglings/ha were pro- 
duced at MR compared with 1.5 _+ 1.1 fledg- 
lings/ha at BH+SP (t = 4.50, df = 3, P < 0.05). 

Relationship between site productivity and return 
rate.--There was a nonlinear increase in return 

rate (percentage of residents returning the next 
year, sexes combined) with increased site pro- 
ductivity with all sites and years included (r 2 = 
0.85, P < 0.001, Fig. 2). Return rate was more 

highly correlated with In (site productivity) (r 
= 0.92) than with the percentage of successful 
residents (r = 0.84), average individual produc- 
tivity (total number fledging divided by num- 
ber of residents, r = 0.79), % nest success (r = 
0.67), or density of residents (residents/ha, r = 
0.70). Site productivity was the only variable of 
this group that appeared to have a nonlinear 
relationship with return rate. Nevertheless, the 
linear correlation between site productivity and 
return rate was still the highest (r = 0.89). 

Comparison of wing chords.--Wing chords in- 
creased in length for both males and females 
in both the second and third season that those 

individuals were present (paired t-tests, n = 21- 
65, P < 0.05, all sites combined). The average 
yearly increase was 1.1 mm for males and 1.0 
mm for females. Wing chords of former resi- 
dents were ca. 1.5 mm longer than those of 
novice residents (P < 0.001, Table 4) for each 
sex. For males, both residents overall and nov- 

ice residents had longer wing chords than tran- 
sients (Table 4). 

Wing chords of residents at Moore Road were 
longer than those at Bald Hill and Shackelton 
Point for both males (P < 0.001, Table 5) and 
females (P < 0.05, Table 5). This difference was 
relatively greater for males (1.7%) than for fe- 
males (0.8%). For males, both former residents 

TABLE 5. Comparison of mean wing chord measurements (mm) for Bobolinks at low-quality sites (BH + SP) • 
with those at high-quality site (MR)? P values are for t-tests; sample sizes are in parentheses. 

Males Females 

Category BH + SP MR P BH + SP MR P 

All residents 96.5 (92) 98.1 (124) <0.001 87.1 (78) 87.8 (143) 0.03 

Former residents 97.3 (42) 98.5 (56) 0.04 88.1 (26) 88.7 (43) 0.24 
Novice residents 95.9 (46) 97.9 (19) 0.002 86.7 (49) 87.1 (44) 0.37 

ß Bald Hill and Shackelton Point. 

b Moore Road. 
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TABLE 6. Comparison of reproductive variables (œ + 
1 SD) for former resident and novice-resident Bob- 
olinks. Data from all sites • are combined. Individ- 

uals that were unsuccessful because of hay-crop- 
ping operations at Moore Road and Lestina Road 
in 1985 are excluded. P-values are for Mann-Whit- 
ney U-tests. 

Former Novice 
residents residents 

(n = 858, (n = 638, 
Variables 619) 879) P 

Males 

MATE 1.32 + 0.89 0.86 + 0.80 0.002 
NEST 1.45 q- 1.10 0.86 q- 0.80 0.001 
EGG 7.24 q- 5.27 4.11 q- 3.84 <0.001 
HATCH 5.48 q- 4.01 3.03 q- 3.27 <0.001 
FLEDGE 3.49 q- 2.98 2.30 q- 2.73 0.01 

Females 

NEST 1.13 q- 0.39 1.02 q- 0.21 0.04 
EGG 6.02 q- 1.67 5.00 q- 1.38 <0.001 
HATCH 4.90 q- 1.88 3.83 q- 2.00 0.003 
FLEDGE 3.62 q- 2.15 2.51 q- 2.32 0.005 
FLEGG 0.63 ñ 0.38 0.50 q- 0.43 0.05 

Bald Hill, Lestina Road, Moore Road, and Shackelton Point. 

(P < 0.05) and novice residents (P < 0.005) had 
longer wing chords at MR than at BH+SP. For 
females, neither of these differences was evi- 
dent (P > 0.20). 

Former residents vs. novice residents.--Former 

residents had higher reproductive success than 
novice residents. Former resident males had 

more mates, nests, eggs, eggs hatching, and 
young fledging from their territories than nov- 
ice residents (P < 0.05, Table 6). For females, 
former residents built more nests, laid more 
eggs, hatched more eggs, fledged more young, 
and fledged more young/egg than novice res- 
idents (P < 0.05, Table 6). 

For males there were no significant differ- 
ences between return rates for former residents 
and novice residents at either Moore Road or 

Bald Hill and Shackelton Point (P > 0.75, Fig. 
3A). However, for females, former residents ap- 
peared more likely than novice residents to re- 
turn the next year at both MR and BH+SP (P 
< 0.10, but P < 0.01 with all sites combined, 
Fig. 3B). This pattern was evident only for un- 
successful females (x 2 = 4.82, P < 0.05); suc- 
cessful former residents and successful novice 

residents were equally likely to return the next 
year (P > 0.20). 

Return rates (sexes combined) of both unsuc- 
cessful former residents and unsuccessful nov- 

ice residents were higher at MR than at BH + SP. 

6O 

4O 

2O 

6O 

4O 

2O 

Fig. 3. 

(A) MALES 

[] FORMER RESIDENTS 
ß NOVICE RESIDENTS 

(23) 

MR BH+SP SITES COMBINED 

(7) (22) (23) (45) (30) 

(B) FEMALES 

M R BH+SP SITES COMBINED 

(18) (18) (18) (27) (36) (45) 

Comparison of Bobolink return rates (% of 
residents returning) between former residents and 
novice residents for (A) males and (B) females at a 
high-quality site (Moore Road), 2 low-quality sites 
(Bald Hill & Shackelton Point), and with all 3 sites 
combined. Asterisks indicate significant differences 
(* = P < 0.10, ** = P < 0.01, X 2 tests). Sample sizes 
are in parentheses. 

At MR, 63% (12 of 19) of unsuccessful former 
residents and 33% (5 of 15) of unsuccessful nov- 
ice residents returned, compared with 25% (6 
of 24) and 7% (2 of 27) at BH+SP (x 2 = 6.34, P 
< 0.02 for former residents; Fisher's exact test, 
P < 0.05 for novice residents). Similar compar- 
isons with successful individuals were not sig- 
nificant (P > 0.75). 

Movement of marked adults.--Returning males 
at Moore Road dispersed a median distance of 
37 m (between territory centers; œ = 46 m, n = 
50) between successive years. Females dis- 
persed a median distance of 55 m (between nest 
sites; œ = 65 m, n = 40). The difference between 
the sexes is significant (Mann-Whitney U-test, 
P < 0.01). There were no significant differences, 
however, in dispersal distances (Mann-Whit- 
ney U-tests, P > 0.70) between successful and 
unsuccessful individuals of either sex returning 
to MR (males: successful, median = 38 m; un- 
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successful, median = 37 m; females: successful, 
median = 53 m; unsuccessful, median = 62 m). 

At Bald Hill and Shackelton Point (BH+SP), 
returning males dispersed farther (median = 74 
m, œ = 93 m) than those at MR (Mann-Whitney 
U-test, P < 0.01). The unsuccessful males that 
returned tended to disperse greater distances (n 
= 7, median = 134 m) than successful males (n 
= 23, median = 65 m, P = 0.10). Returning fe- 
males at BH+SP dispersed a median distance 
of 110 m (œ = 138 m), greater than MR females 
(Mann-Whitney U-test, P < 0.01). Although 
only three unsuccessful females returned to 
BH+SP, they dispersed farther (median = 300 
m) than the 23 successful females that returned 
(median = 101 m, P < 0.05). 

Six individuals (5 males, 1 female) that were 
resident at SP were resident at another site in 

a later year. All of these birds moved to sites of 
higher Bobolink density. The wing chords of 
83% (5/6) of these individuals were longer than 
the average wing chord for former residents at 
SP. Another male, a previous resident at BH, 
was captured 2.5 km from BH at a site with a 
denser Bobolink population. This male attempt- 
ed to obtain a territory at this site, but later that 
day it was territorial at BH, where it became a 
resident. This situation also occurred once at 

SP. One male that was a transient at Moore Road 

was later discovered as a resident at a site of 

lower density 3.6 km away. In addition, one 
female whose nest was destroyed by hay-crop- 
ping at Lestina Road in 1985 was a resident at 
Moore Road in 1986 (2.6 km from LR). 

Effects of haying on return rates.--From 10 June 
to 4 July 1985, Moore Road was hayed; 22 of 61 
nests were destroyed. Lestina Road was hayed 
between 12-25 June 1985; 10 of 12 nests were 
destroyed. The adults associated with these nests 
were not injured by the mowing. At MR, return 
rates for males that were unsuccessful because 

of mowing (67%, 6 of 9) were similar to those 
for naturally unsuccessful males (61%, 11/18, 
Fisher's exact test, P > 0.90). Five of 13 (38%) 
females that were unsuccessful because of mow- 

ing returned, compared with 7 of 18 (39%) nat- 
urally unsuccessful females (X 2 = 0.00, P > 0.95 
for females). However, return rates of birds un- 
successful because of mowing at MR were also 
not significantly different from those of suc- 
cessful individuals (X 2 = 0.03, P > 0.75 for males; 
X2 = 0.75, P > 0.25 for females). At LR, 33% (3/ 
9) of males and 0% (0/10) of females that were 
unsuccessful because of mowing returned the 

next year. We have few data at this site on the 
return rates of naturally unsuccessful individ- 
uals (1 of 3 males and 0 of 2 females returned). 
However, return rates of all residents (success- 
ful and unsuccessful) at LR with nests not de- 
stroyed by haying were higher for both sexes 
than those for individuals with nests destroyed 
by haying (50%, 6/12 males; 40%, 4/10 females). 
The difference was significant for females (Fish- 
er's exact test, P < 0.05) but not for males (Fish- 
er's exact test, P = 0.20). 

DISCUSSION 

Age/experience differences.--Patterns of wing 
chords (e.g. former residents had longer wing 
chords than novice residents) suggested that 
novice residents were, on average, younger birds 
than former residents. It is also possible that 
novice residents were not younger but that 
smaller residents were less likely to survive. 
However, the increase in wing chord for birds 
caught in multiple years (see also B•dard and 
LaPointe 1984, Smith et al. 1986) supports the 
conclusion that novice residents were also 

younger. They had, to our knowledge, no 
breeding experience at our sites. The combined 
effects of age and experience probably affected 
reproductive success for both sexes (Harvey et 
al. 1985); former residents fledged more young 
than novice residents. Increased reproductive 
success with age is common among long-lived 
birds (e.g. Coulson 1966, Fisher 1969, Thomas 
1980), but appears less pervasive in shorter-lived 
species (e.g. B•dard and LaPointe 1985). Alter- 
natively, the higher reproductive success of 
older birds could be at least partially due to high 
mortality rates of poor-quality individuals 
among the younger birds (Nol and Smith 1987). 

Return rates increased with age for female 
Bobolinks (i.e. the return rate of former resi- 
dents was higher than that of novices) in our 
study (see also Thomas 1980, Newton and Mar- 
quiss 1982, Harvey et al. 1984), but did not in- 
crease for males. This difference may be a result 
of the resource-defense mating system of Bob- 
olinks. Territory acquisition appears critical to 
a male's reproductive success, and wing-chord 
data suggest that smaller (and probably youn- 
ger) males often failed to obtain territories. Thus, 
philopatry may not increase with age for males 
because the youngest males, which are most 
likely to disperse (or die), often are nonterri- 
torial transients. 
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Site differences in philopatry patterns.--Moore 
Road had the highest productivity (fledglings- 
ha-•-yr -•) and Bald Hill and Shackelton Point 
had the lowest productivity of published Bob- 
olink studies (Martin 1971, 1974; Wittenberger 
1978). Bobolinks were approximately two times 
as likely to return to the high-quality site (MR) 
as to the two low-quality sites (BH+SP). This 
difference was due primarily to the much higher 
return rate for unsuccessful residents at MR. 

High return rates regardless of breeding ex- 
perience can occur if breeding habitat is limited 
and alternative sites are rare or far away (Haig 
and Oring 1988b). However, this was not the 
case for Bobolinks in our study areas. For ex- 
ample, >200 Bobolink territories were present 
each year within 5 km of MR (Bollinger unpubl. 
data). Thus, unsuccessful birds at MR had nu- 
merous alternative sites but still did not usually 
disperse. 

Explanations for patterns of return take two 
extremes. First, patterns of return may be solely 
the result of mortality patterns. All adults that 
survive until the next breeding season return 
to the site where they bred the year before. With 
regard to our results, this "mortality hypothe- 
sis" implies that most unsuccessful individuals 
die, at least at low-quality sites. Any increase 
in return rate with age is the result of natural 
"culling" of poor-quality individuals after their 
initial nesting attempt, or increased survival 
with age independent of a bird's quality. The 
alternative option is that mortality patterns are 
independent of site and reproductive success, 
and patterns of return result from experience- 
based choices by birds. This "choice hypothe- 
sis" suggests that most unsuccessful individuals 
at the poor-quality sites choose not to return 
and that the increases in return rate with age 
for female Bobolinks might be the result of pre- 
vious experience at the site. For example, fe- 
males unsuccessful in one year may return the 
next year if they have been successful at the 
site in an earlier year. It is likely that neither 
hypothesis is completely correct. The important 
question is whether mortality or choice is the 
dominant determinant of breeding-site fidelity. 

Wing-chord data provide some support for 
the mortality hypothesis, at least for males. The 
longer wing chords at MR indicate that these 
birds were older, more dominant, or both, than 
those at BH+SP. This pattern was especially 
evident among male novice residents. Males ap- 
peared to be older and larger before they first 

became residents at the high-quality site. These 
"high-quality" birds might be expected to have 
high survival rates regardless of reproductive 
success. Thus, the high return rate for unsuc- 
cessful males at MR might be due to the pres- 
ence of high-quality individuals at this site. Fe- 
males did not appear to be older or larger before 
they first became residents at MR, as wing chords 
were not different between MR and BH+SP for 

novice females. The fact that wing chords of 
females were, overall, larger at MR may be sim- 
ply due to the higher proportion of former res- 
idents at MR. 

We feel that our data are more consistent with 

the choice hypothesis than the mortality hy- 
pothesis for several reasons. First, in 7% (11/ 
160) of the instances in which a bird did not 
return, we knew it was alive, because it was 
either captured at another site (n = 7) or at the 
same site in a subsequent year (n = 4). Because 
we spent little time at other sites in all but one 
year (1984), it is probable that there were many 
more birds that dispersed. 

Second, results of the haying experiment sup- 
port the choice hypothesis, at least for females. 
If birds that fail naturally are "poor-quality" 
individuals that are more likely to die, as pre- 
dicted by the mortality hypothesis, then indi- 
viduals that fail artificially (some of which are 
"high-quality" individuals) should return at 
higher rates than naturally unsuccessful birds. 
The return rates for these two groups of birds 
were virtually identical at MR for both sexes. 
On the other hand, because naturally unsuc- 
cessful residents had relatively high return rates 
at this site, then the mortality hypothesis would 
also predict equivalent return rates for natu- 
rally and artificially unsuccessful individuals 
because MR birds were all of "high-quality." 
At Lestina Road, however, no females (0/10) 
that were unsuccessful because of hay-cropping 
returned the following year. Their return rate 
must have been less than or equal to that for 
naturally unsuccessful residents and was lower 
than that for all nonmanipulated females at this 
site. The mortality hypothesis predicts similar 
return rates for manipulated and all nonmanip- 
ulated birds, because similar proportions of 
high- and low-quality individuals could be ex- 
pected in both groups. Furthermore, we know 
that at least 1 of the 10 "disturbed" females 

changed sites (to MR). For males at LR, 3 of 9 
that were unsuccessful because of mowing re- 
turned. This frequency was lower, but not sig- 
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nificantly lower, than all nonmanipulated males 
(50%, 6/12). Thus, no firm conclusion for males 
can be drawn from the mowing experiments. 

Third, unsuccessful former residents were 

more likely to return the next year to MR than 
to BH+SP. These individuals at BH+SP, re- 

turned after a successful breeding season, had 
already shown that they were "high-quality" 
individuals according to the mortality hypoth- 
esis. Thus, the return rates at MR and BH+SP 

for this category should have been nearly equal 
if mortality were the primary determinant of 
philopatty patterns. Alternatively, if unsuc- 
cessful individuals choose whether or not to 

return, they may use site quality to influence 
their decision. Experienced breeders moved be- 
tween sites, generally to sites of higher quality. 
These birds tended to have relatively large wing 
chords, suggesting that older, dominant indi- 
viduals may look for a better site. This move- 
ment pattern may explain why males at MR had 
longer wing chords than at BH+SP. 

Fourth, nesting success seemed to influence 
intrasite dispersal at the poor-quality sites but 
not at the high-quality site. Birds often move 
greater distances between nest sites after an un- 
successful attempt than after a successful at- 
tempt, both within (e.g. Shields 1984, but see 
Greig-Smith 1982) and between breeding sea- 
sons (e.g. Harvey et al. 1979, Newton and Mar- 
quiss 1982, Dot and Fredga 1983). When suit- 
able habitat is found in discrete patches (as is 
the case for Bobolinks in New York), this great- 
er movement after an unsuccessful year could 
result in intersite dispersal and a lack of return 
to the poor-quality sites. We feel our results 
more strongly support the choice hypothesis 
but that more extensive experimental tests of 
philopatry are needed. 

We concluded previously that fledging suc- 
cess was the primary determinant of whether a 
bird returned (Gavin and Bollinger 1988), but 
no difference in return rate between successful 
and unsuccessful birds occurred at Moore Road. 

The observed patterns of return at this site im- 
ply that individuals may include an assess- 
ment of site quality (Weatherhead and Boak 
1986, Beletsky and Orians 1987 but see Korpi- 
maki 1988) or use breeding experiences for years 
other than the most recent one when deciding 
whether or not to return. Bobolinks may be able 
to judge the overall productivity of a site when 
adults and fledglings gather into large flocks at 
the end of the breeding season. The return of 

unsuccessful birds to a high-quality site may 
be adaptive because the probability of breeding 
success the following year is high. 

Finally, we believe that patterns seen at one 
site may not generalize to the same species at 
other sites (Haig and Oring 1988b). The com- 
mon practice of selecting the densest and most 
convenient aggregation of a species for research 
(as we did in choosing Moore Road) may lead 
to patterns and measurements markedly differ- 
ent from other sites with average or low den- 
sities. 
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