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Abstract

An indirect estimate of juvenile survival was derived 
for a closed, small, population of Black-capped Vireos 
(Vireo atricapillus) in the Wichita Mountains, Okla-
homa monitored since 1987. I used seasonal fecundi-
ties of vireos in years when the population was stable 
in the formula for intrinsic growth rate to solve for 
juvenile survival. The derived probability of juvenile 
survival to breeding was 0.40-0.57, more than two-
thirds the annual adult-female survival. This result 
parallels the observations of Nolan (1978) for Prairie 
Warblers (Dendroica discolor). It suggests that the 
conservative rule-of-thumb estimate for juvenile 
survival (i.e., half that of adult females) used in 
assessing source-sink relations among different groups 
of songbirds contributes to underestimating their in-
trinsic growth rates. This, in turn, may alter interpreta-
tions of source-sink dynamics for songbirds, and con-
sequent management recommendations derived from 
such assessments. 

Introduction

Few estimates of juvenile survival exist for migrant 
songbirds, and those that do may significantly under-
estimate this parameter because juveniles are typically 
the dispersing groups, and dispersal is difficult to ac-
commodate in re-sampling of banded birds. Juvenile 
survival, however, is one of three critical parameters 
needed to assess intrinsic growth rates ( ). Because 
precise estimates are lacking, researchers attempting to 
assess the dynamics of migrant songbird populations 
have approximated a rule-of-thumb estimate, generally 
1/2 the annual adult female survival (e.g., Greenberg 
1980). 

Methods

In monitoring the seasonal fecundity and population 
size of a small closed population of Black-capped 
Vireos in the Wichita Mountains from 1987-2001, the 
seasonal fecundity for years between which population 
numbers did not change could be approximated. With 
estimates of annual female survival (0.57-0.63; 
Grzybowski, unpubl. data), the terms in the intrinsic 
growth rate ( ) formula could be rearranged to solve 
for juvenile survival. At  = 1, the population is stable. 
Thus:

Juvenile survival = (1 - annual adult female survival) 

      /female young/female/year 

Vireo numbers were estimated through systematic 
search and direct count, with adjustment for observer 
detectability determined from more systematic territory 
mapping for subsets of the surveyed areas. Most direct 
counts of male vireos were divided by a factor of 
between 0.8-0.85, the probability of detecting a male 
vireo in general survey (Grzybowski and Wood 1999). 
Seasonal fecundity was a female-based estimate of the 
number of young fledged. Between 33-92 percent of 
the estimated vireo population in the Wichita 
Mountains was monitored in any year used in these 
analyses. A weighted average of seasonal fecundity 
was used combining higher estimates, from areas 
where cowbirds were removed, and the lower estimates 
from areas not protected by cowbird removals. Because 
the vireo population has increased dramatically in 
recent years, the useful estimates of seasonal fecundity 
came from earlier years (1988-1994) when much of the 
population could be monitored. 

Results

Vireo populations remained constant when seasonal 
fecundity estimates were between 0.76 and 0.92 female 
young/female/season, increased when higher, and de-
creased when generally lower. All estimates of sea-
sonal fecundity in recent years have been >2.2 young/ 
female, and vireo numbers have increased dramatically 
(Grzybowski and Wood 1999). 

Using this range of seasonal fecundity estimates, and 
some generalized estimates for female survival 
(Grzybowski, unpubl. data), the derived juvenile sur-
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Table 2— Estimates of  under assumptions and estimations of Donovan et al. (1995) or Ward and Smith (2000), 

and those herein (see text).  Previous estimates of  are recalculated as:  = ad. female survival + [(seasonal 

fecundity X 0.9) (ad. female survival X 0.67] where nest mortality is low, and ...  = ad. female survival + 
[(seasonal fecundity X 1.22) (ad. female survival X 0.67] where nest mortality is high (Grzybowski and Pease 

unpubl. data).

Species Sitea Treatmentb

Adult
female

survival 

Published
fecundity 
estimate

Published or 
derived

Revised 
estimate of 

Wood Thrush MO Frag 0.67 0.85 0.93 1.14 
 MO Cont 0.67 1.75 1.21 1.38 
 WI/MN Frag 0.67 1.12 1.02 1.28 
 WI/MN Cont 0.67 2.40 1.41 1.64 
Red-eyed Vireo MO Frag 0.56 0.00 0.56  NRe

 MO Cont 0.56 1.46 1.01 1.05 
 WI/MN Frag 0.56 0.63 0.76 0.85 
 WI/MN Cont 0.56 2.00 1.18 1.23 
Warbling Vireo BC Ripar 0.50c 0.708d 0.854 1.10 
Ovenbird MO Frag 0.62 0.74 0.85 1.00 
 MO Cont 0.62 1.32 1.03 1.11 
 WI/MN Frag 0.62 0.59 0.80 0.92 
 WI/MN Cont 0.62 1.35 1.04 1.12 
a MO = Missouri; WI = Wisconsin; MN = Minnesota; BC = British Columbia 
b Frag = Fragmented forest patch; Cont = Continuous Forest tract; Ripar = riparian woodland 
c 0.57 used in re-estimation 
d probability of nest success first extended out to the sums of up to three nesting attempts (to make comparable with those of Donovan et 
al. 1995) 
e Not re-estimated; original observation based on sample of 2 nestings 

vival to breeding was 0.40-0.57 (table 1). These values 
are very sensitive to the estimation of female survival. 

Table 1— Estimates of juvenile survival under two 

estimates of female survival.

Female survival 
= 0.57 

Female survival 
= 0.63 

Range 0.48 - 0.57 0.40 - 0.49 
Median 0.51 0.44 

Discussion 

The lower estimate of juvenile survival from this 
analysis is still greater than two-thirds that of adult 
females, and much higher than the standard rule-of-
thumb that is usually applied by other researchers in 
some population-modeling efforts (Greenburg 1980, 
Donovan et al. 1995). This level of juvenile survival 
for the Black-capped Vireo, a species that maintains a 
high level of parental investment, may be higher than 
that of some species. However, it parallels an estimate 
of Nolan (1978) for Prairie Warblers (>0.39), another 
Neotropical migrant, and suggests that analyses assum-
ing lower values are overly conservative, and will 
result in lower estimates of intrinsic growth rates. 

table 2 contrasts the estimates of intrinsic growth rates 
( ) for several studies with adjustments made for (1) 
the potential underestimation bias for juvenile survival 
and (2) additional biases by researchers in estimating 
seasonal fecundity (see Grzybowski and Pease unpubl. 
data, and below). Nolan (1978) derived an empirical 
estimate for juvenile survival he felt was conservative. 
Donovan et al. (1995) use the previously accepted as-
sumption whereby juvenile survival (to first breeding) 
is approximately 1/2 annual adult female survival. The 
uncertainties of parameter estimation led Donovan et 
al. to develop a range under varying estimates of fe-
male survivorship. Median values were used in table 2.
Ward and Smith (2000) assumed juvenile survival was 
the same as adult female survival, and also assumed 
only one nesting attempt per female per season. Both 
assumptions are quite arbitrary and reflects their limit-
ed sampling of Warbling Vireo nesting effort. table 2

also depicts adjustments made for potential biases in 
converting nest history data to estimates of seasonal 
fecundity under assumptions fixing the maximum num-
ber of nesting attempts (see Pease and Grzybowski 
1995; Grzybowski and Pease 2000, unpubl. data; 
Farnsworth and Simon, pers. comm.). Quite clearly, 
intrinsic growth rates are lower under previous 
assumptions, substantially so in some cases. 
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Management Implications 

A developing paradigm is that some populations of 
songbirds in fragmented habitats, or habitats that are 
subject to high levels of nest predation or parasitism by 
cowbirds, have such low nest success that their persis-
tence is maintained by long-distance immigration 
(Faaborg et al. 1998). A consequent management rec-
ommendation is that songbird populations so threat-
ened will only be maintained by such immigration 
from source populations in large reserves, or continu-
ous blocks of suitable habitat. 

An alternative hypothesis, not heretofore considered, is 
that the low intrinsic growth rates estimated are conse-
quences of the assumptions used to calculate them, 
rather than a result largely of biological processes. 
Some populations in these fragmented landscapes may 
actually be maintaining their numbers, while others 
may be marginalized only slightly below the reproduc-
tive success needed to maintain stable numbers. These 
populations, in fact, may be declining slowly. This 
seems to be a more parsimonious explanation of the 
current maintenance of populations in many frag-
mented Midwestern habitats, rather than the current 
belief in maintenance from long-distance immigration. 
Because the ability of long-distance immigration to 
maintain distant populations still has no empirical 
support, and may not be occurring to any significant 
extent, more locally-focused management strategies 
need more serious consideration in allowing songbird 
populations radically affected by nest mortality to 
persevere into the future. 
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