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Abstrad:Obtaining reliable estimates of absolute and relative reproductive rates is challenging for avian species whose
nests are difficult to observe, such as the burrowing owl (Athenecunicularia).We compared methods for estimating
reproductive rates of burrowing owls, defined as the number of 21- to 28-day-oldyoung per successful nest. We compared observations using (1) the mean and (2) the maximum number of young observed during 5 30-min observation periods, and (3) the maximum number of young videotaped during 2-hr video surveillance. We evaluated the
reliability of these methods with the known number of young present in nest boxes. All 3 methods performed poorly as estimators of absolute reproductive rates (absolute bias >23%,root mean square error [RMSE]>42%). Video surveillance performed most poorly of the 3, with a high incidence of failing to detect any young at successful nests. The
maximum number of young observed from direct nest observations was correlated with the known number of young
(r= 0.82 ? 0.13, n = 21) and provided more reliable estimates of relative than absolute reproductive rates. The mean
number of young observed from direct observations was correlated with the known number of young (r = 0.64 ? 0.18,
n = 21), but had both higher bias and lower precision than the maximum number observed for estimation of relative reproductive rates. Our results suggest that using counts of young observed outside of the nest burrow may lead
to incorrect conclusions on factors affecting reproductive rates. When counts are the basis of inference, the effort researchers use at each nest should be standardized and reported. Further work on field methods that allow estimation
of detection probability, or ensuring that all young are observed, will be imperative in providing reliable estimates.
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As an essential component of recruitment, estimation of reproductive rates is central to understanding population dynamics of birds. The number of young per female often is used as the
measure of reproductive rate and usually is
assumed to be a known parameter (i.e., without
sampling error; e.g., Franklin et al. 1996). Although this assumption often is incorrect for spe-

cies with inaccessible nests, such as burrowing
owls, the issue largely has been ignored. In such
cases, identifying and evaluating methods to estimate reproductive rates using estimators with low
bias and high precision is important.
The estimation and comparison of reproductive rates of burrowing owls have been problematic because their nests are underground, and
thus the number of young are not easily counted
accurately. Natural nests cannot be sampled without destructive excavation, and young are not
easily detected visually because they spend significant time in burrows. Therefore, mark-recapture methods (e.g., Otis et al. 1978) have been
problematic to apply. Instead, reproductive rates
have been estimated based on counts of young
seen above ground (reviewed in Haug et al. 1993)
or in nest boxes (Henny and Blus 1981, Rosenberg and Haley 2003). The former is likely to
result in underestimation of reproductive rates
and potentially lead to invalid inferences on tem-
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poral and spatial patterns of relative reproductive
rates. Although nest boxes provide a reliable
means of determining reproductive rates, they are
not alwaysavailable and used by owls under study.
Little attention has been given to issues related
to biases in estimating burrowing owl reproductive
rates. Because counts obtained from varying levels
of effort to observe and/or trap young at nests
would be expected to have different probabilities
of encountering young, meaningful comparisons
among studies have been limited. Indeed, most
studies (e.g., Thomsen 1971, Lutz and Plumpton
1999, Millsap and Bear 2000) do not report the
observation effort at each nest. Even among studies
that use similar methods, different survey timing
relative to the age of young confounds comparisons of reproductive rates with survivaland behavior. For example, surveys during early brood-rearing are likely to result in positively biased estimates
relative to later counts due to mortality between
emergence and fledging. At sites where broods are
split between multiple burrows (Desmond and
Savidge 1999, Ronan 2002), bias may increase
with the age of young due to the difficulty of
observing and identifying complete broods. Such
biases also are likely to result in invalid conclusions on comparisons of reproductive rates.
Unequal observation effort and differences in
sighting probability among nests introduces bias
to estimates of relative reproductive rates. Thus,
comparisons of reproductive rates with factors
such as morphology (Plumpton and Lutz 1994),
habitat characteristics and space use (Botelho and
Arrowood 1998, Ronan 2002, Gervais et al. 2003),
and prey abundance (Gervais et al. 2003) could
be confounded with unequal detection rates.
Despite the predominant use of counts in assessing relative reproductive rates of burrowing owls,
evaluation of such methods remains unexplored.
We addressed these issues by comparing estimates of burrowing owl reproductive rates using
visual observations and video surveillance. We
compared these estimates with the known number of young from nest boxes to estimate the reliability of absolute and relative measures of burrowing owl reproductive rates.

STUDYAREA
We conducted our fieldwork during May-June in
1998 and 1999 at 3 sites in California:CarrizoPlain
National Monument (Carrizo), Naval Air Station
Lemoore (Lemoore), and Sonny Bono Salton Sea
National Wildlife Refuge (Salton Sea). The Carrizo
site is a semi-desert grassland located 100 km west
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of Bakersfield. Lemoore, located 50 km southwest
of Fresno in the San Joaquin Valley, consists of
small patches of grasslands surrounded by intensively farmed fields. In the Salton Sea site, located
40 km north of El Centro, owls nested along edges
of agricultural fields within and adjacent to the
Sonny Bono Salton Sea National Wildlife Refuge.

METHODS
FieldTechniques
We evaluated reproductive rates by estimating
brood size of successful (i.e., >1 young) nests. We
use the term reproductive rate throughout because
this is the parameter we are interested in estimating. As used here, reproductive rate is the number
of 21- to 28-day-old young per successful nest. We
evaluated direct observations using 5 30-min observation periods initiated after young were detected
above ground and were approximately 21-28 days
post hatch, based on feather development and
behavior (Priest 1997). This allocation of total
effort reflected our goal of providing a logistically
feasible method when numerous nests are under
study. We restricted the observations to a narrow
range of age of young so that any confounding of
mortality with comparisons of reproductive rates
would be minimal. This also is the nestling stage
when young are most easily counted-young are
active above ground but remain close to the nest
burrow (Haug et al. 1993). We observed 37 nests
with binoculars or spotting scopes from vehicles
typically 30-100 m from the nest, but up to 500 m
when nests were in clear view and would otherwise
be disturbed. We conducted observations <2 times
per day with 26 hr between observation periods.
Observations typicallywere conducted within 3 hr
of sunrise or sunset. All observations at a nest were
completed within 7 days of initial observation.
We evaluated video surveillance by videotaping
nests on a single occasion for a 2-hr period at
Lemoore and Carrizo (Table 1). A video camera

Table 1. Numberof nests sampled for each comparisonof
owls at CarrizoPlain
reproductiverateestimates of burrowing
NationalMonument,Naval Air Station Lemoore,and Sonny
Bono Salton Sea NationalWildlifeRefuge, California,USA,
May-Jun1998 and 1999.
Directobservationvs.
video
Studysite

Directobservationvs.
knownno.

16

-

Lemoore

7

7

Salton Sea

-

14

Carrizo
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was mounted on a tripod20--100 m from the nest
= -[
MPRB
]N]1i00,
and positioned to best view the burrow entrance
and an area of 23 m on either side. At Carrizo, we
left the tripod near the nest for 1 to 2 days before
videotaping to acclimate owls to its presence. where n is the number of nests, Ni is the maxiThis was not done at Lemoore, where farm mum number of young observed together at nest
equipment and other disturbances frequently i during either direct observations or video surmodified the environment adjacent to burrows veillance, and Ni is the true number of young per
and likely resulted in the owls' lack of a response nest. We estimated RMSE as:
to our video equipment (V. Franke, personal
observation).
RMSE=
We evaluated the performance of direct (maxi.-[N, -N,
.
mum and mean of counts) and video surveillance
by comparing estimates between these methods
In addition to the evaluation of absolute meaand by estimating their bias and precision from
sures
of reproductive rates, we evaluated the relideterof
We
known
number
with
nests
young.
mined the number of young by opening nest ability of the mean and the maximum number of
boxes at Lemoore and Salton Sea (Table 1). Nests young observed per nest from direct observations
that were in artificial burrows were opened either as estimators of relative reproductive rates among
1 day prior to initiation of the observations or nests. Although the maximum number observed
immediately after observations were completed; is clearly a less biased estimator of absolute reprowe assumed no mortality during the observation ductive rates, the mean of counts from 5 30-min
period (<7 days). We computed bias and RMSE direct observations could be a more reliable estiof direct observations from 21 nests (Table 1) mator of relative reproductive rates if the maxiduring 1998 and 1999. Root mean square error mum number counted has high variance relative
incorporates bias and precision and is a useful to the variance of the mean. To evaluate and comsummary of the performance of an estimator pare the reliability of maximum and mean counts,
(Williamset al. 2001:45). We conducted both direct we constructed a matrix of pairwise comparisons
observations and video surveillance at nest boxes among all unique combinations of nest boxes for
only at Lemoore (Table 1); comparisons of bias which number of young were known. For each
we estimated the relbetween these methods are thus restricted to nests estimator (Nmeanand
as the mean ratio (MR):
at Lemoore. We did not use video surveillance at ative reproductive rateNma),
Salton Sea. At Carrizo, where all nests were within natural burrows, direct observations and video
IR
M
surveillance were conducted in 1999 (Table 1).
EIR=
R

r=1

(Nxr /Nyr)

,

StatisticalAnalysis
We compared estimates from direct observation and video surveillance by first comparing the
maximum number of young observed to the maximum number videotaped from nests at which
both methods were conducted (Table 1). We used
Pearson's correlation coefficient to quantify the
relationship between these estimates. To compare bias and RMSE between direct observations
and video surveillance as estimates of absolute
reproductive rate, we used only nests at Lemoore,
all of which were from nest boxes where we knew
the number of young.
To evaluate the reliability of direct observations
as an estimator of absolute reproductive rate, we
used data from nest boxes at Lemoore and Salton
Sea (Table 1). We calculated the mean percent
relative bias (MPRB) as:

where R is the number of combinations of nests (R
= 210), and
N are the estimated number of
Nxrand each
for
nest
young per
rth comparison (x # y) of
nests. We then compared mean ratio percent relative bias (MRPRB)and RMSEof the ratio (RRMSE)
among estimators. We estimated MRPRBas:

100,
MRPRB
MR-MR
where MR is the true mean ratio between pairs of
nests. We estimated RMSE of relative reproductive rates as:
RRMSE={[ r=l
R
4.,[(Nx

/.N^)-(Nx/N,,)]2}1/2,
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with N and Ngreater than zero, as was the case in
all comparisons.
Because of the small number of possible ratios
that arise from the limited number of possible
reproductive outcomes, we used known ratios to
estimate a null expectation for RRMSE and thus
facilitate comparison of estimator performance.
We estimated the null expectation (i.e., no relationship of the number of young between pairwise comparisons of nests) by constructing 2 sets
of ratios of reproductive rates that were randomized relative to one another.
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RESULTS
Direct observations were more effective than
video surveillance as an estimator of absolute
reproductive rates. While at least 1 young was
always observed at successful nests with direct
observations, we failed to observe young at 25%
of these nests from video surveillance (Fig. 1).
From the sample of 23 nests for which both direct
observations and video surveillance were used,
2.3 ? 0.7 more young per nest were estimated
with the maximum number observed than with
video surveillance. Differences between the 2
methods tended to be greater at Carrizo (3.3 +
0.6 young/nest, n = 16) than at Lemoore (0.3 +
1.6 young/nest, n = 7), although the imprecision
of the Lemoore estimates resulted in overlapping
95% confidence intervals. The coefficient of variation of the maximum number of young was
greater for video surveillance than for direct
observations (maximum counted) at Carrizo
(109.0 vs. 38.7%) and Lemoore (66.3 vs. 48.4%),
respectively. We found no apparent relationship
between the numbers of young estimated with
the 2 methods (r = 0.01, n = 23; Fig. 1).
Neither direct observations nor video surveillance provided reliable estimates of absolute

Fig. 1. Relationshipbetween numberof young per nest as
estimated with counts fromthe maximumnumberof young
observed duringvideotapingand directobservations.Counts
were made at nest boxes at LemooreNavalAirStation(n = 7)
and fromnaturalburrowsat CarrizoPlainNationalMonument
(n = 16), California,USA,May-Jun1999.We foundno apparent relationshipbetween counts made from videotapingvs.
directobservation(r = 0.01 ? 0.22).

reproductive rates at the levels of effort used in
our study. Precision was poor for both methods,
particularly for video surveillance (Table 2). The
large RMSE of both estimators resulted from a
few nests in which <1 young was observed (Fig.
2). These results, which were based on the sample of 7 nests (Lemoore; Table 1) for which number of young was known as well as estimated from
direct observations and video surveillance, suggest neither method provided reliable estimates
of the number of young. Bias and precision of
the maximum number of young counted, as estimated from nest boxes at Salton Sea and
Lemoore, was considerably better than represented from the comparison of only the 7
Lemoore nests (Table 2), but bias and RMSE
remained reasonably high.

Table2. Performanceof the maximumnumberof young observedper nest duringvisualobservationsand video surveillanceas
estimatorsof the reproductiverates of burrowing
owls at nest boxes at NavalAirStationLemooreand Sonny Bono SaltonSea
NationalWildlifeRefuge,California,USA, May-Jun1998 and 1999.
Knownno. young

Mean
(range) SE
Directobservationsand video
surveillance(n = 7 nests)a
7.0 (4-9) 0.7
Directobservation(n = 21 nests)b 4.5 (1-9) 0.6

Video
Mean
Root
percent mean
Mean
relative square
bias
error
(range) SE

Directobservation
Mean
Root
percent mean
Mean
relative square
bias
error
(range) SE

4.4 (0-7) 1.1 -31.5

4.7 (1-7)
3.2 (1-7)

4.2

a Directobservationsand video surveillancewere conductedat nest boxes only at Lemoore.
b PooledfromSaltonSea (n = 14
nests) and Lemoore(n = 7 nests).
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KnownNumberof Young
Fig.2. Numberof youngin nest boxes (n = 7) estimatedby the
maximumcounted during5 30-minobservationperiodsand
duringa 2-hrvideotapingof the nest comparedto the known
numberof young,LemooreNavalAirStation,California,USA,
May-Jun1999.

Direct observations were more reliable as an estimator of relative than absolute reproductive rates.
However, of the 2 direct counts, the mean number of young observed during the 5 30-min observation periods performed poorly whereas the maximum number observed performed reasonably
well as a measure of relative reproductive rates
(Table 3, Fig. 3). We found a stronger relationship
between the known number of young and the
maximum number counted (r = 0.82 + 0.13, n =
21) than with the mean number counted (r= 0.64
+ 0.18, n = 21; Fig. 3). Similarly,our comparison
among all unique combinations of nests demonstrated a stronger relationship between known
and estimated relative reproductive rates for the
maximum (r= 0.79 ? 0.03, n = 210) than the mean
(r= 0.35 ? 0.06, n = 210) number of young counted. Although we found strong positive relationships between true ratios and those estimated with
the mean and the maximum number counted, the
imprecision of the number counted led to relatively high RRMSE(Table 3). The performance of
the randomized comparisons demonstrated that
the relationship we found with the maximum
number counted was not due to the chance events
of few possible outcomes (Table 3). The mean
number observed, however, did not provide any
improvement in estimation of relative reproductive rates over the null model. The poorer performance of the mean than the maximum as an
estimator of relative abundance probably was due
to the higher variance of the mean (VAR = 9.1)
than the maximum (VAR= 1.8) counted.

Obtaining unbiased estimates of burrowing owl
reproductive rates is a challenge because of the
difficulty of observing complete broods outside
of the burrow and the difficulty of obtaining
mark-recapture data for model-based estimators.
Burrowing owl broods are not often completely
observed with count methods, as we demonstrated with our sampling methods. Whenever sighting probability is <1, enumeration leads to a negatively biased estimator of absolute reproductive
rate, as discussed by Nichols (1986) for estimation of population size. While the importance of
using model-based estimators rather than enumeration techniques in estimating population
size is well accepted (Otis et al. 1978, Nichols and
Pollock 1983, Nichols 1986), the importance has
not been as widely noted when estimating reproductive rates other than nest success (e.g., Mayfield-based methods; Hensler and Nichols 1981).
Complete broods can easily be observed in many
avian species, and number of young can often be
treated as a known parameter (e.g., Franklin et
al. 1996). However, this must be estimated for
species with inaccessible nests or precocial young
that are mobile prior to fledging.

Table3. Comparisonof the performanceof the mean and the
maximumnumberof young observed (directobservations)as
estimatorsof relativereproductiverates of burrowingowls at
nest boxes at Naval Air Station Lemooreand Sonny Bono
SaltonSea NationalWildlifeRefuge,California,
USA,May-Jun
1998 and 1999.We used estimatesand knownnumberof young
from21 nests to constructa matrixof 210 estimatesof relative
abundancebetweenalluniquepairwisecomparisonsof 2 nests.
Estimatedratiob
Meanratio Rootmean
percent square error
relative of the relative
bias
reproductive
Estimatora Mean(range) SE (MRPRB)rates (RRMSE)
1.0 (0.1-7.0)
Nullc
Maximum
number
observed 1.1 (0.1-5.0)
Mean
number
observed 1.8 (0.1-21)

0.1

0

1.6

0.1

16.3

0.8

0.2

81.6

2.9

a Maximumand mean numbercountedfrom5 30-minobservationperiods.
bEstimatedratiowas the relativereproductiveratecomputed as the ratiobetween the estimatednumberof young per
nest foreach uniquepair-wisecomparisonof 2 nests.
CWe estimateda nullexpectation(i.e., the resultsif no relationshipwas foundbetween pair-wisecomparisonsof nests)
by constructing2 sets of knownratiosof reproductiverates
thatwere randomizedrelativeto one another.
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1993). Our study presents the first assessment of
the reliability of such methods.
o
We found that none of the standardized meth8P
ods we tested provided reliable estimates of
8
o
absolute reproductive rates. The difference in
0*6-P
the number of young observed between direct
observations and video surveillance might have
E
0 4been an artifact of sampling on a single occasion
(video surveillance) rather than multiple obsera
o
vation periods (direct observations). In addition,
0
0
o
we believe that video surveillance caused greater
U6
disturbance at the nest. Owls at Carrizo were obS2
610
4
served on videotape giving alarm calls to young
in the presence of the camera, thus discouraging
C 10
B.
0
young from emerging from burrows. Also, the
frequent use of satellite burrows at Carrizo
o 8
(Ronan 2002) made detection of young by video
surveillance difficult and probably contributed to
the poor performance of this method as an estimator of absolute and relative reproductive rates.
4E
0 2Despite bias in the estimators of absolute repro40
ductive rate, enumeration should lead to biased
o
0?
estimates of relative reproductive rate only if
So
o0
sighting
probability varies, either spatially or tem0
and Robson 1992). We found
(Skalski
porally
2
6
8
0
4
10
direct observations more reliable for estimating
KnownNumberof Young
relative reproductive rates than video surveilFig.3. Relationshipof the (A)maximumand (B) mean number lance and the maximum counted more reliable
of youngcountedduring5 30-minobservationperiodsof nest
than the mean number of young seen over the 5
boxes withthe knownnumberof young, SaltonSea National
30-min observation periods. Although the mean
WildlifeRefuge (n = 14) and NavalAirStationLemoore(n =
7), California,USA,May-Jun1998 and 1999.The relationship number of young observed could theoretically
was strongerforthe maximum(r= 0.82 ? 0.13) thanthe mean have been a better estimator of relative
repro(r= 0.64 ? 0.18) numbercounted.
ductive rates, the maximum number observed
performed better. This likely was due to the frequent observations of no young at the nest,
Mark-resight methods provide a strong theoret- resulting in a very high variance of the mean
ical basis for estimating population size (Otis et number of young observed. Our results suggest
al. 1978, Skalski and Robson 1992) and thus the that the maximum number of young counted at
number of young at nests. However, logistical con- a given age provided a useful estimate of relative
straints have hindered the use of mark-resight for reproductive rates under the conditions that
estimating burrowing owl reproductive rates. For existed during our study. The repeated nature of
example, bands on young are difficult to observe direct observations will allow precision to be esti(D. K. Rosenberg, personal observation). Captur- mated through bootstrap methods (Manly 1991).
ing owls on several occasions may be effective Providing a variance estimator will improve the
(Botelho and Arrowood 1998, Winchell 1999); ability to separate sampling from process variahowever, this may be disruptive as well as result in tion (e.g., Burnham et al. 1987) and will thus lead
low recapture rates and thus poor estimation to greater biological insight into factors affecting
(D. K. Rosenberg and J. A. Gervais, unpublished
reproductive rates.
data). Thus, rather than using model-based estiAdditional evaluations using more intensive
mators, most researchers have estimated repro- effort per nest is warranted. However, during earductive rates of burrowing owls using counts of lier studies, we found that longer observation periyoung (Thomsen 1971, Lutz and Plumpton 1999, ods (e.g., 2 hr/visit) often resulted in few young
Desmond et al. 2000, Millsap and Bear 2000), a observed (D. K. Rosenberg, unpublished data).
putative index to reproductive rates (Haug et al. Further, in a study using identical protocols to
.

0

o

A.

*

Salton Sea
Lemoore
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those described here, the maximum number of
young that were observed typicallywere seen during the first 10 min of the 30-min observation period (45% of observations; L. Trulio and D. Chromczak, San Jose State University, unpublished
data). This probably occurred because of the difficulty of observing the entire brood due to visual obstructions as well as the likelihood that some
young return to the burrow when others leave. If
so, repeated observations of the nest burrow for
short durations will be more effective than fewer
but longer observations. In most demographic
studies, large sample sizes of nests are required
and thus obtaining numerous long-duration visits
is logistically difficult. The same arguments likely
are true for longer periods of videotaping of
nests. Indeed, the single 2-hr videotaping we conducted probably performed poorly in part
because of the single observation period.
Using consistent methods may reduce bias in
estimators of absolute and relative reproductive
rates, although consistency is not necessarily sufficient. Although standardized direct observations provided useful results, enumeration methods will always be sensitive to factors that affect
detection probability, thus limiting the strength
of inference. Few studies have quantified effort
expended on nest observations or trapping. Further, most studies have failed to identify a specific age of young. This results in an inability to
account for the influence of mortality on the estimated number of young and on age-specific
behaviors that affect detection probabilities. The
age of young when reproductive rates are estimated should reflect the specific research question as well as the ability to detect young. Attention to timing of counts (age of young) and
sighting probability are needed for rigorous comparisons within or among studies.
Further work on field methods is needed to
allow model-based estimators to be used effectively. Tagging methods that do not require
recapture or resighting, such as passive integrated transponders (Boarman et al. 1998), offer 1
such strategy for collecting mark-recapture data.
We recommend that researchers estimate detection probability of young or demonstrate that it is
the same among all comparisons if relative reproductive rates are desired (Skalski and Robson
1992). If that is not possible, we suggest that researchers use a standardized effort that is thoroughly described in resulting publications. Without the reporting of this effort, comparing
reproductive rates across studies or evaluating

499

the adequacy of comparisons made within studies
will remain impossible. Finally, nest boxes do
offer the best means of estimating reproductive
rates of burrowing owls, and when possible, such
methods should be considered in study design.

MANAGEMENT
IMPLICATIONS
Reproductive rates often are compared across
time and space to provide guidance to the management or monitoring of wildlife populations.
The most common practice of estimating reproductive rates of burrowing owls is through counts
of young observed outside of their burrows. Our
findings suggest caution in using such counts as
an index to reproductive rates. If accurate estimates of either absolute or relative reproductive
rates of this species are used as a criterion for
management or monitoring, we suggest that
either nest boxes be considered as a tool to facilitate obtaining reliable estimates (e.g., Henny
and Blus 1981) or that careful attention to detection probabilities be used in establishing survey
protocols. Nest boxes offer the most reliable
means of estimating reproductive rates of burrowing owls. They are particularly useful in environments where natural burrows are limited. In
these environments, burrowing owls are easily
enticed into using nest boxes (D. K. Rosenberg,
personal observation). In large grasslands with
high densities of natural burrows, ensuring that
nest boxes are used repeatedly through time will
be more difficult. In such cases, counts of young
from natural burrows may be the only feasible
method. When counts must be used, our findings
demonstrate the importance of developing protocols that ensure similar detection probabilities
across time and space.

ACKNOWLEDGMENTS
The project would not have been possible without the dedicated fieldwork of M. Anderman, C.
Bailey, R. Balzer,J. Camp, T. Denette, A. Felty, K.
Hughes, R. Jansen, J. Smith, and M. York. We
thank J. Crane, A. Kuritsubo, and K. Sturm for
their enthusiastic logistic and financial support,
and M. Collopy and J. Kelly for constructive
reviews on the manuscript. Housing and vehicle
support were generously provided by the Bureau
of Land Management's Bakersfield Field Office
and Sonny Bono Salton Sea National Wildlife
Refuge. Funds for the study were provided by
grants from the Bureau of Land Management
(Bakersfield Field Office), U.S. Fish and Wildlife
Service (Non-game Bird Program and Partners in

This content downloaded from 128.114.163.7 on Mon, 9 Jun 2014 13:00:18 PM
All use subject to JSTOR Terms and Conditions

500

ESTIMATIONOF REPRODUCTIVERATES * Gormanet al.

Wildlife Act), U.S. Navy (Engineering Facilities
West), National Fish and Wildlife Foundation,
California Department of Fish and Game, CalEnergy, and the San Luis Obispo Fish and Game
Fines Commission. This project was conducted as
part of the Burrowing Owl Research Program, a
collaborative research program including The
Institute for Bird Populations, Oregon State University, San Jose State University, and Utah State
University with assistance from the Oregon Cooperative Fish and Wildlife Research Unit. Cooperators of the Oregon Cooperative Wildlife Research
Unit included the U.S. Fish and Wildlife Service,
Oregon State University, Oregon Department of
Fish and Wildlife, Wildlife Management Institute,
and the Biological Resources Division of the U.S.
Geological Survey. This is Contribution Number
208 of the Institute for Bird Populations.

J. Wildl. Manage. 67(3):2003

Union, Washington, D.C., USA.
HENNY,
C.J., ANDL.J. BLUS.1981. Artificial burrows provide new insights into burrowing owl nesting biology.
Journal of Raptor Research 15:82-85.
1981. The Mayfield
G. L., ANDJ. D. NICHOLS.
HENSLER,
method of estimating nesting success: a model, estimators and simulation results. Wilson Bulletin 93:42-53.
1999. Philopatry and
LUTZ,R. S., ANDD. L. PLUMPTON.
nest site reuse by burrowing owls: implications for
productivity.Journal of Raptor Research 33:149-153.
B. F. J. 1991. Randomization and Monte Carlo
MANLY,
methods in biology. Chapman & Hall, London, England, United Kingdom.
MILLSAP,B. A., ANDC. A. BEAR.2000. Density and repro-

duction of burrowing owls along an urban development gradient. Journal of Wildlife Management
64:33--41.
NICHOLS,
J. D. 1986. On the use of enumeration estimators for interspecific comparisons, with comments on
a "trappability estimator." Journal of Mammalogy
67:590-593.
-, ANDK. H. POLLOCK.
1983. Estimation methodin contemporary small mammal capture-recapology
LITERATURE
CITED
ture studies. Journal of Mammalogy 64:253-260.
ANDM. OTIS, D. L., K. P. BURNHAM,
W. I., M. L. BEIGEL,
G. C. GOODLETT,
G. C. WHITE,
ANDD. R. ANDERBOARMAN,
1998. A passive integrated transponder system
SON.1978. Statistical inference from capture data on
SAZAKI.
for tracking animal movements. Wildlife Society Bulclosed animal populations. Wildlife Monographs 62.
letin 26:886-891.
D. L., ANDR. S. LUTZ.1994. Sexual size
PLUMPTON,
E. S., ANDP. C. ARROWOOD.
1998. The effect of
BOTELHO,
dimorphism, mate choice, and productivity of burburrow site use on the reproductive success of a parrowing owls. Auk 111:724-727.
tially migratory population of western burrowing PRIEST,
J. E. 1997. Age identification of nestling burrowowls. Journal of Raptor Research 32:233-240.
ing owls.Journal of Raptor Research Report 9:125-127.
K P., D. R. ANDERSON,
G. C. WHITE,
C. BROWNIE, RONAN,N. A. 2002. Habitat selection, reproductive sucBURNHAM,
ANDK. H. POLLOCK.
1987. Design and analysismethods
cess, and site fidelity of burrowing owls in a grassland
for fish survival experiments based on release-recapecosystem. Thesis, Oregon State University, Corvallis,
ture. American Fisheries Society Monograph 5.
Oregon, USA.
1999. Satelliteburrow ROSENBERG,
D. K., ANDK. L. HALEY.
2003. The ecology of
DESMOND,
M.J., ANDJ.A. SAVIDGE.
use by burrowing owl chicks and its influence on nest
burrowing owls in the agroecosystem of the Imperial
fate. Studies in Avian Biology 19:128-130.
Valley, California. Studies in Avian Biology: in press.
2000. Correlations SKALSKI,
------, ,-ANDK. M. ESKRIDGE.
J. R., ANDD. S. RoBsoN. 1992. Techniques for
between burrowing owls and black-tailed prairie dog
wildlife investigations: design and analysis of capture
declines: a 7 year analysis. Journal of Wildlife Mandata. Academic Press, San Diego, California, USA.
L. 1971. Behavior and ecology of burrowing
THOMSEN,
agement 64:1067-1075.
owls on the Oakland Municipal Airport. Condor
FRANKLIN, A. B., D. R. ANDERSON,E. D. FORSMAN,K. P.
ANDF. W. WAGNER.
1996. Methods for col73:177-192.
BURNHAM,
lecting and analyzing demographic data on the north- WILLIAMS,B. ., J. D. NICHOLS,AND M.J. CONROY.2001.
ern spotted owl. Studies in Avian Biology 17:12-20.
Analysis and management of animal populations.
Academic Press, San Diego, California, USA.
GERVAIS,J. A., D. K. ROSENBERG, AND R. G. ANTHONY.
2003. Space use and pesticide exposure risk of male WINCHELL,
C. S. 1999. An efficient technique to capture
burrowing owls in an agricultural landscape. Journal
complete broods of burrowing owls. Wildlife Society
of Wildlife Management 67:155-164.
Bulletin 27: 193-196.
HAUG, E. A., B. A. MILLSAP,AND M. S. MARTELL.1993.

Burrowing owl (Speotytocunicularia). Pages 1-20 in A.
Poole and F. Gill, editors. The birds of North America. The Academy of Natural Sciences, Philadelphia,
Pennsylvania, USA, and the American Ornithologists'

Received27June 2002.
Accepted7 April 2003.
AssociateEditor:Kelly.

This content downloaded from 128.114.163.7 on Mon, 9 Jun 2014 13:00:18 PM
All use subject to JSTOR Terms and Conditions

