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DENSITY AND REPRODUCTION OF BURROWING OWLS ALONG AN 
URBAN DEVELOPMENT GRADIENT 

BRIAN A. MILLSAP,' Bureau of Wildlife Diversity Conservation, Florida Fish and Wildlife Conservation Commission, 620 S. 
Meridian Street, Tallahassee, FL 32399, USA 

CINDY BEAR, School Board of Lee County, 4882 Pine Island Road, Matlacha, FL 33909, USA 

Abstract: We studied population density and reproductive success of a Florida burrowing owl (Athene cu- 
nicularia floridana) population on a 35.9-km2 study area that spanned a residential development gradient 
ranging from <2% to >80% of lots with houses in Lee County, Florida, 1987-90. We observed 785 breeding 
attempts at 264 unique nest sites in an increasing population of owls. Linear regression indicated that nest site 

density (6.9 pairs/ km2 in 1990) increased until 45-60% of lots were developed before decreasing. Overall nest 
success (69.6 ? 4.2%; f t SE) did not vary along the development gradient, however the proportion of nests 
that failed from human-related causes increased with increasing development. The number of young fledged 
per nest site increased until development exceeded 45-60%, then stabilized. The number of young fledged 
per successful nest decreased as development increased above 60%. Burrowing owls that nested on lots where 
home construction was occurring fledged more young if a 10-m buffer from disturbance was provided around 
the nest burrow. Burrowing owls nesting in sodded yards of homes fledged fewer young than nests in vacant 
lots. Our results, combined with those of previous researchers, suggest that burrowing owls on our study area 
benefited from high prey densities around homes, but that increased human-caused nest failures and declines 
in the number of young fledged at successful nests in heavily developed areas offset the advantages of abundant 

prey. 
JOURNAL OF WILDLIFE MANAGEMENT 64(1):33-41 
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The impact of urbanization is one of the 

greatest habitat conservation issues facing wild- 
life managers today. Nowhere is this issue more 
acute than in Florida, where over 40% of the 
state's wildlife taxa are thought to be declining 
(Millsap et al. 1990) and natural habitats are 

being lost to development at the rate of about 
3.5% per year (Noss and Peters 1995). While it 
is tempting to condemn all urban development 
as detrimental to wildlife, the issue is compli- 
cated because not all species threatened with 
extinction or regional extirpation are incapable 

of acclimating to urban landscapes. Examples in 
Florida include the state-threatened least tern 

(Sterna antillarum) that increased in numbers 
after it shifted nesting to flat gravel rooftops 
(Gore 1991), and the state-threatened Big Cy- 
press fox squirrel (Sciurus niger avicennia) that 

readily used golf courses in southwest Florida 

(Jodice and Humphrey 1992). 
Comprehensive management of a species re- 

quires that we understand enough about life 

history in urban settings to take advantage of 
the unique conservation opportunities that exist 
there. If nothing else, maintaining urban pop- 
ulations of imperiled species increases the range 1 E-mail: millsab@gfc.state.fl.us 
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of conservation options available to managers. 
The Florida burrowing owl is a non-migratory 
raptor in Florida that is thought to be declining, 
yet it is sufficiently adaptable to occur frequent- 
ly in urban areas (Millsap 1997). The species' 
adaptability likely results from several factors. 
First, Florida burrowing owls feed on a wide 

variety of invertebrates, reptiles, amphibians, 
small mammals, and small birds (Hennemann 
1980, Wesemann and Rowe 1987). Second, the 

subspecies usually excavates its own nest bur- 
row (Millsap 1997), hence is not limited in dis- 
tribution to the range of a burrow-digging host, 
as is the case over most of its range (Haug et 
al. 1993). Finally, the burrowing owl's habitat 

preferences are met in altered, open grassy 
landscapes in Florida. Historically closely asso- 
ciated with native prairies on the Okeechobee, 
Osceola, and DeSoto Plains (Rhoads 1892, 
Nicholson 1954), Florida burrowing owls now 
breed throughout peninsular Florida, and 

patchily in the Panhandle (Millsap 1997). This 

range expansion has been facilitated by the 

clearing of forests and filling of wetlands, and 

many populations occur in suburban areas, air- 

ports, and industrial parks (MacKenzie 1944, 
Neill 1954, Ligon 1963, Courser 1979). Obser- 
vations in Florida indicate that many urban bur- 

rowing owl populations do not persist for long 
periods of time (Courser 1976, Consiglio and 

Reynolds 1987). The unexplained collapse of 

highly visible and popular urban populations 
has led to concern about the impact of human 

development on the burrowing owl in Florida, 
resulting in its listing as a species of special con- 
cern by the Florida Fish and Wildlife Conser- 
vation Commission in 1979 (Millsap 1997). 

Wesemann and Rowe (1987) conducted work 
on burrowing owls in Cape Coral, Florida, 
where they documented trends in owl nesting 
density and prey abundance for 1 year along an 
urbanization gradient where homes occurred on 
<2% to >80% of lots. Their study suggested 
that burrowing owl nest density was highest 
where 55-65% of lots had homes (approximate- 
ly 550-650 homes per km2). We wanted to bet- 
ter understand this relationship, and we ex- 
panded on the work of Wesemann and Rowe 
(1987) by measuring trends in population size, 
fecundity, and survival over a 4-year period on 
the same study area. In this paper, we present 
our results on the relationship between urban- 
ization and reproduction, and offer manage- 
ment recommendations that address some of 

the problems faced by burrowing owls in Cape 
Coral, Florida. 

STUDY AREA 
Our observations were made between 1 Jan- 

uary 1987 and 10 July 1990 on a 35.9-km2 study 
area (of which 4.1 km2 was wetland or intensi- 
vely managed golf course not suitable for nest- 
ing by burrowing owls) in Cape Coral, Lee 
County, Florida, latitude 81'99'N, 26057'W lon- 
gitude (Fig. 1). This was the exact study area 
used by Wesemann and Rowe (1987), who se- 
lected it because it was representative of the 
variety of development conditions in Cape Cor- 
al. The Cape Coral peninsula was historically 
mesic slash pine (Pinus eliottii) flatwoods and 
tidal swamp (Zeiss 1983, Wesemann 1986), and 
was largely unsuitable for occupation by bur- 
rowing owls. The area was drained and filled 
beginning in the late 1950s, and the first homes 
were built in 1958 in the southeastern part of 
our study area (Zeiss 1983). 

We used existing township and range section 
lines to divide our study area into 14, 2.59-km2 
sections (Table 1). We used section lines to par- 
tition our study area because development sta- 
tistics were available for sections from the city 
of Cape Coral. The area consisted mainly of sin- 
gle-family homes interspersed with vacant lots 
maintained as grassland by regular mowing by 
city maintenance crews. Developed lots usually 
contained homes surrounded by manicured 
lawns of fibrous mats of sod with landscaped 
beds of trees and shrubs. The density of homes 
and other buildings varied across the study area, 
with highest development in the eastern sec- 
tions (up to 82% of lots with homes, or approx- 
imately 820 homes per km2) and lowest in west- 
ern sections (as low as 2% of lots with homes, 
or 20 homes per km2; Table 1). This east-west 
development gradient facilitated comparison of 
burrowing owl demographic statistics in a sim- 
ilar environment but under different levels of 
development. 

METHODS 
We defined a nest site as the area within 88 

m of a burrow where a breeding attempt oc- 
curred, or where a single adult burrowing owl 
not known to be breeding elsewhere (about 
25% of adults each year were color banded) was 
seen on 3 or more occasions during the breed- 
ing period (1 Jan to 10 Jul). We used an 88-m 
radius because it was half the average distance 
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Fig. 1. Map of the Cape Coral study area, Lee County, Florida. 

(176 ? 4.8 m, n = 264) between nearest adja- 
cent occupied nest burrows on our study area 
in all years. Nest sites attended by 

-1 
adult 

owls or decorated with shredded paper and 

grass (Haug et al. 1993) were considered oc- 

cupied. An occupied nest site was considered 
successful if ;1 young survived to fledge at 40 

days of age. Productivity was the number of 

young raised to fledging age on an occupied 
nest site. 

All suitable burrowing owl habitat on the 

study area was subdivided into building lots ap- 
proximately 0.1 ha in size (City of Cape Coral, 
personal communication). The city maintained 
annual records of the percentage of lots with 
homes in each section on the study area. The 

proportion of lots with homes reflected the av- 

erage density of houses in each section, and an- 
nual changes provided a measure of the rate of 

change in development. 
We surveyed the study area by driving all 

roads at least twice each year between January 
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Table 1. Development statistics and mean number of nests by section (2.59-km2 area) for our burrowing owl study area in 
Cape Coral, Lee County, Florida, 1987-90. 

Suitable 
burrowing owl % development Annual change in Mean number 

Section habitat (Em2)a in sectiont % development of nests 1986-90 

1 2.1 77 3.3 19.8 
2 2.3 67 2.8 47.6 
3 2.5 65 3.8 24.0 
4 2.6 43 5.3 26.2 
5 2.6 3 1.8 7.6 
6 2.6 2 0.8 0 
7 2.3 3 0.8 2.2 
8 1.7 2 0.8 4.8 
9 2.6 3 0.8 3.8 

10 2.6 11 2.0 7.0 
11 2.6 35 5.4 23.4 
12 2.2 82 1.8 3.6 
13 2.6 78 5.0 11.8 
14 1.1 75 5.0 2.6 

a Excludes area within each 2.59-km2 section that was either wetland or intensively managed golf course, and not suitable for nesting by burrowing 
owls. 

b Average percent of 0.01-ha building lots within each section that had homes on them during the period 1987-90. 

and March to locate occupied burrowing owl 
nest sites. Most nest.sites were easily located on 
elevated berms along the edge of the roads. 
This survey approach was shown to be effective 
in locating all but a small percentage of occu- 

pied nest sites (Wesemann 1986, Wesemann 
and Rowe 1987). 

We visited nest burrows at least weekly in the 

early morning or late afternoon when owls were 
active above ground throughout the nesting pe- 
riod to count all young visible. The length of 
visits varied based on the level of owl activity, 
but our objective at each visit was to count all 

young in the brood. The maximum number of 

young seen at any 1 time on or subsequent to 
the estimated fledging date was used as the 
number of young fledged. We found no evi- 
dence of brood switching (Henny and Blus 
1981). When a nest attempt failed, we evaluated 
evidence at the scene (e.g., construction activi- 
ty, tire tracks, condition of the burrow entrance, 
absence of 1 or both adults, signs of vandalism) 
to determine the cause of failure. 

We used a = 0.10 as our significance level in 
tests. We used analysis of variance (ANOVA), 
analysis of covariance (ANCOVA), or regression 
in cases where we failed to reject the null hy- 
pothesis that data were drawn from a normal 
distribution (Kolmogorov-Smirnov test) with 
equal variance (Levene Median test). In the 
case of ANCOVA, we screened for interaction 
of covariates using 2-way ANOVA, and we em- 
ployed ANCOVA on ranks (Shirley 1981) when 

normality assumptions were violated. For para- 
metric tests of group means, we used the Bon- 
ferroni all pairwise multiple comparison test to 
isolate group differences. We used arcsin trans- 
formation on proportions and rank-transformed 

productivity values prior to parametric analyses 
(Sokal and Rohlf 1981), althongh we present 
data in original units. We used a chi-square (x2) 
contingency test or Fisher's exact test to com- 
pare observed with expected distributions (So- 
kal and Rohlf 1981). Where we detected a sig- 
nificant difference in a X2 test with >2 
categories, we determined which categories dif- 
fered by constructing simultaneous 95% Bon- 
ferroni confidence intervals for observed pro- 
portions (Byers et al. 1984). 

We evaluated trends in nest density, nest suc- 
cess, and productivity using mean values of each 
variable and mean levels of development for 
each section for the study period. We used 
mean values because we could not assume in- 
dependence among years in data from each sec- 
tion. Before pooling data over years, we tested 
to determine if the slopes of the regression lines 
among years were different. To determine 
trends in nest density, nest success, and pro- 
ductivity across different development condi- 
tions, we first fitted a distance-weighted least 
squares (DWLS) line to the points to determine 
the general shape of the curve. If a linear pat- 
tern was apparent across the full range of de- 
velopment conditions sampled, we used linear 
regression to quantify the relationship. If the 
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DWLS line suggested the slope of the response 
curve changed over the range of conditions 

sampled, we subdivided the data at the inflec- 
tion point of the curve and computed piecewise 
linear regression (SYSTAT 1990) on the 

subsamples. 
To avoid biasing nest success and productiv- 

ity estimates upwards by excluding nests that 
failed early and were overlooked (Steenhof 
1987), we used only territories discovered be- 
fore or during incubation for these estimates 
(Lehman et al. 1998). The Mayfield estimator 
(Steenhof 1987) could not be applied to esti- 
mate nest success because it was not readily ap- 
parent when most unsuccessful nesting at- 

tempts failed. 

RESULTS 
The percent of lots with homes increased 

throughout the study area over the study peri- 
od, with the most rapid increase in sections 4 
and 11 in the middle of the study area (Table 
1). We observed 785 burrowing owl breeding 
attempts from 1987 to 1990 at 264 discrete nest 
sites (Table 1). The yearly trend in the number 
of occupied nest sites was positive (FI,3 = 46.58, 
P = 0.006, b = 31.1 ? 4.56, r2 = 0.94), indi- 

cating our study population increased. 
The mean number of occupied nest sites per 

km2 increased as the mean proportion of lots 
with homes increased until 45-60% of lots were 

developed, above which point nest site density 
decreased. We subdivided our sample by sec- 
tion at 60% development, and ran piecewise re- 

gression on the subsets. For sections where 
<60% of lots were developed, the slope of the 
line was positive and regression explained 97% 
of variation in burrowing owl nest site density 
(F1,5 = 74.7, P < 0.001; Fig. 2). At 

-60% 
de- 

velopment, the slope of the regression line was 

negative and explained about 74% of variation 
in nest site density (F1,4 = 4.9, P = 0.09). 

We determined nest success and productivity 
at 736 occupied nest sites. On average, 69.6 ?+ 
4.2% of occupied nest sites fledged -1 young. 
We found that nest success did not vary pre- 
dictably across the range of development (F1,11 
= 0.8, P = 0.79; Fig. 3). We were able to de- 
termine the cause of failure at 119 of the 224 

(53.1%) occupied nest sites that failed. The 
leading causes of nest failure were nest destruc- 
tion during construction of homes, harassment 
(largely by school-age children), and flooding 
(Table 2). The number of nests destroyed by 

"r= 0.97 

o• 

40 - b=11.1+0.9 
P=0.001 

C, 

S30 - 

V L 

i 20 

" 
10- 2=0.74 

o= b=-38.6+13.3 

o 0 P=-0.09 
O0 

0.0 0.3 0.6 0.9 
Proportion of developed lots per section 

Fig. 2. Relationship between the mean proportion of lots de- 
veloped within 2.59-km2 sections and the mean density of oc- 
cupied burrowing owl nest sites per section for the period 
1987-90 in Cape Coral, Lee County, Florida. Regression lines 
are bounded by the 90% CI. 

harassment was significantly greater than ex- 

pected in 1987 and significantly less than ex- 

pected in 1988, 1989, and 1990 (X23 = 13.0, P 
= 0.005, Bonferroni simultaneous confidence 
interval P 

- 
0.10). Other causes of failure did 

not differ in frequency among years (P > 0.10). 
The proportion of nests that failed due to hu- 
man causes (harassment, construction, and 

mowing) increased with increasing develop- 
ment (F1,11 = 9.3, P = 0.01; Fig. 3). Failures 
not directly attributable to human causes (flood- 
ing, predation, adult mortality not attributable 
to humans) decreased with increasing develop- 
ment (F1,11 = 3.8, P = 0.08; Fig. 3). 

Brood size ranged from 0 to 6 (n = 736) at 
nest sites, where 224 (30.4%) failed, 77 (10.4%) 
fledged 1, 132 (17.9%) fledged 2, 138 (18.7%) 
fledged 3, 107 (14.5%) fledged 4, 46 (6.3%) 
fledged 5, and 12 (1.6%) fledged 6 young. The 
mean number of young fledged per breeding 
attempt per occupied nest site was 2.0 ? 0.1, 
and 2.9 ? 0.1 per successful nest site. The pro- 
portion of developed lots per section at <60% 

development explained 69% of variation in the 
number of young fledged per occupied nest site 

(F1,5 = 4.5, P = 0.09), whereas at greater levels 
of development, there was no significant linear 

relationship (F1,4 = 1.5, P = 0.29; Fig. 4). When 
nest attempts that failed to fledge young were 
excluded, there was no discernable trend in the 
number of young fledged with the proportion 
of lots developed where the level of develop- 

This content downloaded from 128.114.163.7 on Fri, 4 Jul 2014 21:21:04 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


38 BREEDING BIOLOGY OF BURROWING OWLS * Millsap and Bear J. Wildl. Manage. 64(1):2000 

0.60 
All Failures 

0.45 

c 0.30- - o 

S0.15- a i=0.08 0.15 b=0.2+0.2 
n. P=0.79 

0.00 i 0.0 0.3 0.6 0.9 
Proportion of developed lots per section 

0.60 

-' Human causes 

0.45 
t- 

c 0.30- r=0.68 
"1 b=0.2+0.1 
.o P 0 
0 0.150 

0.00 
0.0 0.3 0.6 0.9 

Proportion of developed lots per section 

0.60 

S Non-human 
causes 

0.45 . 

r2=0.51 
b=0.3+0.1 

S0.30 P=0.08 0.30 0 
C 

00.15 
2 ? 0 

0.00 
0.0 0.3 0.6 0.9 
Proportion of developed lots per section 

Fig. 3. Relationship between the mean proportion of lots de- 
veloped and the mean proportion of successful nest attempts 
(i.e., nest attempts that fledged >1 young) per 2.59-km2 sec- 
tion for the period 1987-90 in Cape Coral, Lee County, Florida. 
Regression lines are bounded by 90% Cl. The top figure in- 
cludes all failures, the middle figure includes only failures 
known to have been caused by humans, and the bottom figure 
includes only failures known to have been caused by natural 
agents. 

ment was <60% (F1,5 = 0.5, P = 0.52). Above 
60% development there was a significant de- 
crease in the mean number of young fledged 
per section as the mean proportion of homes 
increased (F1,5 = 4.7 P = 0.09). 

Table 2. Causes of failure of burrowing owl nest attempts in 
Cape Coral, Lee County, Florida, 1987-90. Excludes 105 fail- 
ures where a cause could not be determined. 

No. of nest failures 

Cause 1987 1988 1989 1990 Total 

Harassment 26 5 2 3 36 
Mowing 0 1 4 0 5 
Flooding 8 1 6 6 21 
Predation 1 0 0 1 2 
Construction 10 12 9 12 43 
Adult mortality 1 7 0 4 12 

() 

"• 4 

0 All occupied 
= nest sites r'=0.52 

b=-3.8+1.9 

0 

,> P=_0.09 
z 

0.0 0.2 0.4 0.6 0.8 
Proportion of developed lots per section 

40 

3- ? =.7 

i) 

1m 1- r 
=0.30 PO.09 

_ 

o b=2.5+0.7 

P=0.52 

0.0 0.2 0.4 0.6 0.8 
Proportion of developed lots per section 

Fig. 4. Relationship between the estimated mean proportion 
of lots developed and the mean number of young fledged per occupied (top) and per successfu (bottom) burrowing owl nest 

site per 2.59-km2 sectionefor the period 1987-90 in Cape Coral, 
Cl. 
Cl. 
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Home construction occurred on 51 lots with 

burrowing owl nests during our study. Nest bur- 
rows were provided with a -10-m buffer zone 
in which no disturbance occurred on 29 lots, 
and mean productivity for these nest sites was 
1.9 t 0.3. On 22 lots where construction oc- 
curred without a protective buffer, productivity 
averaged 0.1 ? 0.6 young. Mean productivity at 
685 nest sites on lots not affected by construc- 
tion was 2.1 ? 0.7 young. Productivity where 
construction occurred without a buffer zone dif- 
fered from productivity at buffered and unaf- 
fected nest sites (ANCOVA with year and sec- 
tion as covariates; F2731 = 11.08, P < 0.001; 
Bonferroni all pairwise comparison P < 0.10). 
Productivity at burrowing owl nests in sodded 

yards of homes (1.8 ? 0.2, n = 81) was lower 
than productivity at nest sites on 0.1-ha (2.1 ? 

0.2, n = 112) or >0.1-ha vacant lots (2.2 + 0.08, 
n = 543; ANCOVA on ranks with year and sec- 
tion as covariates, F2634 = 2.36, P = 0.10; Bon- 
ferroni all pairwise comparison P < 0.10). 

DISCUSSION 
The density of occupied nest sites on our 

study area was 6.9 pairs per km2 at its maximum 
in 1990. Locally, the density of owls was much 

higher (up to 22.8 pairs per km2 over a 2.59- 
km2 area in section 2 in 1989), which we believe 
reflected that parts of the area constituted ex- 
cellent burrowing owl habitat. Maximum den- 
sities reported for other burrowing owl popu- 
lations are up to 9 pairs per km2 in California 
(Coulombe 1971, Trulio 1997), a maximum of 
17 pairs per km2 in North Dakota (Grant 1965) 
and Saskatchewan (Wedgewood 1976), and up 
to 15 pairs per ha in small prairie dog (Cynomys 
ludovicianus) towns in western Nebraska (Des- 
mond and Savidge 1996). Breeding nest site 

density of raptors is often, but not always, cor- 
related with habitat quality (Newton 1979, 
1998; Gehlbach 1994). 

Spatial variation in nest site distribution of 

burrowing owls was similar to that reported pre- 
viously by Wesemann and Rowe (1987). These 
authors showed that primary prey of Florida 

burrowing owls in Cape Coral (arthropods and 
anoles) was more abundant in sodded, land- 

scaped yards than in vacant lots, hence superior 
foraging habitat was more abundant where 
houses were common. However, burrowing owl 

nesting density declined in the presumably 
food-rich heavily developed landscape, even 
taking into account the decrease in the amount 

of available nesting habitat that accompanied 
development (Wessemann and Rowe 1987). 
This suggests that other factors begin operating 
on owl populations at high levels of 

development. 
Burrowing owl nest success ranges from 33% 

to 100% (Thomsen 1971, Martin 1973), and 

productivity ranges from 1.6 to 4.7 young per 
occupied nest site (James et al. 1997, Johnson 
1997, Mealey 1997, Trulio 1997). Productivity 
on our study area was consistently toward the 
lower end of this range, yet our study popula- 
tion increased. Clutch sizes of burrowing owls 
in Florida are lower than in more temperate 
latitudes (Haug et al. 1993), hence the consis- 

tently smaller maximum brood sizes might sim- 

ply reflect a decrease in reproductive potential 
at lower latitudes, a trait common to several 
other raptors (Newton 1977). We cannot rule 
out the possibility that our study area was a sink 
maintained by immigration, but this seems un- 

likely. Portions of the Cape Coral Peninsula that 
were within 2-3 times the maximum dispersal 
distance we measured in our study population 
(Millsap and Bear 1997) did not differ in any 
obvious way from the study area with regards 
to habitat or development. Moreover, these ar- 
eas supported burrowing owl populations simi- 
lar in size, distribution, and fecundity to our 

study population, as determined from surveys 
we conducted of these areas in 1988 and 1989 
to locate and monitor productivity of banded 

emigrants from our study population. 
Florida burrowing owls that occupied nest 

sites in moderately to heavily developed parts 
of our study area fledged the most young per 
attempt. Burrowing owls nesting in human-al- 
tered areas of Las Cruces, New Mexico and res- 
idential areas of Broward and Dade Counties, 
Florida, also experienced higher productivity 
than owls in proximate undeveloped areas (Bo- 
telho and Arrowood 1996, Mealey 1997). Gehl- 
bach (1994) reported similar findings for the 
Eastern screech-owl (Otus asio) in northcentral 
Texas. Gehlbach (1994) attributed the better 

reproductive performance of suburban screech 
owls to a more moderated climate, more stable 

prey base, and protection from predators. Bo- 

telho and Arrowood (1996) suspected burrow- 
ing owls in Las Cruces were responding posi- 
tively to higher prey availability in disturbed 
areas, and negatively to higher owl densities in 
natural areas. On our study area we suspect that 
the increasing abundance of prey along the de- 
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velopment gradient (Wesemann and Rowe 
1987) was primarily responsible for higher owl 
densities and higher burrowing owl reproduc- 
tive performance at moderate levels of devel- 

opment. However, there was a trend toward de- 

clining numbers of young fledged at successful 
nests at the highest levels of development, 
which leads us to suspect the positive benefits 
of a high prey base are partly offset by other 
factors on nest sites where >60% of lots are 

developed. 

MANAGEMENT IMPLICATIONS 
Our results suggest some factors that may 

limit burrowing owl numbers at high levels of 

development can be ameliorated by manage- 
ment actions. First, the decrease in nest failures 
due to harassment that we observed between 
1987 and 1988 coincided with the implemen- 
tation of a formal, mandatory burrowing owl ed- 
ucation program in Cape Coral public schools 
(C. Bear, Lee County Public Schools, unpub- 
lished data). Consequently, we believe that ed- 
ucation is an important component of a suc- 
cessful management program for burrowing 
owls in urban settings. Second, buffer zones 

placed around nest sites on lots where construc- 
tion occurred during the breeding season were 
effective in shielding owls from disturbance, 
and allowing nesting activity to continue to a 
successful conclusion. We suspect that the 

probability of successfully protecting a nest in- 
creases with the size of the buffer zone, but 
even buffers as small as 10 m were effective on 
our study area. Finally, we found that burrow- 

ing owls were capable of successfully nesting in 
the sodded yards of homes, however, the num- 
ber of young fledged from nests in yards was 

significantly lower than from nests in vacant 
lots. This suggests that maintaining burrows in 
the yards of homes after construction has merit, 
but that these nest sites may not produce young 
at a rate sufficient to maintain the population. 

Ensuring the long-term persistence of bur- 

rowing owl nest sites where 
-60% 

of lots are 

developed in the urban landscape of Cape Cor- 
al will prove challenging given the growth rates 
and cost of real estate. One approach that 
would not involve buying land would be to en- 
ter into agreements with the managers of public 
facilities such as schools, athletic fields, church- 
es, parks, libraries, and office building complex- 
es that already provide burrowing owl habitat. 
The primary management needs for these sites 

would be a long-term commitment to not plant 
trees and shrubs, to maintain regular mowing 
around burrows with devices not likely to cause 
burrows to collapse, to provide opportunities for 
owls to excavate their own burrows by strate- 
gically removing 1-m diameter plugs of sod to 
allow direct access to soil (Wesemann 1986), 
and to control excessive human disturbance 
while allowing for public viewing. 

ACKNOWLEDGMENTS 
These observations were a product of a co- 

operative burrowing owl monitoring project be- 
tween the Florida Game and Fresh Water Fish 
Commission and Audubon Society of Southwest 
Florida. The work would not have been possible 
without the dedicated assistance and skill of 23 
Audubon Society and Lee County School Sys- 
tem volunteers. We also gratefully acknowledge 
T. Wesemann and M. Rowe for freely sharing 
the results of their work, and for encouraging 
us to undertake this project. The manuscript 
was greatly improved by reviews of D. Cobb, S. 
Lutz, D. Plumpton, M. Rowe, D. Wood, and 2 
anonymous reviewers. This project was funded 

through the Florida Nongame Wildlife Trust 
Fund. 

LITERATURE CITED 

BOTELHO, E. S., AND P. C. ARROWOOD. 1996. Nest- 
ing success of western burrowing owls in natural 
and human-altered environments. Pages 61-68 in 
D. Bird, D. Varland, and J. Negro, editors. Rap- 
tors in human landscapes: adaptations to built 
and cultivated environments. Academic Press, 
San Diego, California, USA. 

BYERS, C. R., R. K. STEINHORST, AND P. R. KRAUS- 
MAN. 1984. Clarification of a technique for anal- 
ysis of utilization-availability data. Journal of 
Wildlife Management 48:1050-053. 

COULOMBE, H. N. 1971. Behavior and population 
ecology of the burrowing owl, Speotyto cunicu- 
laria, in the Imperial Valley of California. Condor 
73:162-176. 

CONSIGLIO, B., AND G. REYNOLDS. 1987. Broward's 

burrowing owl watchers. Florida Naturalist 60: 
3-5. 

COURSER, W. D. 1976. A population study of the bur- 
rowing owl near Tampa, Florida. Thesis, Univer- 
sity of South Florida, Tampa, Florida, USA. 

. 1979. Continued breeding range expansion of 
the burrowing owl in Florida. American Birds 33: 
143-144. 

DESMOND, M. J., AND J. A. SAVIDGE. 1996. Factors 
influencing burrowing owl (Speotyto cunicularia) 
nest densities and numbers in western Nebraska. 
American Midland Naturalist 136:143-148. 

GORE, J. A. 1991. Distribution and abundance of 

This content downloaded from 128.114.163.7 on Fri, 4 Jul 2014 21:21:04 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


J. Wildl. Manage. 64(1):2000 BREEDING BIOLOGY OF BURROWING OWLS * Millsap and Bear 41 

nesting least terns and black skimmers in north- 
west Florida. Florida Field Naturalist 19:65-72. 

GRANT, R. A. 1965. The burrowing owl in Minnesota. 
Loon 37:2-17. 

GEHLBACH, F. R. 1994. The Eastern screech owl. 
Life history, ecology, and behavior in the suburbs 
and countryside. Texas A & M University Press, 
College Station, Texas, USA. 

HAUG, E., A., B. A. MILLSAP, AND M. S. MARTELL. 
1993. Burrowing owl (Speotyto cunicularia). The 
birds of North America, number 61. The Amer- 
ican Onnithologists' Union, Washington, D.C., 
USA, and the Academy of Natural Sciences Phil- 

adelphia, Pennsylvania, USA. 
HENNEMANN, W. W., III. 1980. Notes on the food 

habits of the burrowing owl in Duval County, 
Florida. Florida Field Naturalist 8:24-25. 

HENNY, C. J., AND L. J. BLUS. 1981. Artifical burrows 

provide new insight into burrowing owl nesting 
biology. Journal of Raptor Research 15: 82-85. 

JAMES, P. C., T. J. ETHIER, AND M. K. TOUTLOFF. 
1997. Parameters of a declining burrowing owl 

population in Saskatchewan. Raptor Research 

Report 9:34-37. 

JODICE, P. G. R., AND S. R. HUMPHREY. 1992. Activ- 

ity and diet of an urban population of Big Cypress 
fox squirrels. Journal of Wildlife Management 56: 
685-692. 

JOHNSON, B. S. 1997. Demography and population 
dynamics of the burrowing owl. Journal of Raptor 
Research Report 9:28-33. 

LEHMAN, R. N., L. B. CARPENTER, K. STEENHOF, 
AND M. N. KOCHERT. 1998. Assessing relative 
abundance and reproductive success of shrub- 

steppe raptors. Journal of Field Ornithology 69: 
244-256. 

LIGON, J. D. 1963. Breeding range expansion of the 

burrowing owl in Florida. Auk 80:367-368. 

MACKENZIE, E. S. 1944. Burrowing owl in Hernando 

County. Florida Naturalist 17:72 
MARTIN, D. J. 1973. Selected aspects of burrowing 

owl ecology and behavior. Condor 75:446-456. 
MEALEY, B. 1997. Reproductive ecology of the bur- 

rowing owls, Speotyto cunicularia floridana, in 
Dade and Broward Counties, Florida. Raptor Re- 
search Report 9:74-79. 

MILLSAP, B. A., J. A. GORE, D. E. RUNDE, AND S. I. 
CERULEAN. 1990. Setting priorities for the con- 
servation of fish and wildlife species in Florida. 
Wildlife Monographs no. 111. 

- 1997. Florida burrowing owl. Pages 579-587 
in J. A. Rodgers, H. W. Kale II, and H. T. Smith, 
editors. Rare and endangered biota of Florida. 
Volume V. Birds. University Presses of Florida, 
Gainesville, Florida, USA. 

--, AND C. BEAR. 1997. Territory fidelity, mate 

fidelity, and dispersal in an urban-nesting popu- 
lation of Florida burrowing owls. Raptor Re- 
search Report 9:91-98. 

NEILL, W. T. 1954. Notes on the Florida burrowing 
owl, and some new records for the species. Flor- 
ida Naturalist 27:67-70 

NEWTON, I. 1977. Breeding strategies in birds of prey. 
Living Bird 15:51-82. 

. 1979. Population ecology of raptors. Buteo 
Books, Vermillion, South Dakota, USA. 

. 1998. Population limitation in birds. Academ- 
ic Press, San Diego, California. 

NICHOLSON, D. J. 1954. The Florida burrowing owl; 
a vanishing species. Florida Naturalist 27:3-4. 

NOss, R. F., AND R. L. PETERS. 1995. Endangered 
ecosystems: a status report on America's vanish- 
ing habitat and wildlife. Defenders of Wildlife, 
Washington, D.C., USA. 

RHOADS, S. N. 1892. The breeding habits of the Flor- 
ida burrowing owl (Speotyto cunicularia flori- 
dana). Auk 9:1-8. 

SHIRLEY, E. A. 1981. A distribution-free method for 

analysis of covariance based on ranked data. Jour- 
nal of Applied Statistics 30:158-162. 

SOKAL, R. R., AND F. J. ROHLF. 1981. Biometry. W. 
H. Freeman, San Francisco, California, USA. 

STEENHOF, K. 1987. Assessing raptor reproductive 
success and productivity. Pages 157-170 in B. A. 
Giron Pendleton, B. A. Millsap, K. W. Cline, and 
D. M. Bird, editors. Raptor management tech- 

niques manual. National Wildlife Federation Sci- 
entific and Technical Series No. 10. 

SYSTAT. 1990. SYSTAT: The system for statistics. 
SYSTAT, Evanston, Illinois, USA. 

THOMSEN, L. 1971. Behavior and ecology of burrow- 

ing owls on the Oakland Municipal Airport. Con- 
dor 73:177-192. 

TRULIO, L. 1997. Burrowing owl demography and 
habitat use at two urban sites in Santa Clara 

County, California. Raptor Research Report 9: 
84-89. 

WEDGEWOOD, J. A. 1976. Burrowing owls in south- 

central Saskatchewan. Blue Jay 34:26-44. 
WESEMANN, T. 1986. Factors influencing the distri- 

bution and abundance of burrowing owls (Athene 
cunicularia) in Cape Coral, Florida. Thesis, Ap- 
palachian State University, Boone, North Caroli- 
na, USA. 

, AND M. ROWE. 1987. Factors influencing the 
distribution and abundance of burrowing owls in 
Cape Coral, Florida. Pages 129-137 in L. W. Ad- 
ams and D. L. Leedy, editors. Integrating man 
and nature in the metropolitan environment. Pro- 

ceedings of the national symposium on urban 
wildlife. National Institute for Urban Wildlife, 
Columbia, Maryland, USA. 

ZEISS, B. 1983. The other side of the river: historical 

Cape Coral. B. Zeiss, publisher. Cape Coral, 
Florida, USA. 

Received 29 July 1998. 
Accepted 28 July 1999. 
Associate Editor: Lutz. 

This content downloaded from 128.114.163.7 on Fri, 4 Jul 2014 21:21:04 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 33
	p. 34
	p. 35
	p. 36
	p. 37
	p. 38
	p. 39
	p. 40
	p. 41

	Issue Table of Contents
	The Journal of Wildlife Management, Vol. 64, No. 1 (Jan., 2000), pp. 1-322
	Front Matter
	Invited Paper
	From Managing a Deer Herd to Moving a Mountain: One Pilgrim's Progress [pp. 1-10]

	Effects of Forest Management on Density, Survival, and Population Growth of Wood Thrushes [pp. 11-23]
	Habitat Use and Reproductive Success of Western Snowy Plovers at New Nesting Areas Created for California Least Terns [pp. 24-33]
	Density and Reproduction of Burrowing Owls along an Urban Development Gradient [pp. 33-41]
	Predation Risks for Nesting Birds in Fragmented Coast Redwood Forest [pp. 42-51]
	Availability of Pileated Woodpecker Cavities and Use by Other Species [pp. 52-59]
	Longleaf Pine Characteristics Associated with Arthropods Available for Red-Cockaded Woodpeckers [pp. 60-70]
	Identifying Predators and Fates of Grassland Passerine Nests Using Miniature Video Cameras [pp. 71-87]
	Selection of Day Roosts by Red Bats in Mixed Mesophytic Forests [pp. 87-94]
	Associations of Forest-Floor Vertebrates with Coarse Woody Debris in Managed Forests of Western Oregon [pp. 95-104]
	The Effects of Forest Clearcut Harvesting and Thinning on Terrestrial Salamanders [pp. 105-113]
	Population Characteristics of Feral Horses on Cumberland Island, Georgia and Their Management Implications [pp. 114-121]
	Effects of Tall Fescue Endophyte Infection and Population Density on Growth and Reproduction in Prairie Voles [pp. 122-128]
	Do Wolves Affect White-Tailed Buck Harvest in Northeastern Minnesota? [pp. 129-136]
	Evaluation of Urinary Indices of Nutritional Status for White-Tailed Deer: Tests with Winter Browse Diets [pp. 137-145]
	Home Range of Desert Mule Deer: Testing the Body-Size and Habitat-Productivity Hypotheses [pp. 146-153]
	Distribution of Caribou and Wolves in Relation to Linear Corridors [pp. 154-159]
	Autumn Foraging Dynamics of Woodland Caribou in Experimentally Manipulated Habitats, Northeastern Washington, USA [pp. 160-167]
	Mass Emigration of Arctic Tundra Caribou from a Traditional Winter Range: Population Dynamics and Physical Condition [pp. 168-178]
	Effect of Hibernation and Reproductive Status on Body Mass and Condition of Coastal Brown Bears [pp. 178-183]
	Estimating Population Size of Grizzly Bears Using Hair Capture, DNA Profiling, and Mark-Recapture Analysis [pp. 183-193]
	Effects of Summer Hunting on Ranging Behavior of Adult Raccoons in Central Mississippi [pp. 194-198]
	Raccoons as Potential Vectors of Radionuclide Contamination to Human Food Chains from a Nuclear Industrial Site [pp. 199-208]
	Landscape and Edge Effects on the Distribution of Mammalian Predators in Missouri [pp. 209-216]
	Effects of Backpack and Implanted Radiotransmitters on Captive Blue-Winged Teal [pp. 216-222]
	Food Selection and Feather Molt by Nonbreeding American Green-Winged Teal in Texas Playas [pp. 222-230]
	Effects of Neck Collars and Radiotransmitters on Survival and Reproduction of Emperor Geese [pp. 231-237]
	Survival of American Black Ducks Radiomarked in Quebec, Nova Scotia, and Vermont [pp. 238-252]
	Local and Landscape-Level Factors Influencing Black Tern Habitat Suitability [pp. 253-260]
	Annual Survival and Site Fidelity of Steller's Eiders Molting along the Alaska Peninsula [pp. 261-268]
	Wintering Waterbird Use of Two Aquatic Plant Habitats in a Southern Reservoir [pp. 269-278]
	Land Use and Vegetation Associated with Greater Prairie-Chicken Leks in an Agricultural Landscape [pp. 278-286]
	Factors Affecting White-Winged, White-Tipped, and Mourning Dove Reproduction in Lower Rio Grande Valley [pp. 286-295]
	Indices of Population Size for Burrowing Mammals [pp. 296-301]
	Simultaneous Use of Mark-Recapture and Radiotelemetry to Estimate Survival, Movement, and Capture Rates [pp. 302-313]
	Book Reviews
	Review: untitled [pp. 314-315]
	Review: untitled [pp. 315-317]
	Review: untitled [pp. 317-318]
	Review: untitled [pp. 318-319]

	Journal Editorial: Easing the Burden through Higher Writing Standards [pp. 320-321]
	Back Matter [pp. 322-322]



