j RaptorRes.35(4):385-391
¸ 2001 The Raptor ResearchFoundation, Inc.

BURROWING
NEST

OWLS AND DEVELOPMENT:
BURROW
RELOCATION
TO
CONSTRUCTION

SHORT-DISTANCE
MINIMIZE

IMPACTS

BRIANW. SMITH1 AND.JAMES
R. BELTHOFF
Department
of Biology
and RaptorResearch
Center,,
BoiseStateUniversity,
Boise,1D 83725 U.S.A.
AmsTRACT.--DuringJune-July
1998, we used a combination of activeand passiverelocation to move five
Burrowing Owl (Athenecunicularia)nests in artificial burrow systems(ABS) that faced destruction by
development in southwesternIdaho. Regulatory agenciesagreed that relocation of the nest burrows
would allow constructionto proceed and provide an opportunity to determine the efficacyof moving
occupiedBurrowingOwl nestsasa mitigationtechnique.Relocatednestscontainedone to five nestlings,
ranging in age from 27-45 d. ABS (plastic chamber and tunnel), wooden perches,and dependent
youngwere relocated (activerelocation) to adjacentareasthat containednatural vegetation;adultswere
not movedbut were expectedto travel the short distancesto new burrow locationson their own (passive
relocation). Accessto natural burrowsnear original nest locationswasrestrictedwhere possible.Relocation distancesaveraged153 m and ranged from 72-258 m. Becauseterrain wasflat, new nestlocations
generallywere within view of original burrow locations.Relocationswere successful
at two of five nests.
For two other nests,both adults and young returned to the vicinity of the original nest and occupied
natural burrows 1 d after relocation. Owls from the fifth nest were not detected following burrow
relocation and presumablyvacatedthe immediate vicinity of the construction.
KEYWORDS: BurrowingOwl; Athene cunicularia; nestrelocation;artificial burrowsystem;
activerelocation;
passiverelocation;
mitigationtechnique.

Bfihos Cavadoresy desarrollo: redisposici6n de las cuevasnido a cotta distancia papa minimizar los
impactos de la construcci6n

R•sumEs.--Durante Junio-Julio 1998, usamosuna combinaci6n de reubicaci6n activa y pasiva para
mover 5 nidos de Bfiho Cavador (Athenecunicularia) a sistemasde cuevas artificiales (ABSs), estos nidos

estabana punto de ser destruidospor el desarrolloen el sudoestede Idaho. Las agenciasreguladoras
estuvieronde acuerdo que la redisposici6nde los nidos cuevadeberia permitir proseguirla construcci6n
y proveer una oportunidad para determinar la eficacia de mover nidos ocupados de Bfiho Cavador
como una alternativa de mitigaci6n. Los nidos reubicados contertian de uno a cinco poiludos, con
edadesentre 27-45 d. Los ABSs(cftmaray tfinel pl•tsticos),perchasde madera, y losj6venesnidicolas
fheron reubicados(reubicaci6nactiva) a fireasadyacentesque contenianvegetaci6nnatural; los adultos
no fueron movidospero se esperabaque recorrieran por su propia cuenta las cortasdistanciasa los
nuevossitiosde las cuevas(reubicaci6n pasiva).E1 accesoalas cuevasnaturales cerca de los sitiosde
los nidos originales fue restringido a donde quiera que fue posible. Las distanciasa la reubicaci6n
promediaron 153 men un rango de 72-258 m. Debido a que el terreno era plano, las nuevasubicaclones de los nidos generalmente estaban a la vista desde los sitios de las cuevasoriginales. La reubicaci6n fue exitosa en dos de los cinco nidos. Para los otros dos nidos, ambos adultosy el joven retornaron a la vecindad del nido original y ocuparon cuevasnaturales I dia despu6sde la reubicaci6n. No
se detecto que los bfihos del quinto nido siguieranla reubicaci6n de la cuevay presumiblementese
dispersaronde la vecindad inmediata de la construcci6n.
[Traducci6n de Victor Vanegasy C6sarMftrquez]

Burrowing Owl (Athenecunicularia)populations
are declining throughout much of their range in
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North America (De Smet 1997, James and Esp•e
1997, Sheffield 1997). Human disturbances, such
as elimination of burrowing mammals, use of pesticides and herbicides, and conversion of grasslands to agricultural or urban areas, are factors
contributing to the decline in Burrowing Owl hum-
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bers (Zarn 1974, Haug et al. 1993). Anthropogenic
habitat change is continually displacingowls,forcing them from previous seasons'nesting areas,reducing prey abundance and foraging areas, and
potentiallylimiting opportunitiesfor breeding.Although regulations protect the owls, situations
where Burrowing Owls and land usesconflict continue

to arise.
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relocation. We predicted that nest-site fidelity
would be overcomethrough parental responsesto
their oftõpring, thus eliminating the need to capture

and

relocate

adults.

We conducted this research in responseto the
planned destructionof a 130-hafield, in which five
pairs of Burrowing Owls nested in 1998. Each artificial burrow system(ABS) contained a pair of
adults and their dependentfledglings,which were
still closelyassociatedwith their nest burrow. Before young were ready to leave their natal area
(i.e., flight skillsimproving,but still dependenton
adults), the field becamea borrow pit for construction of a wastewatertreatment facility; ultimately,

To minimize direct impacts resulting from habitat conversion for agriculture or development,
mitigation efibrts often attempt to provide Burrowing Owlswith suitablehabitat near areasscheduled
for development. Once mitigation land is established near an impact area, owlsare either evicted
(i.e., passiverelocation) or activelyrelocated(Tru- the site will function as an effluent field in which
lio 1995, Feeney 1997). Passiverelocation usually alfalfa and other cover crops are grown. To allow
occurs in the nonbreeding seasonor immediately the project to proceed,stateand federal regulatory
before the breeding season commences. Under agenciesagreed that the situation oftbred an opthis scenario, owls are excluded from available natportunity to examine the feasibilityof relocationof
ural burrows in areas slated for development and Burrowing Owl nestburrowsto minimize construcare forced to seekalternate burrows in nearby hab- tion impacts.We decided that nest burrows would
itat outside the areas directly afi•cted by construc- be relocated to the periphery of the construction
tion. Active relocation entails: 1) capturing owls project, into a buftbr strip surrounding the field.
to
and moving them to suitablehabitat, which is gen- Burrow relocations would allow construction
erally well removed from the original site; and 2) continue without costly delays that would result
releasingthe owlsat a new site,often after a period from waiting until the owlsmigrated from the conof acclimationin temporary aviaries.To replenish struction area after the breeding season.
or reintroduce populations, Burrowing Owls also
This study provides data on relocation of ABS
have been translocated
into areas where suitable
occupied by Burrowing Owls to determine if pashabitat remained but natural populationshad de- sive adult and active fledgling relocation is a feaclined or were extirpated (Martell 1990, Dyer sible mitigation technique to avoid or reduce di1991). Translocationprojects require active cap- rect impacts from construction or other
ture and transport of adults and juveniles from anthropogenic pressures.
breeding areas and then release in establishment METHODS
sites.

The efficacy of these mitigation techniques (active relocation, passiverelocation, and translocation) has varied. Most relocation projectsresulted
in fewer breeding pairs of Burrowing Owls at the
mitigation site than at the original site, and translocation projectsgenerally have failed to produce
self-sustainingpopulations. Investigatorsattribute
the limited successof management efibrts to: 1)
strong site tenacity exhibited by Burrowing Owls,
and 2) potential risksassociatedwith forcing owls
to move into unfamiliar and perhaps lessprefera-

StudyArea. Five BurrowingOwl nestswere locatedapproximately 3 km south of Kuna, Ada County, which is
32 km southwest of Boise, Idaho and <23 km north of

the Snake River Canyon.Topographywasfiat to rolling,
and elevationsranged ikom 841-896 m. Rock outcrops
and a few isolatedbuttes (e.g., Kuna Butte, elevation896
m) exist in the region. Annual temperatures range from
-20 to +45øG, and annual precipilation typicallyaverages <20 cm (NOAA 1985).
The study area was once a typical shrub-steppecommunity dominated by big sagebrush(Artemisiatridentata
wyomingensis,
Hironaka et al. 1983). Rangefiresand other
disturbanceshave converted much of the surrounding
shrublandsto exotic grasslands
dominated by cheatgrass
ble habitats(Trulio 1995,Delevoryas1997,Feeney (Bromustectorum)and tumble mustard ( Sis•ymbrium
altis1997). Further researchon methodsof Burrowing simum).The area contained a few homes, severallarge
Owl relocation and translocationmay lead to an dairy farms, paved and gravel roads, and irrigated agricultural fields that grew primarily alfalfa, mint, and sugar
increase in the successof these techniques.
beets.Irrigated agriculturalfieldsbordered the northern,

In this study,we examined the responsesof Burrowing Owl families to short-distancenest burrow

eastern, and southern sides of the field that was sched-

uled for construction,and a two-lanehighwaybordered
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the field's western edge. Previously excavated badger
(Taxidea taxus) burrows were abundant throughout the
study area and served as nest and shelter sites for Burrowing Owls (King 1996, King and Belthotf 2001).
Fledgling Data. Before moving nest burrows, we estimated the age of juveniles basedon feather growth (Landry 1979) and the estimated hatching date of the brood
(_1 d, Smith 1999). For individual recognition in the
field, each owl received one United StatesGeologicalSurvey aluminum leg band and a unique combination of
three plastic color bands (National Band and Tag Co.,
Newport, KY).
Nest

Relocation.

Each

of the five nest burrows

were
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No. 1
No_ 2

No. 3

Agriculture

No. 4

Field

in

ABS deployed as part of another study (Smith 1999,
Smith and Belthoff 2001) in 1997 (Nos. 1, 3, and 5) and
in 1998 (Nos. 2 and 4). Therefore, active relocation of

nestsand juveniles was relatively simple when compared
with moving nestsfrom natural burrows. This project occurred during the latter part of the nesting cycle; thus,
we expected adult owls to move the short distancefrom
the original nest area to the relocation site (i.e., passive
relocation). However, nest burrows and fledglingswere
physically'moved (i.e., active relocation) to sitesoutside
the impacted area.
All five nestswere relocated to a buffer strip between
25 June-9 July 1998. The buffer strip wasalong the western and southern borders of the field, wasapproximately
25 m wide, and was the nearest habitat with natural vegetation suitablefor ABS placement (Fig. 1). We selected
new nest locations that were as close as possible to the
original nest location in areas deemed to provide sufficient spaceand habitat for owls.New sitesgenerally were
no closer to neighboring nests than were original sites
(except for Nos. 3 and 5; Table 1) and, in each case,new
nest locationswere within view of original nests.After site
selection, we: 1) dug holes to place relocated ABS, 2)
removed all fledglings from their nest chambers,3) removed each ABS intact (i.e, the chamber and tunnel),
4) buried each ABS at the new location with the same

ß NewLocation
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•
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Road
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---
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Road

.......Fence

ShrubsteppeHabitat

t

I
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Figure 1. Original and new locationsof artificial burrow
systemsrelocated to minimize constructionimpacts on
Burrowing Owl nestsin southwesternIdaho, 1998. Numbers indicate nest burrows and their associatedyoung
that were relocated to a buffer strip along the western
and southern border of the field; adults were not captured but were expected to locate the new siteson their
own. The entire field (except the buffer strip) wasleveled
by machinery soon after all nestswcrc rclocatcd.

orientation as the original burrows, and 5) returned .juveniles

to nest

chambers.

We

also

moved

the

wooden

perches from the original sites to the new sites to lure
adult owls,who used the perches for roosting. Each ABS
wasencircledwith highly-visibleflagging to reduce chances that construction personnel would inadvertently disturb

the

new

sites. To determine

the fate

of each

relo-

cated nest, we monitored relocation areas (via spotting
scope ti'om a vehicle as far away as possible) each day
after relocation

for 2 wk, and at least three times/wk

thereafter until the date that migration normally com-

attempted to coordinate relocations such that original
nest areaswould be destroyedshortly after nest burrows
were moved, thus reducing the likelihood that owls
would return to original nest locations.
Upon relocating each ABS, we measured the distance
(to nearest 0.5 m) and direction from the original nest
location

to its new site. We considered

a relocation

suc-

cessfulif the owl family took up residence at its new location and remained until dispersalor migration. Unsuc-

menced.

cessful

Burrowing Owls exhibit strong site attachment behavior (Trulio 1995, Delevoryas1997, Feehey1997), so we
were aware that some owls might return to their original

to their original nest areas or immediately disappeared
from the study area; dispersalfrom natal areas at this
young age is not characteristicof Burrowing Owls (King
1996, King and Belthoff 2001).

nest locations

after

the nest burrow

was removed.

To min-

imize this possibility,we first placed Owl ExclusionaryDevices (OED) at natural burrows near the original nest
site. Each OED consistedof a 0.5-m sectionof perforated
plastic drainage pipe and a piece of transparent Plexiglas© attachedto a hinge at one end of the pipe. Once
placed at the entrance to a natural burrow, OED allowed
any owls that were underground to exit but prevented
owlsfrom taking up residenceat such burrows.We also

relocations

occurred

when

owl families

returned

RESULTS

Fledgling Data. At the time of relocation, the
number of juveniles at each ABS varied from one
to five, ranging from 27-45 d post-hatch(Table 1).
These young had developedmodestto good flight
capabilities, but d•ey still depended on parental
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Table 1. Information on Burrowing Owl young, relocation measurements,and apparent fates of relocated nests.
Juvenilesand artificial nestburrowswere relocatedduring the 1998 breeding seasonto minimize constructionimpacts
in Ada County, Idaho.
NEAREST
NEST

NEST

NUMBER OF AGE (d) oF
YOUNG
YOUNGa

No.
No.
No.
No

I
2
3
4
No. 5

2
4
5
1
3

NEAREST

RELOCATION
DATE

DISTANCE
MOVED (m)

BEFORE
(m)

NEST
AI7rER (m)

FATE

39-40
38-39
35-38
27

25 June
25 June
7 July
9 July

55
55
102
102

55
55
85
85

Acceptednew site
Site tenacity
Disappeared
Site tenacity

44-45

7 July

174
258
79
183
72.5

290

271

Acceptednew site

Estimatedbasedon morphologicaldevelopmentand estimatedhatchingdates.Young>28 d are consideredfledglings.

care

and

remained

associated

with

natal

burrows.

We captured and relocated all juveniles within
each ABS except at No. 5 where, upon our approach to the nest, one fledgling flew ca. 25 m
away.At No. 1, both young were captured and relocated, but immediately after being relocated one
juvenile flew acrossthe two-lanehighwayin the opposite direction of the original site.
Nest Relocation. Relocation distancesaveraged
153 m, ranging from 72.5-258 m, and four of the
five nestswere moved in a westerlydirection (Table
1; Fig. 1). Overall, two families accepted their relocation sites (40%), two families (40%) returned
to the vicinity of their original nest burrows,and
one family (20%) disappearedfrom the field (Table 1). All family membersfrom Nos. 1 and 5 were
observed at their new sites 1 d after relocation, and

both adults and fledglingsfrom each family used
their new sites for severalweeks until they disappeared. In contrast,two families (Nos. 2 and 4) did
not remain

in the relocation

areas. Instead, 1 d

after relocation, family groups from these nests
were observed at natural burrows <20 m away
from their original nest burrows. The adult male
from No. 4 began using the perch, and possibly
the ABS, at the new site approximately 10 d after
relocation, but his young and his mate remained
near the original nest. Fates of birds from these
nestsare unknown, except for the female from No.
2 (see below). We believe t2mily No. 3 moved from
the immediate vicinity of both the original nest
and the relocated burrow, even though this nest
was moved only 79 m from the original site. After
moving this ABS and all five fledglings, no members of the family were observedagain at the original or relocation sites,or in nearby areas that con-

tained suitable habitat for Burrowing Owls. The
fates of the members of this family were also unknown, except for the male from No. 3 (see be-

low). Finally,within the period of our study,dates
of relocation eventsdid not appear to be related
to relocation outcomes (Table 1).
In 1999, two adults returned

to the area and

fledged young successfully
from ABS that had been
relocated to the buffer strip in 1998. The adult female that nested in No. 2 in 1998 (an unsuccessful
relocation) nested at the relocated No. 2 ABS in
1999. The male that nested at No. 3 in 1998 (also
an unsuccessfulrelocation) nested at the relocated

No. 5 ABS.This representeda 20% return rate (by
sex, and overall) for adults affected by construction in this field in 1998. During 1999,we observed
none of the 15 fledglingsfrom 1998 nests,despite
continued

work

in the area.

DISCUSSION

Burrowing Owls typicallyremain within 50-100
m of their nest or satelliteburrowsduring daylight
hours (Haug and Oliphant 1990) and exhibit
strong nest-sitetenacity,even after a site has been
disturbed (Zarn 1974, Feeney1997). BecauseBurrowing Owls commonly use burrowsin closeproximity to their nest burrowstbr roosting,escapecover, and other activities(Zarn 1974, Haug et al.
1993), relocated nestsshould be in closeproximity
to the original nest burrow (Trulio 1995). For successfulrelocationsin our study(Nos. I and 5), burrows were generally closer to their original sites
than were

those relocations

considered

unsuccess-

ful (Nos. 2-4). However, three of five relocation

distanceswere greater than the 100-m maximum
distance that Trulio (1995, 1997) recommended
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for passiverelocation techniques.Becauseshorter
relocations generally were more successful,distance also may have been a relevant factor in the
type of relocationswe employed. However, as No.
3 fkunilymemberswere relocated only 79 m and
apparently disappearedfrom the studyarea, other
f•tctorsbesidesdistance must play a role in relocation

success.

of two adultsto the impactedsitein 1999 suggested
that our methods provided both immediate and
longer-termsuccess
for some of the owlsinvolved.
Other factors also may have affected the owls'
willingness to accept new sites. Unfamiliar disturbances (e.g., traffic) could have causedthe owlsto
rejectthe newsites(Feeney1997). Both Nos. 2 and
4 (unsuccessful relocations) were relocated from

Burrowing Owls commonly return to the same
or nearby nest burrowsyear after year (Thomsen
1971, Rich 1984, Botelho and Afrowood 1998). For
the relocations
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that we considered

to be successful

relativelyquiet portions of the field to <25 m from
a busyroad (Fig. 1). Given surrounding land use
and destruction of the field, the placement of each
relocated nest wasrestricted to the buffer strip be-

habitat
(Nos. 1 and 5), banding information from our cause it offered the nearest "suitable"
study area showed that both adult males and one Also,we were unableto havethe originalnestareas
adult female bred successfullyin the same field destroyed immediately because of inclenient
during the previous(1997) breedingseason.Such weather (i.e., destruction of sections of the field
experience could have made these owls more fa- did not occur on planned dates).These delays,or
miliar with relocation
areas and led to their inour inability to locateall natural burrowsnear origcreased willingness to accept new sites. For the inal nest locations to place OED, potentially al-

three relocations we considered unsuccessful (Nos.
2-4), one adult male was known to have nested in

lowed two families (Nos. 2 and 4) to return to nat-

ural burrows near their original nest areas.
this field during 1997, and the family dispersed
Finally, for the two successfulrelocations (Nos.
from the field immediately following relocation. 1 and 5), one juvenile from each nest either was
Ages and previous breeding experienceswere un- not captured or escapedduring the relocation proknown for the two remaining pairs, as these birds cess.At the time of relocation, juveniles from sucwere not banded before they entered the 1998 cessful nests also were older than those from unbreeding season.Nonetheless,familiarity with this successfulnests. It is not clear if or why these
field may have influenced whether a family ac- factors would affect the tendency for families to
cepted their relocation site, returned to the origi- remain in the relocation area. Possibly,separation
nal nest area, or dispersedfrom the area.
of family members led to increasedrate of contact
Although immediate success
wasrealized for two vocalizationsbyjuveniles,which lured adults to the
relocations, long-term successof relocations and new site more readily, or the older individualswere
their effectson BurrowingOwlsare alsoimportant. more visible because of increased activity (i.e.,
In 1999, one female and one male returned to the
practice flights, perching, hunting) around the rebuffer strip to nest (both had new mates). Of the location site.
Our results indicated
that short-distance
relocatwo remaining ABS, one wasoccupiedby a pair of
unmarked owlsand the other wasunoccupied.The tion of occupied nestswas successfulunder some
fifth ABS was destroyedduring the nonbreeding circumstances,although the factorsassociatedwith
season.Return rates for females on the impacted successremained unclear. Regardless,the relocaarea were similar to female return rates over the
tions we performed avoided the almost certain
entire area (20% vs. 24%, respectively)for 1997- death of many young owlsthat would have resulted
98, but were lower for males on the impacted area from construction.Becausethis was a small study
than over the entire area (20% vs.44%, respective- (five nests), successrates for the techniques dely,J. Belthoff and B. Smith unpubl. data). We failed scribedhere shouldbe quantified in much larger
to detect any of the juveniles from this studyin the studies before such relocations are considered viimpacted field or in surrounding areas during able options.Additionally,whether the techniques
1999. However, this is not surprisingbecauseonly we examined would relate also to owls nesting in
15 juveniles were associatedwith this field, and natural burrows (the most likely situation faced in
first-yearreturn ratesare very low (<4% of banded many areas) remains unknown. Currently, we recindivicluak d•ring 1997-98) for birds in our area ommend that these techniquesbe used only when
(J. Belthoff and B. Smith unpubl. data). Nonethe- no alternatives exist. Postponing mitigation and
less,the subsequentreturn and successful
nesting constructionactivitiesuntil the nonbreeding sea-
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son (i.e., after dispersaland/or migration occurs),
aswell as compensatingfor any habitat lossor degradation, would be the preferred approach to reduce impactson Burrowing Owls. If mitigation activities cannot be avoided, original nest areas
shouldbe destroyedimmediatelyafter movingthe
owls so they cannot return to the original burrow,
or any other burrow, in the impacted area (Trulio

1995). Finally,it remainsunknownwhetheractively
relocating adults with their dependent young
would

affect

success rates of short-distance

reloca-

VOL. 35, NO. 4
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