EFFECTS OF EXPERIMENTAL NESTLING HARVEST ON
PRAIRIE FALCONS

COURTNEY J. QONWAY, Wyoming Cooperdtive Fish and Wildife Research Unit. Department & Zodogy and Priysdogy.
Universty d Wyaming Laramie WY 82071. USA

STANLEY H. ANDERSON. Wyarming Cooperative Hsh and Wildife Research Unit, Department d Zodlogy and Physiology,
Universty d Wyoming. Laramie Wy 82071, USA

DOUGLASE RUNDE, Wyaming CooperativeHsh and Wildife Research Unit, Department of Zodogy and Physiology. Universty
d Wyoming, Laramie, WY 82071, UA

DENNIS ABBATE Wyaming Cooperative Fish and Wildife Reseerch Unit, Departmentd Zodogy and Prysdogy. University
d Wyoming, Laramie, WY 82071, UA

Abstract:  Prairie falcons (Falco mexicanus) are harvested (removed from wild populations) for falconry,
and state resource agencies set harvest limits and issue harvest guidelines, yet managers lack information on
effectsd harvest on prairie falcon populations. We examined effectsd long-term nestling harvest on prairie
falcons by comparing subsequent territory occupancy, nesting success, productivity, and breeder and nestling
return frequencies between experimentally harvested and nonharvested territories in southwestern Wyoming,
1982-89. The percentage o territories occupied by breeding adults the following year was higher (P = 0.10)
for harvested territories compared with nonharvested territories. Subsequent nesting success was lower (P =
0.03 and 0.09) on harvested territories compared with nonharvested territories in 2d 7 years after harvesting
began, but did not differ (P= 0.31) with all 7 years pooled. Productivity waslower (P=0.03) within harvested
territories compared with nonharvested territories in 1983, but did not differ (P= 0.84) when all years were
pooled. Return rate o territorial breeders was lower on harvested compared with nonharvested territories
(P = 0.04). Fledglings from harvested territories returned as breeders more frequently (P = 0.09) than
fledglings from nonharvested territories. Results suggested that intensive harvest o nestling prairie falcons
may adversely affect some local population parameters, but harvests were sustainable and probably did not
affect local population size.
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Accurate estimates of population parameters,
such as reproductive success, recruitment, ter-
ritory fidelity, and dispersal, are critical for
managing harvested populations to ensure that
harvest is commensurate with the population's
ability to sustain itself. Fluctuations in popula-
tion parameters are the most appropriate mea-
sures of the effectsof environmental changes or
human disturbance on bird populations com-
pared with moretypical measuresof abundance
and distribution (Templeand Wiens 1989, Mar-
tin 1992). Time lagsin response of birds to en-
vironmental changes must be expected and are
pronounced in species with high territory fi-
delity (Temple and Wiens 1989), yet long-term
studies examining effects of disturbance on an-
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imal population parameters are rare. Monitor-
ing effects of harvest is particularly important
in territorial species with high site fidelity be-
cause disturbance may cause territory abandon-
ment.

Harvesting raptors for falconry was legal in
42 states, and 2,500-3,000 people practiced fal-
conry nationally (Brohn 1986, U.S. Dep. Inter.
1987). Approximately 1,000 raptors (600—1,600)
were harvested annually from the wild for fal-
conry, and 12-21% of therecorded raptor har-
vest was prairie falcons, making them the sec-
ond most commonly harvested species (Brohn
1986). Prairiefalconswere harvested in 19states
and most harvested birdswere taken as nestlings
or young birds (Brohn 1986, U.S. Dep. Inter.
1987). State resource agenciesset annual prairie
falcon harvest limits and issue harvest guide-
lines, yet they often lack information on effects
of harvest on falcon populations. Prairie falcons
are specialized, territorial raptors (Runde and
Anderson 1986, Steenhof and Kochert 1988) ex-
hibiting high nesting site fidelity (Platt 1981,
Steenhof et al. 1984, Runde 1987) that renders
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them vulnerable to chronic disturbance. We ex-
amined the effect d harvesting nestlings on a
prairie falcon population by comparing subse-
quent territory occupancy, nesting success, pro-
ductivity, and rates o breeder and local fledg-
ling return between experimentally harvested
and nonharvested territories.
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vided expertise and assistance. K. J. Gutzwiller,
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F. G. Lindzey commented on earlier drafts. We
especially thank the many field assistants who
contributed to this project. This study weas ap-
proved by the University of Wyoming Institu-
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STUDY AREA AND METHODS

The study area was in north-central Sweet-
water County, Wyoming, at 1,980-2,600 m el-
evation, with annual precipitation of 18-23 cm.
The area was approximately 3,420 km? of sage-
brush (Artemisia spp.) steppe rangeland (Ku-
chler 1964) with a variety o cliffs, canyons, and
buttes upon which falcons nested. For descrip-
tionsof soilsand vegetation, see Severson (1966)
and Runde (1987).

Wedelineated a1,100-km?portion of thearea
astheharvest area. Thisarea was representative
o the overal study area in vegetation, topog-
raphy, and level o disturbance, but contained
20 prairiefalcon nesting territoriesin 1982 com-
pared with 40 nesting territoriesin the adjacent
nonharvest area. We defined nesting territory
as an aerie and its surroundings where only 1
pair had bred at 1 time (Newton and Marquiss
1982, Allen 1987, Steenhof 1987). Wesimulated
a legal falconry harvest by removing nestlings
from nesting territories having >1 chick, with
thegoal d suppressing post-harvest productivity
to =2 young fledged/occupied territory. We
harvested nestlings at 21-35 days and fostered
them to active prairie falcon nests in eastern
Wyoming or gave them to licensed falconers.
We defined productivity as the mean number
o young per occupied territory at 21 days post-
hatch (Steenhof 1987). Mean clutch size varied
annually (£ = 4.23, SD = 0.43, range 3.64-4.85)
(Conway et al. 1993). We chose 2 young/oc-
cupied territory because we wanted post-har-
vest productivity to be consistent among years.
Consequently, the actual number of nestlings

HARVEST EFFECTSON PRAIRIE FALCONS » Conway et al.

J. Wildl. Manage. 59(2):1995

harvested varied annually and depended on the
number of nestlingsper occupied territory prior
to harvest.

We surveyed all cliffs throughout the study
area by helicopter starting in late March each
year, 1982-89. We also surveyed from the
ground all potential nesting cliffs from March
through May of each year. Welocated occupied
prairie falcon territories by observing territorial
behavior or activity near a cliff. We revisited
territoriesduring ground surveysfrom late May
through July to confirm occupancy and deter-
mine productivity. We trapped adult falcons
using mist nets and Dho-gaza nets with a live
great horned owl (Bubo virginianus)decoy on
nesting territories. We climbed to all prairie
falcon nests after chicks hatched to determine
reproductive stage and returned to band adults
and nestlings with U.S. Fish and Wildlife Ser-
viceal uminum bands and determinesex of nest-
lings (Moritsch 1983) when nestlings were 3-5
weeksold. We reduced productivity within 20
territories by removing 3-5-week-old nestlings
in 1982-89 so that mean number o young
fledged per occupied territory was 1.86 (SD =
0.09).1n 1983, we did not remove any nestlings
because natural productivity in the harvest area
was 1.61 nestlings/occupied territory. Research
disturbance was equal between harvested and
nonharvested territories. We visited nonhar-
vested nestsonce to confirm occupancy and once
to band nestlings. When harvesting young, we
attempted to maintain natural nestling sex ra-
tios.

W e compared occupancy, nesting success, and
productivity between harvested and nonhar-
vested territories. We calculated occupancy rate
as the proportion o traditional territories oc-
cupied by pairsin a given year, and we defined
traditional territories as those occupied in 1982
(Steenhof 1987). We located additional occu-
pied territories in subsequent years (Conway et
al. 1993),but these were not included in analyses
because o bias associated with first-year occu-
pancy. Using the Mayfield method (Mayfield
1975, Hensler and Nichols 1981), we cal cul ated
thedaily probability o nest survival and percent
nesting success of harvested and nonharvested
territories. We considered a breeding pair suc-
cessful if it produced = 1young that reached 21
daysadf age (Steenhof 1987). Productivity of har-
vested territories included harvested nestlings
(preharvest productivity).

We calculated return rates for each sex, for



J. Wildl. Manage. 59(2):1995

Tablel. Occupancy rate within experimentallyharvested and
nonharvested prairie falcon breeding territories, southwestern
Wyoming, 1982-89.

Harvested Nonharvested

Year (n=20) (n=40) x? P
1983 0.90 0.89 0.01 0.95
1984 1.00 0.84 3.52 0.06
1985 0.80 0.80 0.00 1.00
1986 0.75 0.61 1.22 0.28
1987 0.80 0.58 297 0.09
1988 0.80 0.82 0.03 0.88
1989 0.75 0.76 0.01 0.95
1983-89 0.83 0.75 2.69 0.10

harvested and nonharvested territories, as the
percentage o marked breeders present in year
t that also were present in year t + 1.We cal-
culated fledgling return rates as the number of
locals d each sex hatched and banded on the
site that were recaught as breeders divided by
the total number of new breeders captured on
territories. These proportions represent mini-
mum estimates for natal recruitment because
some nestlings were not banded. We also cal-
culated the proportion of banded fledglingsfrom
harvested and nonharvested territories that re-
turned to our study area as breeders.

We tested variables for normality by exam-
ining Shapiro-Wilk's W-statistics and normal
probability plots (SASInst. Inc. 1985). We com-
pared occupancy rate, return rate, and propor-
tion of fledglingsreturning as breeders between
harvested and nonharvested territories with Chi-
square goodness-of -fittests (Zar 1984). We com-
pared estimatesdf nesting success between har-
vested and nonharvested territories using the
Chi-square statistic (program CONTRAST;
Sauer and Williams 1989). We compared pro-
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ductivity between harvested and nonharvested
territories with t-tests (Zar 1984). Because we
wanted to limit our sample size of experimen-
tally harvested nests, yet ensure that we could
detect a harvest effect if one existed, we used a
= 0.10 for all comparisons.

RESULTS

We removed 138 of 451 nestlings (£ = 17.3
nestlings/year, SD = 13.2) from 20 territories
during 1982-89. The number o years each ter-
ritory was harvested varied according to terri-
tory occupancy and productivity: lyear (n =3
territories), 2 years (n = 4), 3 years (n = 8), 4
years(n=4),and 5 years (n=1). Harvest never
caused territory abandonment in the year o
harvest.

All variables were normally distributed (W
> 0.93, P > 0.30, Shapiro-Wilk's test). Subse-
quent occupancy o harvested territories was
dightly higher than that of nonharvested ter-
ritories (Tablel). Wedid not detect adifference
in subsequent nesting success between harvested
and nonharvested territories with all 7 years
pooled (Table?2). However, there was evidence
(x* = 12.98, 7 df, P = 0.073) & among year
heterogeneity in nesting success within harvest-
ed territories. Consequently, we compared nest-
i ng success between harvested and nonharvested
territoriesfor each year separately. Nesting suc-
cess in harvested territories was lower than in
nonharvested territoriesin 1983 and 1985 (Ta-
ble 2).

We did not detect a difference in mean pro-
ductivity between harvested and nonharvested
territories with all years pooled (Table3). How-
ever, there was among year heterogeneity (F=
3.80; 7,132 df; P < 0.001) in mean productivity

Table 2. Maylield estimates of percent nesting success using maximum likelihood estimators (MLE), daily nest survival (p),and
standard error (SE) of daily nest survival within experimentally harvested and nonharvested prairie falcon breeding territories.

southwestern Wyoming. 1982-89.

Harvested Nonhar vested
Year MLE P SE na MLE p SE ne2 x2 pPb
1983 40 09885 0.004 17, 784 79 09971 0.001 25; 1,371 4.5 0.03
1984 74 09962 0.002 17; 1,039 82 09974 0.002 19; 781 0.2 0.62
1985 49 09910 0.003 18; 774 81 0.9973  0.002 26; 1,125 29 0.09
1986 65 09945 0.003 15; 549 52 09918 0.004 15; 485 0.3 0.59
1987 100 1.00 0.037 17; 722 100 1.00 0.037 18; 746 0.0 1.00
1988 100 1.00 0.030 17; 1,088 85 09979 0.001 26; 1,432 0.0 1.00
1989 92 09990 0.001 17; 983 70 09956  0.002 23; 1,127 24 0.12
1983-89 73 0.9959 0.001 118; 5,939 79 0.9970 0.001 152; 7,067 1.0 0.31

3 No. of nests; no. of obs. days.

b Chi-square tests for differences in nesting succes between harvested and nonharvested territories(program CONTRAST, Sauer and Williams

1989).
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Table 3. Number of young fledged per occupied territory within experimentally harvested andnonharvested prairie falcon

breeding territories, southwestern Wyoming, 1982-89.

Harvested? Nonhar vested

Year £ sb n % sD n t i Power®
1982 2.15 1.87 20 2.68 1.91 28 0.95 0.35 0.24
1983 1.61 2.03 18 2.83 1.78 30 2.18 0.03
1984 211 211 19 2.00 1.81 31 0.19 0.85 0.17
1985 2.63 2.00 16 2.96 1.83 27 0.57 0.57 0.25
1986 271 2.16 14 2.79 212 19 0.10 0.92 0.18
1987 4.13 0.83 15 3.44 1.46 16 1.62 0.12 0.47
1988 3.44 1.46 16 3.35 1.70 26 0.18 0.86 0.37
1989 3.60 1.30 15 2.60 2.12 25 1.65 0.11 0.22
1982-89 2.73 1.92 133 2.78 1.87 202 025 0.80 N R4

3 Includes harvested nestlings.

b 1-testsfor differencesin no, of young fledged/occupied territory between harvested and nonharvested territories.

¢ Power (1 — 8) of detecting a difference of 4y > 0.80(y = the proportional difference in productivity between nonharvested and harvested

territoricr we wished to detect)

within harvested territories (Table 3). Conse-
quently, we compared mean productivity be-
tween harvested and nonharvested territoriesfor
each year separately. Mean productivity in har-
vested territories was lower than in nonhar-
vested territories in 1983, but we did not detect
differences in the other 7 years (Table3). We
approximated the power o these testsat an a
= 0.10for y = 0.8, the proportional difference
in mean productivity we wished to detect. We
assumed that mean productivity in harvested
territoriesequaled y times the mean productiv-
ity in nonharvested territories, based on the
premise that productivity might be lower in
harvested territories. Power for detecting dif-
ferences was <0.5 in annual comparisons but
>0.8for the 8-year pooled comparison (Table
3).
)We captured 71 adult males and 125 adult
females on territories from 1982 to 1989. We
recaptured 71 adult falconsin =2 years. Return
rate was lower (x2 = 4.14, 1 df, P = 0.04) on
harvested territories (14 o 26) compared with
nonharvested territories (26 of 33), but did not
differ (x2 =0.774, 1df, P > 0.50) between males
(100 17) and females (29 of 41). On 147 ter-
ritories from 1982 to 1989 where =1 breeding
adult was trapped, 19 had a new, unmarked
individual, 39 had the same individual, 69 had
an unidentified breeding adult, and 20 were
vacant the following year.

At least 1,042 young reached fledging ageand
652 banded young fledged during our 8-year
study (Conway et al. 1993). Of 451 fledglings
banded before 1988, we subsequently recap-
tured 10 occupying breeding territories. Of these
10, 1was a 1-year-old male, 5 were 2-year-old

birds (4 M, 1 F), and 4 were 3 year olds (1 M,
3 F). The 1-year-old male occupied a territory
but nested unsuccessfully. Fledglings from har-
vested territories (7 of 196) returned as breeders
morefrequently (x? = 2.93, 1 df, P = 0.09) than
fledglings from nonharvested territories (3 o
255).

DISCUSSION

Experimentally harvested territories had
higher occupancy rates, but similar productivity
compared with nonharvested territories. Oc-
cupancy rates of harvested and nonharvested
territories were similar to those reported (47-
98%)el sewhere (Enderson 1964, Fyfeet al. 1969,
Edwards 1973, Parker 1973, Ogden and Hor-
nocker 1977, Runde 1987, Lanning and Hitch-
cock 1991). Partial harvest may have caused
increased local occupancy rates by increasing
fledgling survival (becaused decreased sibling
rivalry and increased parental investment/
fledgling), resulting in increased loca recruit-
ment o philopatric young. Productivity was
higher than that reported (£ = 1.15 young/oc-
cupied territory) for Colorado and Wyoming
(Enderson 1964), but within the range (1.9-3.4
young/occupied territory) reported from other
regions (Enderson 1964, Olendorff and Stoddart
1974, Ogden and Hornocker 1977, Runde 1987).

Although harvest may initially increase ter-
ritory occupancy, harvested territories may be
occupied by new, inexperienced breeders. In-
deed, subsequent nesting success was lower on
harvested territories compared with nonhar-
vested territoriesin 2 of 7 years. The estimated
proportion o breeding prairie falcons returning
tothesame territory thefollowing year was67%
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(39 of 58),which isgreater than breeder return
rates (2 and 43%) reported el sewhere (Enderson
1964, Ogden and Hornocker 1977). However,
breeders on harvested territories had a lower
return rate compared with breeders on nonhar-
vested territories; therefore, harvest may de-
creaseterritory fidelity. Nestingraptorsmay still
fledge young when disturbed, but may not re-
use the territory the following year (Fyfe and
Olendorff 1976, Platt 1977, Whiteand Thurow
1985).

W edid not detect sex differencesin fledgling
return rates, but young fledged from harvested
territories returned to breed on our studv area
more frequently than young fledged from non-
harvested territories. Prairie falcons and other
raptors usually breed in the vicinity of their
natal areas (Newton 1979, Newton and Mar-
quiss 1983, Steenhof et al. 1984), and survival
of first-year birdsisoften low. The higher fledg-
ling return ratefrom harvested territoriesinour
study may reflect increased first-year survival
resulting from decreased sibling competition or
a facultative increase in philopatry in response
to decreased local productivity. If nestling har-
vest causes increased fledgling survival, har-
vesting practices may benefit local populations
by increasing local recruitment. However, if
harvest causes increased fledgling return rates,
natal dispersal decreasesand genetic mixing and
population expansion capabilities necessarily
decrease.

MANAGEMENT IMPLICATIONS

W e used a liberal a-level (0.10) for compar-
isons; consequently, our results should be inter-
preted cautiously and further studies should at-
tempt to replicate our results. There is also a
need to explain why occupancy rate is higher
in harvested territories and to better examine
effectsof harvest on breeder dispersal and phil-
opatry. Populations may respond to harvest in
different waysdependingon density, thedegree
of territory fidelity, and availability of suitable
nestingsites, all of which werehigh in our study
area.

Falconers harvested approximately 0.2% of
the prairie falcon population annually (Brohn
1986, U.S. Dep. Inter. 1987). Prairiefalconsare
popular with falconers because of their acces-
sibility (U.S. Dep. Inter. 1987), and in some
areas harvest pressure is probably concentrated
on nestlingsin several accessibletraditional aer-
ies known to falconers. Occasional harvest of 1
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prairie falcon nestling from a traditional terri-
tory probably does not adversely affect future
use or productivity. Continual harvest of >1
falcon nestling from multiple territories in a
population can affect population parameters, but
harvest demands in 1988 of prairie falcons for
falconry (0.2% of population, nationally) was
sustainable and inconsequential to the popula-
tion (U S Dep. Inter. 1987). Continued harvest
of the same territories may cause breeders to
switch territories in subsequent years but con-
centrates disturbance to a smaller area. Man-
agers should be aware of the trade-offsin har-
vesting falconsin the same territoriesor in dif-
ferent territories in subsequent years. W e sug-
gest that resource managers attempt to limit
falcon harvest to nestlings from the same ter-
ritories each year and leave =2 nestlingsin each
nest
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