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ABSTRACT

Currently the sex of Red-tailed hawks (Buteo jamasid cannot be determined by in-hand
methods. Males and females do not differ in pluenagd overlap in size. During migration, we
collected feather samples and morphological measames from birds at four sites in the Western
United States. Sex was determined for individuadsusing sex-specific DNA markers and
Polymerase Chain Reaction was used to identifyeti@NA markers. Through Discriminant

Function Analysis, we created equations for deteimyi the sex of Red-tailed hawks using in-
hand measurements based on the DNA-determined.se®és formed two equations, one for

adults, which was 98% accurate, and one for hagan-pirds, which was 97% accurate. Our
results will aid future studies looking at intraadaintersexual differences in the Western Red-
tailed hawk.
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Determining sex in natural populations is importimtstudying population dynamics, population staue, habitat
use, behavior and mating systems, and for makingagement decisions (Hughes 1998, Ito et al. 2003).
Unfortunately, for many avian species it is difficto determine sex from morphometrics and plumgégeet al.
2003). This is particularly true for several morophic raptor species. For example, Red-tailedksaiButeo
jamaicensik lack plumage differences between the sexes, v some sexual size dimorphism (Palmer 1988).
However, the size differences between male and leeiRad-tailed hawks have not been quantified inaamer
useful for field situations. Although it is poskiio determine the sex of individual birds by abé®y copulation
and courtship behaviors (Catry et al. 1999), ocleacal examination in some species (Boersma amnikBd 987,
Gray and Hamer 2001), these methods are limitédetdreeding season.

The Red-tailed hawk has a wide distribution, ragdgimom central Alaska south to Panama and eadtgd/irgin
Islands and is very common (Figure 1). The abiiitydetermine the sex of individuals in the hanthgisimple
measurements would greatly improve our ability tiadg sex-specific movements and behaviors in thieces
effectively. For example, sex determination is @mant in investigating research questions thatestdforaging
behavior (Kelly and Wood 1996, Gonzalez et al. 2006ske 2003), dispersal (Brooke 1978), and migrati
patterns (Evans and Day 2001). One successfubappiin sexing many bird species involves discramtranalysis
using morphological measurements (Balbontin e2@D1, Bertellotti et al. 2002, Quintana et al. 200@&zuta et al.
2004, Setiawan et al. 2004). Additionally, becafesaales are heterogametic, sex in birds can bemeted using
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a molecular technique, Polymerase Chain Reacti@RjRmplification of DNA. Red-tailed hawks candmxed by
PCR (Norris-Caneda and Elliott 1998) and a pardidulinexpensive technique was developed by Fridolfi and
Ellegren (1999) for use with non-ratite birds. \developed a cost-effective and accurate metho@dxihg Red-
tailed hawks in the hand, based on discriminantyaigaof morphometrics, which we verified with moldar
techniques using feathers as the source of DNAf{tBs and Tiwari 1995, Bello et al. 2001, Sacchak 2004).

METHODS

We collected feather samples during fall migratain2002 and 2003 at four HawkWatch Internationahdiag

sites. These sites are in the Goshute Mountaing, Bbnney Butte, OR, Chelan Ridge, WA, and Manzano

Mountains, NM (Figure 1, Table 1). All sites arammed by volunteers.

Red-tailed hawks were capture using standard tngpgachniques (Bloom, 1987) and banded with UnS¢ates
Geological Survey aluminum bands. In addition, fillowing morphological measurements were takese (Sull
and Bloom 2001): body mass (g), and natural wingr@htail, hallux, culmen, and tarsus lengths ifalinm). We
measured natural wing chord with a ruler from théstof the wing to the tip of the longest fligrgather without
flattening the wing against the ruler. Tail lengths measured with a ruler between the two midallef¢athers,
from the base of the feathers to the end of thgdenfeather. Hallux talon length was measuretl eatipers from
the base of the talon to the tip of the talon. n@an length was measured with calipers from the béa#iee culmen
to its tip. Finally, tarsus length was measurethwalipers from the front of the tarsometatarsaléat the toe-joint
to the end of the bone below the ankle-joint.

For DNA sexing, three breast feathers were pludkeoh each bird and placed in a coin envelope with hand
number, measurements, age, date, and capturen®tenation provided on the label. DNA was extrdcfeom
plucked breast feathers using a protocol provide®b I. Lovette of Cornell University (Lovette at. 2004) using
the commercially available Qiagen DNeasy Kit®.

Genetic sex was determined following the methocttilesd by Fridolfsson and Ellegren (1999) usingrnis 2550
and 2718. We prepared a master mix of Promegaufféh 1.5 mM of 10X MgCI2, 200 uM of each dNTP Mmpf
each primer, and 0.5 units of Promebmy polymerase for a total of 10 uL for amplificationfhermal cycling
consisted of an initial denaturing step of 120 84iC, followed by repeated denaturing, annealamgl extension
steps for 30 cycles of 30 s at 94°C, 30 s at 5@id, 30 s at 72°C, with a final extension step di 30at 72°C.
Samples were then placed in a 2% agarose gel oomgalO uL ethidium bromide and electrophoresis wasin
0.5X TBE at 70V for approximately 75 min. Gels weisualized under UV light and photographs wekemeof all
successful runs. Female sex was assigned if betlCHD-Z and CHD-W bands were present, and malersex
assigned if a single CHD-Z band was present.

We employed SAS statistical software (SAS Institl@89) to perform a MANOVA on both age and sex.cise
adult birds might differ from hatch-year birds ireasurements, a MANOVA was run on age class. Sukesdy,
we conducted separate Discriminant Function Analyfd-A) on adult and hatch-year birds, along widtkward
elimination to determine the most useful variabfes determining sex using in-hand measurements.rious
combinations of measurements were run in the DFActmunt for differences in the types of measurésiaken at
other banding sites.

Sex was successfully determined by PCR for 175 tRideld hawks, 100 from the Goshute Mountains, 26nfr
Chelan Ridge, 21 from Bonney Butte and 28 fromNtamzano Mountains. Three birds had missing measemés
and were eliminated from the analyses. An addilidvatch-year male was excluded from analysess bind was
an extreme outlier in wing chord, hallux and culnaerd perhaps was transcribed incorrectly from tita dheet to
the feather envelope. The remaining 121 hatch-p&ds and 50 adult birds were used to produceseridiinant
function with morphometrics.

RESULTS
Adults differed significantly from hatch-year birds mass, culmen, and tail measurements (Tablgo2adult and

hatch-year birds were treated separately in ath&rranalyses. A MANOVA run on sex class demotetidahat
females were significantly larger than males imadlasurements in both adult and hatch-year birdbl€E 3 and 4).
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Backward elimination of variables following disciimant analysis selected wing chord and mass asfisat
morphological measurements for distinguishing betwthe sexes in adult birds, and this producedahewing
equation: 0.166 x wing chord + 0.026 x mass = ZZ + 94.902, then the bird is female; if<Z94.902, then it is
male. This equation accurately assigned sex to @88%te 50 adult Red-tailed hawks whose sex wasrdghed by
PCR. The one misclassified bird was a female waithexceptionally small wing chord measurement dfn3@.
This bird may have been mismeasured, since the e8k&) wing chord measurement for a B. j. calUamale is
412 mm x14.9 (Preston and Beane 1993). See FRuffer the distribution of males and females bazedheir
discriminant scores.

Backward elimination of variables following disciimant analysis selected body mass, wing chordukaknd
culmen as significant morphological measurementgiscriminating between the sexes in hatch-yeatsbi The
following equation was produced: 0.2 x wing chor6.611 x mass + 1.302 x hallux + 1.356 x culmen. =liZZ >
160.933, then the bird is female; i2160.933 then it is male. This equation accuraaskigned sex to 97% of the
121 hatch-year Red-tailed hawks of known sex. fblae misclassified birds consisted of two femaleth short
wing chords, a female with a short culmen, andmaate with measurements close to both male and &esiaés.
See figure 2b for the distribution of males anddéa based on their discriminant scores.

Additional equations are given in Tables 5 andiGn@ with their accuracy (all > 90%), using onlyngichord and
mass, which we provide because some banders dakeomeasurements requiring calipers.

DISCUSSION

The DNA sexing technique unambiguously sexed imfdial birds for use in discriminant analyses, caonifig the
usefulness of plucked feathers for extracting DM8,shown elsewhere (Griffiths and Tiwari 1995, 8ddt al.
2001, Sacchi et al. 2004). Plucking feathers sm¢sequire special training and the feathers daequire special
storage, other than an envelope, making them egtyemractical in remote field situations such assth
experienced at many migration monitoring sites. e Tiscriminant functions produced through morphoitet
provided an inexpensive and highly accurate metifasbxing Red-tailed hawks in the hand. Theselteeshould
greatly aid future studies concerning this species.

The ability to determine the sex of individual Reded hawks in the hand will be valuable in futgtedies
addressing intersexual and intrasexual differencdsor example, in-hand sex determination may faddi
investigation of sex differences in dispersal paggBrooke 1978), heritability differences in mboiogy (Jensen

et al. 2003), molt intensity and chronology (Craigind Petrie 2003), foraging niche partitioning K@Ea et al.
1999, Marsden and Sullivan 2000, Pryzbylo and Me2D00), foraging strategies (Kelly and Wood 1996nzalez

et al. 2000, Noske 2003), prey composition and Exeerskaug et al. 2000, Lee and Severinghaus 2@tigjation
patterns and sex ratios (Evans and Day 2001), wamtgcing patterns (Ohsako 2001), parasite loage(Ran et al.
2001), dominance and aggressive behavior (Tarvid ®oolfenden 1997, Jones and Hunter 1999), and
vocalizations (Bretagnolle et al. 1998).

A potential problem in using the discriminant funatequations for sexing Red-tailed hawks is irdliil variation
among investigators in taking the measurementsrélmay also be differences in measurement techsigmong
and within sites. However, given that the datahis study were collected by as many as 30 volurtteeders at
four different locations, accuracy rates consisyegrteater than 90% suggest that the sexing teclenigrobust.

Due to concerns about consistent measurement tpasiand because they are used relatively rarelgy rather
potentially useful morphometric measurements wereexamined in the study. For example, other studhave
used forearm length (Ferrer and De Le Court 1982%al width (Shepard et al. 2004), and bill def@brtolotti
1984) to successfully determine sex in raptor gseciHowever, these measurements are not commakdy tat
migration sites in North America and might have e difficult to teach to the numerous volunteersfcar
different sites. Therefore, we chose to use alsmalmber of frequently collected measurementewéVer, other
additional measurements may be useful in sex détation of birds not easily sexed by commonly taken
measurements
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Because all sampling sites were located in the emestnited States, these equations may only becae to
studies examining the western Red-tailed hawk sadiep (B.j.calurys Other subspecies may not be accurately
sexed due to differences in morphological characteFor example, the average wing chord measurefoent
B.j.calurusfemales is 412 + 14.9 mm and is 386.8 + 11.4 mnmates, and the mean tail length measurement is
237.3 £ 11.3 mm for females and 224.2 + 7.9 mmnfiates. The eastern subspecies, B.j.boreiglismaller than
B.j.calurus(Preston and Beane 1993). Future research shsakbs the need to develop in-hand sexing teclmique
for the other subspecies of Red-tailed hawk.
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Table 1. Collection locations for sampled Red-tailed hawks.

HawkWatch International Site Location Coordinates

Goshute Mountains Northeastern Nevada 40° 25.417' N, 114°16.276' W

Bureau of Land Management Land

Bonney Butte North Central Oregon 45° 15 46.8" N, 121° 35’ 31.2" W

Mount Hood National Forest

Chelan Ridge Eastern Cascade Mountains 48°01'12.8" N, 120° 05'38.4” W

Washington State

Manzano Mountains Central New Mexico 34°42.25' N, 106° 24.67' W

Cibola National Forest
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Table 2. Results of MANOVA on adult and hatch-year age classes of RetHawks.

Age (Wilks’ Lambda F=27.88, Weight Means Tail Means Culmen Means

d.f. 6,165, pvalue=<0.0001) (F=32.13, (F=42.57, (F=6.56,
P=<0.0001) _¥<0.0001) _¥0.0113)

Adult 1095+23 220+2 26.0£0.2

Hatch-year 943+14 233+1 25.31+0.2
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Table 3. Results of MANOVA and mean body measurements of male and femaleeatdult R

tailed hawks.

Sex Adults Weight Hallux Tarsus Talil Wing Culmen
(Wilks’ Lambda (F=122.65, (F=71.94, (F=15.90, (F=40.35, (F=79.53, (F=16.40,
F=28.07, =P _P B P B B

d.f. 6,43, <0.0001 <0.0001  0.0002 <0.0001 <0.0001 0.0002

pvalue=<0.0001)

Female 1266+134 31.5+1.8 88.9+3.1 227+10 415+15 27.0%2.1

Male 923478 27.7t1.4 85.7+2.6 211+7 381+12  25.0+1.4
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Table 4. Results of MANOVA and mean body measurements of male and femalgdaatch

Red-tailed hawks.

Sex Hatch-year Weight Hallux Tarsus Tall Culmen
(Wilks’ Lambda (F=80.26, (F=180.99, (F=23.09, (F=42.46, (F=201.36, (F=113.35,
F=72.46, =P P B B B

d.f. 6,114, <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
P=<0.0001)

Female 1022+116 30.5+1.2 88.2+3.6 238112 26.2+1.2
Male 847+95 27.4+1.3 85.2+3.1 22618 24.1+1.0
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Table 5. Gender determination based on discriminant analysis, using only using ssfpma

adult birds and wing chord and mass for hatch-year Red-tailed hawks.

Equation Z score — Z score — Acclracy
male female
Adult 0.029 x mass < 31.359 > 31.359 94%

Hatch-Year 0.227 x wing chord + 0.013x mass <100.981 >100.981 94.8%

@Compared to the results of gender determination based on DNA analysis.

K.C. Donohue and A.M. Dufty idlOURNAL OF FIELD ORNITHOLOGY (2006) 11



This is an author-produced, peer-reviewed versfdhis article. The final, definitive version dfis document can be found online
at Journal of Field Ornithology, published by Blaeitl Publishing.
Copyright restrictionsnay apply. doi: 10.1111/j.1557-9263.2006.00003.x

Table 6. Gender determination based on discriminant analysis, using only wing cteatdlfor

and hatch-year Red-tailed hawks.

Equation Z score — Z score — Accuracy
male female
Adult 0.189 x wing chord <75.345 > 75.345 94%
Hatch-Year 0.24 x wing chord <94.218 >94.218 93%

@Compared to the results of gender determination based on DNA analysis.
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FIGURE LEGEND
Figure 1. Breeding range of the Red-tailed hawk and fall migration sampésdadapted from

Johnsgard 1990).

Figure 2. Distribution of adult males and females based on discriminant.s@teslotted line

represents the cutoff score which males fall to the left of and females tghtiea) Distribution

of adult males and females. b) Distribution of hatch-year males and females
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