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Abstract

Ncrting Coope. s Haatks (.4 ifit€r caopc/;;) vere srudied in norrheastern Oreeon. Sccond,vear
(SY) males did not  breed,  but  22 pcrcc 'nt  o[  the brceding femalcs wcre Sys.  Mcrn r lurrh s izc
(P--  o.01lr .  rn, t  mcan numtr : r  of  young f ledgcd per pair  rhat  ta id esgs (p{0.10) werc loq,cr
ior  SY tcmale\  thao tur  a l lu l r  (afrcr :ucond year lASY,r  )  females;  howcvcr,  an equal  pcrcentagc
of rllc cggs lexeluding a collccrcd-sample css ) yield€d fledged young for each age class. Stcp",iie
!Dcf l rnrnanr aoat} \ rs ruggcsrtd l r t lcrcnces in strucrqrai  charader isr ics of  the nest  s i te habi tat  for
ASY and SY femalcs, i.c., SY female ncst sires were,rssoc;ate.l with youngcr successional stages
than ASY femal.'nest sires. Nests of both :rge groups \i,ere built jn treei with hign crown vorumc,
but ASY females ntilizcd mistletoe ( Arcetthobitm- sp. ) for nest structurcs more-frequcntly (p <i
0.01) than SY fcmales.

In l roducl ion

Age of breeding individuals affects many aspects of reproductive performance o{ sev,
eml bild species iocluding raptors. Nesting habitat use, mare selecrioo, laying dare,
clutch size, aod breeding success can be affected by age and experience (Coulson and
\Xrhite 1958, Greenwood et al. 1979, Middleton 1979, Newton 1!/!). Individuals breccl-
ing for the first time seem ro have lowered teproductive success. Younger bree(ling
females genetally lay smaller clutches and raise ferver offspring than older individuals.

Mosc raptors do nor begio breeding in juvenal plumage ancl require varying petiods
of time to acquire adult plun-rare. Breeding of raprors in juvenal plumage.may be evi-
dence of favorable breeding conditions or higher numbers of Llnoccupied territories
(Nen'ton 1979). Henny r/ al. (1971) found a breeding SY female Red-shouklered
Ha\\k (B tea lineatut) testing successfulLy when rhe overall breeding density nas
lo*'est on a stndy area in central Maryland. Cooper's Harvks (.4ccipiter cooperii)
retain juvenal plumage for one year and generally do oot breed the first year (Reynolds
and \X/ight 1971J). The present study examines productivity and nest site characrerisrics
of breeding ASY and SY Cooper's Hawks in northeastern Oregon.

Study Area and Melhods

Study Area

The study area \\'as l(xared q,ithin and arouod rVallowa-rVhirman Narional Forest of
noftheastern Oregon between 45' and 46" North Latitude at elevarions beru,een 500 m
and 1600 m. The \X/allowa rVhitman Narional Foresr is in the BIue Mounrrins provinec
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of Oregoo an(l consists primarily of montane forest *'ith moclerate to steeP relief. A

detai lecl clcsct ipt ion of thc Physiognorny of this Province and cl in-tat ic concl i t ions of the

verious foresr typcs are gir,en by Frankl in df ld Dytncss ( 197I ) .  Hal l  (  197 J ) recognizecl

several cl imrx forest planr cqnmunit ies in this area: pon(lcrosa Pine lPi l l t t t  !o|)denta),
lodgeprrle pine lP. coubtd), grantl  l i t  lAbies gr 'rr l l i  ) .  subalf ine t irel A larioctpa)'

arcl mixccl conifer staods, c..q..  ponderosa Pioe, Douglas f ir  (  Pvtt lctt t tga ttenzieri i ) '

grand fir, ancl \\,estern llrch (Ltttix occidelltaliJ) Many stands dte on a lltrdient bc veen

thcsc cornmunity types. Vegetation on natural oPen areils coosists of grass ancl forb

spccies. A mosaic of forest stantls of varioLls al le classes and species !,rmPosit ion is

prescnf in drc relt i r)o.

Vege ta t l on  Samp l i ng

Nests at unclisturberl sites rvlrich hacl lren located betrveen 1975 xnd 1979 \\'ere sampled

in l97lJ and 1979. Vegelxf ioo rvas samplc<l within 008 ha citcular piors centeretl  at the

nest tree. Verricxl clisrribution of tlee cto$ n volume \\'l!s measLlred by the tcchnique of

Ma*'son et al. ( 1976) and rhe program HTVOI-. Each tree rvithin the plot n'es coosideted

in relarion ro 15 possible cro\\'n shaPes ancl relegated to flle one it fimcd best. The

dimcnsions of thcsc shapes rvere measute.l using a clinometer ancl a steel taPe. The

HTVOL program calculatcd tori l  crown volume rvithin 3 m beight classcs up to 10 n-t

to devclop a cro*n profi le for each plot.  Diameter at breast height (DBH) and species

rvere recorded fot clch tree in rhe plot.  Al l  plants qtenter t l l ' ln 0.3 m aod less thon

I m tal l  *ere mcxsuLed as shrubs. Shrub crorvn volume was calculated by f i t t ing shrubs

or groups of sl tnrbs into rhe smallest possible cube an.l  measuring the cl imensions of

that cube. ShruLb end rree cro{ n volumcs $'ere combined to develop a total crorvn profile

for cach plot.
'fhe 

follo*'ing nest trcc char.ctcristics rvere tecor.led: species, condition (alive,

dead). DIIH, end cro*n hei lht.  The fol lon' ing nest chartcterist ics were measured:

heighr, nest sLrbstrate. en.l canoPy coveragc xt the oest (measurc,-l n'ith a sphericat den-

s l ome te r  ) .

Productivi iy

Clutch size and nlrmbet of ban.lable young (3- '1 $eeks old) were recorded When pos-

sible, one egg rvas ten-rovccl frorn each nest for xnalysis of Pesticidc contdminalion

Productivi ty fot elch age groLlP was determinecl by using only nests at * 'hich clutch

size ancl number of l-4 *'eck olcl young \\'ere koovn ancl rvhere an egg \\'xs lemoved

fron the clutch.

Age  De te rm ina t i on

Breeding indivicluels rvere crappecl an.l beodecl tlt nest sitcs jr'rst before ot immcdiately

aftcr f ledging of the young. Age rvas derermined by dif ferences in piumage Bircls n'ere

placetl into t\\'o age classes: SY birds *'ere one year olcl ancl rerainecl juvenai plumage,

ancl ASY bircls \ ! 'ere two yeals or olclet rvi th aclult  pltrnage. Init ial  rnolt ing of iuvenal

plumtge aod teplacenent by clarket adult pluna.qe \\'ere evident during the incubation

period ancl c.)ntinrLcd through the breeding season.
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Analysis

Tree crown profiles and stand composirion variables ar nest sites rl,ere tested for dif_
ierences between age groups by usiog trultivariate techniques_ A stepwise discrirninaot
analysis was used to seic.ct rhose verr;rbles rnosr Jrnp,rtl;r in discriminating between
nest sites of each age group. A canonical analysis on nesr site variables rvas used to
identify those variables which lr-ere the most porvetful discriminators of each x.qe group,s
nest site characteristics (Morrison 1967).

\(/e rested cliffereoces in clutch size and nun-rbers of young {leclged among years
using a Kruskall Wallis one-way ANOVA. \7e tested differences in clurch size. num_
ber_ of young fledged, and fleclging success bet*,een age groups using a rfi/ilcoxon
rank sum tesr (Conover 1!71). Computer analyses uti l ized the Statisrical Aoalysis Sys_
tem (SAS; Hehvig and Councils 1979) and the Statistical pacLage for the Social Scicnces
(SPSS; Nie et al. 1975).

Results

Age and Productivity

Forty-five occupied cooper's Ha*.k nesrs were observed. of rhe l7 breeclins fcrrares
which were agecl,8 (22 percent) were in Sy plumage. The percenrage oi rhc breeJing
population consisting of SY females is much higher rlran rhe previously ,eporred 6
percent bl ' Reynolds and \fzight 0978) rnd Meng (1951), but similar ro the 20 per_
cent reported by Henoessy (1978). Henny and \(ight (l!72) inferrecl that J0 37
percent of rhe Coopef's Hawk population in rhe casrero United States consistcd of
SY's during rhe breeding season. Assuming a similar proportion for our stucly area, the
ot:rserved 22 percenr SY breeding females suggesrs thar perhaps abourt half of rhe Sy
females rvere nesting. Only 15 of 45 breedine males were aged bur a1l were in aclult
plumage. The absence of breeding SY males tr.rs rlso observed hy Reynolds ancl Wisht
(1978) in Oregon and Meng (1951) in New york. In 1979, one Sy male was caught
foraging *'ithin 50 rn of a nest, l.rut ir was nor koowrr if this was the male.f that
breeding pair.

There u'ere no differences among years in mean clutch size (p ) 0..44) or for
mean number of young fledgecl per pair that laid eggs (p) 0.1J3). Therefore, pro-
ductivity data rvere combined from the four years ro exarltitre age diffetences.

Mean clutch size for SY females *,as sirnificantly lower rhao mean clutch size
for ASY females (P-0.012, Table 1). ASY females laid a higher proporrion of four
or five egg clutches whereas most SY female clutches had three or four eqgs. As expec_
ed, mean number of young fledged per pair thar laitl esss was also lower for Sy
females (P ( 0.10). The percenrage of evgs loid r;rfrer one egr removed) thar yielclecl
fledged yoLrng (fieclginr success) rvas comparable for both ace groups (p)0.31.1.

TABtz l l  1 .  a 'dnBr is r l r  o i  r  lu l .h  s iz f  in  S \ -  rnd  - {Sy  fcmxt r  C, r ) l )e r .s  T I . r r rks .

I. 'em{lf li lf N
Nfs is  l , l ,  r ' l u t ( .h  s ize

t ! ; ) 1 5

A S \ : 1 0 i

1 1
, 1 . r 0 : !  0 . 6 l l

lBe l . , re  ees  r rn r ,v r l .
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Table 2). However, the systematic temoval of an egg ftom each oest proLrably increasecl

fledgin.q success of rcrraining eggs for both elle ciasses, e.g., 19 successfrrl ASY female

ncsrs (rvi th onc crg removed) f ledged an avetage of 2.63 (82 petcent of temaining

eggs) nhete,rs I sLrccessful ASY fcmale nests (rvith no eggs temovecl) flcclgecl an

avere{e o{ 1.00 (71 perccnt of e.qgs lait l ) .

The percentage of nest ettempts sLrccessful in f let lging at leasr one young vas sl ightly

hi.qher for ASY fcmales rhan SY fcrnales (Table 2); however. the troatl justecl est imatcs

are biased high because most nests Nere not found on the day of clutch init iat ion (Steen-

hof and Kochett 1982). Nests rhat fai led eetly could be missed, especial ly when nests

rvcre located by sign (prey remains) oncl adult acrivi ty rvhich increasecl xs t l le ncstinla

sexson progressed. The percenta.qe of nesrs successful *'as incleed loq'et fot each agc

class wherr baser] on the Mayfield lixposurc Day methocl (for detaiis see Stcenhof ancl

Kochert 1982), but age class values $'ere not stat ist ical ly cl i f ferent (P)005)

Overal l .  after an acl justment for the sample egg col lectet l  ( ;rssuming 7l percen! of

eggs in successful nests yjeided f ledgl iogs) ancl the unclerectecl loss of nests (based on

Mayfield s :rpproech), rrc est imxted that 2.64 young rvcre f ledged per ASY female thar

laid eggs, and 1.73 young per SY femaie. Neqton et al.  (  1981) reported SY Eutopean

Sparrorvharvks ( ' lccipiter nisas) aJso laid smaller clutches (420) than tt lder fcmales

(4.60) and l ledgecl fe*er young per nesting aftemPt (1.55 tSYl vs 227 [third year]

or 2.15 lolderl  famales).

Tl l l l , l t :  1 'onr i r r r i s r ) t r , ) i  Dro( lu f l i l i l ] ' l i e iN fen  Sr - '  rn i l  r \S \  lenu l f  Cr io l )e r ' s  Hr$ks  (nes ls  N i lh  a

srnn te  .sg  i  o l l c (  re r l ) .

l r f  .u !e  rg r '  \
F led i tn ra  succ fss !

i ! sl)

s i . i  (  i i . r r )

1 i  \1 r r rA  I l .deer l  ' i  !h r l | |  s ize  l

: l l r i . i j usn{L  (h l ! .  (  )  ad jus ted  b !  t t ru iek l  I t \ r l ' s ! f f  I ) r !  n re lhod !s  de t i i l ed  in  s l f fnh , , l  rnd  l i ( r 'h f f l

(1 !S2) .  \ i i rh  l i l  dx , r  e \D.sur1  l )e r : 'n l .

Age and Nest Site Characterisl ics

Crorvn profiles ftom mean crown volume values $ere cleveloped for cach age qroup

(Fig. 1). Nest si tes of SY fernales hatl  Sleater crowo volumes from 0 !o 6 m. b'.r t  smallet

c!ow[ volumes from 12 to 21 m than did sites of ASY females: volumes for othe! st lata

wcre similar for each age group. This incl icates a qreater ProPott ion of smell  l tecs o!

shrubs jn nest sites of SY females. This ttend in vcgetarive sttlrcture is furthcr iliustrated

by the ftequcncies of rrees in vrr ious size classes (Table 1) SY females nesred in stands

of younger successional stages or sfancls q'hich had undetgonc recent selective overstory

removal. Vegetative sttuctute of nesl si tcs used by SY females more closely resembled

rhose nest si tes used by Sharp-shioned }{alks (Accipitet l t i ' t t t tr)  * 'hich also uri l ize

stands of eatly successional gro\l'ttr steges (Moore and Hcnny 191.13 )

Crown volumc in the ten I m sudta, frequency o{ each tree size class, basal area,

and sten density wcre used in a steprvise t l iscriminant analysis to test for dif fetenccs

bet*,een age groups in vcgetative structute of nest sites- The stepwise cliscriminant

identi f iecl those vatiables most important in discrirninating between gr"tLps jo !  srep'

Age-specif ic Productivi ty and Nest Site Characterist ics
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wise fashion. The discriminaot {unctioo developed from this proceclure then provides
a means of cJassifying rhe origioal obsenatiors by using a po:teriori probebilities of
group membership Nest sites of Sy females \t,ere corfecrly classified for seven of eight
observations, suggesting thar structural differences existecl in nesr sites used bv each
age group r T.rble I r.

Age-specific separarion of nesr site habirat can be graphically represeoted by using
canonical analysis of the habitar variables. Canonical analysis generates neq- variables
which are linear combioations of the original variables, each *,eigrrted according to their
power to disctiminate the groups (Morrison 1967). The position of inclivi<lual observa-
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tions can be plotted along the canonical functions ro get a gtaphical interpretation o{
the natule and exrent of group separarion. Variables and their associated sraodardized
coefficients, selected by stepwise discriminant analysis were used to specify the crnonical
functions. Habitat separation of nest sites between age groups is graphically displayed
in Figure 2. Some nest sites were used by both ASY and SY females which inqeased

'l '-\BL}' ;. ,\est irec cbarNcreristics lor S\- rnd ASY llmlle Cooper's Ila\vks.
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overlap along the canonical axis-

Age and Nest Tree Characterist ics

SY females appear to place nests lower in height than ASY females, but higher in rhe
crovrn of the nest tree ( nest-crown relationship, Table 5). Sites for both age classes
have similar nest canopy coverage. None of these variables were significantly different
between age groups ( !0ilcoxoo rank sum rest). Comparison of resr tree characterisrics
and crown profiles (Fig. 1) reveals a trend for each age group ro build nests in strata
with high crown volumes. The frequeocy of mistletoe use as a nesr srructure was sig,
nificantly lower for SY females (P < 0.01). Mistletoe growth provides a nest building

Age-specific Productivity and Nest Site Characteristics
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Figu.e 2. D;stribution of okervations at nest sites of SY and ASY females along the ctnonical
axcs. ' Represents group means.

slructure rhat effectively conceals oests {rom researchers, and possibly predators, seatch-
ing ftom the ground. Bur, the petcentage of nests on mistletoe that rvere successful (96

percent) u'as not significaotly higher (P)> 0.2u) than for ocsts not on mistletoe (86

Percent ).

Discussion

The lorver productivity of SY females may resLrlt frorn ( 1) behavioral and physiological
differences associated ,r ' i th age, (2) habitat differences (including prel' availabil ity)
*'hete they ncsr, or (3) a combinarion of the alnve.

Sn-rallet clutch sizes associated n'ith juvenal plumagccl females has been demon-
sllated in several species of birds including raptors (Hickey ancl Anderson 1969, Perrins
and Moss 1974, Hatvey et r ' l /. 1979, Ne\\':rn et d\.1987). Charnov ancl Krebs ( 1974) Pre-
dicted optimaL clurch sizes to be smaller than the most productive clutch size due to tbe

relarionship between adult sutvival and clutch size- Energy expenditure by pareots

iocreases wirh brood size causing weight loss and lou'erecl sun,ivorship in adults (Klomp

1970, Cody 1971). This factor would be more important to iongerJived birds such

as raprofs which may breed several times in a lifetime. If younger birds are less exper

ienced in foraging ability and therefore iess efficient ar feecliog themselves and rheir
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young, then smaller clutch sizes n'ould reduce foo<l stress and increase survival allowiog
individuals to breecl in subsequenr years.

Given the smaller clutch size for SY females in our srudy! we sho*,ed an equal per_
centagc of the eggs yielding fledged yotLng tbt each age group. Our stucy, nowevel, was
confounded lry the removal of an cgg from each clutch for pesticide analysis. Removal
of an egg. assuming ir u'ould hacch, lowered brood size and prol.rably increased survival
of thc remaioing siblings. However, once eggs are laid and incubation has begun, the
males take rhe major responsibility of capturing prey for the female and the young up
to about two n'eeks post lratch

Vegetative stmcture differences at nest sites are suggested betweeo age groups. The
"quali ty" 

of the nest sire and i ts effect on productivi ty is dif f icult  to determine. Nest
sitcs provide concealment and inaccessibility from predators and shelter for young from
xdverse wealher. Nest sites probably vary in the ability to provide these factors and
laptors may respond to these tlifferences. This response may be altered by exlxrience
and younger, less-experienccd. individuals nlay select lower quality oest sites. Nest
failure cluring our study occurred at nests of SY and ASy females but all occurrecl at
sites which rr'ere used by a SY female at some time during the study. A nesr site occlpied
by an ASY female s-as unsuccessful in 1!/6; it u,as occupied the follorving year by a
SY female ancl failed again. The same sire was used the following yeat by anotlrer Sy
female and ail rhe youog rvere prcyecl on by a Grear Horned Owl (Babo tirpitiantu).
The site s'as used by three different males during those rhree years. The veqetarive
saructure at this nesr site may have l.ren inac{equate for concealment from predators.
Possibly thc coocealmenr facor ot the presence of Creat Horned Owls in the viciniw
precluded the use of the site by most adult females.

Success or failure of a season's reproductive effort may be importanr in the learning
process of selecting a good nest site. However, the territory surrouodiog rhe ne$ sire
is also important. Nen'ton ( 1979; Table 42 ) {ound that female European Sperrowhawks
nesting in 

"good." "intermecliate," 
and 

"poor" 
habirats (based on food availabiliry) re-

turned the follon'in.q year to nest sites in good habitat more often rhao ro nesr sires
in poor habitat. AIso, within a given habitar category, females returned to the same
territory significantly more often after a successful nest artempr thao afrcr a failure.
Unfortunately, we made no assessment of food availability during the study, but l0
(59 percent) of 17 nesr sites were reused the follon'ing year by an adult female. Ar
least 3 of the sites (18 percent) \vcre used by the same female. No sites were reused
by adult females after unsuccessful nesr atremprs! and no SY females returned to nest sires
used the previous year whether successful ot not.

In this smdy, the proportion of SY female Cooper Harvks in the breeding popula-
tioo was rhe highest reported for the species. Newton (1976) founcl tl.re grearesr n!tm-
ber of SY European Sparron'harvks breedin.q jn the mosr producive habitats, which
he atttibutecl to high popularion turnover from shooting or rhe occurrence of favorable
condirions necessary to induce yearlings to breed. Middleron (1979) found that l.rrecd-
ing f irst-year American Coldf inches ( Cdrd,ttel i .r  tr i t t i . )  i t  Ontario using optimal habitat
had a greater chaoce of nesting success than in lower quality habitats. Honever, srudies
of other passerine species indicate rhat young birds ate often displaced into suboptimal
habitat by older members of the population (Brown 1969, Krebs 1!72). Henny et nl.
(1973) found rhat adul. Red-shouldered Hawks used f locd plain arcas for oesting in
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central Maryland bur non,breedio{ SY's *'erc rcstricted to upland areas arvay fronr
prime nesting habitat.

I f  SY females nest in suLxrptimal rerr irorics. then some dif ferentiai mate selecion
by females may bc opcrating and t l i f fercnces in rnale qual iry may be inferred. Baodin.q
data incl jcate that this populat ioo is rni.qratory (Henny, Lrnpublished bandins data).
therefore, nesring rerr irories ate establ ished cach spring. N{ate selcct ion may be occurrint
on the basis of tetr i tory qual i ty or characterist ics of the male such as agc. brcecl ing
experience. or qual iry of nuprial feeding Terri torv qual i ty *as rnosr important in
female clroice of Red rvin.qed B|Lckbirt l  (Agcluit t  fha.l ;cetJ) matcs, and male genetic
quali ty rras next in imporraf lce (Searcy 1979). Burley and Moran (1979) inrl icated
that feral Pigeoos (Cohttbia / irra) shorved a prcference for maring r l ' i rh individLrals
rvith greatcr breeding experiencc and age. bur individuals oldcr than seveo years Nere
not selected as mates. Ne* ron (1979) found rhar choice of mates in Europcan Spatrorv-
hawks rvas selecti lc by a.qe, young lr irds pair ing anc] oLler bitds pair ing- The grcetcr
probabil i ty of nesting success u' idr more expetienced individuals in a breeding pair
confers selective advantage to older birds in this type of pair ing. lye color darkens
with age in both male and femalc Cooper's Ha*ks (Snyder and Snydcr 1974). Age-
related changes in eye color may convey infornatioo about the age of the indiviclual
r l 'hich inf luences mate selection. I f  preferential pair ing of Cooper's Has'ks occurs bxsed
on these crireria, then SY females coulcl be displaced into suboptimal habirats and forced
to breed l i th less experienced males. Uncler r l lese ci lcumstances, rhc smaller clutch size
o i  SY  rem,L l r .  r na l  he  rCv . rn r . r qeo r r s .

In sumn'tary. r l 'e have demonstrated dif fereoces in clutch si irc and su3gesce.l  . l r f ier-
ences in nesr site habitat (more habitat data is needed ) for SY and ASY female Cooper's
Harvks. The role of age ( behavioral and physiological ) vs. habitat is an iotr iguing subjcct
for future ecological research.
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