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ABSTRACI'

-

I evaluated some facto‘rs that may mfluence settlement and site frdelrty to
breedmg terrrtorres of wrllow ptarnugan Yearlmg males drd ‘not settle on
terntorles of older males that returned They, however had opportumues to get
terrrtones of srmrlar quality to those obtained by older males Yearhng females |
settled at times srmrlar o older females wrth non-returning partners but later
than older females _with partners that returned. The first yearlmg females to
settle did not survive better or, have hrgher reproducuve success than those
setthng later. “In addltron 4 ch01ce of terrlto.ry and partner by yearling females .
were ‘not consistent among sets of females havmg the same suite of terrltorres to

Males  that had bred in prew%s years almost always returned to’ therr
prevxous territory. If a female's prevrous, partner returned she ‘usually settled on
her previous terrltory. if her prevrous ‘partner did. not return she usually palred

w1th a. prevrous neighbor. Those patterns may have been maintained through
reproductrve advantages of breedmg with familiar partners individuals breedmg wrth
\a famlhar partner had hlgher reproductrve success and . produced hlgher quality
o 3
chrcks than mdmduals breedmg w1th an unfamrhar partner Breeding on familiar‘
‘areas did not appear to mfluence reproductrve _success. Although"rnales and 2
females swnched terrltorles followmg low reproductrve success, they d1d not have
moved or than the paxrs on thelr forrner .territories.
| After controllmg for dlfferences among years, age classes and individuals‘
. palrmg wrth famlllar partners, ‘an- andlwdual s reproductrve success one year was
Y

not related to its prevrous reproductrve success. Some territories, however,

consrstently had parrs wrth earlier dates of first egg and relatively larger clutches.

?

This difference among~ terrrtones may not have been detectable at the time wrllow .

ptarmigan settled. In ;hrs population famlharrty with partnersrappeared to g
. P

»

& . ' v

)

hrgher reproductrve success or produce hrgher qualrty CthkS after than before they :
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1. GENERAL INTRODUCTION
Most spec1es of north- -temperate and arcuc birds are rmgratory Each
spring mdlvxduals must establish or re- establlsh if they bred in, previous years, a
breeding . territory. Orians (1969) and Fretwell and Lucas (1970) proposed ‘that
individuals choose among potential areas and settle in a manner that maximizes

K
their survival and reproductive success. "This, is an intuitively appealing hypothesis

1

and, with support from studies on maiing systems (Garson et al. 1981) and
settlement Qpattems (Searcy and Yasutkawa 1981, Y\Wittenberger 1981, Greenwood' and
I:Iarvey 1982, Blancher and Robertson 1985, Gottlander 1987), ‘has become widei':;'
accepted. However, settlemem may be more complex than suggested by Fretwell

and Lucas (1970). Fxrsl time breeders may be excluded from the best -areas

" and/or partners by previous breeders (K_orpima'ki +1988) although they should settle

in a manner that maximizes their reproductive success under the constraints

o

imposed. In populations where all areas and partners are of similar quality,

-individuals may not be able 1o make effective choices; here they may settle .

randomly or sirnply return to previous areas (Eliason 1986, Wootton et al. 1986,
Freed 19_87, Lightbody and Weatherhead: 1987, lLeonard and Picman ]988). Time
of arrival and spacing behavior may greatly influenc‘e settlement in such

.. 4
populations: »
If characteristics of the Breetﬁng'situation (e.g. territory and mate;

Wittenberger 1976) influence seasonal reproductive -success (hereafter called

'reproducnve success) individuals should allemf)t-lo 'choose good situations Dates

1}
on which termones ‘are -occupied or densxty of palrs in an area are correlated

[]
with characterlstncs of the habitat and partner in some studies (Andersson 1982,

Siegel-Causey and Hunt 1986, Belles-Isles and Picman ~1986 Eliason 1986, Nagata

i 1986, Yasukawa and Searcy. 1986 Clark and Weatheérhead 1987 Gottlander 1987,

14

" Leonard and Picman 1987, Powers 1987 Probst and Hayes 1987) but _not in

. others (Weatherhead and Robertson 1977, Bedard and LaPointe 1984, Searcy et al. ;

\ \ !

1y
o



1985, Bowman and Bird ’1986, Wootton - et al. 1986, Freed 1;987, Gauthier 1987,
I:ightbody"and Weatherhead 1987). The inﬂuence of ..charaeteristics of habitat and
partner ma)7 "\have, beenl overlooked in. these latter :';"studies; many variables may
. infiuence the quality of \\‘breeding situations and it is impossible to investigate
them all. |

Assnrning- that differences exist among oreeding‘situations" indirect methods-
may be used to evaluate whether individuals - choose srtuatlons that -maximize - therr'
reproducnve success. The first individuals to settle “should choose the best * - s
situations and have higher reproductlve success -than tndlvrduals settlmg later. In
addmon if individuals are breeding in relauvely -poor situations  they should switch
lo better situations= before breeding again. Results eonsistent._with,both these
predictions hatle been found. Garson et al. (1981), Ala.tglo et al. (1984‘), and
Siegel-Causey and Hunt (1986) found that the first individuals to arrive at the

breeding area chose territories where subsequent renroductive success. was the
greatest. Ageleffects may have confounded these analyses'(Korp‘imaki 1988)
because previous breeders often arrived earlier than ftrst -time- breeders (Eliason
1986, Frances and Cooke 1986). Consistent with the second predlctron 1nd1v1duals
with relatxvely low reproductrve success had a higher probability of sw1tch1ng
territories between breeding® seasons, than mdxvrduals with relatively high
- reproductive success (MacDonald 1977, Freer 1\979 Hilden. 1979, Lawn 1982,
Redmond and Jenni 1982, Oring and Lank 1982, Dow and Fredga 1983, Oring et
al, 1983, Skeel 1983 Harvey. et .al.- 1984b thelds 1984 Gratto et al. ‘1985,
Eliason 1986, Weatherhead and . Boak 1986 Gavin and Bollmger 1988) Whether
they moved to better areas, ’however usually’ was not evaluated

In some populations individuals - .may have opted . to return t© areas where -
,they were known to their nerghbors ‘Tegardless of thelr prev1ous reproductrve _
success, because terntory acquisition Was fess costly in_those areas (Yasukawa

1979 IaWn 1982, Eliason 1986, Robmson 1986 Plcman 1987, Stamps 1987). For
.3/-

<
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“example, in blue grouse ‘(‘Dendragapus" 6'bscurus; Lewis and Zwickel- 1981) and

painted buntings (Passerina ciris; Lanyon and Thompson 1986) males tfs‘ually

‘ ~
returned to. their previous territories even though territories where expected
-

\

-teproductive success was higher were vacant and being settled by first-time

breeders.. The lower cost of returning to a familiar territory may have increased

survival and more than compensated for the reproductive benefits lost by not

-moving.. . - L ‘ L

 Familiarity with area and/or partner also may increase the relative value
of a breeding : situation. Indfviduals familiar with their breeding area may spend
less time searching for resources and refuges and- have more time' and energv 10

produce offsprmg ‘than if they were on unfamrlrar areas (Greenwood and Harvey

1982). Individuals that paired together previously may spend less time courtmg

;and thus have more time and energy to produce offsprmg (Rowley 1983, Gratlo

et al. 1985, "but see Cooke et al. 1981 Cuthbert '1985') Familiarity betweeh

Cen

partners often will be confounded by famllramy w1th termornes because breedmg

site ﬁdelity is high in many species of birds~ (Gre_enwood and- Harvey 1982).

These. relationships may be further complicat‘ed if-v‘ reproductive suc(fessae is related.' o .
age since first-time' breede'rs (young individuals) cannot return to pre\lious partners
- .
or breedmg territories whereas older 1nd1v1duals can.
The overall aim of my research was \flo evaluate the factors that

influenced settlement and - site fidelity in a populatron of wrllow ptarmrgan

"(Lagopus lagopus alexandrae). at Chllkat Pass. northwestern  British Columbla. 1

analyzed settlement for each age-sex grdup «separately because the relative
importance of these factors may have differed between the sexes and between

first-time “and ‘previous breeders. This population was well suited for a study on

settlement patterns: boundaries. of a territory could be determined accurately in a-

'few hours, information could be obtained for 60 to 80 pairs cﬁeh )'lear, all

individuals could be caught and marked, reprdduétive' success ‘coula'be" determined,

B x - j



and 1nformation was avarlable from prevnous years for many individuals.

In Chapter II 1 evaluated settlement of first-time breeders (yearling
'mdxvrduals) Settlement should not have been affected by familiarity with area,
partner or nei'ghbor_s for these individuals because all. chicks moved :‘\from their
natal territory (Martin and Hannon 1987). Consequently, they should have chosen
territories .based on values of the breeding  situations, although they may have
been constrained by individuals that settled earlier. 1 assessed whether yearling
mdivrduals were excluded from sonie territories or partners by older- mdtvrdua’ls In
_ addmon 1 assessed whether the females that settled early acquired better srtuations
(had better survival or higher IepI'Od-l;C[lVC success) than those that settled later.
Lastly, 1 allowed twb sets of yearling females“/to settle or. the same sulte of
territories and determined whether breedmg srtuations were chosen in a con51stent
manner. In Chapter III 1 documented the pattern_s_.of site- fidelity and territory
switching for individuals that had bred previously and e.‘\}aluated whether these
patterns resulted in individuals selecting territories and pa’rtners that maximized
their survival and reproductive success. Results from Ch[apters II and III mdicated
that individuals were either not choosing territories and partners that maxrmized
~ their reproductive success, or t there were no differences among terntorles and‘
‘partners In Chapter na I exammed the latter alternative by determmmg the

amount of the variance in reproductive -success that was due to differences among

males, females and territories. ) L

" A. NATURAL HISTORY

As ‘background ,information I have presented 'a. short summary of territory
occupancy by willow .ptarmigan at Chilkat Pass. Additional  information on willow
ptarmigan in this ‘-areaj"‘can be found in Hannon (1982) and Mossop '(1'988).

WlllOW ptarmlgan breed 1n the subalpme Zone of Chlfkat Pass-

(northwestern Brxtrsh Columbra Canada, 59° 50" N, 136° 35" W elevation 890

-
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m): This zone is approxirnately ‘25 km long’ _and from 2 to 8 km wide, ‘with
‘numerous srnall creeks, ponds and wet meadows scattered throughout. During the 7
winter, between one and three meters of snow accumulates on the valley floor.
Snow-pack usually melts by. late May and the valley ‘floor usually remains free

of snow tntil mid October*.fAThe dominant shrubs, willow (Salix spp.) and dwarf

brreh (Betula' glandulosa) are between oOne and four meters 'taIl-.

Although, a few willow” ptarmrg@g were present on, or near, the ‘study
area throughout the winter; most individuals moved ‘1o areas with -taller and
denser vegetation (Mossop 1988,  Hannon and Gruys in press). Flocks, composed
' p'redominately of males, returned 1o the. breeding area in late Majl'ch and -early
April. These flocks broke up_on calm. days and lone or small. groups of males
roosted throughout the bvreeding‘ area. During 1986 and 1987 the study "e‘rea was
searched regu,larlyv for willow ptarmigan ‘orior to males becoming territorial. In
those years males sterted defending territories mnear the end of April and 139 of ‘
142 males began ,. defendlng territories, with stable boundaries, within one day of
each v(')ther. Thus., either males established territories within a day or they
establrshed them prror to actrvely defending them. During the month prior lo

males defending territories 128 of 142 rnales were observed on therr eventual
- .
'terrrtory at least once, and one ‘male was observed on his eventual terrxtory on )

14 occasions. ‘Thus, - some males spent considerable time on tﬁ termory before

actively defendmg them o /f : - — ‘ -

Although approximately 10% bf the willow ptarmigan® present on the study

"area durmg March and early Aprrl/
/

from therr ‘wintering areas § until la/te April At this ' time hens alone or'in small

were females, most females did not §eturn. -~

. groups, moved from terrrtory to /territory. Approxrmately 75% of the females ,
settled by mrd May and all settled by mid- June in 1986 and 1987 the years 7’°/ )
'when settlement was recorded accurately Between 1979 and 1987, 259 of 356

'males (73%l had ‘one female lsettle on their terrrtory, 32" males (9%) had two



. female remained _with their brood until flocks formed in late August..

s ‘t oe : . ‘. . ) .
females settle, 1 male (0.3%) had three females settle and 65 ‘males (18%)

no females  settle on their territory. After. settling, f:.males interacted aggressiiely

with other females intruding on. their territory. |
Egg .laying'started in late Ma\y." If the ‘clutch. ‘was preyed upon during

laying or incubation a second clutch was sometimes laid and 2 of 17 females

that lost thetr second clutch to predators lald a third clutch. One hundred and

frfty two of 170 pairs had their ftrst nests on thetr territory, the other 18 nests .

were S to 40 m 1ns1de nelghbormg territories. Clutches were incubated by

females, and males roosted approxrmately 40 me (range 5 to 180 m) away. Most

broods hatched in late June or ‘early Julv but some broods from replacement

clutches hatched in late July (Hannon gt al. 1988). Usually, the male and

Overall, males established territories two or three/ weeks earlier than

females. Both males and females restricted their activities to their territory. for

the two or three yveeks prior to laying, during laying and during incubation.

Unpaired males often left - their territory once ‘hens started laying on other

territories. Pairs that lost their clutches and did  not ' produce a secorid clutch,

_rernained on their territory for two to three ‘weeks  after 'losing' their clutches.

(‘\
Some broods left their termory within hours of the last ch1ck hatching

and more than 25% of -the - broods moved off . their natal - temtory durmg the

frrst week after hatch. The probabrhty of broods being found on therr natal\

‘terrrtory decreased and’' the mean dlstance from their territory mcreased with time

'_smce Aatching. <.Some flocks (young plus adults from two or more. broods)

v

remamed on "the breedmg area _until apprc@mately one meter of ° snow accumulated.
on the ground (W%S) After that most ' individuals moved 2 to 20 km

to areas thh taller and denser vegetatton for the . wmter (Mossop 1988).

Intrasexual _ aggresgon. by_ willow . ptarmrgan at Chrlkat_ Pass. was most
common - during the prelaying. and layinfg'_‘periods.  Territories pfobably influenced

= . S
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reproductive . success and/or survival for both ‘sexes; both males and (females“ 4
actively defended te;gitories (Hannon 1983). The most probable functions of
territories ,for will_oW p'tarmiga'ri' are o secure food (Lance 1978b, Millet and -
Watson 1978 but_see Steen et al. 1985), secure mates (Miller and Watson 1978,
Pedersen 1984) or decrease predation by increasing 'inter-individuai spacing (Hannon

1983).

(5]



II. TERRITORY “AND MATE SELECTION BY \RLING WILLOW
PTARMIGAN: - ARE DIFFERENCES AMONG ‘BREEDING SITUATIONS B :

e e

IMPORTANT - ?
- : : Y

A. INTRODUCT ION - ] ‘ ' N i

A fundamental assumptron of habxtat selection models is that 1nd1v1duals
‘choose breedmg ‘situations (terrltones and mates, Wxttenberger 1976) that maximize
their survival and/or and reproductive success (Onans 1969 Fretwell and Lucas/.
19_70). Pleszczynska and Hansell (1980) found female lark buntmgs (Ca lamosplz
melanocorys) to chose sites that maximize their reproductive success and

| Slegel Causey and Hunt (1986) found that the first double-crested cormorants

(Phalacroeorax auritus) to arrlve on the breedmg area chose sites where

reproduc_trve’success was the’ hlghest. For most species, however, evidence for ‘the
assumntion was weak . and indirectg;' individuals that switched territories between

years hacl loyver reproductive success prior to switching than individuals that drd
not switch»‘:-territories (Dow and Fredga 1983, Ormg et -al. 1983 Skeel 1983

Harvey et al. 1984b . Shields -1984, G'ratto .et al. 1985, Gavm ‘and Bollinger 1988

| but see Bedard and LaPomte 1984), although in  these studies . not _ all 1nd1v1duals “
switched territories followmg low reproductlve success. Bowman and BlI'd (1986)

and Lanyon and’ Tho;npson (1986) found that the first mdrvxduals to- settle did .
not have the highest reproductive success; factors other than expected" reproductive
success may influence settlement in these . populations Knowledge of refuges may
increase survrval (Greenwood and Harvey 1982) and famrlranty thh nelghbors may
decrease the cost of acqumng a territory (Yasukawa 1979) The resultmg benefrts ‘
from those  factors may more than offset any mcrease in annual reproductlve

success that - would occur if the mdxvrdual move to a better breeding sxtuatron

For spec1es~ 1\n»‘wh1ch mdmdua‘ls are mrgratory and have low natal

philopatry,- most first-tinte ‘breeders are not fa_miliar with any territory, parfner or



neighbors. .Co_nSequently, _farnilTarity will not  influence settlement for most
first-time breeders and‘“they should‘ attempt to choose the.‘ hest b_reeding situations
that are available. Some * territories{ may be \occupied by, older individuals because
they return and establish territories before. first-tlm_e '. breeders (Lack 1968, Bedard
\and LaPointe 1984, Efiason 1986, Frances and Cooke 1986). ‘.I‘n ' addition, previous
breeders may be dominant and exclude yearlings from ‘choice .areas (Lanyon ‘and.
Thompson 1986, -Walton- and Nolan 1986). If previous breeders ‘chose breeding.\‘ .
situations with the hlghest potenual for reproductton (Yasukawa and Searcy 1986
Gavin and Bollinger 1988), only relatively poor suuatlons may be avarlable for
‘JflI'St tlme breeders (Rrppm and, Boag 1974 but see Lewis and Zw1ckel 1981)
Those yearlmgs that arrive first may settle in the best . breedmg situations and
those arriving later may have only margmal habttat available (Fretwell and Lucas
1970 Siegel- Causey and Hunt 1986). Thus, some Ieprodu ftlvely mature yearlmgs
may forgo breedmg untll relatlvely. good srtuatlons become available (Lewxs and
- Zwickel 1981, Jamieson and Zwickel 1983) or they are able to evict a territory
owner (Arcese 1987, Eclrert and Weatherhead' 1987b). |

In -this Chapter [ determined ’(hether older willo-w 'ptarmlgan settled earlier
and/or evicted yearlings. 1 predicted 'thatv if yearlings were not excluded fro_rn “the
. best grgas’they would havet?'ll) had territories of lsimilar; size,” 2) ..st‘r'rvived as
well,” 3) had similar reproductive’ success and 4) .produced chicks of ;silnilar |
quality to older lndividuals. Differences between yearling and older .individuals may
be due to -yearlings heing eicluded from the ‘best territories although they could”
also be due to older 1nd1v1duals being more effrcrent at produclng offspring. 1-
also predicted that the first’ yearlmgs to settle would have chosen the best ‘
'breeding situations and thus potentially have survived better have had’ higher. |
.reproducuve success Or produced chrcksﬁjc higher - quallty than _those yearlrngs

settling la: er. Yearlings that settled relatlvely late may have had. poorer success

. simply beca"use they had less time to acquire the rtesources needed for survival or

v

aad
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reprodu&ion. However, if . the’se‘ relationships were not present then the first
~ yearlings to settle were not choosing better breeding situations than those settling
later. Lastly, I mam’pulated Settlerhent so two sets of yearlirrg females settled on
- the same suite of territories. If some -breedin’g- situations were better 'than Others,

I expected territories to have been chosen in the same order by both sets of

’ yéarlmgs

'A B. METHODS
Between 1985 and 1987 all wrllow ptarmigan on a 3 km2 area were
captured | usmg erther noosing poles (Zwicke] and Bendell 1967) or nets (Hanmon
1983). Unique combinations of a numbered ‘aluminum ‘and three colored plastic
leg bands were attached to all individuals when flrst captured -Sex  was .
determined usmg wing length height of comb and” plumage coloratron (Hannon :
and Roland 1984) and age was classified as yearlmg or older. based on the .
amount of prgmentatron on the erghth and ninth prrmanes (Bergerud et al.
©1963). -Each trme an mdtvrdualwas seen, its locatxon was recorded . in relatron o
perrnanent grid markers spaced 100 m apart,” placed throughout the study area.
Many mdrvrduals that. bred on or near the study area between 1979 and
: _1984 were marked as part of a prevrous study (Hannon 1983, 1984 ‘Hannon - and .
Roland 1983* Hannon ‘and Smtth 1984). In addmon ~ willow ptarmrgan near the
study aréa were marked and followed as part of . two other concurrent. studres
between:- 1985 and 1987 Where applrcable I,have. used 1nformat1on from those
studies to supplem‘ent the mformatlon 1 collected ’ | " |
| Terntorral boundartes were deterrnrned between mrd Aprrl and late- May
using srghtmgs of blI‘dS boundary drsputes and terrltorral calls (after Hannon
.'1984)- Most territories were contrguous and males often drsplayed fought and

called at the boundarres A few boundarres changed position by up to 20 m

from day to day (these shrfts changed terntorv size by less than lO%) lnA those
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cases, the boundary was assumed - to'. be the "-middle of the zone of overlap.,

Terntorres bordermg two large meadows on whrch willow ptarmrgan were seldom

observed ;gy/eie assﬂmed fo .extend 50 m into the meadow If a territorial male

s

'dted or dlsappeared durmg spring. the boundarres of surrounding territories were

re-determined.
In 1986 and 1987 territories were “searched at least  once every'fourth day,
usually every second day, betv'yeen the arrival of females and the start of

incubation. Patterns of molt were.used to identify unbanded- individuals. Females

_ were clgssified as settled if they were presemt on -the territory for three days and

. "~y S
were assumed to have settled mid-way between the searches when they were not

seen and first seen. Dates of female settiement were not determined  during 1985

because territories were not scarched as frequently that year. Nine females (5%)

moved after being classified as secttled, and their settlement date was taken -as.

.

the time they settled on the territory on which ghey nested. Subsequent to

- settling, hens.- were captured and equrpped wrth a_ radro transmttter Disturbance

and radio-telemetry may have’ sltghtly mcreased predatron on clutches (Appendlx

1), but this should not bias m‘y»conclusrons because 1 evaluated dtfferences.‘
between groups of individuals- and most of the fernales in all gr'oups had .
transmitters.

Mating status of each male (paired 'versus unpaired) was determined'..Nests

‘were found using radio-telemetry, with the aid of pointinglvdogs, or by searching

around roOOsts of' males. Reproductive success was higher for first than. for

;subsequent nestmg attempts in the same year (Martm et al.. in press) To have

data that were comparable among pairs, measures from frrst nestmg -atiempls - were

compared. Clutch size at. the start of incubauon and number of chrcks that left

the nest were determined,by flushing the female from her nest at »the start of

1ncubatton and co¢nting hatched eggs, respectrvely}rood srzes and post- hatch

- »Lé)catrons of broods Mermmed at least once every fourth day. until mrd
& . . : . )
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September, during 19485.. Due to problems with capturing females ‘after .their chicks

could fly, transmitters were removed from females -on the day their 'brood ‘
hatched . in 1986 and 1987. In those years broods ‘were located subsequently by
seafching with the help. of pointing‘ dogs. Number of CthkS that fledged (number
of flying chicks alive 15 to 25 days post hatch) was determmed Fledge counts
were used only if they were consrstent or were obtained in an area where CthkS
could be observed easily. - N .

.4.\

Sample size was larger for the clutch size analyses than for anal?ses

_involving ‘number of chicks that hatched . or fledged because of clutch loss. In

addition differences among groups in the number of chicks that hatched and the

~n

number of chicks that fledged reflected the differences in clutch srzes Throughout

the thesrs 1 have presented data on clutch srze for first nests. For. completeness,

- the comparisons involving clutch size at hatch number of chicks hatchmg and

number of chicks "fledging were given in Appendix 2 Recruitment of chicks to

_the breeding populatron was - not analyzed because natal phtlopatry was low (all

chicks moved from their.- natal territory, Martin and Hannon 1987); ~young‘ that
Y ) . \- B .

,disappeared'may “have dispersed and recruited elsewhere ~Two measures of seasonal

‘reproductive success were analyzed: 1) whether _or. not the mdivrdual had any

CthkS hatch during the “season and 2) ‘the number ‘of - fledged chicks that an-

~ individual produced ‘during the season.

The, probability of chicks . .surviving to reproductive maturrty and acquiring a
breedmg terrrtory may differ among broods Chicks , .produced earlier may have a
higher probability of recruiting (Dhondt and ‘Huble.1968 Arcese 1987, Martin and
Hannon 1987). In addition, heavier chicks may become dominant as- adults .

(Roskaft 1983, Murphy 1985) and/or survive better (Moss et al 1981 but see

~ Martin and Hannon 1987). especrally durrng adverse ‘weather conditlons (Middleton

1982). 1 analysed twor potenttal measures of chrck quality: 1) date of frrst egg

(date the first ecg of the clutch was laid) and 2) chick weight (mean body

PN



13

mass at hatch for chicks from the brood),‘. e o |

- -

Date of first egg was calculated by back-dating from the date the clutch |

or brood was found using parameters estimated from this population U(ﬁppendix

2

' 3;"\Hensa.with ‘nests found prior to incubation were'assumed to have laid one

. oegg every 11 days Dates of first egg for clutches found between the first and

twelfth day of mcubation were estimated as the date the clutch was found mmus

the number of days it had been mcubated minus the - clutch size. Up 10 day

twelve of mcubation the number of days a. clutch had been - mcubated could be .

/

deterthined by floating the eg% in. water (Westerkov 1956) If a nest; ‘was found

oy ) Leg.

- after the' twelfth day of incubation,’\date of first egg was estimated as-date' of
hatch minus.. 22 days minus clutch size. Fmally,' if -a nest: was not tound but
.chicks from a 'brood were caught bcfore they were ten davs old date of first
. egg was estimated ’as the date the  chicks were caught minus  the age of the
chicks minus 29 days7 Age of- ‘chicks could be . determmed for up to- nine. days
aft’er_hatch using wing length (Hannon, unpublished data)

Breeding ir;lividuals were defined as survxvmg if " they were observed in a
'subseguent year This measure was confounded by disi:ersal but of '»the breeding
mdlvxduals known to have moved, only 8% (Chapter IN; Figure II-1) moved
more than “one territory between years and an area, at least one territory wide,
around the study area was searched each spring. In addition the 1dent1ties of
‘ birds‘, in flocks nea'r'_} the study area were 'recor.'ded ~each spnng.v
| * Territory _size‘,"date on-.»v'vhich female set'tled:," survival of adults, mating
“status, reproductive success and quality ; of chicks produced differed among years
(A'ppendix_4, Hannon et al. 1988). Therefore, 1 standardized. data ‘f_or variation‘“
among years (grand mean minus yearly mean was added to all values, for a.
year; Perrins and Jones 1974). It was‘ not possible to standardize categorical

variables for year “effects and sample sizes were not large enough to include year

effects ™ in ‘the contingency -analyses. - As a consequence “of data being combined

1
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,amqng-_ years ‘ilnterac'tions between _year effects and other factors -could ‘ not be
analysed. i | . B '.°A\ - . | Y E
Clutch size was related to date of first egg and chrclt werght was related a
to both” clutch size and date of. frrst egg Thus snafyses of covarrance'.
(ANCOVA) were used to . evaluate drfferences in clutch sizes over and above that
" due- to date of frrst egg (date of frrst egg * was - “he covanate) and for-
drfferenees 1n ch1ck wéights over znd above that due to clutch srze and date of

1

. first cee (clutch sme and date of first egg were covarxates) These variables have
been renamed, relative clutch size and relative chick werght to reflect the relative
" nature of these analyses. There were © 1o mteractrons between .the factors ‘and
covarlate(s) 1n any of the analyses
1 mcluded males and’ females as separate factors when: evaluating whether.
s older mdlvrduals fared better than yearlmgs Umque sums of squares (Norusrs
'1986) were used b‘écause these ANCOVAs and ANOVAs were not balanced x:or
categorical vanables 3 way contmgency analyses were used lndrvrduals wrth famrhar
partners were not included in “these . analyses because famrlrarlty w1th partner may
have confounded the differences among age  classes (Chapter I11). Sample srze '
: constramts pr.ecluded excludmg pairs -on famllrar terrrtorleS' that should n'c')t
confound the comparlsons because pairs on. farmlrar and unfamiliar terrrtorles nad \
srmrlar success (Chapter I1). '
In analyses in which the. indlependent' variable was cqnt'inuous »(date of first
egg or ‘lerritory" size) . slightly . diffe_ren‘_t .analytical techniques were used. Date
female settled, seasonal'fledging.success and date of frrst egg were analysed
using simple l-inear regression Relatlve clutch size’ and relatlve chrck werght were

analysed using’ resrdual analyses (Atchley et -al. 1976): Age ‘of partner female- co

survival total clutch loss.and the probabrhty of producrng chicks in the season

n.'

were analysed usrng logxstrc regressnon (Drxon 1983)
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I “chose. ‘to test for sxgmfxcance only when sample sizes of the groups

were greater than five for the ANOVAs and ANCOVAs and the lowest oW oOr

' column total Was greater than five for . contmgency analyses. Means were- vpre‘sented -

©

+  one standard .deviation. I judged relationships as srgmficam if. the probability

of occurrence ‘ES ‘chance was less than 005 Sample sizes differed among tests

¢

:because ~some data were missmg _ c
- : N -

‘Manipu'lation 'Of 'VSeItlement, For Yearling ‘Females

i_ ‘During. _1987'year1ing' ,fernales_ were allowed to settle on a group of 30

territories where females that had ‘bred there previously had been removed

'(cap'tured 'an.d-- held~ in cages or shot) when - first sighted. Starting 23 April

territories were searched systematically to determine when yearling females settled. ™"

Irr ths experimem a female was classrfied as’ settled" if. her ‘mate followed her

ra

: around > ‘was difucult to chase her from the territor) and she returned shortly

-

after being chased away. Mld-way through the period when females were settling

\

on other areas (3 May), all yearling females that had settled on “the. experimental

“area were 'rernoved-. Anether set of vearling females allowed to settle 4 May to

. * - ‘
12 May.. This created "two periods where the same suite of territories and males

. : s - “/ :
were available for ‘'yearling females.

C. RESULTS o .

Are Yearlings Being Excluded From The Best Areas ?
\. ’

Males - Both yearling and older males were present on the brecding area
prior“to territories being defended. Thirty-three of 36 yearling males became
territorial at the same time as older males;- but three established territories
approximately' twd weeks later. Breeding site fidelity .was high for returning males

(Chapter II1), so yearlings. were restricted usually to the area previously occupied
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by - males that died; - 32 y*ﬂmg males settled on temtones of non returnmg males
lvand 4. yearlmg males inserted between the terrrtorres of returnmg males Terntonesb
. may. have been selected pnor to the aqtrve defense of them (same termonal
‘vocalrzatxons were heard m late fall and early ‘spring) and older males may have
"had an advantage at thrs time. ' .
Yearlmg males had a lower probabllrty of acqumng a partner than older

_males (X2=47.1, df 1, P< Ol 64% of 143 yearlrng and 93% of 208 older males
'were palred). None of the yearlmg males that estabhshed a terrrtory by msertmg
between the territories of returnmg males acquired a partner " Yearling males that
acquired partners had srmrlar survival, srmrlar lreproductlve success and produced
chiclts ofﬁsim.i_lar quality to olde'r malesv (Table II-1A° and I-1B). Tlrus, the only
difference b‘etwe.en tlre success.'of older ‘and yearllng males was that -many v
yearlings did not acquire a2 partner -

| . Srze of terrltory \‘as posrttvel\ related to the number of females settlmg
on it (oneway ANOVA F=18.7, P< 01 unpalred monogamous and bigamous
kmales had territories of 38+20 N=43, 46+23 N=181 and 6.2£2.0, N=25
ha;- respecuvely). Survual reproductrve success and quality of . chicks produced

were not Telated to ’territory size (Table II-2;,: polygamous females :/ere assumed

to divide their male's territory‘ equally)'. Possibl‘y, if females had scttled on very

small territories, 'the ones not selected, they would have had lower survrval lower.

!

reproductive success Or produced lower quality chicks. An alternative explanation
for there .bemg a relationship betv;een a male's mating status and his territory

size, was that a rnale's" qualit'y was reflected in both. However, males that did
and did not: acquire partners had similar survival between years (X’=1.8, df #1,
P=.18; 170" of 284 males ,‘(60%) that acquired a  partner- and 31 of 59 males

(53%) that did not acquire a partner survived. to the next year) and all

unpaired males acquired partners the following year. Therclore 1f unparred males

or therr territories were of relatrvelv low quality therr quality increased between
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Table 'I1-1A. Date female settled, survival, ‘reproductive. success, and quqliiy of chicks ﬁroduced

" for pairJQgc categories of willow ptarmigan. Means (standardized for year effects) ¢t SD are

I~

17.

~a °

N

]

presented for continuous variables, percentages are presented for categorical variables. Sample

sizes are in parentheses.

Pair-age Categories

.. old

malcs: yrl old “yrl _
N fcmaleg: yrl . - yrt old old

Date Female Settled (May) ”_7.3:9.3 @21 8.6+12.0 (35) 9.91¢5.9 (41) 7.8¢18.0 (1?)
Male Survival (%) 59 (56) 56 (57) V64 (14) 48 (23)
Femate Survival (%) 55 (86) 48 (87) - >47 (36) 43.f§7).
Reproductive Success

Relative Clutch Size 7;7:1.1'(60) - B8.0¢1.2 (71) . 8.5£1.0 (17)  8.2:1.1 (43)

Total Clutch Loss (%) 52 (60) 48°(79) 52721 49 (49)

Produce CHi;ks In Sénson %) 80 (95) 76 (114) 90 (40) 73 (56)

Season Fledging Success
Chick Quality

Date Of First Egg (June)

4.621.8 (34) 4.5:2.1 (51

5.1£2.3 (12) 4.5:2.5 (18)

3.613.5 (99) 3.884.1 (112) 3.1:2.9 (38) 3.926.2 (103)
Relative Chick Weight 14.420.9 (19) . 14.6£1.0 (35) 14.810.6 (9) 14.621.0 (27)
[ . - v
a - yrl=yearling, old=older
?



Table I1-1B. Tests-of. diffefences between pair age categories of willow ptarmigan for .

date female settled, survival, reproductive success,.and quality of chicks produced.

Two factors were used in tﬁévbnalyses;'hale:age and female age.

, . Interaction Between
Effect Of Effect Of Mate Age And

Male Age On female Age On Female Age @
7 R U X P
.
Date Female Settled 0.2 .64 . 0.0 .99 0.7 .41 L~
Male Survival o 0.2 ¢ .68 v 0.2 .67 0.0 .84
Female Survival 0.8 .37 0.8 .37 - 0.1 .81
Repcoductive‘Success
‘Relative Clutch Size ¢ 0.5 .47 7.7 .01 1.7 .20
ntal Clutch Loss - ' 0.2" . .63 0.0 .96 0.2 .70
F oducé Chicks In Season 0.9 .33 0.2 .66 0.2 .65
Season Fledging Success 0.0 .95 v 0.7 .41 0.0 .99
' . % '
Chick Quality N :
Date Of First Egg 0.2 .64 0.0 .98 0.0 .97
Relative Chick Weight ¢ 0.0 ’,.aa 1.2 .28 0.8 .37
a - for contingency analyses the test for the three-way,.interaction is reported
b - F is reported for ANOVAsS or ANCOVASs, X! is reportedlfqr contingency analyses
¢ - unpaired territorial males are included in this analysis
d - date of first egg is used as a_covariate in this analysis .
e - two covariates are used in this analysis: date of first egg and clutch size
< * i

18



Table 11-2. Date female settled, survival, reproductive success and
quality of chicks produced in relation to size of territory for female
Qillou ptarmigan. Continuous and categorical variables were analysedwfl'

using least suares and logistic regression analyses, respectively.

Relationship ! -
With Territory Size Regression » Sample
i Coefficient Size
——T i
. E7x? [4
Date Female, Settled 0.0 .91 0.07 84
Female Survival 0.0 ' .92 NA 158
Reproductive Success
"Relative Clutch size P 3.8 .05  0.07 140
_Total Clutch Loss . 0.1 .78 . ) NA . T 194
Produge‘chicks In Season 0.7 140 NAL L 222
Season Fledging Success ° 0.8 .38 0.10 i 74
Chick auality
- . N
Date .Of First Egg 1.2 .8 0.17 - 181

Relative Chick Weight © .00 .16 -0.76 -oon

NA - not ‘applicable

a - F is reported for least squares regressions, X! is reported for
logistic regressions - T .

b - date of first egg was used as a covariate in this analysis

€ - two covariates were used in this analysis: date of first egg and

clutch size
’
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‘y'earsf/‘i}ossibly, "ma]fs fared better because the size of - their 'territoryb"in'cr'easﬁﬁ
betweer years (Chaptet I). s . '

M - When -the; first arrived - in the - spring, females foraged, roosted and
were t:/ourted by. _males on many differettt | territories. ‘The date that females settled
wetg sim\ileﬁ‘\[ for yearling “and older females (Table iI-lA and H-IB) There was
no e\'tdencet of females being: ev1cted after they had settled by later arriving
females; the nine females that moved subsequent to settlﬁg did so at leaslt two
days Dbefore another female settled on that. territory. Thus ‘.year‘ling_ femgles had
the potential to get breeding situations bthat were as good as those obtained by

older ' females with non-returning partnets. Females that paired with their previous
partner, however, settled - earlier than other females (Chapter III) and .always
returned to their previous territory. |

Yearling females. settled on territories of 'similar size, survived as we.ll, had
similar reproductive success and produced chicks of. ‘similar quality to older

females, except that older females had clutches with 0.5 more eggs (Table I1- lA

.'and II-1B). The larger clutches of older females. translated mto 04 more CthkS
and. 11 more fledgltngs (Appendlx 2).- Yearling females had potential to get
breedmg sxtuattons of 51m11ar quality to those obtained by older females. Possibly,
however, th‘e\ys_ were less able to discriminate among quahues of breeding situations

“than older femdes and thus made poorer choices or alternatively, olde'f females o

were more efficien? at producing offspring.

Choice Of Breeding Sttuatlon By Yearling Females

These - analyses were done for females only because I was not . able to
document the order of settlement for males, most “males started defending their
territories on the same day. Yearling females settled between ‘26 April and 7

June. Age of partner, female survival, reproductivehsucce_ss and quality of chicks

od
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produced were’ not related to the date yearling females settled (Table II- 3) Thus
yearlmg females that settled early did not acqulre -better breedmg sxtuatxons than
those settlmg later.

'Eletren older males, 10 tlearling males and' 9 males of - 'unknown age had
'terntortes on the experrmental area in 1987. Males of unknown age probably were :
yearhngs because all the males on thrs area durmz 1986 were banded and males
seldom sw1tched territories (Chapter III). Fifteen females that bred on the area
durmg 1986 returned during late April 1987 and werée removed. Twent) two
yearling females were on the, experimental area ,and were ~rerr'10ved ~at the end of
the first period. thteen of the‘se é’ females we)re cla551f1ed as settled The other
7 were not mcluded in the analyses ‘but were rbmoved ‘because they may have
selected a 'terrttory even though they were not acting terrxtonally. This would
have biased the order territorics were selected during the second period. Fourteen
‘yearling 'femalcs settled during the second period.' B o .

Appr‘oximatelv half of the territories on Which. females settled during the
first period were chosen  again durmg 'the second pertod (Table Il 4, Figure II- l);
This was not different than that e'(pected iff 2 maximum of one female settled
on a territory and females.chose territories at random (X*=0.0, df :1 P=1.0).
The rank order that territories were" chosen was not correlated between the two
periods (‘Iz,..33., N=7, P=.38; Kendall's rank correlation) .

Females did not settle with older males preferentially to yearling males

(first period X?=0.1, df=1, P=.82; second period X!=1.2, df=}"P=27) or -

territories .on the edge of the study area preferentially _to_ ceniral territories (first

period _X_’:O.6, df=1, P=.35; sccond period X’=0.1, d'f=" 80). In addition,

they "did not choose large territories first (first period J=0.28, N= 15 P=.19,

- second period T%=-0.08, _l\_1=15,"E=.75; Ken.dall's -Tank rrelatlon between territory -

size. and rank order females settled for that period). @nly territories with
. accurate boundaries were inchided in this anal¥sjs:
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Table 11-3. 'Ae of partnef, survival of fé&gﬁg, ropeructiéz sdééE 2

)

Lot 4

quality of chicks produced in relat?ﬁn‘to the(@%?ﬁ yé&rling feMaléfuil
. 2 ., . R E A, .',? . EERY

. [T

ptarmigan settled. Contihuous and categorical ¥ar aples were-analysed *
, A ! pies were: .

- ST o
using least squares and logisti€.regression analy .s$‘re eqtively.
FRE "y;'\r '«;" R
‘ I PR -

= -
¢ v

DRelafionship
With Settling Date

«

Ase Of partner 02 v owm s _
Fema}é survivat R CoNA 40 i
Reproductive ‘Success.

Relative Cluteh size » -+ 0.0 .33 ‘ 0.01 - 48. S

Total Clutgh Loss . ’ 0.2 Y ‘NA ‘ ' 55

Produce Chicks In Season 0.0 :87>‘ : » NA 5;

Segsqn Fledging Success 0.3 . .62 ) ) 0.04 14

‘Chick Quality s , S : ‘ ’ {
Date Of First Egg . - 0.8 . .3? 6?04 55
Relative CKick Weight © 0.0 g7 0.03 27
- -

NA - not applicable , . < :
a - F is reported for least squares regressions, X! is reportedé%er
logistic regressijons ' )
b - date of first €99 was used as-a covariate in this analysis -
€ - tWo covariates were used in this analysis: date of first egg
and clutch size . e

A
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Joble I1-4. The number of territories on which yearting female'willow ptarmigan

' ~ settled during.the first and/or.second period of the experiment, 1987. . The
number cxpectéd for each catbgory, if a7ﬁnximum of one female settled on each
territory and females were choosing territories randomly, is given in

vp parentheses.
£
. 3
.3 ke First period |
K Female A Female Did Not
Settled ’ - Settle
- ) [
A Female . i '
Settled 7 (D 7 (D
N Second .
7 Period A Female
) Did Not 8 (8 . 8 (8)-.
Settte :

23
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D. DISCUSSION | - )
-~ Are Yearlmgs lExclu-ded From The Best Aieas " .

Males - In both this and other populations of L l_a_ggi&s .(Watso_‘n 1970,
V\iitson and Mlller 1971, Miller and Watson 1978, Hannon 1983, Pedersen J984),
males on larger territories were more likely to acquire a partner than males on
smaller territories. At Chi&[;at Pass older males had a higher probability of
acquiring a partner than yearlmg males pos51bly because females tended to return
to their previous parmer between years (Chapter I1I).

Yearling males usually were restricted to areas that were vacant due 10
overwinter mortality of the previous owners.. Some yearling m_ales may‘have .had‘.-.
the choice of establisbing a small territory or not having a teiritory. By .
acquiring‘ zi' .s‘mall territory they may have gained the foot-h‘éld'.thal was necessary

_to breecl -in future years. ,Sixnjla;r" 'lo.red-w'inged blackbirds (Agelaius - phoeniceus;

Qicman: 1987). retu-rning rnale willow ptarmigan incteased the sizehvof their
territories “between yeai'sl (E:ll.3, E<.OO, a_le, 70; repeated measures ANOVA)
and all unpaired males acquired a pariner the following year. ‘However, yearling
males that did not establish a ‘territory'b‘ut JTemained on the area tﬁoughou't the -
surnnier(,/,ﬂ/so may have been able to establish a territory in the future as
~observed in other Qspecies (Yasukawa'l9.79,: Jamieson and Zwickel 1983, DeVos ..
1983, Arcese 1987). The eosts and benefits 'bfA establishing a small territory have
not been determined although Watson and Jenkins (1968) and Watson (1985) |
sted that male red grouse (L lagopus) without territories had low survival.
Male L. lagopus on larger territories had a higher probability of acqumng'
a partner (Watson 1970, Watson' and Miller 1971, Miller and Watson 1978, -
Hannon 1983, Pedcrsenwl984, this study). These results were’ surprising' since a

female's reproductive success was not related to the size of her territory (Watson

and Miller 1971, Miller and Watson 1978, Erikstad. et al, 1985, this study) and . _
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there. was no relat10nsh1p between 51ze of terntory and the%rder in whxch
1 .

terntorles were selected by yearling females in the natural situation orkihe
expenment. Possxbly females settled without regard to the boundarles of. 3 male's
territory.‘ If th1s were true, larger - terntorxes, by virtue of covenng more area
than small territories, would have a hxgher probabtlxty of females settlmg
Alternatlvely females may have settled w1th .a partlcular male, but re&ulred a
minimum amount of space In thrs 'case fema]es that encountered relatxvely small

territories ma) have opted to move to larger territories.

Inter female spacmg has been suggested to reduce’ predauon on adults and

clutches (Herzog and Boag 1978, Krebs and Davies 1978, Plcma% 1988) and this

)

may be the reason females require a minimum amount of space However I
found no relationship- between terrltorv size and survival. of female or clutch loss

and ORetllv and’” Hannon (in. press) found that clutch loss was not related to

s

spacing of aruf'lcxal nests. |
- \ -

Territory establlshment by yearlmg males at Chilkat Pass differed from that
found - m red grouse (Watson and Jenkins 1968, Lance 1978a, Watso_n 1985). In
red_ grouse some oWers were evicted during the fall by y'oung males

Young males that ‘acquired territories and breeders that retained territories at that

tlme constltuted the breeding pOpulauon the next sprmg, although a few males
dled and were replaced by non-territorial males durmg the winter. . At Chilkat
Pass yearlmg males. gg)obably did mnot force previous breeders to abandon their
terrltortes in the fall mtra male‘ aggression was rare and —males often formed
flocks durmg the fall a d winter (Mossop 1988, pers. obs.). In addmon yearling
males _did not’ evict previous breeders when territories were estabhshed in the \
sprmg (pers obs.). - At Chilkat Pass, mortahty and srte fldellty of previous
breeders&reatly mfluenced the settlement -of yearlmg males Settlement may ?av?
defered between w1llow ptarmigan and .red grouse because willow -ptarmigan were
mlgrato_r; and.’ r_e‘d. grouse were sedentarv. A similar dxch_otomy has been found

.

LR

e
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for other species that were mtgratory (Plcman 1988) and those that were

\

'sedentary (DeVos 1983, “Arcese 1987, Freed 1987, but see Herzog and Boag 1978)

o : o ) >‘ ' /\
Females"* Wlth the exceptlons of territories where both members of a pair.
returned yearlmg female willow ptarmrgan settled at similar times to older

£
females, and older females d1d not  evict yearhng females after the )earlmgs had

settled. Thus, yearlings had the potentral to acquire breeding snuauons that were
as good as those obtained by some older females and had as much time to
gather resources needed for reproduction ‘as these older females. Yearlings,

however, produced smaller clutches and consequently fledged fewer ehicks than

Neither Martin (1985) nor Myrberget (1986) 'found differences in

reproductive success between yearling and older females in other populatrons of

willow ptarmigan. However. Hannon et al. (1988)4;%und that at’ Chllkat Pass
older females pairing with older males- started laymﬁarher a\n‘Qannon and

Smith (1984) found those pairs produced more ch_“ick‘ It was dlffrcult to e\alu

R

- differences among studies because data were analyzed d]fferently. In addition; the"
’ - - ) s e w . TR i
analvses may have been confounded by pairing with - familiaT partners because 1

‘found. famtharltv with partner influenced an 1nd1vrduals reproductive success

(Chapter III). Possibly, experience or age were .1mportant only under certain

environmental conditions (e.g. those at Chilkat Pass) since age was relafed to

.Teproductive success only at this locatron

Older females may have been able to dlscrrmmate among. breedmg situations

‘more accurately than yearlings and ‘thus acquired better territories. @lder females

.had knowledge from previous breeding seasons wheréas, s'i,nce natal‘ philopatry was

low (Martin and Hannon 1987), yearling females ‘pro_b‘abl'y .Telied on fea:tures that
were present at the time they settled. Approximately one' meter of sno'w*pack‘

was present at this time (Hannon et. al 1988). An alternative explanation for e
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older females producing larger clutches than yearlings, is_-that older females were

. » - . . ) . . " g . 3
more efficient at converting resources into eggs. This was not - evaluated in this

Choice VOf Breeding Situation’ By Yearling Females ~
_ There appeared 10 be large drfferences in physncal relref and _vegetation

b

composmon among terntorres (pers obs ») -and .one may have expected females to

have. chosen based ‘on those dtfferences especralIy smce reproductive success and

=

quality of chicks produced on some terrrtorles was consrstently better "than on

others (Chapter IV) Yearlmg female willow ptarmlgan at\Chllkat Piss d1d not
8...

settle in \the manner predrcted by Fretwell and Lucas - (1970) yearlmg females

"that settled earlv drd not fare any better than t’h){se settlmg later and choice of

breedmg situation was got consxstent among females in the expertment ‘Possibly,

the relatlve values - of . breedmg srtuatrons differed among females and each chose P

the territory ar. male that was best for her (Nur 1986) F}emales that switched

- terrrtohes between years pr0v1ded an  indirect test of this hvpo’thesiS' the) should_

@

_have moved to a_ better territory or partner and 1f thexr abrlrt) was srmtlar

‘among 5ears thelr reproductn’e success should have been hrgher after sw1tchmg

Contrary to the predlcuon females did not fare better after moving - than before

(Chapter III) nor drd they fare better than the female on therr prevxous

territory- (Chapter III).

A second pote'ntial explanation for the apparent lack -of selection by

')earlmg females was that 1f the probabllxty of. fmdmg ‘a suitable terrltory was

low o1 1f productlon of offspring was related to time of settlrng, it may not

have been to the females advantage to search further once -4 suitable breedmg :

‘situation was found (Alatalo et al. 1988 Slagsvold et al 1988, but see -

i . §7 .
Korpimaki 1988). Suxtable breeding situations probab‘l were not . difficult to find

"for female wrllow ptarmxgan because 1) 'he" did” nét settlc ons the flrst territory.

- .
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they encountered 2) after all females had settled some territorial . males did not
have_,_partners although ‘these tended to be males -on small terrxtones and 3)
females settled as sec‘ondary partners on large - territories, althoygh thns fr’ray not
have been p0551ble on. small territories (Hannon 1983) In‘ addition timing_. o_f
reproductlon was not related‘ to date of settlmg for wrllow ptarmrgan Thus it
was doubtfuL ‘that females were choosmg the frrst avallable situation. |

A third potential explanation for the apparent lack of choice by yearling

femal'es was -that -values of breeding situations did not differ greatly and females

.-would have gained httle attem tmg o rank them (Wootton et al. 1986). Quaht\ L

© "of - all breedmg snuauons mag have been srmllar if nabltat was homogenous and
partners  were all~'o_f similar quality (Searcv 1979, Wootton et al. 1»9867 Lightbody
and Weatherhead 1.9‘87) habitat was»heterogenous but. 'maleC'adjuSted Le.rr\it‘orv si’ze'
so” that terrltgjges were larger m poorer habitats (Seastedt and MacLean 1979,
Miller and Watson 1978 Watson et .al.’ 1984a) A fourth potentlal e\planatlon
for»bhe/apparent lack of choice by yearhng females was that although quality of

- territories and males mfluenced reproductlve success, vearlmg ‘females were unable

to assess differences among breeding “situations and did not choose good srtuauons S

(Searcy 1979).

~

- At Chilkat Pass all males mav have been’ of sxmllar quahty to‘.first-ti.rne
breedmg -females there were no apparent advantages o females palrmg w1th older
males (Chapter m\dlffe;ences among males did not appear to influence
reproductive success (Chapter IV) Some terrttones however c'onslstently \had

' earher dates of f1rst egg and larzer clutches that “others (Chapter V) : and itA

would have been benefmal for ’yearlmgs to choose those territories. leferences in ~

terrttory qualrty may have been too small for yearling females to assess (Wootton

“et al 1986) or the 1mportant habltat characterlstlcs may have been buried under .

the snow .v_vhen the females settled. Thus, as suggested for marsh wrens

(Cistothorus palustris; l.eonard and. Picman 1988), female willow ptarmigan.. may. -
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have been unable to make effective choices, eyen though~ differences wege present.

In other specnes (savannah sparrows (Passerculus sandw1chen51) Bedard and

LaPomte 1984 pamted buntings (Passerma ciris), Ellason 1986 bobolinks

. (Dolxchonyx oryzworus) Wootton et al. . 1986; tropical house wrens (Troglodytes

aedon), Freed 1987 yellow -headed blackblrds (Xanthocephalus xanthocephalus)

nghtbody and Weatherhead 1987) }males did not appear to settle based on the
Fretwell and Lucas (1970) model. Those, and the present study,. were in areas
with relatively high populauon densn) and consequently all terrnones may have
been equally suitable (Searcy 1979, Wootlon et al. 1986). Habltats may hav:'
been selected on a larger scale with individuals settling in gpdd before marginél

habitats, but choosing randomly within'.the good habitat (Weéthcrhead and Boak’

1986, Wootton et al. 1986, but see’ Gavin and Bollinger 1988). o
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II1. BREI'I)ING SITE FIDELITY IN WILLOW PTARMIGAN: THEV INFLUENCE
OF PREVIOUS REPRODUC’I‘IVE SUCCESS AND FAMILIARITY WITH:
- PARTNER AND TERRITORY
A. INTRODUCTIO%\’
In - many species of birds, indiv.iduals breed on areas they used in previous
years (Greenwood and Harvey h 1982). High site fidelity may act to promote |
pairing withn'familiar partners - or breeding on familiar'territo,ries,' both. of which

may ‘increase reproductive success. Individuals . pairing with familiar - partners may

.

‘breed earlier lhan- individuals with unfamiliar partners (Rowley 1983, Gratto*et al.

1985, but see Cookc et al. 1981, Cuthbcrt 1985, Freed 1987). Those individuals

aﬁso may forage more efficiently ’ryx be better able to avoid predalors on areas

where they are famrlrar with the resources and refuges (Greenwood and Harvey

: 1982). Srte fidelity could reduce the cosr%aj acquiring and holdmg territories

‘because nerghbors often recognize each’ oth

(Brooks and "Falls 1973 Falls and

Mchchol 1979 Falls . 1982) and -are less aggressive towards “known individuals than

Lowards unfamrhar individuals (Yasukawa 1979 Robmson 1986, Stamps 1987
Ydenberg et al 1988) Lo : — R o

Srte fidelity, "however, is not always beneficial. If characterisrics of

) ‘.territories ('Fretwell anci‘Lucas 1970, Garson et al. 1981 ~latalo et al 1986,

Stacey. and ngon 1987) and partners (Weatherhead ‘and Robertson 1979 Harve) et

al: 1984b Coulson and Thomas 1985 " Nol and Smnh 1987) mflucné

mdmduals reproducuve success mdrvrduals An relatrvely poor «breedmg situations
(havmg poor ‘{erritories or partners, Wmenberger 1976) may choose lo switch
territories before breeding again (e.g. -Darley -et al. 1977 Uow and Fredga 1983,

Oring and Lank 1982, Harvey et al. 1984b Shields 1984)

The relauve mfluence on site fxdehty of famrhamy wrth area, partuer and

\ ‘

neighbors, a_‘nd differences - in vquahty among breedmg sr;uatrons,, may differ among

31 .
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populations (Wootton et al. 19"6). Most authors have addressed only whether
individuals switched terrttortes as a result of .low reproductlve success (e g. Skeel

1983, Harvey et al. 1984b;" Shlelds 1984, Gavm and Bollmger 1988) or whether

they chose terrltorres based on charactertstlcs that. mﬂuenced their reproducttve

- success (e.g. Garson et al. 1981 Blancher and Robertson 1985 Siegel- Causey and .

;Hunt 1985). Relatxvely little emphasis has been placed on the the importance of

famtlxarlty with area, partners or neighbors (see%Plcman 1981, Wootton et al

\... BE HER

. [ 4
1986, Lan)on and Thompson 1986 for excepttons) even though most individuals

that bred previously attempt to settle',_o_rl~famtltar -areas, with familiar partners
and wr‘th ,farhiliar' neighbors ~('Greenwoo@ ‘and Harvey 1982).

In this - €hapter [ documentedﬂthe trequency of individuals ’re'ttlrrning to
their previous' territory and its association with past reproductive success to
determine 1) whe'ther individuals chose familiar- partners or territories and 2)
.whether individuals sw1tched from breedmg situations thh relatrvely low survival .
.and reproductlve success Then, I tested whether an individual's survrval,

- reproductive success .and - quality of chicks produced “was related to 1) Whether it
returned 1o its previous_ter_ritory or 2) ~whether it paired with its previous
partner. In addition, since females that switched territories usually moved to
territories of older males, I determtned whether ; females survtval reproductive
success and quahty of chicks produced was related to the age, of -her partner.
Lastly, for individuals that sthched territories. between years I evaluated whether.

reproductlve success oOr Cthk quaht) was h;gher after swrtchmg than before they

moved or was htgher than that of the pair on their previous territory.
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~ - Success y({‘\ b

. (8%) and 7 of 43 (16%)‘ SWitéhed following producing and not producing chicks,

‘-\ﬁ'}‘
: 33

'B. METHODS-

o

General field methods and analytical techniques ‘were described in Chapter
II. To avoid confusing switching territories  with expansion of territories an

mdmdual was class1f1ed as swnchmg territories between vyears only if its new

territory and IIS prevmus territory overlapped by less than 25

«

Site Fidelity, , Territory Switching And Their Relationship To Previous Rgproductwe

# .

Males - Breeding site fldehty was hnah for’ males; only 15 of 167 (9%) switched
I‘a

territories between years (Flgixre 1I- 1) Nme males that switched ' (60%) moved to

\

an adjacent terrn,ory but one, male moved 11 termones away from his initial

'terrxtory Yearling and older males had sxmllar probabxlmes of swnchmg territories

between years (Figure HI-2; X’—79 df 1, P= 09)

Unpaired males were more likely to swnch territories before the’ next
breéding season than paxred malcs (Figure III 2; X2—17I df=1, pP<.01,
monogamous and polygamous males were combined in the ana])f’s'es). The
probability of ‘males sINitching territories. was not associated with survival of their
previous partners (X2=2.8, .djzll, P=.10; 2 of 65 (3%)'and 5 of 46 (II%)
switched territories when their par'mers did and did not return, respectively). The

probability' of switching territories between yeaf x and vyear x+1 was not related

‘1o whether they produced clficks in, year x (X'=2.1, df=1, P=:10; 7 of 88

- respectively). Males with earlier dates of first egg in year x were more likely to

- switch than males with later ida_tes" of first egg (2(_2¥7.2, df:l, E-ﬂOI, logistic
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- regreséion; mean date: of first egg was 1.4 June =£4.1 days, ﬁ£7 for swiIchers
-and 4.8 June‘ A_'t3.-.3‘,days. N=84 for non-switchers). ‘This relati‘onShip:;;‘was
opposite that predieted since males moved from relatively goed' Ierritories; chicks
produced early had a rela}\vely hig.h probability of recruiting (Martin \and' Hannon
1987). The relatively early date of first egg for m.ales that switchedm territories
resulted in them switching following_ producing 0.5 more eggs, 1.2 more chi‘elcs
and "1.4 more fledglings than than males that did not switch. The sample%?ie,
however, was very small for males not switching t‘e.rritories (N= 3, 2, 1 for
3 ' ' ‘

c'l_uftch size, number hatching and nur_nbe‘r,fledginé respectively) and consequently

the results may not be robust.

Females - Forty of 129\ returning females (31%) switched territories -eet\w'een years
and 25 of these (63%) mo\ﬁd_to an adjacent territory (Figure III 1). Females
had a higher probability of switching territories between years than did males
(X?=23.3, df=1, P<.01; Figure III-1). Yearling and older females had similar
probabilities of switching territories between years (Figure II-2; 2(:¥2.8, df =1,
P=.09). . ‘ | ‘.

.On 80 occasions ‘both nmrs of 2 pair present “in v'eér x returned and
bred in year x+1. Flft) 51x of these pairs - (70%) returned o their previous
ternzf%‘r.ylr and paired with their previous partner (Table III-1). In 3 cases both
'members of a pair, present in year x had different partners m year x+1 and
returned again in year x+2. In one of these 3 cases, partnérs paired with each
other again in year x+2 Females had a higher probability of swnchmg terrltorles"_-'
if their prev1ous parmer dxsappeared than if he: returned (X’—-72 df=1, P=.01; |
Table IiI- 1) Thlrty -five of 40 female. moved to the territortes of older males,
whereas only‘ 3 and 2 moved to the territories of __}_yearling and unkn;wn aged U

males, respectively. Those females that moved settled with older males more often

that expected at random (X*=16.7, df=1, P=.01), p;feed on the age ratio of 1



..

Table 111-1. Number of female willow ptarmigan ?uitching territories betwWween breeding seasons
[

.

categorized by survival of their previous partner and fate of their previous territory.

// »
{ .
Male Surv?bwq_i_\' Male Did Not Survive And Female’s
N Previous Territory Occupied By
Male Returned To ° Male Switched
Previous Territory Territories Previous Neighbor. Non-neighbor A qﬁiz
_Female Switched 19 1 7 13

Territories
Female Returned To 56 ) ¢ P 13 9

Previous Territory ’ . e

.-

a - 20 of these males were yearlings, the age of the other two males was unknown
b - these 4 males re-claimed 30-70% of their previous terrotory but the female: paired with a
previous necighbor that owned the rest




~ yearling to 1.47 older' territorial males.

@.
Monogamous and bigamous females had a similar probabihties of sw1tch1ng
terrttories between years (Figure III 2, X?=1.3, df=1, P=.29). Females that did
not produce chicks during year x had -a higher probability of switching territories
between years x and x+1 than did females: the* produced chicks during year x -
(Table III-2). This analysis Was’ .confounded by whether or not the female's
.'prgvious partner returned. If he rettirned, the probebi_liity of hswitching was
associated with the probability of her’ producing chicks‘! in the previous year
(X*=13.7, df=1, B<-Pl; 5 of 7 switched subsequent to producing no chicks
whereas I7 of 55 switched suhsequent to producing chicl'c‘;s.): If he did not return,
probability- of. swftching was independent of the probability-\.of producing chicks
(X1=0.8, df=1, P=.37; 4 of 6 switched subsequent to producirig no chicks
‘whereas 13 of 28 switched" territories subsequegt to producing chicks). Switching

territories by females was not related to other measures of reproductivo success ©or

qualit) of chicks produced (Table IiI- 2)

Potential Causes Of Territory Switching And Site Fidglity

The high degrec of breeding site 'fidelity observed in this population would
be expec_ted if familiarity with area, partner or neighbors increased an indi\iidu;}l's
siirvi\"ald_"arid/or reproductive success. Therefore, I &w_a*iigi-ted the con_sequences of
‘s‘ettlingv}'~ oh familiar versus unfamiliar areas and with‘familia(‘ versus unfamiliar
partners. ;I,-n addition. since females usually moved to the territories of oider
.rriales:.l evaluated whether age of mate was related to a ferriale's survival and
'~reprdductive SLCCESS. ~Finally, since males izveref.more likely to switch territories
foi]oWihg low .- mating success, and females following low reproductive "success, I

evaluated whether they moved to areas that resulted in them bemg more

successf ui
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Table I11-2. Reptoductive success and quality of chicks producéd for female willow
ptarmigan that switched and those that did not swjtch territories between year x and year

x+1. Analyses involve variables measured during yecar x. Continuous and categorical
ity -

. . N 4
variables were analyzed using logistic regression analysés and contingency analyses,

respectively. Means (standardized for year effects) ¢ SD are: presented for continuous
‘ ———r *
variables, percentages are presented for categorical variables. Sample sizes are in

parentheses. : ) ’ . «fR‘

Switch Not Switch - x? P

\

‘Reproductive Success
L4

. Relative Clutch Size ® . 7.9:1.1.24) - 7.7¢1.2 (35) 0.4 .49
' Total Clutch Loss £%3{_A1 42 (24) 4349 0.0 .92
Produce Chicks In éigﬁps (2) 69 {29) 94 (69) 1.3 <.0
Season Fledging Succggg L L.Z;Z:? (10) 4_7+1.8 (33) 0.5 .84

\ .
i

Chick Quality

pate Of First Egg (June) 44563 (29) 3.7:4.1 (58) . 0.5 .69

Relative Chick Weight ” 14.9:0.6 (14) 14.4:1.2 (29) 1.0 .32

‘date of first cgg was used as a covariate in this analysis
two covariates were used in this analysis: date of first egg and clutch size

N



Familiarity With Area - All individuals6n familiar territories were older and

some weti: ‘with familiai‘ partner\s wli reas many individuals en unfamiliar territories
were yearlings and nome were with familiar partners. [ lEive not incfuded
individuals” that were pairing with their previous partner in these analyses. Sample
size was very small if onlv oldsr individuals were included in the analyses, so I
included both yearling and- older individuals. Qn’ly ‘the clutch size comparison f& @
feinales was confounded by age effccts",becavuse other measures of "repr‘oductive
success, quality of chicks produced and survival were not related to pair~age
(Chapter 11, Tables 1A aid 1I-1B). |

Probability of -males acquiring a partner in yearr x+1 was similar for
males that did or ‘did not switch leiritories (i.e. were on familiar versus
unfamiliar terr\ilo-yé's, Table 11I-3). In -addition, survival, ' reproductive success and
quality of chicks produced in year x+1 - was similar for males and females that
did or did not switch territories (Tables lII-3‘,and III-4). Thus familiarity 9\i,"ith |
territori_es appeared to be of  little value to either ‘males or female‘si

’

Eamiliarity With Partner - Only data from . older males paired with older females

were used in these analyses. to eliminate the potentially cOnfounding agé sffécts.

Individuals pairing_.‘\:vith familiai partners nevéi .switched teriitories ‘whe_re.as 8 of )
switched' territories. However, fami'liari_ty with area should not have confotinded the
analyses'_because there iiwefe.n'o» afn’pa're'ni advamages to being ‘von familiar territoiies; T
(see above).';\ - o ) ‘

Individuals that pairt;,d with their previous . partner laid their first egg .
earlier and produced relatively h-eavier. chicks than pairs composed of unfamiliar
p_artners (Table III-5). Starting to lav two days early tran’slafed ‘into 0.3 more -
eggs, 03 more chicks and 0.3 more fledglings (Appendix 2). Al’ilaough,i individuals

that paired with their previous partner settled earlier than pairs composed of
' » : : N .

% 4 males (24%) and 28 of 36 females (78%) paired- with unfamiliar 4partners L



Table 1Jl~3.‘.Survjval, pairing Stafus, reproductive sutcess and quality of chicks

.

produced for pale willow ptarmigan that did and did not switch territories between
year x and year x+1. Analyses involve variables mesasured during yéar x+1. Means

(standardized for year effects) + SD are presented for continuous variables,

percentages are presented for catcgorical variables. Sample sizes are in
" .

s S
parenheses..
‘ Switch Not Switch . E/xr e
Survival f%) - 50 (Q{ 55 (495 0.1 .79
_Acquired A Partner (%) - 100 (1) N 93 (75) 0.7 40
ﬂ Reproapctivc Success }

\\\ Relative Clutch Size ” 9.9¢4.8 (9) 8.6:2.2 (48) 1.0 .3
Total Clutéh Loss (%) ! 44 (9) ’ 42 (59) 0.0 .91
Produce Chicks In Season é%) 80 (10) 71 (68) . 0.4 54

;f“-Senson Fledg}ng‘Succcss . 329:1.6.(4). 4.6+2.3 (25) 1.}_ .27
' ;Chick 6ual:(y . R
: O‘p,te of ’Fi‘rgt Egg. (June) 4.5:2.2 (10) 6.3:5.0 (63) 1.2 .28
- Relnt%vF‘Céj%k Weight © 14.6%}.0'(6) 14.721.0 (34) 0.0 .84 ,

orted for ANOVAs or ANCOVASs, X! is reported for contingency anlyses
.}first egg was used as a covariate in this analysis . n
ariates were used in this analysis: date of first egg and clutch sife

v  aa
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T &el@twe Chlck \.Jelght ¢

Table 111-4. survival,

yenr x+1.

Analyses involve variables measured during year x+1.

reproductive success and quality of chicks produced for

-femate willow ptarmigan that did and did not switch territories between year x and

Means.

[

o

(standardized for“yehr effects) ¢ 8D are presented for continuous variables,

percentages are prcsentéd fgg categorical variables.. Sqmple sizes a}e in S
parentheses.
- _ Switch Not Switch F/xr 2 p
Survivai (%) 29 (14) T 40 (10) J. 0.3 .56
’ ' - .
Repr?dgcfive Sugcéss ) ) '
lﬁelatiie Clutch size 7.9¢1.3 (26)"  8:5:0.7 (13) -. 0.8 .38
—‘T‘otfvl;clutch' Loss I3 éé (29 60 15y, 0.0 .89
v sProduce Chlck< In-Season (%) 57 (30) 8 L Tas . 12 .28
Seaeon Fledglng Succces 5;6:217‘(73- i.é:é;s 7) 0.9 .37 )
Chlck Qualxty é -f»- Ll

Date Of Flrst Egg (Jung)

4.235.07°(30)

1426101 (A0y

_- ' - .
2:9:3.6 (14). 0.7 . .41

x

14.740.8 (6) - 0.64. .45

- F'is reported for ANOVAs or ANCOVASS

)

¥ {s reported for contlngcncy anlyses

b' - date of“flra} €99’ was - used as a covartate in this analysis

v ‘a

St n;" L .
. .09 .
- - N . : °
o o ., )
. . A .
. .
* <
° ) .
v > L3 )0
hd s
L I3

- --two covarlabes uere used - 4n th1s analyels- date of first egg and clutch suze

&
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Table Ifl-S.J;Dqte'female settled, female sugvival, reproductive success and quality of

chick§~prodyccd for willow ptarmigan, thatlpgired with their ptevious pértners and those

< e N :
.pairing.-with Unfamiliar partners. Means (standg;dlzed for year effects) + SD are

presented for the contimuous variables, percentagcs are ‘presented for catcgor\cal

variables. Sémple sizes are in phrcnfheses. ) a ¢ o
: . ,
) ‘ Prcvioﬁél‘ Unfamiliar : /X i P
.J o Partner . Partner - ’ ) )
. Date Female sét;led' h Apr®24.7:8.2 (20) May 7.8¢18.0° (19) 8.1 .01
Female Su‘rviva’l 3 3 (29) - - 43 (37) )f 0.5 .47
'Reproduc;{ve Sucscess ' ‘ a
Relative Clutch Size P 8.6:1.2 (29) 8.3:1.‘1‘_(43) . 0.0 .97
. e . ;
Total Clutch Loss () L5533 49 (49) .02t .62
‘Produce Chicks In §gason (%iA 70 (46) ) 75 (56) g.i";:..ﬁg;é .68
-season Fledging Success 5.9:1.7;’;‘11.) L 1..5:2'.5.(:18)5} ;3 N
ChiEk'0uality ": . : ‘ ‘if‘ - e s i
Date Of First Egg (June) ,2_.0:37'6 3) . 3.944.2 (55) 5.8 .02
Re“lativc Chick Weight © o 15.2:0.9 (14) o 14.6‘:1.0 (1??) s 4.7 .04

a - F is reported for ANOVA% or ANCOVASs, X? is |cported for contlngency anlchs

" b - date of first egg was used as a covarlate in this analysis § -

c - two covarlateq were used in this analySIQ' date of. fisst egg and alutch size

43



. unfamiliar partners (Table III-5) this probably was not the cause of laying

relativel)lr early because date of first €gg was not related to ddy \ female settled
for individuals not pairing with -.fa'miliar' partners: (Chapter II). Other ‘measures of

reproductive success, chick .quality and survival were similar for individuals that ,

':__;parred with their previous® partner and  those patred with an unfamtlrar partner

| ”"(lgawc II- 5)

e

Age‘Of Male - To avoid the confoundmg influence. of parrtng wrth famthar

-partners, only. females not patrme with’ thetr prevrous partner were mcluded when

evaluating the mfluence of “age;. of males Famtltarrtvf with territories “should not
[

have confounded the analyses because there were. no advantages 1o being on ‘

famtltar tefrttorres (see above) Survwal reproductrve success and quality of chicks
produced dtd not dtffer between females palred mtb yearlmg versus older males
(Chapter II Tables II 1A and II 1B ) Thus, vfema‘les”‘ that switched apparently

did not gain by pamng with older males.

¢

Le

Did Individuals Move To Better. Breeding Situations Between Years ? - Repeated

measures ANOVAs and ANCOVAs (before after switching  was the repeated

measure rn Table HI 8 prevrous present terrrtor) was the.- repeated measure in

ﬂTable I1-9) wereg-used to. control for varrauon among 1nd1v1duals and ambong

'y
territories. Sample siz¢ was insufficient- to uSe repeated measures analyses for
. 1“.
males. Famrlrartty wrth partners and terrl’torles did not confound these analyses

‘.because 1nd1v1duals that swrtched termortes never bred wrth familiar partners or

R

j‘on famrltar terrttortes The analyses ‘could be confounded by age cffects:;

1nd1v1duals WEIe younger durmg, the breedmg season before ‘they switched terrrtorres
.37 s

, ' / :
than during ‘the season afterﬂ Age effects were present for the probabtltty of

[N

males ac urrtng partner a d relative  clutch size, and thus those wer€ the only
q %; 3

Aanalvses that . were ctmfounded

.',\‘

Sy
N %f:‘\

&
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Males appeared to gain by swrtchmg territories; they had a lower

“

probabrlr;y of acqutrtng ‘a partner before than after sw1tchtng terrttortes (Table
-IIF‘G) Thts t-endency was similar for yearlmg and older males-(X;.t:O.Q,.. df=1,

P=. 34 3- way contmgency analyses using the factors male age, mating status and"

e

before*after swrtchrngf However all unpatred maks that dld not swrtch terrttortes
A

(N= 15) also acqurrgd a partner in the followmg year The mcreased probabtlrtv

t)
of acqutrmg a, parthr after swrtchmg territories .was not due t)o an mcreased

territory ,size; terrrtor‘y size wa’e srmtlar before and after swrtchmg (Table II1- 6)
Although sample srze was small males that were paired had srmrlar reproductwe
SUCCESS and produced chicks . of sxmtlar _quality before and after swrtchmg

L

territories (Ta-ble :(11-6). In addmon»'new pairs }(year x+1) on “the terrttortes that ¢

the males had‘roccupied prior to wrtchmg (\ear x) had similar success 1c the

Lo

males that moved' (Table 1I1-7, "again’ sample sizes ‘\were small) ?Thus males

’

probably «did not, gam or lose bv swrtchtng terrttorres

~

Opposrte to the predictions, females were more. likely,-to lose their- first
clutch 'a.nd produced relative’l_y ltgh-t ehrcks after swrtchmg terrttorres than they-.dtd
in the 'season prior (o switchmg (Table III-S) Other measures “of reproduetlve
success and Cthk quaht:v were srmtlar before and after swrtchmg terrttortes (Table
rI_lI 8).. New. palrs (vear x+1) ‘on .territories that * fernales had occupted pI‘lOI' ‘1o,
switching (year X) were as successf;ul as the females that moved (Table II- 9)

Thus, it appeared that females also .did now,t gain, and~possrbly lost, by swrtchmg‘

territories.

- D. DISCUSSION

Breeding site fidelity of willow ptarmigan at Chilkat Pass- was high even

_ though overwinter mortality resulted in about 50% of the terrrtortes being available

each spring.. High breeding - site. frdehty i common for many species of btrds

(Greenwood and ‘Harvey: 198-, Lawn 1982, Eliason 1986; Lanyon and ‘Thompson

K
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" continuous variables and percentages are presented for categorical variables.

N

Table I11-6. .Territory size, mating status, reproductive success and quality of

“chicks produced for male willow ptarmigan before;and after they switched

territories. Means (standardized for year effects) t SD are presented for

Sample sizes are in parentheses. Tests were not performed when sample size was

less than five for either group. 1

Before After F/X? P
Switching. . Switching

Territory Size 44214 (9) 4.8:1.7 (9) 0.3 .62

Acquircd.A Partner (%) © 36 (n 100 (1) © 103 <.01

Rébfoductive Success
Relative Clutch Size . 9.1:1.4 ¢3) 9.9:4:9 (%) -

Total Clutch'Los.s-_(Z)’, ) 33.(3) 44 (9)-
Producg Chicks In Scéson (%) 20 (10) ‘ 70 (10) )5.1 .03

o Séason Fledging Success S.401.2 () 59416 ()

Ghi;k Oualfty' » ) .
Date Of First Egg (June) 14541 (7Y 4.622.2 (10) 4.1 .06
Relative Chick Weight 13.5 (1) ' 15.061.0 (6)

a - F is reported for ANOVAs, X? is reported for the contingency analyses

b - this analyses was done using repeated measures ANOVA (before-after being

the repeated measure)
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Tablqﬁ*l%iz. Territory size, mating status,

chicks produced for male willow ptarmigan on new territories following switching
. ‘compared with pairs wthe male’s former territory. Means (standardized for year

1 effects) ¢+ SD are presented for continuous variables and percentages are

reproductive success and quality of

<

presented for categorical variables. Sample sizes are in parentheses. Tests

were not performed when sample size was less than five for either group.

Previous

Present F/X? E
Territory -Territory
Territory S%ze = 3.9:1.1 (5) 4.522.0 (7) 0.3 .59
e Acquired A Partner (%) 83 (6) 100 (7) 1.3 .29
D " Reproductive Success .
Relative Clutch Size 7.120.3 (4) 10.525.4 (7)
Total Clutch Loss (%) : 50 (4). 57 (7)
Produce Chicks In Season (%) 50 (6) 71 (D) 0.6 .43
Season Fledging Success 1.522.9 (6) 2.8:4.2 (7) 0.4 .54
Chick Oualit; »
Date Of‘qu§g.Egg (Junc). 3.4:0.6 (5) 4.312.5 (7) 0.5 .48
Rclativ&;%i;iﬁ?ueight 14.7:1.8 (2) 14.2¢1.1 (3)
RE . | |
a - F is reported for ANdVAs, X? is reported for the contingency anélyses

-

R -
&l
O

i
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Table IT1-8. Reproductive success and qdéfity;

v

a4

L .

- Oy "?.‘3'

willow ptarmigan before and 3ftéq;fhey switched

Sy

Sf chicks produced for femafe

territories. Means (sténdardized

for year effects) + SD are presented for continuous variables and percentages are

presented for categorical variables.

4

Sample sizes are in parentheses.

Before

After Erxr 2 kP

Switching Switching T

Reproductive Success ‘ .

Relative Clutch Size © 7.8:1.1 (fé)' 8.1:1.4 (18) 0.1 74
Total Clutch Loss (%) 33 (21) - 66 (21) 07 .03
Produce Chicks: In Season (%) 71 (24) 58 (24) 0.8 .35
Season Fledging Success 4.242.3 (10) 5.5:2.5 (10) 1.4°% 30

Chick Quality ~1§,‘ ‘ \ffg
Date Of First Egg (June) 4.624.5 (25) 4.125.3 (25) 0.2 .66
Relative Chick Weight 4 14.840.6 (14) 14.0¢1.1 (9) 4.9° o4

a -

c -

F is reported for ANOVAs or hNCOVASs, X? i
analyses

s reported for the contingency

these analyses were done using ANOVA or ANCOVA because sample sizes were not
great enough for the repeated measures analyses

date of first egg was used as a covarijate
two covariates were used in this analysis:

in this analysis .
date of first egg and clutch size

a8
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Table 111-9. Reproductive success and quality of chicks produckd for female
willow ptarmigarkon new territories following switching compared with the pairs
. . /
° . on the female’s former territory. Means (standardized for year effects) ¢+ SD are

"2 -
presented for continuous vqriablgs and percentages are presented for categor
Y. ) : " )
variables. Sample sizes are in_parentheses. 8
]
1 N rd
' .
Previous Present , E/xt @ P
Territory Territory ’

Reproductive Success

Relative clutcr};_';'size ¢ . 8.1:0.7.(13) 7.981.4 (13) 0.0 .98
Total Clutch Loss (%) 43 (14) .gjé) 1.3 ‘.24
Produce Chicks In Season (%) 76 (17) %(17) 1.2 .27
Season fledging Succéss » 2.9+1.7 (6) 2.421.6 (6) 0.4 —

Chick Quality
Date Of First Egg (June) 414 4 (15) 4.5£5.6 (15) 0.0 .84

Relative Chick Weight d 14.7:0.7 (10) 16.421.1 (7) 0.0 b .85

a - F is'reported for ANOVAs or ANCOVASs, X? is reported for the contingency

analyses

b - this analysis was done using ANCOVA because sample sizes were not great
enough for the repeated measures analyses

¢ - date of first €99 was used as a covariate in thig analysis

d - two covariates were used in this analysis: date of first egg and clutch size

49



_ - 50

B - 1

1986, but see Hilden 1979, Korpimaki 1988) 'including"?’tetraonid species (sage

grouse (Centrocercus urophasianus), Berry and Eng 1985; blue grouse (Dendragopu

obscurgs Lewxs 1986 ruffed grouse (Bonasa umbellus), Boag 1976; spruce grouse

(& canaden31s) Herzog and Boag 1978 willow ptarmxgan Pedersen et al. 1983,

Martin 1985 rock ptarmlgan (L. mutus) Unander and Steen L1985; and

whne talled ptarmxgan (L. ,c us) Choate 1963) Breeding {te fidelity may be

' resources and

o N

Plcman 1987) / " ) >

J

Familiarity With Area - The high degree yofj site fidelity found jn willow
- . )
ptarmigan probab]y was not maintained by benefits of being on familiar

'vtern/tones 1 found no advamages to mdlvxduals breedﬂg on f.amlhar VETSus
unfamiliar territories. These results were not due to an increase in territory
quality Lhat‘compensatedAfor lack of familidrity, because vmdlviduals breeding on
" territories that switchers had occupied«‘pr_eviously fared as \'avell as the switchers.
Although Gralto et al. \(1985) and Wegge ano Larsen (19871) suggested

Lhat famxlxamy with breeding territories was beneficial and may - have caused the

high degree of site fidelity they observed they did not test this prediction.

Metzgar (1967) found that white-footed mice (Peromvscus leucopus) had a lower

probability of being preyed upon if . they .were familiar with an area. Korpimaki

‘(1988) found that Tengmalm's owls ‘76Ae2olius funereus)\st'arted laying earlier and
laid more eggs on familiar than on unfamiliar areas, although t}}is'did not |
trenslate into increased fledging success. In adoition, his , analyses were confounded
by age of individuals and quality of the areés; individuals breeding on familiar

‘areas were older and on the best areas. More studiess are needed before the

general W of being familiar with territories can be evaluated hdequately.
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 Familiarity With Partner - Individuals that pair with their previous partner may

establish a territory and breed é_:arly, thus increading their reproductive success

»

(Rowley 1983). Those benefits may increase as the number of seasons the pair

has been together imcreases and thus be most noticeable in species where

-

‘individuals are long-lived (Coulson ‘1966, Ollason . and Dunnet 1978.). However,

gven in speéies‘ where individuals breed for only two or three years, pairing with
a previous partner may be beneficial (Bryant 1979, Newtén‘l%é, but seé‘ Nol et
al. 1984, Gratto et .él. 1985, Freed 1987). \

The high degree of dite fideli‘y";for_ willow ptarmigan may have been due
10 . the Egégefits of pairing yvith a’ familiar partner. About 30% of the willow
ptarmigan at Chilkat Pass. had their paflner return and of those, seventy "percent
paired with their previous bpvarmcr. Individuals ~pairing with their previous parther
had earlier dates of first egg than those pairing with an unfamiliar partner and

that had carry-over effects of larger clutches, ‘more chicks hatching and more

chicks fledging. Martin (1985) also ®ound that-if a willow ptaynigan's partner

returned, most paired with 'the@g‘ previous partner. Neéither Martin (1985) nor

Hannon et al. (1988), however, found that individuals pairing with their previous'
paripner fe;r.ed better than those pairing with an- ﬁnfamiliar partner. Possibly
rglationsh}ps were overlooked in those studies because the variables 1 found
si‘gnifican.t were not analysed and s‘ample sizes in )fheir analyses were smaller.

. Females that could have paired with their previous partner, but did not,

usuglly did not produce chicks the previous season. However, if their previous

partner did not return, switching by female willow ptarmigan was not related. to

the probability’ of producing chicks. These two patterns were consistent with the
hypothesis that reproductive success was influenced by male quality (and not

territory quality) and females switched to avoid poor partners. However, the

_ probability of producing chicks during the season did not appear to be influenced

. by difference_s among males (Chapter V). Possibly, the analyses in Chapter IV

»

<



were not -powerful enough to detect differences among males.

In mans' species of migratory birds males return and establish territories
before females (Lack 1968, Frances .and Cooke 1986) and are less likely to
sw1tch territories than femaﬁ (Greenwood 1980) Greenwood suggested that this
pattern was due to famiharity w1th neighbors being more 1mportant for males
't_han_\'for' females because males interact with neighbors to acquire territories
whereas females simply settle on a male's territory.b Although Greenwood's
hypothesis- is consistent wit(h the differences in srte fidelity between male and
female birds, 1 propose another vhypothesis, which is also not exclusiVe, but-is

‘ _ ) . )

“equally well supported.

In many species of birds some malgiillp not -get partners (Emleri - and

Oring 1977). The higher degree of intrasexual competmor‘f among males than
among females may result in males arriving before females to compete * for
territories on which females will settle. Once a male has established a territory
he may be able to exclude other males from it (Krebs 1982 but ‘see.Ydenbergt
et al. 1988). If there are reproductive benefits to pairing with familiar partners,
most males may reclajgi their previous territories to facilitate this pairing  because
s .

‘they cannot assess whether their previous partner will return. Females on the

other hand, arrive after males have settled and may return” to thetr previous

-

territories if their previous partner is present but have a lower ,degqee' of site
fidelity if their previous p'artner is not present. Thus, on averaée, site fidelity.
for female‘sv will be lower than that for males.

In Greenwood's (1980) hypothesis, advantages to having familiar/vneighbors

result in males having a higher degree of site fidelity ..than females. 1 suggest ™

that advantages to pairing with familiar partners result in males havingAa h'igher

degree of site fidelity than females If Greenwood S hypothe51s is correct unpaired

“and paired males should have similar site fidelity, whereas in my hypothesis

\ unpaired males should have lower site fidelitv than paired males. There is a

K

>
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comphcatmg factor Jin, that unpaired males may be - en poor territories. originally
_ . and thus are more llkely to switch than paired males (e g Ga\;tn and Bollinger
o 1988). o | I ;

. l found that male wrllow ptarmigan dld not mtéve to better terrttones
between years. Consequently breeding site fidelity of unpaired males can be used.
to evaluate Greenwood's (1980) and my hypothesis. The level- of srte fidelity ~f'o‘r
unpaired males 19 of 26 (72%) was> mtermediate between that for paired males
133 of 141 (94%) -and that,for females with partners that did not return 22 of '
42  (52% ) although, not significantly different than females with paftners that did-
not return (ijé.ﬁl, p=.08). These data can best be interpreted as partial
support for both hypotheses. Familiarityiwith neighbors may cause higher site
fidelity for nnpaired males than for females  with partners that didﬂ not rewurn,
but inability to pair with previous partner causes lower site fidelity for unpaired
than for paired ’males, It ‘would be informative to know whether.the patterns

, found in willow ptarmigan are present in other species.

s

r

Age Of Partner - It would have been advantageous for males to pair with - older

females since older females had higher reproductive success than yearlings (Chapter
I1). ',Howéyer,',:in monogamdus and polygynous species females ‘usually are the

“limiting sexij"'(Emlen and Oring 1977, Muri_a'y 1984) and. thus males may be

&' -cq,nstqrained to aceept any female. This probably appl_ies-."to willow ptarmigan Since

= 14
LN

every year sorBt nﬁles remain - unpaired.

Age of male is posrtively related to number of young produced. in” many

F' specr%s w1th altricial young (Ralph; “a‘nd Pearson ;971 Harvey et al. 1979a 1984a,

wl985 Searcy and Yasukavya 4'1581 Labedz 1984, Reese and Kadlec 1985 Newton

' @"7-'5? 1986, Nol and Srmth 1987 but see Freed 1987), possxbly because they are better
Ky

foragers (Carl {987 Maccarone 1987, van Riper 1987, Enoksson 1988, Sullivan

1988). In species with precocial voung, male parental care may be less important



(Hannon 1:9A83‘.‘~ 'O,ring et--al. 1983, Martln and Cooke 1987)," although males may
still reduce the amount of  harassment their partners .receive. act as sentinels_, or
‘help‘ care for their broods (Hannon and Smith 1984).

| Female willow ptarnligan_ that switched territories between years, atmost
always moved to the territories of older ‘males. There were no apparent .
advantages to females pairing with an older male if he was no_t~her previous
p'artner. In addition, yearling females did not choose older males pretferentially to
yearling males (Chapter II). Q}lannon et al. (1988) found that  older females
palred with older males started’ ‘laying sooner and Hannon and Smith (1984)
found those pairs fledged more chicks than i either partner_ was a yearli'n'g.
Howe\}er, “their analyses were confounded by individuals pairing with familiar "

i narmers and 1. found ‘the same benefits for individuals pairing wi;ﬁh 'famillar

partners. -

Females that switched territories between years may have been attemptin(g
‘to pair with familiar partners.” Most females whose previous partner did not ;

return switched territories and usually they moved to a territory owned by a

prevlous neighbor. In addition, seven females that switch‘ed moved onto territories

]

whert ey had been_s:ghted with the male late the prewous summer ¥ (this was

a minimum -es_tg'4 ite" ‘because little effort was directed towards observing the

association bet

e’ males and females during the summer and fall).

Wlth Nelghbors - In many species of birds, antagonistic interactions

%
ngltermonal mdlvlduals are common durmg territory establishment and the

e

eaakly fmaﬂ SOk the breedmg season (Lack 1968). Site fidelity may. lower these

. msts; (Yasukawa 1979, GreenWood 1980 Brooks and Falls 1985, Lawn 1982,

Lanyon and Thompson 1986 Robmson 1986, Picman 1987 Stamps 1987) because
. 2

nelghbors are less aggresswe toy{ards each other than towards unfamiliar mdmduals

X¢ Fa]ls -and McNichol 1979, Falls 1982, thtfneld 1986). Thus, unless the qualities




of the new areas are much greater than the‘ ones they Jare léaving, individuals

may vnpt gain by moving to new areas(.;with new unfamiliar neighbors. This has
been recognized as a possible inQuence on site fidelity for some timc,,(Y'aspkfaw‘_a.‘
1979) yet often has been ignore;i (see Robinson ( 1986,‘ Freed 1987, Pi_cman 1987,

/ . i )
Stamps 1987 for exceptions). . R :

-
'

Although not tested in this study, familiarity with neighbors has potential
to be important for willow ptarmigan. Males rarely switch territories, males that

switch usually move to an adjacent territory, territory - boundaries are contested

‘vigovrously each spring and approximately 50% of the males survive between yeérs:

Male blue grouse were . less aggressive towards neighboring males than to'wardvs_'-‘“ -
unfamiliar males (Falls and McNichol 1979) and this also may be true for

Wi110w ptarmigan. The amount of aggression‘.displayed,\wards familiar and

unfamiliar neighbors during territory establishment and the consequence o‘f°thi_s.,' e

- aggression on territory size is needed to evaluate’ the importance of having

I o

familiar neighbors.

Familiarity with neighbors may be less important for females than for

males. Inter-female aggression is less common than inter-male aggressioh. (pers.

. vh o . . 4 . N
obs.). In addition, females appear to have breeding opportunities each year Singe

there are always some unpaired territorial - males, although these tend to be males
on. small territories, and females may settle polygamously ‘on large :tcrritoriesu,
although inter-female aggression may limit that opportunity on’ small territories

!

(Hannon 1983).

-

Did Individuals Move To Better Breeding Situations Between Years ? - In this
and other studies (e.g. Lewis and Zwickel 1981, Grz;tto et al.=1'985,. Eliason |

| 1986, -Lanyon and Thornpéon 1986, Yasukawa and Searcy 1986, J'Free‘d‘ 1987,

Parmeiee ané Pietz 1987, Wegge and. _Larsgn 1987), most ._individual‘s did;' gmot"

switch territories: betwgén years. Individuals that switchpd ‘territories between years

“ - .

©
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usually were those that* produced relatrveby few - offsprmg (Smrth 1978 Lawn 1982

l 1983 Skeel 1983 Shrelds 1934 ﬁavtn and Bolltnger 1988 thts study) Irf ’

. ;othér studnes 1t ‘has- been aSsumed t?at mdrvrduaIS« meVed 1o brledtng srtuauon‘s ,

. -

f"\that tn&reased therr reproducttve succeSs Thrs assumpuon howéver rarely “has

" been "evaluated In" two lekkrn-g specres sharp tatled~ grouse (Tvmpanuchu

phasranellug) and black grouse"( gtra tetrix) males 1n1t1ally settled ‘on the "..}
perrphery of ax lek and had low copulatbry sugcess but’ moved towards the

center between years and 1ncreased therr success (Rrpprn and Boag 1974 DeVos

= o

1983) Thus these mdrvrduals probably moved to hetter terrttorres between years
In wrllow ptarmtgan lndrvrduals d1d not appear to ‘move t,o better breedmg .'
sxtuatlons between years Males had a ‘hﬂzher probabrhty of". ‘swrtdhmg terrttorres if
they -were unpalred than 1f they had a partner‘ and had a higher probabrhty of
acqurrm’g a partner af‘ter than before swrtchmg However unparred males that drd
not swuch also had ‘a. htgher probabtlrty of acqurrtng a partner the followrng i

0 .0

year ln addmon males that swrtched fared no' better than males that -settled on"

the prevrous terntorres. Qf the swrtchmg males Female wrllow ptarmtgan tended to"

swttch terntortes 1f’ they d1d not produce chlcks They d1d not, hqwever appear

to rnove to better breedtng srtuatrons smc.e after sw1tchtng they drcl not have a

..A

hrgher probabrhty of producmg chrcks than before movmg, nor drd they have a
vl
W o
htgher prdbabrhty of producmg chrcks than the fernales that settled on- the B

prewous t’errttortes of the swrtchmg females C )

- “ <.

;“ Some tt:rrttones were better than others (Chapter IV) and mdwrduals that

N 5 S
moved could have movewo those terrrtones If the dlfferences among terrltones el

o

Ehason 1986 Wootton et al 1,986 nghtbody and Weatherhea 987),

addrtton predatton of clu-tt:hes‘ and young may have been unpredtctable and _':,‘ f",

a

obscured beneftts of choosmg aood terrrtorres HoweVer. if predators hve in an

s
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I
area for a number of years or have long term memorles (Sonerud 1985) srmply

changmg terrrtorres may be beneficial. -

ﬁ

Both unpairéd. males aixd females wnth partners that drf . not return had
relatively high levels of switc ing. terntones Snrnrlar results havg been found in-.’
other studies (Harvey et al. 1984& Gratto et al. 1985, Martm d;985) T.hose

1nd1v1duals could not parr wrth therr prevrous partners and thus ‘n‘x%y "5' had'v

lower costs 10 swrtchmg terrrtones than mdmduals with partners that” retﬁm’ed*.,

Possibly I overlooked benefits to swrtchmg terrltorres gpr those mdrvrduals for

example‘ if the individual' s prevroud t\rltory was bemg defended by a new

breeder . and there were undefended territories . of srmrlar quahty present . 1t may

e .

have%een beneficial for the individual “lo -move. Advantages ‘of breeding wnh a

-

»famrlrar partner may have made -an mdrvrduals prevrous terrrtory more valuable .
than other terntorres and- thus individuals that potentrally could - parr with famr]rar
‘partners may have been less likely to switch. . R

Unhke Gavin and Bollmger (1988) I feel ~that th%mfluence of terntory
and mate quality have been over- emphasued beCause the\ are’ consrstent 'wrth
accepted models of set®ement (e.g. Orlans 1969, Fretwell and Lucas 1970). 1
think the relative mfluence of drfferenc::o among breedmg srtuatrons the “influence
of bemg with ramlllar partners on familiar terrrtorres and having famllrar
nerghbors need to be evaluated more thoroughly before general conclusions can be

made. In addition, the relative‘ influence of each factor may differ among agessex

categories and thus should be analyzed . separately for each.

UL
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IV. INDIVIDUAL AND TERRITORIAL VARIABILITY IN RELATION TO TIME
OF SETTLING AND REPRODUCTIVE SUCCESS IN WILLOW PTARMIGAN.

A. INTRODUCTION

structure .of the territory ' (Pleszczynska and Hansellm 1980,* Wittenberger 1981, Skeel \\w/

1983, Blancher and Robertson 1985 Conner et al. 1986, Lanyon and Thon%‘pson
1986 Slegel Causey.  and Hunt 1986 Boag 1987, Leonard and Picman 1988, but
see Bedard and LaPointe 1984, Greenlaw and Post 1985, Wootton et al. 1986).
"In addition: ‘an individual's~ genotype and/or rrutrition during early life_, may affect
its subsequent behaviour and mor_phology/ and thus influence its ‘reproducti_ve
success (Dhondt ancl Huble 1968, Watson . and Miller 1971, Moss et al. 1981,
Mo;s and Watso.'n‘ 1982, Arcese and Smith 1985, Brook 19_86, Clutton-Brock ;:t al.
1986, Thouless and Guinness 1986) Furthermore, the genotype of an individual
.,mav mfluence the numbef of grand offsr;rlng produced by influencing survrval and

reproductlve succcss of its offsprmg (Weatherhe@d and Robertson 1979, Bradbury

and Grbson 1983).

L]

*
The most stralght -forward approach to evaluate whether - the quality of

males females or terrltorles mfluence the productron of offsprmg is to look for
~correlations  between specific characteristics and reproductive  success, If the
'importarrt characteristics are obvious this technique works well; for example
vegetauon structure at the nest (Pleszczynska and Hansell 1980) and nest-placement
within the ‘colony and physxcal structure of the nest site (Siegel-Causey and Hunt
1986) mﬂuerrced reproductive success. However analysmg specrflc .characteristics
\}nay be frurtless if there are no obvious relatlonshrps between characteristics of
vterritories and reprodictive success; many potentially important chiracteristics must ‘

be analysed and unless a rel’atio‘nship. is found, it can be argued that the wro’ng'

-
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characteristics were studied. If most of the variance in reproductive success is due
to sto,chastic processes (e.g. Eliason 1986, Wootton et al. 1986, Lightbod'y ‘and
Weatherhead 1987) analysmg specxfxc charactenstlcs may be fruitless.

* A %econd major d’&fflculty thh calculaung correlations between specific
habitat and r,norphologxcal chaﬁtﬁstxcs and reproductwe_ _success, ;s that canse'
and effect cannot be deMrmined. 1f the most dominant individuals live in the
best ~areas (Orians 1969, Searcy and Yasukawa 1981, Yasukawa 1981, AIatalo et
al. 1986, Eckert and Weatherhead 1987a) and have the be‘sf partners (Newton
1986, Korpimaki 1988)‘ one cannot use.correlatiens to separate the influence of -
territories from the influence of individuals. ‘However, to evaluate the relative
importance of the "polygyny thresho]d". hypothesis” *(Orians 1969) and the "sex_vv
son hypothesis” (Weatherhead and Robertson- 1979), for example, one .must
.determine whether variation in reproductive success is due to variation among
habitats or variation among males (Searcy 'and Yasukawa 1981, Wmenberger 1‘981).
,Indlrect techmques may be more approprlate in these c1rcumstances If the
reproductive success of . an 1nd1v1dua1 1s 1nfluenced by 115= physmal charactenstxcs or

-

by character:stlcs of its territory, and if charac[ensucs of te;niones and _
A oo R

.1nd1v1duals are similar ~between years then the reprodu“cuve success of a- specmc

. @ B
. o
,\,

pair on a specific turmory should be smﬂan among vears
i B

. The relative mfluence» of males 1ndependem of Lhe 1nf1uence of females

and terrltones can be determmed from the repeatablhty 'of reproductwe success

between years for males that change partﬁers and termorles (Newwn and

Marquiss 1984). In natural systems, few males rmay swnch terrﬂorles O partners..

In these snuatlons the relatwe 1nflu€nce of males 1ndependent of that for femal

'and terrltones can be determmed by calculatmg whether between year variarice in

reproductlve success is ‘greater for the set= of terrnones where the males differ
between years than for the set of 'temton‘s with the same males present both

Years (modified from Hogstedt _(1980-) to include a term for males). The



A

influence of femﬁes and territories on reproducﬁve success {;an be deternrined
using similar techniques | » . / |

In this Chapte\r%etermin‘ed whether survival and reproductive -success of
individuals, and on territories were repeatable between years. In addition, I
determined whether the dates individuals and territdries were chosen by. females ‘
were repeatable between years. If reproductive success or survival were repeatable

[ : .
I expected the order in which males or territories were choden by females to be

consistent between years.

. Chapter 1L CnI‘y thdse territories (N=181) that were in the same locatrorx‘nd

of similar size between years (greater than 75% of the larger terrrtory ovcrlapped

- the smaller terrrtory) were included in the followmg analyses n
Yearly drfferepces: in thé values of territories or the abilities o’f’v individuals *

lowers the repeatability of reprodrrctive success and consequently the influence of

- pairs plus territories on reproducti\re success would be underestimated by inter-year

correlations. At Chilkat Pass reproductive success and qualit'y of chiclrs'produced

by “willow ptarmigan differed among years (Appendix 4), reproductive. success of

]

older females was mgher than‘ that for yearlmgs (Chapter II) and individuals that

ﬁ‘arred wryr their pre'vrou@anner had higher- reproductrve success than mdrvrduals 4
that parred with an unfarmhar partner (Chapter IIl) Data were adjusted (grand
mean minus group mean was added to all values for that group, Perrms and
Jones 1974) for those effects prior to partitioning .the variance in reproductive
succees. V

Total variance in reproductive success (VTot) was dlﬁded into components
due to varratron “among? males (V ) 'varianon among females (Vf) variation

(Vu) such " that
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S vTot=Vm+vf'+v+v'

.
{\:A.’~ ‘-

By pairing observations between year . x ‘and year x+1 eight independent sets of

-

data were obtained (Table IV-1, e.g. set F included females that switched
territories and partners between years, females were the ‘same but males and -
# .

territories were different between years). The contribution of unexplained variance

should have been similar for each set. Unexplained variance included measurement

- error, stochastlc processes ‘and other effects not mcluded in the model.

a

<

Vanance between years was esumated \%each set (Appendlx 5). Variance
Within males, females and territories between‘years (set A) was estimated usmg_
eases where both _merbbers of a pair returned to their 'previous territory betaveen
years. Variance within females plus territories ‘between _years (set B) and within

males plus territories between years (set C) were estimated using cases where

females and males, respectively, returned to their previous territories between years
Rk . :

‘and paired with a ‘new partner. It was not possible to estimate variance within

" pairs between years (set D) because pairs never switched territories. Variance

“within territories between years (set E) was estimated using . territories where both

members - of ' the previous pair disappeared. Variance within females between years

(set F) and within males between years (set G) were estim“ated using cases
where ‘females arid‘males, respéctively, switched territories betw‘een years. "Variance
between vall the factors (set H) was estimated for .each year and the weighted
meanr (weightE:d according to sample size) :used. Niriety-fivé percent cgnfidence
intervals were calculated for each estimate of variance using the bobt-strap
method and 1000 iterations (Sokal and Rohif 1981, Lanyon 1987) i

-

If levels of a factor differed in their ability at prbdixéing offspring and

. ,these differences were repeatable between years "(e.g." if _'abilitie’s.3 of females

differed and were repeatable between years), then- the'estfmate of between year
variance in reproductwe success for the set where levels ‘of a factor were the *

same - between years would have been .l_ower than if levels of that. factor also .



' Table xv—1.

B

’

>

ComPOSltlon of the sets for which variance.in probab|l1rY'of females settllng,

date females settled, survival of adults, reproductlve success and qgalnty oﬁ_chfcks produdcd

was estimated for willow ptarmlgan at Chitkat Pass.

The cases lncluded yn each“sct=arg
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' -3
- KN . :
outllned in the Methods. TR X Y
A3 !
] - & v o
: :Y‘:' ¥ Al * K
- - Cor e
Set -Factors For WhichlLevels . Factors.For Which Levels Compone?ts lncl&dqd in * -~
Here The Same Between Years Were Different ‘Between Years The Var1ahce Ebtimate,é ah
- ] R 3 :
i : . o R
A males '+ females + territories . -~ Vo : .
B females + territories males Vg PV, 7 -
c males + territories . © . females Ve + Vg. - '
D males + females ‘territories Vi +§g; ’
w7 N "
E territories males + fémales Vi + Vg + '
F females -~ males + teqritoribs VitV +
G * males - " females + territories L, Vg vi\;'vu, i B
H --- _ - males + females + territories . TV, Vf'+'VL £ Vg‘
Male Effects = =E - ¢ i.e. (vm+vf+vu)-(v£+vu)
. . X R g
Female Effects =C - A Coi.e. (Vftvu)'(vu)
. . )T
Territory Effc;ts o =aHT-E 0 Cile. (vm+vf+vh+vu)—(vm+v£fvu):
Unexplained Variance = A ie. v, B
Vi, - variance due to differences among ‘males
Ve - varlance due to differences among females
V, - variance due to differences among territories
Vu - unexplained variance

Ve fed
%
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varied (e.g. in set F the same females were used between years and the estimate

- of variance was lower than YT ol by the amount .Vf., v f@ m T Vl + Vu).
By subtracting the appropriate sets, variance attributed to a particular

factor was determined (Table IV-1; e.g. variance attributed to femaled (Vf) was

equal to set C (V + V ) minus set A '(V }). If there was more than one

way to esumate variance attnbutech to a factor I used the sets with the largest

: sample sizes. Variance attributed to each factor was estlmated 1000 times

(subtracting the 1000 estimates for each set) and the 95%. confidence interval
.,determined from these estimates. If the confidence intgrval of the variance
i"attr-ib'uted to. a factor included zero,vthen that factor did not influence the
_.variable‘ signifincantly (i.e. differences between the levels (indivic.‘luals or terri'tories)
of 'th'at factor did not increase the variance in ren_roductive success significantly).
'::"'_Categorical variables (whether or not a 'female settled, adult.survival, total
- . :
?' clutchloss and whether or not chicks were produced during the season) '_were
analyzed usmg contingency analyses For example if some males consistently
acqurredO partners and others consistently were unpaired, the probability of ‘males
acqurrmg a partner one -yéar. would have been associated - posmvely with whether
they acqurred partners m the prevrous year

- Whether some females consrstently fared better than others was estrmated
from set F (the samie: females between years but’w1th different partners and

X

terrrtorres) and \whether some . territories consistently were better than others from
setr E, (the-*sam\e'.tétntones b.etween years ‘but Wlth drfferent "pairs). Sample size
'm set G was not sufficient to evaluate whether some males consrstently fared
better than others Drfferences among terrrtones however, did not influence the
categorrcal varrables (see Results) Thus‘ whether some males consistently fared
better than others was esnmated from the combmed sets G- (the same males

between years but w1th drfferent partneés and termtorres) plus B (the same males

3’ d terrttorres between yeey:( \but wrth d1fferent females)



The contmgency analyses provided minimum estlmates of whether differences
’l
among males ferhales and territories influenced survival® of adults probability of

males acquiring a “partner and probability of produclng chicks Repeatabilities for

‘males were lowered by the amount that dxfferences among females and. terrltones

-mfluenced ‘the varlables because males that swrtched partners and terrltones we’re y :

-

used in these analyses Slmllarly, repeatabthtles for females and terrltorres were *
0

“lowered be the amounts that dlfferences among males and terrxtorxes and males

and females respecuvely, mfluenced the Vanables Yearly dlfferences also may,

have reduced the strength of- the relatlonshlps some ,_mdlyldu‘als‘ of terrltones ma'y

‘have appeared inconsistent simply because thev: proportion . of ‘,’f‘individuals’ or

territories that were successful or u'nbs‘uccess,‘ful varied; «va;m’ong years:

C. RESULTS N S0 S T i
‘The date females settled, reproductrve success and quahty of CthkS
produced did not dlffer among males (Table IvV- 2 the conl”rdenée "intervals for
the varlance attrlbuted to drfferences among males mcluded zero) In addition,

whether a male acqulred a partner, survwal of h1s partner and whether he

produced CthkS from his first clutch or durmg the season were not positively

assocrated between ygars (Table IV 3) The probablhty of a male havmg chicks

hatch from hrs first clutch -was negatlvély assoctate'
/ o jA ‘
chlcks hatch {rom his first clutch the prev10us year (Table

whether or not “he .had
'-3)"-~‘a ‘result
opposrte from that expected if some males were consistently. better /
The cause of thlS relatlonshrp was not obvmus Although, qt’he nests

males may have been found by i predators_-more- easily thanthe nests of others

. (e.g. the amount of time ~s'pent near their nest and the tendency tq, lead

'predators away from th‘eir _nest may havé differed among males) there was no

FRE I

reason for _these tendencres to. have switched between years Possibly males rnoved

to poorer terrrtor-ies or “had poorer partners in one year than m the other

~
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Table 1V-3. Frequency of female survival, males acquiring a partne-, loss of first

clutch and production of .chicks during the season for males that changed partners

and/or territories between year x and year x+1. Expected values are below * he

observed frequencies.

Lo

«

o)

v

Produce Chicks

Female Acquired Loss Of
Survival A Partner First Clutch During Season
Year x Year x Year x Year x
Yes No Yes No " Yes®  No . Yes_ No
Yes 2 12 49 9 3 9 r 12 .20
Year 3.0 11.0 49.0 9.0 6.0 6.0 14.7 17.3
x+1
No 4 10 0 0 10 4 10 6
3.0 11.0 0.0 0.0 7.0 6.0 7.3 8.7
Xt 0.8 0.0 5.6 O 2.7
p .36 1.0 .02 .10

-

66



The dat'o females settled, 'roproductiVe success” and quality of chicks
produced did not differ amongv females ('Tablev IV-2). In additioo survival of a
female's partner, and whether she produced chicks frotn her first clutch or during
the season “were not positively associated between years-,‘(Table 1V-4). Thus,
differences among femaies di‘d not ‘appear to influence survival of their partners,..
their réproductive success or the quality of chicks vthey produced.

Date of first egg and relative wutch size differed in a consistent manner
among territories (Table _I‘,V-'Z).» Fifty-four percent oi the variance in date of
first, egg and 80% of the variance in relative cluich size wére_ attributed to
differences among territories. Althotr?h sample sizes were not sufficient to test
whether variance i number of chicks hatching and number of chicks fledging
* from first clutches were due ,to differences among territories, these two variables
were related to clutch size (r— 59, df=130, P<.01;. I=. 36 d'f=65, P<.01,
respectively). Thus the  number of young produced from first clutches' may have
varied in a repeatable manner among territories altpough loss of <clutches and
.chicks to. predators may have been stoch'astic and reStilted in<'hatching or fledging -
success not being repeatable ibetvi/een years. The date females settled and number
of chicks fledging_.in the season, did no‘t differ among territories (Table IV-2)

In addition, whether a female settled‘ on a territory survxval of adults on the
territory and whether chrcks hatched from first clutches or ‘during the season on
the territory were not posmvely associated between years (Table IV-5).

The power of the tests mvolvmg categorical variables was low (see
Methods) but trends should have been present if 3d1fferences in qtiality among
individuals and tprntories mfluenced the variables. However, trends towards a
posrtiye association - between years were present in only 3 of 12 contir_tgency' A
analyses (Tables IV-3, IVV-4, IV-5). Thus, differences in quality among individuals ‘-
and territories probably did ‘not influence the probability of females settling,

survival ‘of adults or the probability of producing chicks.



Table IV-4. Frequenéy of male survival, lo¥s of first clutch and production of
chicks during the season for females that changed parthers and territories between year

"x and year x+1. Expected values a.revbelow the observed 'frequéncies.

.

Male _ Loss Of ) Produce Chicks
Survival - First Clutch During Season
Year x ' " Year x Year x ' i
v Yes No Yes No Yes No 2
Yes® 6 1 4 10 1 6 "
Year ' 4.7 2.3 4.7 9.3 11.0 4.0
x+1 L . " 7 N W
" No 2 3 3 4 s W8 3
' 3.3 1.7 2.3 4.7 8.0 3.0
X? 2.7 0.6 0.0 - ‘
. , - s
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e -envrronmental condmons vary.© v - .

v and terrrtorres and overesttmate the< rnthence of st0chastrc processes I removed

areas’ where g;owm is slow (Babb 1977) Other . envrronmental factors, ho'wever_,

D Drscussroxv-‘ R DT S R A

N

Usmg repeatablhty analyses to evaluate the mﬂuence of males females and

terrrtorres is based on: the assumptron that the relatrve quahtxes of mdrvrduals and

terrrtones are srmrlar‘ between years If the relatrve qualmes of mdrvrduals or '

. LAl “ ' 1
"’r ; - (X .

terrrtorres vary repeatabllrty analyses W111 underestrmate the mfluence of mdrvrduals

o \ -
varratron rn reproduotrve success’ among years bet\veen age classes and due to

o
vfc

rndrviduals pamng wrth famllxar partnersr pnor to performrng the analyses

However the abrhty of 1ndrv1duals stlll may drffer between years 1f mdrvrduals

' that reprod.uced successfully one year -use all thexr energy reserves (Clutton Brook -

[ - o
e \ M

et al 1986) Furtherm characterrstrcs of the habrtat may vary among years if
| W _

)

¢

Q.A- 1

In wr&ow ptarrmgan (Mamn and Cooke 1987 Schieck. unpubllshed data)

“and othe‘r specres (Lewrs ‘and Zwrckel 1981 Smith- 1981 Mune ~and Dobson 1987

0

‘ '-l.(orprmakr 1988) -_‘p&revro.us productron of young ;or number of young produced

previ'otr‘sly did. not adverSelv affect current ‘Teproductive succéss Thus the relatxve

"'qualrtres of wrllow ptarmrgan probably wer.e similar . among years

ac

Whether the relatrve values of terrrtorres were srmrlar among years was

Ki

. more dlfbfrcult 10’ assgss; s' ;"ture of vegetatlon vegetatrve growth, number of -

KA

A - "

"predators and populatlon densny may vary among years and these have been
shown to affect reproducuve success of L. lagopu (Mrller et al 1966 Watson
et- al 1984b) In mrd and late successronag stages specres composmon of the

ve etauon and vegetativ strucrure are similar among years, artmularly. in  northern
e getativg- n northen

\.-

-

"may’ vary “greatly - between years., TheSe envrronmental factors however should be
e o~ )

. sxmrlar for all lerrrtorres I studred because the study area was <only 4 kn}’.' Thits

&

"the relatrve values of temtorres should be 51m11ar .amopg  yeags: ‘ "
l.«k . ) . ) ST

¥

¥

G
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A m%l\vrduals in poorér habitats defended larger territories than mdrvrduals in ‘good

12

. o | 7
_~Survival vof f)artner; reproductive success and Quality ofl chicks broduced by
willow ptarmigan at Chilkat Pass did not vary in a repeata'ble manner between
- years for either males or females. Thus quality of in.d.ividual, over a'nd 'above
that du¢ to age and familiarity’ with partner, .appeared to have little influence on
ssurvival and reproduction in willow vptarmigan. More than half of/‘the variation'
in date of first egg and relative clutch . size were attributed ‘1o _differences among .
territories. Possibly the amount, and quality of food ’present on territories during °
laying differed among territories. Pia‘gduction of chicks was related to vegetative
features on the territory in other populations of L. l_aggpg (Miller et al. 1966,
Moss 1969, Watson et al. \1984b). In studres where vegetative charactertstrcs did
ci‘not appear to he related o productton of chicks (Mrlé and’ Watson 1978

Erikstad et al. 1985, Steen et al. 1985) the important characterrstrcs may not

have been analysed .and the influence of drfferences among terrttorres overlooked.

I

Alternatively, drffe_rencesamong territories may not have 1n£luenced reproductro'n in_

some populations if =resgurc‘es were ‘superabundant (e.é. Steen et al. 1985),

;hal;ntats (Watson 1964, 1970, Lance 1978b, Miller and»Watson 1978)~or if
1nc;\l‘wduals on - poor territories foraged “outside their territory (Steen et 51." 1985).
Between year repeatabrllty of reproductrve su‘cces: for female L _lagopus
has been analysed on three other occasrons Ha,nnon et al. . (1988) found that at
Chilkat Pass but not 1n northern Mamtoba some female wrllow ptarmrgan
>
‘ COnsrstently bred earher than others r Date of ,frrst egg w;és posmvely related to
rlutch size (Hannon et al: 1988) ‘and recrurtrnent (Marttn 'and Hannon 1987) for
wrll‘ow Ptarmrgan at. Chrlkat Pass -Hannon et - al. (1988) Jhowever d1d _not

- *

evaluate whether the repeatabrltty of reproductrve success they found -was -. due to

-1 nherent drfferences among females or dut 0 tlrfferences among terntortes and

breedmg phrlopatry Moss and Watson (1982) argued that size. of eggs greatly

mf’l nced ‘,1,val and recmttmént “of- red grouse chrc'ks and found that some _



‘ have been of smirlar srze or shape betWeen years

T/
.

females consistently laid larger eggs- than' others, both in the wrld and in

captivity,” They concluded that most of the differepces in egg 'sizes found between

- females were due to difference$ ' among females' inherent abilities, not due to = v -

-

.differences among territories. Erikstad et al. (1985) used an analysis . similar to

the one I used (only they did not consider the influence of males, did not
provide information regarding placerﬁem of territories between years and did not

provide' confidence intervals fo_r their estimates)' and found clutch size of female

- willow grouse was repeatable between years. They concluded that differences

L 4

,__za'}mpng femnalgs' abilities were more important than differences among qualities of

territories. 1" had larger sample sizes and evaluated more variables than either
Moss and Watson (1982) or Erikstad et all. (1985), yet did not find consistent

. . . 1 e
differences in reproductive success among females«

Reproducuve Success - was repeatable between years for individuals in other

rspec1es (Khuuver 1951, Perrins and Jones 1974 Searcy 1979, Findlay -and Cook

1980 ~Smith 1981 van Noordwuk et al. 1981 Newton and- Marqurs 1984 Nol et -
al. 1984, Coulson and Thomias- 1985 Harvey et ws Clutton-Brook et al.
e

1986, Thouless and Gumness 1986). In addruon productive success 'on a

~ lerritory  was repeatable between years for other specres (Krebs 1970, Hogstedt

1980 Askenmo 1984 Newton and Marquiss 1984 Blancher and Robertson ‘1985
Coulson and Thomas 1985, Siegel -Causey and Hunt 1985, Lanyon 'and Thompson
1986, Ne)vton et_al. 1986, Nilsson 1987 'Stacey and Ligon 1987, Korprmaki 1988)

In most of these studres however breedrng srte fidelity was high and the .

‘Observed Qrepeatabilrty of reproductive success may have been  due to consrstent.

d(fferences among the qualmes of terrrtorles mdrvxduals or bolh terrrtorles and

mdrvrduals Furthermore m many of these .studies reproductive success may not -

b * ) . s e

v »~
[ .

: have beerr repeatable srmply because termt‘orres were not )alotted and niay not \:713. RN
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The influégce of qualities of individuals ‘and territories on reproductive

success have been separated for relatively few species (black-billed magpies (Pica

. , : i :
pica), Hogstedt 1980; Eurasian ‘sparrowhawks (Accipiter nisus), Newton and

Marqpisg  1984; kittiwake gulls (Risa tridfctyl yla), Coulson and Thomas 1985; song .

.sparrofyvs (Melospiza melodia), Hochachka et al. in press; and willow ptarmigan,

2
B 0

Erikstad et al. 1985, this study). 'Iri black-billgd magpies,_ song -sparrows and

willow ptarmigan at Chilkat Pass differences among qualities of territories -had

greater influences on reproductive success than differences among qualities of

individuals, whereas the opposite was true for willow. ptarmigan in Norway,

¥
[

. . ' * - . ‘/ ..
Eurasian sparrowhawks and kittiwake gulls. Thus, the relative influence of qualities
of individuals and territories differed among species. and even. among populations
within a species. More studies are needed beforc general patterns can be

evaluated. -

The influence of stochastic evenfs on reproductive success and survival - is
‘ R =
even less . ayell. understood. In  willow ptaidvgan at Chilkat Pass, about*half of

. . &' . -
; ¢ -of first egg and relative clutch size: was unexplained by .
‘differenca "a:n%w territories and individuals. In addition, other measures of

i ] f" .

reproductive success, quality of chicks produced and survival of adults were not

repeatable between' vears f‘ér “individuals or -territories, Thus at Chilkat Pass

quality of mdw:du,al and - temtory may have had\much less influence - on esurvxval ,

o

of adults and productlon of offsprmg than stochastlc processes

”.

Although dlfferences in quahty arnong termones at, Chllkat Pass resulted in'‘-

some 1nd1v1duals starting: to lay before others and having larger clutches Lhan

'others these dlfferences were.not great; 69% of the females laid’ thelr fll"SI egg

- within 4 days of Lhe medlan date of flISI egg and 72% of the flIS[ clutches

were ‘7 8 or 9’ eggs Dxfferences m quahty among mdmduals and termones

Iy

may have had httle mfluence on reproducuve success at - Chllkat Pass because all

tegltorles may. have been- in ‘good habnal and v,r.,esourees abundant. an all

. N g PR
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- territories. : , _ : v ‘

Subsequent to initial differences in teproductive success, stochastic process

.may"have greatly affected production of offspring in willow ptarmigan at Chilkatvf

Pass. Less to predation may be stochastic and betweén 30 and - 70% of first
clutches were destrbyed by predators “each ye\'ar (Ma_rtin et al. in press) In
addition,approximately 30% of the chicks disappeared before fledging. In other
species . stochastrc preeesser/ Iso appeared to greatly influence reproductrve success;

between year repeatabrhty of reproductrve success for individuals and terntorres :

ranged -from 0.00 to 0.63 (Smith. 1981, Findlay and Cooke *1980, Newton and

Marquis 1984, Blancher and Robertson 1985, see Lessells and Boag 1987 ‘for“.
corrections -of sorne of these estimates). Thus between 37 and 100% of the
varratron in reproductrve success may have been due to st0chasttc processes. The
rél'attve 1mportance of stochastic process -on reproductlve success” may. have been

under-emphasized in the past due to dxffrculttes with’ estrmatmg them.
\’n
At Chilkat Pass some territories Tepeatedly had earlier dates of first egg
oY
and larger elutches than others, The r€lative dates terrttories were selected,

_-" A

) however, ‘'were not repeatable between.-' years, ‘In addition, the first yearling females

L4

to settle did not have hrgher survrval or reproductrve success than yearlings that

settled later (Chapter I} nor was chorce of breedmg 31tuat10ns conslstent~among

the - sets of yearling females in the settling experrment (Chapter 1I). \Furthermore

returmng breeders that swrtched terrrtorles d;d not have “higher survrval or . \)
'reproducttve success after than before swrtchmg (Chapter JII) Thus even though

there were drfferences in ‘qualities of territories that potentrally affected

reproductrve success,” individuals did not choose tetritories based on those

: dtfferences S ‘\ : ’ . o ' o .
g:-;;.";\ If the 1mpertant characterrstrcs of terrrtorres were “not” detectable when '

mdtvrduals ' were settlmg, 1nd1yrduals may not haVe been able ttDchoose the best A

avallable ten\ttorv ()earcv 1979 Wootton et “al.- 1986) Rather they mav have

o ) . . .
- o . .o o
' BN . R . . .
R D . . - &

. . .
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simply chosen the appropriate habitat type (Weatherhead and Boak 1986) and

settled at random within - this habitat (Wootton et al. 1986, ,Lightbody and

~ Weatherhead -i987). The date orn which . meadows became free of snmow may have.
~ inﬂnenced timing of prodnction of eggs.sfor willow ptarmigan at Chilkat Pass

(Hannon et al. 1988) yet that may not have beefi discernable at the time vof

settling since willow ptarmigan settled up to "a month before s‘now-me'lt (pers.

obs) Individuals Lhat bred prewously, however should have known the position

cof good habrtat yet 1nd1v1duals sw1tchmg territories between years dld not move

‘go_ better territories. Possrbly, predauon of clutches* and young “was stochastrc and

NN

' _ s;ked benefi'{s:'-of bemg .on good territories;- even though cl,utch size dxffered

.monz territories in a repeatable mannet, prodliction “of youhg may not have
. & v ‘ ) :
been’ repeatable If .this was correcl cho:ce ~of territory may have been of little .

Bod habitat.

Partmomng the variance in reprA ve success’ into comp'onems due - to

;

dlfferences among qualmes of . 1nd1v1duals and Lerrrtorres provides a powerful topl
& i,

for studying territory and ,mate choice; if differences among qualmes of

individuals or . territories 1nfluence reproductlve success, good breedmo situations
& Q.

, 'should ‘be chosen before pog%r ones (Fretwell and Lucas 1§70$ Polygyny or -
polyandry may occur, if some breedmg situations _are better  than -gthers, even )

after one partner has "seri'leud (Orinns 1969)- ‘I-f howfever?'%here arer-'-c'fiffEr'en'ces

&ng qualmeSeof breedmg srtuauons that mfluence reptoductive success, yet ‘good -

D ’bhdmg srtuatlons are. nol chosen before poorer snuauons then factors other than;

expected reproducnve success probably influence territory - choice and conventional
. . ' . ’ . ~F -
B settlement models may not be applicable. .
) & N : - ad : ‘: - ’\; l
f Y ’



V. THESIS DISCUSSION

‘ g : Theoretical. models . of . settlement provicle aﬁ' a'ppealirrg evolu.tionary"

R framework for_ SIudying | patterns and process. Orians' (1969) "polygyny threshold
model” and Fretwell and Lucas' (1970) "habitat selectlon model" have become
well known and many studies have been designed to .test predictions arising from
these. In many slpecjatzs of birds', individuals choose where to settte ibased on_ the
characteristics_ of . territoriesl and partners (e.g. Ralph and Pearson 1971, Stacey
and' Ligon 1987) with rore individuals settling in good habitats "(e'.g; Igleszczynska
and Hansell 1980) or with good partners (e.g. Wcatherhead 1and Robertson 1977).
Howcver, these ‘patterns aré ngt :i:miversaf and the ’gener;lity ‘of ‘Orians" (1969)
and Fretwell and Lucas (19'70) 'modele needs to be evaluated.

Searcy (1979) and Wootton et al. (1986) argue that where differences
among breedmg situations are. slight, individuals may not be able to evaluate the
differences and use other criteria when settling. Even when values of breeding

‘ situations differ, familiarity with area, partner or. nelghbors may more than
compensate an individual for not moving to a better breedmg situation bet\reen
breeding attempts +(Smith 1978, Lewis and Zwickel 1981, Lanyon and Thompson
1986). Ihdividuagxona famihar territories may ‘,_.s_urvive better “and have a higher |
reproducrivc ,‘succes‘s if resoyrces and refluges“ afe difficult to find but "located -
similarly between years (Greehwood and Harvey 1982‘) ]ndrvrduals with familiar
parmers may breed earher in spec1es. where breedmg actlvmes are complex and

must be synchromzed (Rowley 1983). Bemg famrlxar- w1th nelghbors may reduce

the cost of acqurrmg a breedmg terrltory when competmon for territoties is great

..
(Yasukawa 1979, Picman 1987). . . & | :
The blology of willow ptarmigan and structure of thelr habitat makes. it .
'drfflcult to predxct. a. p_rlgr__ whether ]amlharxty with area partner or nerghbors
will mfluence reproductlve success and consequently have iiotentral to 1nfluen e
choice of brecdmo srtuatmn 'I_?amr;_larrty with ,area - may - be _i'mpo'rtan__t ar Chi'l.kat-"

. .
g . . at

"'1 7 “ . V‘, . ‘.' }‘



o Lm0 L.
- e PR o 77
: “ - . . . .
. . . .
. S .

Pass smce the habrtat appeared complex, many ponds s’trearrr‘s an‘d \yet meadows,

: b
, are scattered thr&oughout the area and the specres composrtron and densrty of
: i i

vegetatron varres among terrltorres Food and refuges Jhowever may not be

- drffrcult to fmd because wrllow. ptarmrgan are, herbrvordus (Johnsgard 1983 and

L

E references therem) .and IOQSt and nest near or under many types of shrubs - ’
d’\

'-:vl(pers obs) Synchronrzmg breedmg ‘activities may be a prob]em because parrs do -
‘" not . spend( thet winter - togetaher (Mossop 1988 pers. obs.). Partners hOWever-
appear to become synchronized quickly (the few females that settled rela'ervely
',-late began Iaymg within a week. of settlmg) and most 1nd1v1duals patr two or.

three weeks before nesting sites become free of snow. Familiarity w1th nerghbors

_‘may be 1mportant " because. mtrasexual competition for breeding territories appears
.

"_3__to ‘be 1ntense ‘and populatlon depnsity on the study area is greater than most

."-‘vother areas m the Yukon (D. Mossop pers comm) Durrng this study, though
3 possrbly not at htgher populatlon “densities (Hannon 1983) most, possibly all, -
'-males )and females acqurred a breeding territory. Thus, prior to 'd0cumenting |
settlement patterns and analysing the differences between individuals with familiar
versus unfamiliar partners and on famrlrar VEIsus unfamrhar territories 1 was '’
unable to predict. which factors, \gu'ld %’fluence territory chorce
Choice of breeding situation by willow ptarmigan that had bred previously | »
appeared to be\ more influgnced by familiarity v;/ith pariners and  neighbors 'tha.rl
by differences in quality among territories“ or partners (Chapter I1II). That was
true even though 1) dxfferences among terrrtones influenced date of first egg and
clutch -srze, 2) mdrvrduals had lxttle -opportunity to breed wr’th famnhar partners
(overwinter mortality of. adhlts was about 50% ) and 3) about half‘ the nerghbors
were *unfamiliar each yeart. Chorce of , breedmg srtuatlon by Tirst- tme breeders drd A ‘

]

.'not appear to be influenced by differénces -in quaht) of t:errrtorres or' partners o
(Chapter II). ‘The factors mfluencrng settlgment for those individuals was not .

. known although mortality of “previous breeders and spacing behavior may have °

N
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been important, - L

To compare settlement in willow ptarmigan with settlement in other spec1es s

1

I complled a list of studies in'“which t?le mfluence of characterlstxcs of the

habltat and partner and famxhanty w1th area, partner and neighbors had been

-

revaluated No ldrstmctron was made between first- trme and previous breeders in

J

these studles thus' 1 have not evaluated these groups separdately. In many

3 "

different types of habitat’ 1ndxv1duals chose territories based on habitat b

3

characteristi‘cs (Tables V-Ii.?‘«'and V-2). Possibly habitats were more complex in

these other studles than for willow ptarmrgan at Chilkat Pass’ resulting in

drfferences .among territories that were disdgrnible at the time individuals were

choosing™ terrrtorles (Searcy 1979 -Wootton
[

suggested that marsh habrtats were more coxﬁ%ex than most other types and

,*al 1986). However Orians (1969)

7
three [ of six studres in whxch chorce of territory was not related to habitat

may be only one of many factors that mfluences whe

characterrstlcs were in marsh habitats (Table V-1). Thus v‘»%omplexrty of habitat

Bindividuals choose

territories based on habltat characterlstlcs

ause some territories

3

better than others; more than one individfy

O partners ar “settles on the best
territories - or /with the best p"artners. Thus, in' polygamous species variation ‘in
quality amo g territofies.. or partners should be greater than in monogamous

. 4\1 Tﬂ

part_ner\ ould be moré nou&éble This trend was not apparent; characterlsttcs of

the territory or partner influenced settlement in 21 of 24 polygamous populations

‘and 17 of 18 MONogamous p0pulati‘ons‘ (Tables V-1 and V-2). In two

RPN Y

populations. bl}h of whxch were pol)gamous nexther characterrstxcs of territories

© . nor characterts cs of partners appeargd 10, mfluence\settlemem (Table V- 1) Thus -

a polyg)ny threshold may not .occur, in many populauons Rather polygyny may '

be due to site- ﬁdelnv of prevrous breeders (Ehason 1986 Searcv and Yasukawa
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Table v-1. Factors influencing territory selection in male birds. N(nbi(ats were classified as tundra ot
(Tund), .grassland (Grass), marshland (Marsh), scrub woodiand (Scrub), decidious woodland (WoodD), conifcreus
woodland (WoodC), mixed woodland (WoodM), residential [fown) and in laboratory (Lab).  Mating systems wgte
cltassified as monoenmouq (Mon), polygamous (Pol) or Proumiscus (Pro). All classifications were taken frém the
articles that are®ited. ' '
L] o -
Mating Characterisg i,’ci 01 Familiarity With
Species ™ | Habitat System - Lo @ ~ Author
oL Habitat - ..'r.“zar,i_v}er " area Partner.Neighbors -
.‘. .‘. i ey - AJ";
. R
. 1 w6y
Willow Warbler Sc'rub* Pol - e T Y? - Y? ¥ tawn 19872
(Phylloscopus trochilus) e e . . -
- ~ v ' ‘ . .
Blackpoll Warbler - WoodC Pol..g oy To- - - + . Eliason 1986
(Déndroica striata) ' - - e
. N co '_, e . .
Song Sparrow . Scrub | Mon ey ., - N - MY Arcese and’
(Melospiza melodia) 4 v : _ Smith 1985 ° °
. . _ .
. .ficld sparrow - Scrub Pol N - B e e gest 1977
(Spizella pusilla) 3 ' s . .
. . . . ) 'J L . 'l - . . .
Rufous-collnrr‘d.Sparrou Town Mon .,Y? . - - Y2 Lo Sm_i(h 1978 -,
‘o (Zonotrichia capensis) - . - et DR i T
uhitJ-crounod épnrrnu © Grass  «Mon Y., Y - : - -0 Ral ph and \
(Zonotrichia leucophrys) . ' ' [ Sl e Pearson 1971 - PO
- . : . . . } ) . .
Painted Bunting -~ S © . Scrub Pol Y - f"'Y? Y2 T Lanyon and »
s (Passerina ciris) L o : i . Thompson 1986 ’
9. ' - o .b . . v .~ T - : : - : " . .
_ Blackbird : s c. Mon ey & - Greenwood _and . .
. - (Turdus merula) ) : : . St L e : _ Harvey 1982 : :
P . , . . R . -
Eavtern Kingbird . Scrub . Hon X7 L o ‘_--7 L. et Blancher and
(Tyranus: tyranus) - o g -~ Robertson 1985
e ’ ) ‘/’_ R - a :;.. ". - .4:- . . . N o ‘o b
= Red= d Blackbird Marsh . Pol- . .- - ot - Y Yasukawa 1979
A{Aegetiaus phoeniceus) T Ce - T T ) -
‘ " ) Marsh oPol = - n,, - e N e Y " Picman 1987
.-‘VJJ' L, B “,‘v" ’ ,“: R . o - . K ‘
S o - e ‘ ) ' v g
- .Pinyon Jay v R B . Mon S Y ) .- ] - Marzluff and
(Gymnorhinus cyanocephalus) o B n T ' : : . Balda 1987
» . ' ce . - N . .
Barn Swal low ! Marsh  Mon - . - ""‘{ - Y? Shields 1984 S
r o (Hirundo rustica) -~ . . . e R o
Acorn Woodpecker | ) i Wood - .Pro 1 ., st T - - Stacey nn_d . «
_(Melanerpes formicivorus) - | e - Lingon 1987 )
Tropical House Wrem -  Scrub - Mon - e =N Y? © freed 1987, -
] (Teoglodytes acdon) : ) ) . Lo . e
‘- . ] N * v ‘. Y . : ] .
“Marsh Wren T . - MarsW -t pol. i AR Lo .~ Leonard-and-.
{Ciseothorus patustris) i A ) P . . ' © pPicman 1987
G re o IS e, X R - - N - T L . j s L 1 19
; . . o . P .
P T . P [N ‘
" . i . i ’ ’ NN - ) Ty ‘
P P Z
' P ar ’ P . ; N . ”
L + 2 ‘..,,» - B » A L -
» 1\ . vd e . R . : . "
. PRT : 5 . . - v 1 )
vow " - X ~
« . -
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Table v-1. cont.

o | <,
Mating Characteristics Of Familiarity With %ﬁ‘q
Species Habitat System . Author ';.’fb-
Habitat Partner : Area 'Partner Neighbors N
Spotted Sandpiper Grass Pol - Y - - - oring ot at.
(Actitis macularia) , 1983
\ .
Temminck’s Stint Grass  Pro - - 7 - - Hilden 1979
(Calidris temminckii)
Semipalmated Sandpiper Marsh Mon - - Y? N Gratto et al.
(Calidris pusilla) 1985
Ruffed Grouse WoodM Pro Y - - - - Boag 1976
(Bonasa umbellus) .
Hillow Ptarmigan Scrub Pol - - - - Y? Larnce 1978b K
(Lagopus lagopus)
" Scrub Pol ¢ oo - Y? - - Hannon and
\ Roland 1984
I .
" Scrub Pol N N N Y Y? this study
N
Blue Grouse WoodC Pro Y? - - - Lewis and
(Dendragapus. obscurus) Zuwickel 1981
" " " - - - Y? Lewis 1986
" " " Y? - Y? - Y? Jamieson and
. \ Zwickel 1983
" Black Grouse Scrub Pro Y - Y? - Y7 Dcvas' 1983
(Tetrao tetrix) . .
- . . \__./"‘\\
Sharp-tailed Grouse Grass Pro - - - - Y? Moyles and \ 4N
(Pedioegetes phasianellus) Boag 1981 \
Common Capercaillie WoodC Pro - - Y? - - Yegge and | -
‘(Tetrao urogallus) Larsen 1987
Tenémalm's onl WoodM -Mon Y - Y? - - Korpimaki 1987,
(Acgolius funereus) 1988
Kittiuake Gull Town Mom Y : .- - Y Coulson and - °
(Rissa tridactyla) 4 ' Thomas 1985
Luaghing Gul| Marsh Mon Y - - - - _ Montevecchi 1978
(Larus atricilla)
Caspian Terns Grass™  Mon Y? - - N? - Cuthbert 1985
v ‘(Sterna caspia) -
Dbuble-crested Cormorahg Beach . Hon Y - - - oo Siegel-Causey and
(Phalacrocrax auritus) S . Hunt 1986
B . ' . . ,‘- 1
Y*= yes, N = no and - = unknown -

-2 suggested but.not measur

. 4
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fable v-2.

A

factors influencing territory sclection in female birds.

81

*
Habitats were classified as tundra

(Tund), grassland (Grass), marshland (Marsh), scrub woedland (Scrub), decidious woodland (WoodD), coniferous

woodland (WoodC), mixed woodland (WoodM), residential (Town) and in laboratory (Lab).
classified as monogamous (Mon), polygamous (Pol) or Promiscus (Pro).

articles that arc cited.

Mating systems were
All classifications were taken from the

Mating

Characteristics Of familiarity With
Species Habitat System, : __ Auther -
Habitat Partner Arca Partner Neighbors
) hd
Middendor{f’s Grasshopper- Scrub Mon Y N - Nagata 1986 r
warbler (Locustella ‘. .
ochotensis) )
Blackpol | Warbler WoodC Pot N Y - - - Eliason 1086
(Dendroica striata) : * ,
Song Sparrow k Scrub Mon Y - N - N Arcese and
(Melospiza melodia) ’ Smith 1985
ficlq Spar":‘:i'l‘ Scrub Pol Y N - - - Best 1977
(Spizella'gusilla) , . "
ERUE
Savannah Spa_r:j-ou Marsh Mon N - - - - Bedard and .
(Passerqulus debdwichensis) Lapointe 1984
] N . ) .
Rufous-collnr@% Sparrow Town Mon Y2 - - N? - Smith 1978 )
(Zonotrichia capensis) '
o K}
Dickcissel ey Grass Pol Y - - - Zimmerman 1966,
(Spiza americana) =, \“
Lark Bunting "Brass’ " pol Y - - - - Plszczynska and
(Calamospiza melanocorys) - . Hansell 1980
Eastern Kingbird & Scrub’ - Mon' - * - - - Blancher and’
(Iyranus_(yranus) : Robertson 1985
Bobo! ink B Grass Pol N N - - - Woottgn et al.
(Bolichonyx oryzivorus) 1986
" " " Y- - - - - uittcnbcfgcr
. . . 1980
Pied Flycatcher * Woodd Mon Y2 N? - - - Atatalo et al.
(Ficedula hypoleuca) o - 1984 -~ RN
" Hoodd  Mon' | Y? Y - - - Gotttander 1987
Red-winged Blackbird Marsh Pol - - Y? Y? Y? Picman 1981
(Ageliaus phoeniceus) - -
" " " Y Y - - - Yasukawa 1981
t Q ..
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<. Table v:2. cont. . - - 4 PR o .
T T D
- . . Mating. Characteristics of Famrliarity With > N
. Species - "Habitat System ) R Author ..o s e
. e : ‘;k‘\ . f Habitat Partner  -Arca ‘Partner Ncighbars &
Red-winged.Atackbirds " vt Y - - - . 'lpning(op. 1980
(Ageliaus pho@hiceus) . \ ' - S L )
. " " W N : e - R Weatherhead and g ¥
: : ‘Robertson 1977 e
N b ' .- . Y oy : . o
: Rl . " ” .Y s e Holm 1973+ = " - %
. * - ) ". [
4 Yellow-headed Blackbird .~ Marsh Pol N i ) - T - “Lightbody and
¥ (Xanthocephalus. =", . ° . . . *’4 vcatherhead' 1987
» xant‘hocophnluﬂ) : . . oL o oo
Pinyon jay ' . Mon - s - B - Marzluff and. S R
(GymnorKinus cqanoccphalu';) , -’ e R0 7o Balda 1988 o C
. ‘ e . ‘ ; . S S ——
. w .- N ) EaN
P o Yellbw rumped Caciques ‘ywoogjﬂ Pol Y ] .- L N Y Robmc.on 1986 Tt AP
(Cacicus cela) - : S . . N : .
Village Weaverbird Lab “Pol i ¢4 ’ - - - Collvaﬁ and R
- (Ploceus cucutlatus) ' . o « .. Victoria 1978 :
e ] . “l . 2 . -*
A -Acorn Woodpecker HoodM~ Pro Y - s PR * Stacey and '€, .
. . - + e " . >
AR (r‘elancrpes lormm:‘j’-vorus) s, . : - Ligon 1987
E . ; - p
. ~° Y . : R S .
. . Troplcal House Wren Scrbb Mon- - i .. N Y? Fr_c::\d '198‘7 0"
. - (rrog(odytcs acdon) ’ - - - o ' S -
. . N FT 7 P . ‘-_ N . T . . s Fry 3 f_.g
European Wren | : Scrub” Pol T x? 7 e SRR Gacson, 1980 i
(Troglodytes troglodytes) R ' BT . B . Qe
. o ]
) >, o . M . cL- . Y
Long- bll(cd Harsh \Jrcn Marsh ' Pol Y . - - - Verner Jand e M
- (Te(ma(odytes palusxrls) ’ , Tod 7 Engclscn 19705« - T
. . © e .. i et . e R /
Harsh Hren Y0 Marsh, ‘pol’ Y oy . - - L Lconarq and T
B (Cvstothorus paluqtcns) A 7. : . Picman 198] .

: _Batn swallow arsh " Hon - - - o -7, ¥? shields 1984° - o
. : (i,hrundo rusticay - : ¢ e : T el AP
L Pt , - “ P b - :

: S » R N . P el : o "u o
e Tepgmalm's Oul WoodM Mon Y ! L Y7 ST - /K(‘erimaki 1987, ° o ¢

", (Aegolius funecreus)' N R - 1988 \,, 2 o

: ’ " o ) . .‘ int ~' . . * . v ' EANN ’ ; . o

. Spotted Sandpiper <. - Grass Pol - T - -, - Ormg et al’ Tt o *

: .- (Actitis moculariay 70 - _ T et ' 1983 Y -, "

. . e L - it ’ RN - : e

* . ) .Sempalmated Sandplper' Marsh Mon - - Y? N . - Gratto et nl o ] .
. (Caiidns Pusﬂla) L . _ R, 1985 s a
Iemmnck's Stm; ’ Grass Pro . - . Y R - Hildén 1979 s
(Cahdns tcfrmmcku) ' ‘ [N , . ‘ T L e L
t % . . . .
¥ T I A PN v ) ce . R T
himbret L s LTuna - ~ R : skeet 1983, »

(“unemus phaeopus) A ) ' . AT B A . " 2 e

. R : D £ ) ety v o N . A

e Long«bllled Curleu : Mon® - . ) Tl Redmond and o
. (Nunenius arnemcanus) v - IO Jcnn\ 1982 St .
e be  F ! . T4 ) 5. - X 4

. ; . ] ey S, N
oo 3 s oL ) =y = R : (XN .
N . e L » .' . " L .7“' > A . ; - , ot

. . R e g >, . K ] . . T
- .. Y . ,’ o - . B i A .
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Ty “ ) ey “ T ' B . a
N “ ' . . - ?‘a} . - : o . .
Willow Ptarmigan ] N wYe Ry Y [ "thid study
(Lngc;pus tagopus)y . . N . . -
. 2 . - $ - - M -
N . ..’ R . ' =" e a' - g o Y
- Luaghing Gull Yo, - - = sMontevecchi 1978 .
. il . PRI . e - . N Lo
“.s Clarus atricilla): “ o o Rt g B ST
O - . < @ : B e o
Kittiwake Gull B Y. o - - A a0 Coulson and .
(Riska tridoctyla)”™ T e e - - .o *++ Thomas 1985,
. .o f . . B v - L
. “taspian Terns | , ~Grass - Hon . Yo - - W T Cuthbert 1985¢
S {Sterna caspia) . - ' : 4 b - noo .
A s B e . a ~ »
. \ . (4 . L A .
.. . Dguble-crested Cormorant.  Beaohy ' Mdn .. Y : - 0i - AR
1 L a

Si‘_cggl'aCnuccy “and
S o . Hunt 1986  °

. - Dow and Fredga ™ °
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