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ABSTRACT

This study was conducted on.Franklin's spruce

* grouse (Cahachitcs‘canadensts ffankrinji)_in"southwést
bAlberta cuntinuously.fremFMay'197O_throu§h\September 1973f.
.lvevaantud'thc‘hypothesis that a.substantial.loss of
1nd1v1 uals, mostly juvenllts, results from dlspersal

and mortalltv dur:ng autumn- and w1nter, and thlq loss deter;

mines the size‘of the subsequent breeding populatron..
. ;

‘Es entlally all grouse on a 519 hectare study area :
were-marked' Den51t1es of the breeding populatlon varled
1.£rom 8 to 11 males/km and 7 to lO females/km f Surv1val“.“
of adults and yearllngs was slmllar w1tth each year.
‘Almost all new birds ln the populatlon were yearllngs.s
’Hencegyrecrultment~of yearllngs was the prlmary causezfor
‘éﬁangelln total 31ze of the breedlng populatlon. bisperf>'
_sal in autumn thanged only sllghtly ‘the number of - juve-

. niles};numbers in w1nter were almost 1dent1cal to numbers_
in late Summer.'\Surv1val of all age sex classes was hlgh;
ovér"aaéuﬁﬁ.Aha w1nter. Proportlons of blrds emlgratlng
»1n Sprlng Were varlable between ygar ‘in contrast to
4autumn._ Yearllngs that 1mmlgrated in sprlng replaced
~'_many of the overw1nter1ng Juvenlles that emlgrated. -
.Emlgratlon of juvenlles 1n autumn and the dlstances.they
”moved were 1ndependent of populatlon 51ze.. Results of

Manalyses between denslty and emlgratlon 1n sprlng were

'.less con31stent and not as easy to 1nterpret ’Some,datag



'mOVed werc not'changed significantly by removing all'

indicated a good correlation between emigration of juve-
niles in spring and adult and yearling numbers-in late

winter, ‘But rates of emigration and distances dispersers -
. -y

adults and yearllngs from a part of the study area 1n~ ate .

w1nter of one year. However, if populatlon‘ 1ze affected

_dlspersal it de SO in cprlng rather than autumn.

v

RQQUlLS do not support the hyﬂothe51s that losses
'size of the breedlng -

in. autumn dnd w1nttr detelmzned theé

populatlon.' Emlgratlon and 1mm1gr&tlon in sprlng Were
" the most proxwmal factors to\abtermlne recrultment of
yearl;ngs. Mortallty did not seem to be the 1mmed1ate

-fate of dispersing blrds.. Emlgratlon was,ohly a.means

of prohibiting birds from”recruitinq into'this-iecal

_population. Causal factors to the‘dispersal'éré vet

‘.

‘unknown.
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INTRODUCTION
HYPOTHESIS

o ' ' N
Populations of ‘most animals exhibit high natality yet

comparatively low densities of breeding’indiVi-uals. Breed-
» . ) ‘ - N } _ .
ing.pOpulatiOns usually show only moderate-flu tuations, and

Tarner (]966 742), generallzlng for vertebrates, stated that

-"... provesscs known to rggulate vertebrate populatlo“s

-
- -
n

af;e<t either reproduttlon or 'the survnval of juVenlles e
\

Bendell (1972a) surVeyed the llterature on'many spec1es and
concluded that losses of joung were commonly thought to be'
the main cause for changes in numbers of breeo:nq rnlel--

duals. ‘Typloal oonclu51ons°rn thlsqregard‘come from Gz:pa

(1964) for song sparrows (Melosplza melodla) ~and Sadlel

(1965) for deermlce (Peromyscus_manlculatus). on Haartman's
. . {\ "

[

»

{in: Proc. Int Ornithol Cong 1972 180) . sta ement that,
"Wlnter loss i¢ so’ to say a bottleneck 1n de: ermlnlng flnal

populatlog.[51ze]" reflects much contemporar thought for

\
- [

b'.bJ:rds., . : .o . o | . . e ';. )
‘ ngh 1csses of young from autumn to sprlng oft\h have
ribeen reported for tetraonlds._ In saqme caseS’the losses
t‘were presumed to regulate the treedlng populatlon (Boag
‘fl966 Bendell and Elllott 1967, Zw1ckel and Bendell 1967a,
_iand Weeden and Theberge 1972). However, thene has been {,'
;llttle dlrect study on. the charactprlstlcs of the loss.,‘f;

o EXCept for the contlnulng work on red grouse (Lagop s 1. g“

:scotl&gs) (Jenklns et al 1967 Watson and Moss 19_2, among
_7 -

o others), and work on rockﬁgtarmlgan (Lagopus m 's)g(Watsonv"

R P B A EI S N



1965) and ruifed grouse (Bonasa umbellbs)(ﬁusch and Kei'th
. K . ¢

l971LAtetraonids have been studiei/?ostry in spring and . N

(o W

summer or not intensively enougn i autumn andlwinter to '
. » 3 A L -
.produce the needed information. Bendell (1972b) concluded

‘that there is an obvious. need to ﬁork with tetraonids from

N
N

»
L]

autumn'to.spring to assessgthelroles of behayior, and . F\s
mortaiity and'dispersal of young in determiningrthe nunber 4
of 1n41v1duals in the breedlng populatlon. Thiis was the

A'stlmulus for the present work. This study was de51gned to

evaluate the hypothesis that: ' - 4 “ -
A substantial losS'og individuals, mostly juveniles,
o . - S e
results from dispersal and mortality during autumn

and winter; this loss'determines the size.of the' Na

subsequent breéding population.-

3Year—round'field work was required to associate“ﬁopu—

latlon parameters from autumn to sprlng w1th those of the
C
' breedlﬁg populatlon. A large proportlon of the populatlon

@

needed to be marked in order toufoLlow changes Ln 1nd1vlduals
comp051ng the group and thelr act1v1t1es. Franklrn s spruce

grouse (Canachltes c%nadenSJS frankllnll) were selected for
/ - ‘

study becausg they are eaSLly captured marked and subse-A

quently obServeq maklng 1t p0331ble to monltor most blrds.‘

‘o

’nopruce ilOuSB'NLrG alSO b‘ll“VLQ to be non- mlqratory, thch
. L s,

~permittedZYear—round observatlons on-a.SLngle study-area; }m?a

s ¥
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B
MORTALITY AND DISPERSAL - (

‘

Loss of individuals ftom a g;ven site occnrs through
mortality~or emigration. Morris (1957) advocated that
mortality inclune reduced production as well as death,
In many studies wisth animals the term mortality is used

but it actually reférs to the total loss from death and
emidgration. liowever, I use mortality as only death; loss
equals total disappearance.

4

Emigration in this study involved mostly immature .

individuals; dispersing.froﬁ the study area: .Dispersel has
! . . = a ' .
been used to describe many types of movement: from simple
. _ i : -
radiating movements.from a banding station to coipnization

in a zq@geographié context. Disperqal has been/ on51dered /p
to be, genetlcally controlled, to prov1de maximum colonl-

*®
»zatlon of all habitat, to 1ncrease m1x1ng of the gene pool

and to.contrlbute to surv1val 5% the populatlon (Blalr 1953
kOlsson 19§% Howard 1960 Johnston 1961, Lidicker 1962
Murray 1967, den Boer 1968, Christian 1970, 'and“Ven Valen
'1971) wOlfenbarger s (1946) extenklve rev1e§ demonetrates,
the economlc 1mportance ‘of dLsper51ve 1nfor?at10n for many
H'organlsms. In thls study the 1nfluence of %jspersal on‘

numbers in a locél pOpulatlon is the major conktern.

Krebs et al. i969 605) stated that the £ rst problem

,'in~1nvestlg§t1ng dispersal is to_"..; deV1se a glgorous

4 «

operational definition‘ofaafdieperSing animal"; this has

‘seldom been considered. Dispersal is a movement. The



[

critical problem is to determine at what point>this nove-
ment may affect survival and repfoductiVe Suecess bf‘the
4individuaL and thus'population'size. DiSpersal has been
measured‘most frequertly in the_foilowing'twd ways. 1)
Movement of a juvenile\from birth Site to first breeding
site (Howard 1949 and 1960, Olsson 1958, Johnston 196%5
Tompa 1964, Berndt and Sternberg 1968, Dhondt and,Hublé
1968, and Haukidja 1971). It is often dlfflcult to locate

(|Subsequent breeding sites and frequently Just a removal from
‘the Spelelc blrth site is uséd. 2) Movement off a study “
area. This latter definition has been-’ commonly used ln v
populatlon studles of tetraonlds, for example, Chambers and
Sharp (1958), Choate (¥963), Boag (1966), Bendell and  »
'Elllott (1967) , 'E\él and Bendell (1967a) and Rusch and

Rega

Kelth (1971) . rdless of" the worklng deflnltlon used

t .
most pOpulatlon studies haVe gﬁyen only superf1c1al attentlon-
to dlspersal. only Krebs et al (1969) and~Myers and Krebs
(l97l) glve objeptlve analyses of the functlon of dlspersal
and characterlstlcs of the 1nd1v1duals 1nvolved Haukloja

(1971) gave a detalled procedure for analy21ng d;spersal

. LY <+

dlstances | Dice and Howard (1951), Andrewartha and Blrch -
(1954), French et al. (1968),-and Gates and Hale (1974) |
dn rrlba some of the- many other- methods us edjto analy;e
movememt data | * -

The ultlmate*objectlve of my study was to éccount for,”.

o .
_ 1ncrement and loss at the pOpulatlon level Dlspersalwas._

< /<.' 7
.-



a movement out of a study area shoulddprovide'a direct
measure of one type of loss. Similarly, all immigrantsﬁ
dispersing from elsewhere,:become‘a'componentlof increment.
The critical guestron though is whether the boundaries of

the study area can be eguated with the limits of‘the'popu-
lation.unit. Ruenen (1960) and Bakker (1964) diScussed'sOmeﬁ
history of the development of the populatron'concept}
Bakker.implied that its meaning varied, often relative only

L

to the qUestions being studied.: Den Boer (1968) was even

more emphatic; he defined the population merely as a working—

unlt, perhaps arbltrarlly set by the 1nvest1gator and not o
necessarlly‘a blologlcal entlty; In fact,'most workers have
.used population loosely, simply meanlng a: group of anlmals /
they studled But it is necessary to at least be cognlzant
of the problems of recognlzlng spatlal 11m1ts that are blolo—
loglcally reievant to a breed{ﬁg populatlon. |
Records of dlstances over whlch anlmals dlsperse w1ll‘

o

help show the area. w1th1n.whlch an. 1nd1v1dual may contact
-others of the same spec1es.“ Relocatlons in my study suggest
:vthat emlgrants from the study area had llttle subsequent
contact durlng ‘the breedlng perlod w1th those 1nd1v1duals

- that remalnedw:Lthln.~ Hence, I use populatlon here to refer
 to grouse w1th1n the study area.. | |

Dlstances between blrth 51te and breedlng 51té have been

‘less commonly used as a measure of dlspersal in pOpulatlon |
work These measurements suffer in two ways. l) records of

RN

brood range are often 1ncomplete, maklng 1t dlfflcult to
. - ' ' '

\



determine orlglnal loca-lon, and 2) frequency distribue
tlons for. dlstances moved are still truncated ‘in that they
only entompass the_area of habitat searched. Hence, long-
* distance movements are seldom recordtd 'Haukioja (l97l)‘
discusses the’ problems of unequal spatlal effort.k

Nearly all juvenile grouse moved from their brood S
rande'in autumn'lr from wlnter range in.sbring but I will
use dlspersal to mean ‘only those movements across study ‘area
-boundarles (exc;pt pages 70A80)L This criterion‘can‘be-biolo—

gically meaningful if it reflects a genu1ne 1mpact on the pop—'

ulatlon. Data should be v1ewed w1th this. constralnt in mlnd

BACKGROUND ON SPRUCE GROUSE
)

A brief account of- the annualvcycle of‘c.fc;'franklinii
is bresented here aS'a-prefaceQ‘ Dates glven apply to’ the |
area of thlS study and perhaps not elsewhere. .

) Spruce grouse are dlstrlbuted across a broad area of .

coniferous forests 1n~northern North Amerlca. The Franklln s .

wn-race 1s one of f1ve recognlzed subspecles (A O U. 1957)

is found pr1nc1pally in foothlll and. mountalnous habltat 1‘n
Qfassoc1ated with the northern and central Rocky Mountalnstfﬂ

: Cascades, and Coast Range (Aldrich 1963) ‘ These grouse appear_l
to have a balanced sex ratlo and promlscuous matlng hablts.
rlCourtshlp 1s most frequent from mld-May to early June, when ?d
htadults are generally more - locallzed than yearllngs.. There

a.ls some spatlal overlap 1n habltat used by 1nd1v1duals and e

t
N i - . - .



- there is little knowledge of how or if breeding sites are

defended. Peak of hatching occurs about the end of June and

Y

broods remain intact until dispersal'begins, usually in

' STUDY AREA*"
- S

early Scptember . Dispersal of juveniles and_migration of

some older birds continue until permanent snow. cover. Birds
tend to fl?ck in_autumn and winter, when movements become
rather limited. Grouse feed almost exclusively in trees

(lodgepole. pine, Pinus. contorta,'this study) from 1ate

- -
L]

»autumn to sprlng, although in w1nter they spend con51derable

t}me on . the~snow Flocks decrease in size- 1n late w1nter,

and by May 1nd1v1duals appear mostly alone Assocrated with

',,the change 1n gregarlousness, some young blrds move from

thelr w1nter1ng slte and mlgrant adultsgbeg;nvto returnvto
their breeding area. fr | | A e
Earller reports.that empha51sed dynamlcs of spruce ;
grouse pOpulatlons are as follows. Den51t1es, productlon,
and mortallty estlmates were prov1ded by Stoneberg (1967):Qh
McCourt (1969), McLachlln (1970), and lEllJ.son (1974) .
Lumsden and Weeden (1963) and Zw1ckel and Brlgham (1970)
document age and sex ratlos. MacDonald (1968) and Elllsonf

(1971) reported on terrltorlallsm and Elllson (1973) deg—

vcrlbed seasonal patterns of soc1al behav1or

4

ThlS research was conducted near the R B Mlller Blo-*lfi

loglcal Statlon, 27 km west of Turner Valley, Alberta.hrsf

L The study area, 519 hectares, is- adjacent to Gorge Creek



(50° 39'%, 1'1'4? 39'W). This area s within the h'ighvfoot'h'ill-s
. oof the eastern slopes of the Rocky Mountalns at an elevatlon |
of 1,500-2, 000 meters. Lodgepole plneyv25-35-years old and
“mostly 7-13 meters highQ occupies nearlyrjohpercentnof the
- area. Small and scattered‘patches Of wgite'sprucel(Picea
glauca.).l,' quaking. aspy{n (Popul us tremulloid‘es) ’ _‘anbd balsam
‘poplar (P&pulu' balsa 1fera) are present White soruce is
the prlmary subdomlnant tree spec1es,'alder (Al us” rlspa)
and W1llow (Sallx Spp ).are common shruhs.y Several meaéows
;along creek bottoms and in the uplands are llghtly stocked
:wrth spruce. Although the plne forest 1s dense overall 1t‘
.1s~a mosalc.of varylng,densltles and small openlngs._ McCourt

vy

._(1969) and'McLachlin (1970) present detalled analyses of the
t SR , .

vegetatlon of the reglon._-] 'J; a : '_-A’.- - _
The Gorge Creek study area 1s not an. 1solated habltat

for'spruce grouse. The stu@y area is jOlned on two 31des by

4

contlguous habltat occupled by grouse and sultable habltat 5’;:"

'occurs w1th1n l km of the remalnder of the perlmeter.



METHODS AND TERMINOLOGY

Approxlmately l 250 man- days were. spent in fleld work*
durlng a contlnuous 40 month perlod betﬁeeh‘mld -May 1970 and
September 1973. Nlnety percent of the fleld effort was on

hthe Gorge Creek study area Grouse Were censused L by’ |
';‘repeatedly searchlng subsectlons of the area on a rotatlonal'
‘ba51s | P01nt1ng dogs were used to locate birds and they
'helped make the pro;ect fea31ble, 83 percent of all blrds ,"
seen were located by ‘dogs . . |

Most grouse ‘were captured‘w1th an extendable Snare‘pole]f
(Zw1ckel and Bendell l967b) Juvenlles less than about lO _f
N days old were usually caught by hand Juvenlles were tooﬁ;
7small to leg band untll almost 40 days of age and untll theni.
they were marked w1th a numbered, flngerllng flsh tag (srze-j“

-1, Natlonal Band and Tag, ﬁewport, Kentucky) 1nserted ln;
;t’the prepataglum Mortallty of blrds noosed w1th the snare~ i

pole was 3 percent ‘as experlence w1th the method 1ncreased

the mortallty decreased . 7
. N . N 1o ',
The plumage of spruce grouse 1s dlStlnCtly sexually

vdrmorphlc after post juvenal feathers appear at 35 40 days Of*{‘{

f‘age.g Sex was determlned by plumage crlterla (Zw1ckel and
'Martlnsen 1967 Elllson 1968) The follow1ng age classes

'{wtre_usedk juvenlle,vfrom hatch untll 1 Aprll, Yearllng, ,l""

x.jfrom l Aprll after hatch untll the second 1 Aprll ,and adult;fdi:

'f.‘after the second l Aprll follow1ng hatch Aprll l was chosen“ﬁ
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as the initial date because‘it approXimated the_break-up_of
w1hter flocks and beglnnlng of dlspersal ~Generally, age was:
’eas1ly determlned from tall feather patterns (Zw1ckel and B
Martlnsen 1967), rectrix and remige measurements (McCourt
1969 McLachlln l970 this study), and shape and wear O
outer prlmarles (Petrldes 1942, Elllson 1968) New blrjs“
-h in- adult- plumage after about 1 September were either adult or
A yearllng,'and these blrds were termed "age unknown untll
1 April. - h 'la | - S s;'

I deflne the breedlng populatlon as all adult and yearllng
1grouse seen on . the study area from 15 May to 15 August AI”‘
- chose ‘15 May as a best compromlse becahse all blrds that only
.hw1ntered on the area (three exceptlons) had emlgrated by“thls
date,/yet probably few copulatlons (backdated from hatch dates)
'preceded thlS date A flnal date of 15 August agaln excluded
‘mlgrants, whlch had not been seen on the study area 31nce at°'
least the prev1ous May. All 1ndlv1duals 1n the breedlng |
populatlon may not have actually mated though presumably ‘
they were phy51olog1cally capable of d01ng so., wlnter 1s'
"'deflned as the perlod of permanent snow cover,‘beglnnlng 16

7November 1970 17 December 1971, and 1 December 1972. Wlnter 9f:'f

"jlasted through 31 March whlch approx1mated the beglnnlng of

Tdfloss of complete snow coVer. Autumn and sprlng are used

IR

. vyloosely here but generally refer to 1ntervals of 1 September
’to the start of w1nter and l Aprll to 15 May, respectlvely. ,M J}lf
In many 1nstances I assume tHat counts of blrds reflect e

-Eessentlally the entlre unlverse w1th1n the study area rather
. . B . Jo. . ~.’ ’ . ) N - . . .
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than a sample-of total individualS‘ Although statistical .

.trtatment of data in such ‘cases ‘is. not necessary I employ

51gn1f1cancn levela as a measure of the magnltude of dlf—'
)
‘ference betwecn numbers of blrds. Statlstlcal tests, unless

-‘ncted'otherwise; employed x tests for 1ndependence or a
‘. . . .‘ h ’ i - | ‘ .
2x2 contingency table (YateS' correctlon for-contlnurty

- ddded) . rAll 51gn1f1cant dlfferences reported are at least at

j-the 0. 05 level, at which the Crltlcal x 1 df =.>3~ 84, Most

.results are glven as, percentages but were tested accordlng S

: tO‘numerlcal‘data. In all tables (excl dlng appendlces) I
'use a palr of llke superscrlpt letters to’ show srgniflcant
dlfferences among the data tested

1 T : : R
) .



'&(_excludedr*on and off the study area, and in 98 percent of

RESULTS .\

Much of my 1nterpretatlon of results depends on acceptlng
\
the premlse that essentlally all 1nd1v1duals were marked

Spruce grouse were encountered over’ 7,000 tlmes (brood é

_5the contacts the blrd was 1dent1f1ed as banded or. unbanded
and, if banded the entlre comblnatlon could be read. ‘In _
only 2 percent of the contacts dld blrds flush too soon for

.1dent1f1catlon Ev1dence that almost all grouse on the study

. area were marked 1s glVen in Appendlces 1-4, Encounters

of marked birds as a proportlon -of the total encoud&ers, ;,]
"by age and sex, are as follows.-adult and yearllng\\

males, a9 percent (2675/2705) »adult and yearllng f males, 95
percent (1939/2038), Juvenlle males 1n September thr ugh )
': March; 92 percent (631/684), juVenlle females 1n Sep'ember
.;through March 87 percent (535/618) Blrds undoubted}y passed

- through the study area undetected partlcularly 1n aut mn | and “f_

~-dr~spr1ng but least 1n w1nter However,*the only blrds si hted

‘ffaon the study area beglnnlng September 1970 (explalned be ow)

'-";grouse WLre often 1denc1f1abl by plumage and*behav1or :'The

'pmfblrds known to be present beglnnlng September 1970 and a

=.”were those already marked when found, unmarked b;rds that‘were:
: : I ‘5{! '.‘“u.v‘ )

Angcaptured and marked when flrst seen, and a very%few that

Tfremalned unmarked from one month to the nextJ such unmarke

'fonly p0351ble dlfference between the couht of‘ldentlfled

'f.



total count of all bl ds actually present was of 1ndLu1duals'

never seen. It is a crrcular argumen@ whether unknown

»

residents ex1stednand one that is impossible to prove or

A
A

disprove. - o \;
During'the first'summer; 197O;Vsearching was not as
\ . L '
eff1c1ent as in later years\ SeVeral adults were not .

" seen untll late August of lQ»O but they were re51dent

\

in the breedlng season of l97b and I -assune they were present

throu&hout the summer of 19870. \\I assume that all re81dents“

-'had'been marked by September'lS?va Unmarked adults ‘and year-

lings seen~later tQﬁt year for thé\flrst time were mlgrants
and left the study area before the gpmmer of - 1971. .

o Most srghtlngs of unmarked blrds\occurred 1n autumn and

|

.spring. ThlS perlod1c1ty suggested they were. 1mmlgrants.

\

kFor example, 78. adults and yearllngs were marked after 1
\

: September 1970, and 82 percent were banded\or flrst srghted

\

“in September through November and Aprll through June _’a%f.“

(Appendlces l and 2) Among 102 jUVenlleS marked durlng

13

September through March 84 percent were marked or flrst 51ghted

in- September through November (Appendlces 3 and 4) W1th1n

N

’ AN

was 51gn1f1cantly dlfferent from the expected, unlform

.'7dlstr1butlon.. Immrgratlon of juvenlles contlnued longer 1n*

' ‘autumn of 1971 elght new juvenlles were recorded 1n December,;ﬁ &

l_perhaps because permanent snow cover was not establlshed

':funtll 17 December.:-dplw‘

'i\\each sex age category the temporal aggregatlon of new blrds @7



Sightings ofpjuveniles are giyen oniy after 1 September
in AppendicesA3 and 4. "Juveniles were.first detected to have
departed from broods on 14,h5, aﬁa 9 September,.l970;72 respéc?
ftively. 'All,chicks.knOWn“to be raised on the study area were -
: mar};»ed by /t'h‘ese ‘dates, faci].:i‘tating analyses of :dispers'al. All
unmarked'iu;eniles seen subsequentlybwere~recorded“as recent
rmmigranﬁs; Slmllarly, analyses of sprlng dlspersal Werei

51mp11f1ed because.all known birds overw1nter1ng on: the study

N

area were marked; thus unmarked blrds Seen in sprlng were new ..
to the. ‘a{‘rea | '
'a§ The srze of a breedlng‘populatlon and its age‘and sex
comp051tlon are ba51c parameters in p0pulatlon studles. These_
’parameters must be measured" on a year to'year ‘basis 1n1order'd
to evaluate homfthey are-affeCted,by overWinter‘mortality‘and'

diSpersal‘_ Production, survival and dlspersal are the three

prlmary varlables affectlng the size of the populatlon. _The- .

14

follow1ng sectlons w111 deal w1th ‘these statlstlcs. Rroduction,.

as used here,'lsfthe number of juveniles ra1sed;a1mostito-
independence, that’is;vjuveniles'Still alive in-the‘late‘brood-

'Fperlod at the end of summer. Knowledge of the number of

JuVenLles produced is an essentlal base from whlch to determlne :

f'the 1mpact of dlspersa} Productlon,_the subsequent surv1val
'of juvenlles, and thelr dlspersal w1ll determlne the potentlal\
numbers of recrults 1nto the breedlng populatlon. The actual

q
extent of recrultment may be affected by the number of deaths

1n the pOpulatlon. Hence, annual surv1val of adults and year—j;y

Vu llngs must be recorded91n order to help clarlfy the flux of

LS



populatidn size.

BREEDING POPULATION

'Numbers of'grouse in the breeding population in-
creased from 1970, through 1972, and theh decreased in 1973
(Table 1). ‘The most dramatlc changes were increases in .
proportions of yearllngs from 1970 to 1971. An increase .
‘1n the number of yearllngs, not ‘a decrease in adul@?
cauSed most of the increased proportlons of yearrlngs in .
_1971 ’Increased nhmbers of yearllngs accounted for- 79
perCent of the Jncrease in total males and the entire
1ncrease-1n“t0tal females between 1970 and l97l Less“of
the change in total numbers durlng the decrease from 1972
" to 1973 was caused by yearlings;. the decrease in yearllngs
awas, males and females respectlvely, 60 percent and 55
/peﬂcent of the total reductlon. In each year there was’
no Slgnlflcant dlfference between sexes in the percentages
kof yearllngs.' Sllght dlfferences in total numbers recor-
ded for.males versus females may not haVe been blologlcally
v' meanlngful because of the unknown proportlon, partlcular-f"
'_ly males, that dld not mate. | | o e |
Grouse observed durlng the breedlng per10d<werer_ﬁ

4 yearllngs, elther ralsed on the study area or 1mmigrants,

.-adults recorded the prev10us year, or adults not 51ghted on

g the study area the prev1ous year (Table 2). Yearllngs and

the adults n@i seen in. the prev1ous summer were the ‘new ;'fgf'”'



Table bm_ The breedihg'population of spruce grouse at Goye

J

P

Creeck, 1970-73.

Ay

- , _ Year , .
R 1970 1971 1972 1973
Males ' .
Adults 30 34 40 38
Yeariings 10 21 17 14
Age unknown - 0 0 0
Total 41 55, 57 . 52
B Males,/km? 8 11 11 10
‘ = ‘ _ . o .
+ % yearlings 25 38 - 30 ' 27
Females -\‘
Adults 28 25. 31 26
Yearlings - 7 21 -19, 13
Age unknown: 1 0 L0 T 40
Total. ' 36 46 . 50 - g\\;§9
Females/kmz 7 9 . 10 8
$ yeariings 202 a6 38 . 33
i . B
Total 77 101 107 91
Birds/km? 15 19 21 18 7
“

106
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individuals in the population, and(oVer the 3 years the

| yearlings constituted 91 percent (105/115) of such recruitment.
Only 10 adults §5 percent, 10/194; l97l—73)”were not recorded
the previous summer on 'the study‘area.blAll but}One\of these
_10 adults were located-perlpherally dr used .the study area ‘in
autumn or winter-befdre beingrseen in summer. . There was no

%

ev1dence that marked blrds made significant mOVes in breedlng

|

81te once they. attalned adult age. Hence, the yearlrnhs

probably constltuted more than the 91 percent of recrultment

!

‘Production of broods was low through the study (Table 3):

computed above

PRODUCTION .

L TN
1

over 4 years only 38 ~percent of all females were known to
produce a brood#and 29 percent successfully ralsed one to

late summer. waever, based on the presence “of. a brood, a
~nest, or a brood patch (Zwrckel-and Bendell 1967a) at least

60 percent of all females nested each year. Proport;ons of
females nestlng are . undoubtedly'mlnlmal some clutches ‘were
probably destroyed before the female developed a brood patch

and other females~(unchecked for brood patch) may haVe 1ncubatedv
ca clutch but lost the brood very early.:

'sumrlng all y ars, slmllar proportlons or adults_and

yearllngs were recorded as nestlng (69 percent and 63 percent, fi

reSpectlvely) ' Yet adults Were more successful in producrng

young than were yearllngs (Tables 3 5) u Comblnlng data of all



v A

13 38 13 29 13

-lSeen with brqeds,fnést, or brood patchm

v

Table 3. Summary of breedlng among female spruce grouse at
Gorge Creek, 1970-73,
e Year o
1970 1971 1972 1973
No. 3% No. % No. & "No. &
Females known 1 N e
. .to have nested )
Adults 17 63. 15 60 25 'sii 18 69
Yearlings 4 57 16° -80 9 47" 8 62
Total , 21 60 ° 31 69 34. 68 26 67
Females known'
to have had broods v
“Adults 14 s54. 10 40 15 487 . 9 35
Yearlings 2 .29 7 35° 1 577" 6 #46
Total le 47 17 38 © 16 32 15 39
Broods in ‘late
summer. _
Adults 11 42 9 36 . 12 '393' 727 -
Yearlings ¢ 20 4 20 1. 5. 4 31
Total 26 11 28

19



Table 4. Summary of productlon of. Juvenlle sprure grouse. at
Gorge Creek, 1970 -73. .

- Year

1970 1971 .- 1972 1973
Maximum number of - . . ‘
" juveniles recorded 66 75 67 60
: ' . T ' /
Production into
late summer
Adult. females : A
no. broods . o1 9 12 Vi
- tdtal juveniles - 43 . - 31 31 24
mean brood o 3.9(0.6) 3.4(0.6) 2.6(0.3) -3.4(0.5)
size (+ 1 SE) - ‘ T S :
R
Yearllné females o . - - -
no. broods e 2 - - 4 -1 4
total juveniles 6 13 2 10
' mean brood ~ 3.0(1. O) 3 3(0 9) 2 0(-) 2.5(0,6)
size (+ 1 SE) - S
Total females T o
- no. broods® - . 13 . 13 13 S 3 R
total juveniles . 49 44 33 . - 34 .
~mean brood = . -3.8(0.5) 3.4(0.5) 2.5(0. 3) 3.1(0.4)
»size (+ 1 SE) : P : I - e o
Total juveniles/ =, . - R B A
total females - l.25. 0.96 . 0.66 ' 0.85 .

20
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Table 5. Nesting success and juvenile mortality in summer for o
spruce grouse at Gorge Creek, 1970-73

S _ ~ Year- - ' .
1970 1971 1972 - 1973
No. % ~No. 8 No. %  No. %
."'Nesting’sucCgsslf ° |
Adults 0 3 67 9. 11 6 33
Yearlings 0o 6.-'67A 4 2'0A" -1 100
Total 0 9 67" 142 7% 7 43
' . ~ . '
- Summer mortagity
of juveniles ‘
Among broods of '1_ o _
Adults © 4 -9 13 208 33 528 13 36
Yearlings . 0 12 .50 1 33 7 41

Total " 4.8 " 25°36 - 34 51. 20 38

lNests found. - % hatch. o G
‘”2The female was unknown for one - nest. ' o .
3Number juvenlle deaths - % of total Juvenlles.f-“
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years,‘44 percent of.the adUlts'and 27 bercent of the yearlings._
were known to have had broods (P <. 0. 05), 36 percent of the .
adults and 19tpercent[of the yearllngs raised broods into |
late summer_(P < 0. 05). Several factors may account for the
'hdlfference in success more blrds attempted to nest than were
recorded' proportlonally moreso among adults' nestlng success
R was better for adults than yearllngs, adults may have renested
lf more than yearllngs. The flrst “two po551b111tles are not
supported by the ev1dence obtalned "Only one female was known
to renest and two others may have done so, all were adults.e
‘hRenests may have been more common for yearllngs as well but o
Afrenests were probably dlfflcult to 1dentlfy (hepple 1975) :
Counts of Juvenlles allve at the end of the brood perlod
(Table 4)‘were consldered complete.. Mean brood 51ze of adults
'afand yearllngs 1n late summer ‘were not 51gn1flcantly dlfferent
i.(t test),:but brood s1ze among adults was always sllghtly -
.'1arger.. Numbers of juvenlles produced by adults always »
':e'exceeded those broduced by yearllngs prlnc1pally because‘:h':
ynumbers of adult females exceeded yearllng females..y JE
| Two factors that contrlbuted to: loss of productlon are't
.{bdlscussed here, namely nest destructlon and Juvenlle mortallty L:[
tH(Table 5) . Thlrty nests Were located durlng 1ay1ng or o
t\hlncubatlon stages but only 33 percent hatched The cause‘of
’ﬁfd sb uctlon was dlfflcult to(assess There was no know Co
"fdesertlondand all unsuccessful nests showed ev1dence of .";;ng

predatlon or at least scaVengln9§ It was dlfflcult to determlne vk‘*

'f-the extent that destructlon mlght have been 1nfluenced by



act1v1t1es of fleld workers and dogs Subjectlvely, I belleve
our procedures for flndlng nests and - the tlme spent at them
were s1mllar in 1971—73 However, most nests were found 1n
1972 and 13 of the 20 unsuccessful nests- occurred then. Elther
.our act1v1t1es at’nests 1nfluenced predatlon more 1n 1972

t
than other years, contrary to our 1mpres51ons, or-a greater\
proportlon of neésts were located in vulnerable 51tes and we
located many of them. yu,: :.'

A minimum natural mortallty of 42 percent (handllng losses

-_'excluded) was. calculated for Juvenlles 1n summer, from all

,broods and years comblned ThlS mortallty was the difference
;between the max1mum number of juvenlles seen 1n each brood and
'gthose remalnlng at the end of the brood perlod Addltlonal

B mortallty undoubtedly occurred before the flrst counts of l:‘
.broods Recorded mortallty 1n broods of adults and yearlrngsfvn‘nb

‘.was 51mllar for all years comblned 41 percent and 46 percent

".brespectlvely FOur adults and four yearllngs (13 percent of

fall brooas) -were known to have lost all ChlckS. JUVenlles S ’d7

'1n these broods were not known to haVe dled from handllng and

"1',losses of entlre broods may be normal The loss of all chlcks_rﬁ N

‘f;idld not seem to be dependent on brood 51ze brood 51ze (earllest

"”counts) ranged from three to four for adults and three to flve u5b"‘
"Tfor yearllngs - - ‘ : S By
I bellbve‘the Juvenlle mortality reported here largely
freflects natural losses desplte an 1nten51ve effort to captureiig?
fand mark young Chlcks. There were 222 Juvenlles w1ng tagged |

1h,;w1th1n or 1mmed1ately adjOlnlng the study area prlor to 36 daysff}f;?

..
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‘of‘age. All juvenilesiin'this sample were in broods'that’could

‘be followed.throughathe summer. Loss untll 40\days of

-age was 36'percent The loss was equated to death since

ijuvenlles were censused and all consrdered marked before

»

dlspersal Informatlon is scarce on mortallty of jUVenlle

_‘spruce grouse. McCourt (1969) reported 26 percent mortallty

o occurred before lO -11 weeks of age but, agaln, blrds were

frequently handled ' Elllson (1974) reported 19 percent

’mortallty for Juvenlle spruce grouse in Alaska, as the

dlfference between the juvenlles hatched and total brood counts L

in August Elllson S method may underestlmate mortallty -

fbecause of the tlme perlod OVer Wthh hatchlng ocd}rs. C ich

51ze and mortallty dlffered between Alaska and Alberta grouse ='

2

;(Elllson 1974 thls study) and hence, my data of tagged chlcks

'should be compared to a control area‘w1th srmllar product1v1ty ?

”*;and mortallty levels._ Slxty percent of theqauvenrles were

."W1ng—tagged before they were lO days old, a: perlod that 1s

lqprobably concurrent w1th much natural mortallty, as was

re orte for Juvenale blue rOuse (Dendraga us obscurus)
P g P

t(Zw1ckel and Bendell 1967a) Hence,.lt 1s dlfflcult to

':fseparate mortallty 1nduced;by handllng and tagglng from that

R

. \

mortall ty : ‘ : B ‘ ' -‘ '. \ T " ' ° .. )

'mVa“

: [

Several aspects of the reproductlve cycle were poorest
for yearllngs 1n 1972.'a lower nestlng attempt, poorer nestlng

success, fewer broods, and a. smaller mean brood 91ze., Unless

'u]"lfwhlch occurs naturally. Presently there 1s no substant1a1 ‘~1gfdfdﬁ

‘ievldence- hat the 1nten51Ve tagglng compounded natura1 fﬁﬁfﬁfg.fffés
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-

‘ there were, changes in early nest destructlon between years I-

con51der the decreased nestlng attempt to have been real

<

‘ Adults also showed a decrease in nestlng success and mean

brood 51ze in l972 _ Data on clutch 51ze were too few fbr a
comparlson between years: but I belleve smaller broods in 1972
resulted from 1ncreased mortallty, not smaller clutches.

‘ The greatest change 1n productlon between years wasta;25 %&
percent reductlon (44 to 33 juvenlles) from‘l97l to 1972 -
.(Table 4)’ The lower productlon resulted from changes among
yearllng females, a smaller number of broods was more -

1mportant than the change 1n brood size. 'Poorer nestlng :

cuccess and/or fewer attempts to nest caused decreases__”

in yearllngs w1th broods. ~An index to productlon was

calculated fromtthe juvenlles allve at the end of summer and 1‘

, total females in the breedlng pOpulatlon (Table«4)"QThe

i

lowest procuctlon ratlo, 0 66 juvenlles per female, occurred

’

'1n l972 when total populatlon 51ze was hlghest Productlon's}‘f_g.‘

o ratlos over the four summers were 1nversely a55001ated w1th

; densrty, decreas1ng as breedlng females 1ncreased (r_=:-Q;79}ff7”'r'

,_L>

""csuRVIVALjpsgggggniue5ébpqLATIdN7f

P'> 0 05) The most obv1ous p01nt 1n all data collected was

the low reproductlve success in 1972

B S A ]

Surv1val rates for the breedlng populatlon were calculated
over both the annual and autumn-w1nter perlods. An annual rate

(%) of mlnlmum surv1val (S) was obtalned from 1nd1v1duals T



seen between 15 May and la August at Gorge Creek in year X

that were also seen on the study area in X+ 1. The complement
';of surv1val (100 - S§) equals’ loss (death andtemigratlon) between

15 May of X and x + 1. Surv1val over ~autumn and w1nter was‘ |

analyzed separatcly becau5t most loss was presumed

to occur then Surv1val over the‘autumn—w1nter perlod was -
‘tﬁcomputed from only those blrds”known to be allve on 31

August and the number of them thatjsurvrvehrough the

follow1ng 3l March - .'.' o .'“J - ’{;; ‘ ; : T*}

Mlnlmum annual suryival ratés'are given ianable.G “For

all years COmblnCd annual surV1val rates for males and females,“
z'grespect1Vely, were 76 percent and 63 percent (P < 0. 05) For N
'both sexes, surv1val was usually sllghtly greater for adults

jthan yearllngs. .The dlfferences ‘in survrval rates between age

'classes may not be very meanlngful because Qf“the,;ather\low o

lden51t1es of blrds.l For example, when the rates for both
~yearllngs and adults are applled to the number of adults for
;t.a glven year the results dlffer by only one or two blrds (ex-f.
. [:cept females, l9V2 73) Also w1th1n years, survxval of males
1'eexceeded that of females among both adults and yearllngs.; No lyt;'”
'h“comparlsons of data w1th1n and between years were Elgnlfl-'d”kﬂ{'

ok

P~fcant. Some grouse were seen off the study area after they

-t;femmgrated durlng or follow1ng the breedlng perlod 1n year x. ,:,f.ﬁzﬁ

' 5jBy 1nclud1ng these emlgrants as survxvors the mlnlmum annual

.7_ surv1val 1ncreased to 80 percent for malTs and 66 percent for

ET AL
Ty

The 1ncrea5ed loss of yearllng females 1n 1972—73 1s _;f_{;
;f« deSCrlbed here.. Nlne of the 13 yearllngs present in 1972 were

{ Y}
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. were absent in 1973. Of these nlne, four were lost in May
l9l2 (one known death, three assumed emlgratlon), three were
lost in w1nter (two deaths llkely), and ‘two (knOwn) emigrated
eafter 1 Aprll le& Hence, the greater than’ normal loss in
l972 73, Wthh rtduced s, 1ncluded much emlgratlon. |
Among years, surv1val through autumn and w1nter for

'males ranged from 84 to 95 percent,ifor tOfal females surv1val
ranged from 85 to 92 percent (Table 7) Over all years, |
;Surv1val through autumn and w1nter'was 87.percent for males,
_and 85 percent‘fOr females. 'There Were”no slgnlficant“

: . N A
differences .in any comparlsons of surv1val data. These
‘ratesflncjude some blrds that surv1ved after emlgratlng but ;
theyfmay stlll be‘mlnlmal because the~fate of others was.' K
. unkpownl Max1mum survlval of all blrds was 93 percent because
7 percent of the blrds allve on 31 August were’ elther found '

dead or were“assumed to have dled before 31 March

{ne adult and yearllng grouse were found d ad
Judy, 1nd1V1duals were 1dent1f1ed from band

E 1n 23 cases,\and age and sex . were determlned for

.‘«v- N
%

_-1rds respecthely To evaluate the dlstrlbutlon of -

{throughout the year I used only those deaths that :'.5'
;;urlng three full year perlods, May 1970 through e
Aj3 Gquure 1) | I used 17 blrds found dead and an

";ﬁ;al 26 grouse that had been locallzed re51dents.i ihé?y:”
'rabsence of further 51ght1ngs of these 26 blrds was assuned-to'

ﬂnlndlcate thelr death For these re31dents I assume that death

Vyoccurred shortly after the last 51ght1ng ,Thrrtyéseven of~*‘>7;
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-:ppercent anong - females.

.pOpulatlon because of death (Table 8) Grouse could be .

'vlegally shot each year but huntlng 1n

of theseh43 blrdS had been part of the breedlng populatlon,

the other Six were present only in w1nter.
Flfty two percent (11/21) of the males and 68 percent

(15/22) of the females died in the period of May through

S S22 o
August; this difference was“not significant (x = 1. 88) .The

dlstrlbutlon of mortality for females was 31gn1f1cantly A

2
(x = ll 83) concentrated, compared with a unlform mortal;?y
through the year The - recorded mortallty of males was al

greatest in May through August, the dlfference between

observed and expected values approached 51gn1f1canc°
2 ) _
(x/ = 3.20). o -

‘A total of 34 males and 4%kfemales were lost from the

-

breeding population over the 3%2ears (Table 8)'1 Fifty-nine

percent (20/34) of- the males and 24 percent (11/45) of the‘

females were. lost durlng the‘7—month autumn-w1nter perlod

leferences between seXes were 51gn1f1cant (x = 8 21) ' The

obserVed loss of. females was 51gn1f1cantly lower (x 21 04)

than expected, assumlng unlform lqss throughout thesyear,

the observed - expected dlfference for males was not

- 51gn1f1cant (x = 0 03) : The known and SUSpected mortallty

that occurred 1n autumn and w1nter (1nclud1ng huntlng) wasf

only 41 percent of the total annual loss amonéémales and 24

> were lost rrom the breedlng

s

the plne forest was |

negllglble, Only three deaths were attrlbuted to,huntlng.'

?
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Table 8. Loss of spruce grouse from the breeding populatlon
at Gorge Creek 1970- 72 :

i i T © Sex

_ | Males Females

Total loss, all 3 years = R VI s
: Mortallty I | - ‘.23: : 25
May—August . "Q, ' e - 7 f 15
September~March;A.- ' R 13 | 9

| Time'uuknown._ . o 2 2
Hunter kill . . 12

.Emlgratlon : .A S . 7¢ | 13 .
Known | 5 5 3
‘May-mugust . 1 3
September—March. 3 0

Time unknown - o 1 N AO.f

”Probable?-: : ._ L L_.;; "".e d2 :-T10A.
_ Cause unkﬁowﬁ N : o : : :‘ 4i'_’ 4
September-March T | | 3 - °

.!\ K . - ‘. . v‘ . t

. lTotals 1nclude 11 males and four lemales for. whloh
month of death was documented (Figure 1). Two other males’
“and five other females; that disappeared are also included;

they presumably dled although acourate dates ‘were. ﬂot ob—='-"‘

talned

‘ 2Pr1mar11y composed (9/12) of yearllngs 1ast seen 1n
May and June and assumed 'to be Stlll dlsper51ng.

ot

32
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SlnCe rellable dates of death were obtalnedfor 37 blrds(77 per—-
cent,‘37/48, eXCludlnq huntlng) the tlmlng of natural mortallty
recorded in Flgure 1 was probably representathe for all blrds.
The size and age compos1t10n of a breeding populatlon
.1s affected by the surVJval of adults from the prev1ous year,
survival and fldellty of yearllngs from the prev1ous year, and
recru1tmcnt of yearllngs. Percent losses of adults - (mostly
mortallty) wvere generally ‘similar between years and had ‘no
great lmpact on changes 1n numbers. But the 1ncreased loss of
) yearllng females durlng 1972 73 d1d help change the number of
-total females in l973 as rollows. Numbers of adult females .
;decreased from 1972 to 1973 but the surV1val rate of adults;
:remalned constant.” The decrease 1n adults resulted from '
feWer of the yearllngs in- l972 progress1ng 1nto the adult '
: category of 1973 The reductlon in total females 1n 1973
; resulted from the reduced 1ncrement 1nto the adult category h-

and a lower recrultment of. yearllngs in. 1973 h

| SURVIVAL OF JUVENILES pa WINTER

SurV1yal over w1nter was calculated for those Juvenlles
'present at the start of w1nter (4able 9) | B

Wlnter surv1val rates ranged from 78 bercent to 100(
' percent for males and 79 percent to 90 percent for females.-:'dﬁt
ﬁ'OVer the 3 years, 87 percent (123/141) of all juveniles allve.{f:ﬁ;i
‘yat the start of w1nter were st111 allve, though perhaps off el

the study area, on l Aprll Surv1val was the same for both
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‘seXev and there was no consrstent trend in survlval related to

whether brrds were ralsed ‘on the study area or had 1mm1grated
Surv1val rates llsted in Table 9 may be mlnlmal because the
fate of some blrds was unknown. For all years comblned 18
juvenllec were lost over w1nter.. Known mortallty of flve_.,

was only 4 percent of the cumulatlve juvenlle cohort’ at ‘the

'start'of w&nter (5/141);' Two other b1rds moved off the study
.area in W1nter but were seen allve after l Aprll,_and the

,fate of-ll others was not known. Clearly, overw1nter mortallty

of Juvenlles was negllglble.

J

' There were. dlfferences between years 1n proportlons of

--Juvenlles lost in w1nter (Table 9) but they were not

\ g

°

‘-51gn111cant These dlfferences were not known to be caused

by mortallty but resulted largely from blrds of unknown faté\_

KSeveral of these grouse were 51ghted near boundarles and may

C have moved a’ short dlstance aWay 1nto habltat not regularly

bISPERSALU'ti;Jt

DlSpersal 1nvolved emlgratlon and 1mm1grat10n, dlspersal R

from the study area is presented as percentage rates of

- emlgratlon.. Note that many blrds moved durlng the dlspersal

yuperlod but dld not leave the study area.l Dlspersal Was a two-hﬂfiy:-
_;phase process. Some birds moved only 1n autumn, others only

iln Sprlng, and others at both tlmes. DIspersal 1nVOIVed

r'\'

‘ue,only 1mmature bllds, juvenlles in autumn and ‘the same year ffd'

",\_‘



class, now yearllngs,lln‘sprlng> Juvenlles that remalned
‘l on the study area in late w1nter and whlch were avallable to
. take part in subsequent dlspersal are’ termed OV&rWlnterlng
‘Juvenlles. Blrds of other age classes mlgrated 1n autumn and

i

‘isprlng but are nét 1nc3uded in the dlSper51ng cohort

A rate bf emlgratlon in autumn was obtalned from the
']uVenlleS present before break up of broods and the number of
'_these 1nd1v1duals absent in w1nter.; A rate of emlgratlon in

. that were absent from the study area 1n the next breedlng

’Iperlod All analyses exclude blrds known to have died.

bisPersal;inlAutumn :}_.f

Dlspersal in: autumn 1s summarlzed 1n Table lO In each
: : R T
’Lyear con51derably more females dlspersed from the study area

\_.

'*]than males.- leferences were 51gn1flcant 1n 1970 and 1972.

\ 4

'[QOver the entlre study, emlgratlon of females (75 percent) was

151gn1f1cant1y greater (x ,_,14 70) than that of males (41

,-5*fpercent) qucurrent with emlgratlon was the 1mmlgrat10n of

BN

36

sprlng was obtalned from the number of overwrnterlng Juvenlles Sl

"”other Juvenlles,-ln all years females agaln predomlnated._.hr“f;

B

”f;Numbers of males and females comlng onto the study area 1n

Whautumn were, respectlvely,,SO and 44 percent greater than the

-d{numbev that emlgrated (all years comblned) Not all new blrds

‘.dremalned however, 29 percent of these males and 32 percent of

the females were not seen at Gorge Creek ln w1nter.. Qf these

|

'"fJuVenlles that dlsappeared from autumn to w1nter (tran51ents~ﬁ:quf
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‘_l3 males, 23 females), 28 percent dred from natural causes'
or handllng, ll percent emlgrated ana the fate for 61 per-‘
-cent was unknown. ' - |

-The.resultlng number of'juveniieS-that wintered*eachn'

year was very 51m11ar to the number present before dlSpersal

';franglng from a 10 percent decrease (two berS) to a 29'

I numbers of Juvenlles."fa .

"percent 1ncrease (four blrds) Comblnlng the data of all

years, the number of juvenlles 1n w1nter ‘was only 3 percent

(two bllds) and 2 percent (one blrd) dlfferent, males ‘and - }}_}_.‘
'dfemales respectlvely, from the number present 1n late summer.pif.

}Clearlv, 1n each year dlSpersal 1n autumn dld\not reduce‘a*‘
S , .

_ There were seVeral slmllarltlesbrn between year-comparl—‘qV

.sons'of dlspersal data. For both males and females, the

b':'number present before dlspersal the number of 1mmlgrants'1n
wautumn 'and the total number of blrds present in winter were

“?»~_;ga11 greatest in: 1971 (and 1971 72 w1nter) (Table 10) Wlthln

"*,'each sex, but espec1ally for males, emlgratlon rates were

"T-Juvenlles present before dlSpersaljln autumn and overwin-f

viflmum of flve blrds or 19 percent,‘row l Table 10 and row 3,

'fSlmllar each autumn 1n sprte of con51derable dlfferences in fef"f”

A : .

bnumbers of juvenlles present 1n late summer.»;f

fbniepersal inISEringfi' R

There were only small reductlons between numbers of

sterlng Juvenlles present before dlspersal 1n sprlng (a max-.

'fTable ll) Summlng all years, males and females present e

: o
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. before'dispersal‘in spfing were, respectlvely, only 11 percent

.h(73’— 65f 8 blrds) and lJ percen.

(67 f.58 = 9 blrds) lower

: of males. Over all years, 60 perc- t of the females

-'percent of the males (P > 0. 05) emlgrated 1n sprlng._bt
”dlfferences between seyesvw1th1n years were often small
fcompared to those in autumn.; Emlgratlon was not 51gn1f1cantly
-h dlfferent between blrds ralsed at Gorge Creek and. those that :_e
.1mmlgrated in autumn. : ; o |
| Immlgratlon of females also exceeded that of males.; .

Over all years,_yearllng males arr1v1ng 1n sprlng summer were

'f'150 percent feWer than the number that emlgrated the number

',;'of new. females was 6 percent greater than,the number that

"ftfseen in. the breedlng perlod 94 percent for males and 81

‘ '”ﬁtrans1ents, four emlgrated and were allve elsewhere, one dled

‘s

}.,emlgrated Mest new blrds elther remained for or were flrst

N L

”f[percent for females.. Only elght blrds were recorded as

uffrom handllng,,and the fate 6f three Was unknown.;?ﬂ"'”"
The overall 1nfluence of dlspersal 1n sprlng was measured

’llby comparlng the number of overw1nter1ng juvenlles before

\

'lfgjdlspersal w1th the total number of yearllngs 1n the next

'ebreedlng perlod., leferences between these two counts, w1th1n o

”ﬁ;sexes and years, varled from a 41 Percent decrease (12 blrds)

_ l.-'




rto/a 40 percent 1ncrcase (slx.blrds) (Table ll) The changes R
Cin numbtrs of blrds in sprlng were. greater than the changes
that resulted flom dlspersal the prev1ous autumn in four of
. 8ix 1nstances w1th1nlyears (row 8 Table 10 and row 14, Tale t"i'
vdll).' For all years comblned" the net changes from dlspersal |
in- sprlng were reductlons of 20 percent (13 blrds) for males_'*V
and- 9 percent (flve blrds) for. females, | |

The number of overw1nter1ng juvenlle males present
hbefore dlspersal was greatest 1n 1972 thls hlgh count
_followed the. hlgh ‘number of " juvenlles in late summer of 1971
Emlgratlon among total males was 51gn1f1cant1y greater iﬁ’
hl972 than in-1971. Slnce duﬂ@nmmer of 1mm1grant males 1n
f'Sprlng summer was SAmllar each year 1t follows that emlgratlon

.‘was the most 1nfluent1al component 1n how dlspersal modlfled

m",

7.numbers of overw1nter1ng males._.
EEE The n%:ber of females present ;n late w1nter was also‘m
'jgreatest 1n 1972 Dlspersal 1n sprlng of 1972 reduced

;f:con51derably the number of potentlal female recrults, a sharp

' f'contrast to the net 1ncrease 1n 1971. The reductlon 1n 1972

'ﬁ“ﬁithe equal pre-'and post-dlspersal numbers.

"reSulted from both reduced 1mm1grat10h and 1ncreased emlgratlon..7'

T
The most notable change between 1972 and 1973 was the

“fg,decreased emlgratlon of males in. 1973 whlch largely éaused

VfSvaiy51g[;¢’vgﬂ_;., SRR
" . Birds were initially classed as emigrating if there were: .

. ¥



.nodfurther sightings of them on the‘study area. It-is

critical though to ﬁnow Whether the loss was due to emigration,
. . . R Lo

as- prev1ously 1mplled, oxr death i
o - il s and 50 females, déta of 1970 72 comblned,
were sale: tilspersed from the study area in autumn.
Sixteenpﬁi ;the;e blrds l3/80) were seen alive durlng.;
| jél after tonhorvoff study»area):thevfollowe

_ <

uvenlles in autumn because- they emlgrated

5ils documentea for blrds classed as emlgratlng
’ln'sprr d Table 12 Antotal of'32 male“and 35 female |
voverwing ?ng juVenlles were, absent 1n the next breedlng

:je study area. Of thlS total, 66 percent of the
_imalesiandz i‘percent of the females were. seen a11Ve after
ehdispersalﬁgfjsprlng : These blrds surv1de at least 1nto

‘,summer and for most lnto autumn., Elghty percent of the

fre51ght1ngs re of blrds that returned for the follow;ng

:_]wlnter( ). work stopped in. early autumn of 1973 and
‘~i Wasiles"'ble to determlne survxval of blrds that emlgrated.jf S
h'that sprrng. The known short-term surv1val of sprlng

.iemlgrants bbcomes 72 percent (36/50 males and females) Wlthu o

pf_ithe data of 1973 excluded

I compared known survrval of sprlng emigrants and non—"A“‘

VSK-_emlgrants for an aPprox1mate 12 month perlod follow1ng l _”75f3ff

?g;Aprll (used as a startlng date for dlspersal) Surv1va1 lntov

2_r1MarCh follow1ng dlspersal (1971 and 1972 only) was 72 percentlﬁV”

(31/43) for non emlgrants and 52 pergent (26/50) for 4.}};-’
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emigrants. Differences are significant (x? = 4.83). But I

am certain the estimate for emlgrants is low because of the

-

unknown fate of many that dld ‘not return- for thelr second
i

w1nter on the-study area.' Hence, spring emlgrants surv1ved
wef; tthUGh the dlSpelsal perlod ‘itself and thelr subsequent
‘surv1val for' nearly a year was probably close to that of
birds not emlgratlng in. sprlng The annual surv1val of those,
y)sprlng 1mmlgrants that were present 1n the 1mmed1ate breedlng
perlod (l97l and 1972). was 69 percent (20/29) The surV1val >
ate ‘of these latter blrds reflects that of dlspersers that
have suucessfully recru1ted 1nto the breedlng populatlon.:

At least’ 257 Juveniles (all years) were: found on the
.u‘study area’ in autumn.y These blrds were elther ralsed there
v_or had 1mm1grated and'they subsequently elther remalned,

‘emlgrated or'dled there. Only two juvenlles, l percent of

‘the . total, were found dead durlhg autumn In.sprlng; at~b |

-least 157 yearllngs (all years) were recorded on the studyA
'rarea, they were overw1g%er1ng juvenlles and new yearllngs |

-before l June. Agaln, mortallty was: 1ns;gn1flcant as only o
:afour deaths (3 percent) were recorded Probably not all |
2i_dead blrds were found but 1f mOrtalitygwere‘a common fate_:
'_hof dlggbrsers many more dead blrds would have been present”-livi”

¥

“*and some of them should have been found? N

T L e

'“'ySummary of_DiSpersalliandpsuryival) Autumn Thr

LR

'Kt this point it is appropriate to reiterate the Key.



points on dispersal and survdval of juveniles fromdautumn
.through spring; Thedpatterns of change in numbers were
quite consistent each year.

Emlqratlon of juVenlle female grouse was. greater than

th%t of malos 1naeach~autumn. Cohcurrent with emlgratlon
: » » ‘ L4 / . , . .

was the 'ilmigration of other juveniles, and again females
predominated. 'Late-summer counts of juveniles varied between

" 4

years but rates of emlgratlon were. qu1te constant. ~Because
of the- compensatory effect of 1mm1gratlon, numbers of
JUVcnllOS seen. in w:nter were almost 1dent1cal to numbers

present before»break—up of broods;

D

Little mortality was recorded durlng dlspersal In

autumn . Surv1val through the ensulng w1nter was high and

N / -
iittle emigration occurred then. Hence, numbers'attalned in
late summer through reproduction were carried through to the ..
end "of winter with little change.. .- .

st

Beglnnlng in March a second perlod of dlspersal began. ‘

"\

eﬁ,Ev1dence indicated that ‘the dlsappearance of .some overw1nter-f

&

“1n§ ]uvenlles in Sprlng resulted from emlgratlon. As in 7
-autumn,_mortallty durlng the perlod of movement was sllght
Many blrds that dlspersed 1n sprlng were seen later;t%:gu
’hlndlcating that thelr surv1val was good. FemaleS'again"v

predominated among dlsper51ng 1ndhv1duals, dlfferences between

‘sexes were sllght compared w1th those 1n autumn . ;”\':r

In autumn, dlspersal produced only a very sllght net
eA

heffect on. numbers. But rn sprlng there was a greater change,~ )

"as measured by the dlfference between ‘the numbers of



2
;
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juveniles in late winter and total yearlings in summer.

Consequently, dispersal in spring seemed £o have a greater

and a mere variable impact on numbers of yearlings in the

breeding population.
. /

Numbers of yearllngs 1n the breedlng populatlon were
determ1ned from the interaction of three factors the number
of wintering juveniles, soring emigration,_and_i@mlgratlon~
in.spring~summer.‘ Emigration in autumn was.neariyhconstant

and nunbers of wintering juveniles.varied directlnyith?the‘

¢

 numbers present in'latejsummer.' Spring emigration, therefore,

~acted upon a group. of juVeniles.Whose's}ze‘was,directly_

dependent on production during the previous summer. The
effect of production on dispersal in spring Wae miost obvious_

for males 1n 1973, Immlgratlon of males 1n 1972 was 51m11ar o

v

to that in 1973 But even though the rate Qﬁ.emlgratron in

Sprlng of 1973 was low the ‘number of overw1nter1ng (1972473)

@

juvenlles was also low and. thus the yearllng count in summer

of 1973 decreased The.lnfluence.of product10n~on yearllng
recru1tment seems to have been only 1nd1rect. For produotlon
to have dlrectly 1nfluenced the number of breeding yearllngs
the rate of emlgratlon in sprlng would have to be - constant,

whlth d1d not occur.% Immlgratlon 1n sprlng further modlfled

.the relatlonshlp between produttlon and recrultment (dlscussed

ra.'

Time of Dispersalnin Spring

e

An approximation to the time iﬁf%g}gratiohifn spring is



4

given in Figure 2; it is based on ‘the dates overwlnterlng
juvenlles were seen last on the study area. There were no
slgnlflcant dlfferences between'years in the proportions of
birds remaining on each successlVe date);and4all.data were
combined, Most.of thelstudy area was covered inea 7-day -
period I suspect_most:birds emigrated within 7.days-of thel
last slghtlng 1 waS'not aware of behaVloral differences
among blrds in sprlng that would account for one sex belng
more»oecretlve than the - other and thus, more dlfflcult to
.locate._' |
| There was -a’ steady dlsappearance of males from: early
March to mld May In sharp contrast,‘almost all emlgratlng
‘females were stlll present 1n early Aprll the 51ngle ‘
exceptlon was a known movement on 14 March Emlgratron.of
females accelerated about mld-Aprll, and consequently,ﬂ-z
proportlons of males and females Stlll present at the end of
Aprll were 51m11ar..' | | | | |
Durlng f1eld work 1t was obv1ous that I lost contact
lw1th many overw1nter1ng 3uvenlles long before new- blrds were

seen.v Although 68 percent of the emlgrants (sexes comblned)

were 'seen’ for the last tlme before 30 Aprll 83 percent of

‘47

the 1mm1grants were not seen untll at ‘least 7 May, 29 percent“ff

were not seen unt11 after l June. F1ve ﬂ&rds (three females)flff-“

were 51ghted flrSt 1n March but four were close to a boundaryﬁj’:

| and may . have moved stt a’ short dlstance from a w1nter 51te

i

off the study area (knOWn for one blrd) Four of the flVe

new blrds 1n March moved further later 4An. the sprlng.: Hence,f_“7"
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A -y:factor.

immigrationvof‘yearlings was not apparent until after the.

_ bulk of emlgratlon. .
Immlgratlon shown in Flgule 2 1ncludes the earllest'
'Slght]ngs of unmarked bllds. With one exceptlon there were |

no 51cn1f1cant dlfferencts 1n tlmlng of" 1mmlgrat10n between

sexes or years. The exceptlon was barely srgnlflcant

31.5 whereas T | =l32; rank test, Whlte 1952) and was .

(r
' ~05

between males and females 1n 1972, when females were*seen
fearlrer.
yDenSity“and.Emigration :f»‘

Many factors could affect dlspersal and all may 1nteract

-fOnly den51ty was 1nvest1gated here., Results may - be meanlngful

: because dens1ty is the plvotal force in- regulatlon theory

'Although pOpulatlon 51ze per se may not 1nduce dlspersal 1t

_may be 1nd1cat1ve of the level of effect of some prox1mal

Emlgratlon In autumn was plotted agalnst the number of

-adults and yearllngs present and the number of Juvenlles pre-\f:j;

sent for each sex (Flgure 3)‘,I*used adults—yearllngs counted

.ydurlng tH. late brood perlod (between 1 August and the lasteeﬁ”x'vr
date ‘a complete or partlal brood was szghted 2 )2 and 4 ;ffﬂbc':

‘-'fOctober 1970, 1971, and 1972 respectlv ly),‘Juvenllee used ﬁf;

}nwere those present before dlspersal.-

There was “no’ obv1ous p051t1ve trend between emlgratlon'ﬁ‘“

' qof elther sex 1n autumn and numbers of adults-yearllngs or'*~~~-

49
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‘ffFigurefB,. Dlspersal of Juvenlle spruce grOUSe from the study S

o L '.,area at- Gorge Creek in -autumh," 1970-72. Emlgratlongﬁfq,.ﬂ
o, isf plotted agalnst numbers of -adults and yearllngsv "”'"
. present from 1 ‘August. to the-énd of theé brood . Sl

";-(males,= O., females n ) T w.[-~gf[ftﬁe5e”
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- Was not extremely respon51ve to populatlon 51ze.. Numbers of;l;f””

51

'juveniles;- Emlgratlon of males was 51m11ar each year but e
vnumbers of adult and yearllng males 1ncreased 69 percent ,t

'through the study and juvenlles decreased 59 percent between

two succe551ve years.f Adult and yearllng females 1ncreased

63 percent during the 3 years but emxgratlon 1ncreased only

P

"310 percent. Proportlons of females that left the study
_area were, in fact 1nVersely related to JUVenlle numbers..
'Recall that for each sex there were no 51gn1flcant dlffer— :;

: ences in proportlons emlgratlng between years (Table 10)

I analyzed emlgratlon in Sprlng accordlng to the

number Of adults and yearllngs present durlng 1 March to i’,;“v-'

'ff-lS May and the number of”overW1nter1ng Juvenlles present
.: before dlspersal (sexes separately)(Flgure 4) The 1
;lMarch date Conflnes the 1nterpretat10n to the pos51ble

',effects of populatlon 91ze only durlng late w1nter.;glf““

' All emlgrants except one apparently moved by 15 May.'a'; b

fi Emlgratlon of both sexes 1n Sprlng 1ncreased as the '

| ftlon of males was correlated equally well w1th w1nter1ng

‘ingh numbers 1n 1971 d1d not 1nduce an 1mmed1ate 1ncrease

N

«fln mortallty of juvenlles ln,summor or emlgratlon ;n autumn

<

“but emlgratlon decreased from 69 to 39 percent No

1number of w1nter1ng adults yearllngs 1ncreased and emlgra~ff5f‘
o juvenlles.i The populat1on was hlgh 1n 1971 and the hlghest ;[P:l”
::fc0unt of juvenlles before dlspersal 1n autumn 0ccurred then.T |
’pThu e was no apparen% reSpoqse to hlgh numbers untll dls—-ffﬁlp?fif

.“persal 1n Sprlng, 1972.' But emlgratlon, of males at least, ?“jie :

' '”f?adult and yearllng males were constant from 1972 to 1973 Afafff,f*
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Dlspersal ‘of spruce grouse from the study area atffk'efff

. Gorge Creek. in spring,. 1971 73.3 Emlgratlon is’
plotted .against numbers of overwintering adults '
.-and- yearllngs\present from 1 March. to 15 ‘May -and

' overw1nter1ng Juvenlles present before d;spersal

(males females l)




regresslons of denslty on emngratlon.were slgnlflcant
There is at- least one factor to con51der in the relatlon‘:

’_between adults and yearllngs in late w1nter and emlgratlon L‘ .

in, sprlngA Twenty—two percent (51/236, 5?1 years) of the . o .
_:adults and yearllngs seen between 1 March and 15 May were

not present 1n the breeding perlod Percentages for females
_hwere 37 (4l/lll)~and for males werevé (10/125) Mortallty
- was Sllght and the losses malnly represent mlgratlon to \
'p‘breedlng 51tes elsewhere.n Con51der1ng the 4l females only, ;n
'7the last 51ght1ng of ‘le1duals extended fr:i 21 February :
{i;to 30. Aprll 34 percent were not seen after 1 Aprll, 44 -
:*EPercent were not seen after 9 Aprll, and 71 percent were‘h_lvbu
w'.not seen after l6 Aprll f The data suggest that many of
ﬂh these femaies were not present when younger blrds actually
:f*dlSpersed (Flgure 2) h“j;‘i'ﬁfegﬁfd”i“' .\~t¢%.n‘ “ |
| Certaln small parts‘of the study area were'used by
Eghgrouse malnly 1n w1nter.: For all years comblned 47 per—,1f5
t?cent of the 32 adult and yearlln%,males and 88 percent of::e;f7ff‘"'
,the 17 adult and yearllng females 1n these sltes were nothfl:_

;present ln summer. Emlgratlon of overw;nterlng ]uvenlleSV'ffh
'{Ffrom these 51tes in sprlng was: 71 percent of 35 males and;{td}fiflf;
g'65 percent of 26 females.5 Although w1nter1ng Juvenlles,fhf’
?:;undoubtedly contacted other older birds i late w1nter i*%;%fﬁffl
' f(known 1n a few cases) they were predomlnEntly assoclated‘w 4
fihw1th older blrds located 1n those 31tes, many of whlch were i{f};;h
| /there only temporarlly.ppfw R L NS

Mlgratlon was common and populatlon 51ze was not statlc



-

_in either“autumn'or Springf" The flux of adult and\yearllng

‘ numbers and the perlod over Whlch emlgratlon took place

Ny

make 1t dlfflcult to obtaln a 51ngle den51ty flgureﬂthat 1s

(5

‘meanlngful Certalnly, many adult females present through

the w1nter were apparently not there when most young females

emlgrated in sprlng.: Many adults were re51dent only 1n

':”w1nter and 1f they dld 1nf1uence the tendency to dlsperse {ég

N

m‘lt was not made 1n the context of defense of thelr breedlng
“31te. Hence, 1nvest1gatlons of effects of populatlon 51ze

”'need to be more expllclt than solely'a count of gross num-:

E—

T-Effect'fo_f*a.'Man.jipulfat:idnlof_Dénsityﬁcn:{Emigra,ti_iQn:f'

'.__‘ ) :\- T N : T ";.n.'_.
R .

b After the flrst 2. years of study I reallzed that eml—.‘t

fgratlon was an 1mportant form of 1055-; I then dec1ded to
test a posslble cause of the movement Data on hand sug—'

'-gested that emlgratlon 1n sprlng was varlable rrn contrast
S

f;to that 1n autumn, and that 1t may have 1nfluenced the 81ze i

e .
3of the breedlng populatlon because lt occurred Just before
""breedlng.,“.fgfjg-4g»ﬁ ﬁf_.f;_ ,fm, hﬁ,f, ;:ré”"”

Results from 1971 and 1972 suggested a. p0551ble effect-fyif°i;

[rof adults and yearllngs 1n late w1nter On emlgratlon 1n

‘f;;sprlng “ Ther ore, ln lare w1nter of 1972 73 I rtmoved the

"t;adults and yearl;ngs from.part of the study area to test

1ffithe hypothe31s that emlgratlon was determlned by thelr.hii?
-

54

dmpresence.u SpeCIflcally, would a decrease 1n adult—yearllng..ﬁ?ﬂl

'3den51ty 1n late w1nter reduce emlgratlon of w1nter1ng

. .o

T LTt A S ST



juveniles? R N > N .

There‘was.no oéher;site in the region similar to that

at. Gorge Creek in terms of density and history-of marked . .

’ .. . B o . 'ﬂ . .
birds. Manpower available was . also‘inSufficient to m%nitor :

‘.moreathan.one area.' The only alternatlve -was to lelde
‘~Gorge CreeP 1nto experlmental and control sectlons.. Reduced
' numbers of blrds resulted but I antlclpated that the remo-
.'val could be complete and movements foxr all potentlal Coe
'lemlgrants monltored | L \

The experlmental sectlon was a- 60 hectare tract at
.o ! s

one end of the study area, surrounded on two sldes by con= e

’ tlguous Spruce grouse habltat that was not part of the

study area.' The control sectlon cons1sted of" thégremalnlng

459 hectares at Gorge Creek separated from the removal
sectlon by 200 meters of unlnhablted oreek bottom. I felt

”that to get the clearest plcture of the effects of reduced

'den51ty on emlgratlon the removal had to be completed before if,

'f:d1Spersal - Accordlngly, I began to shoot blrds on 27
.gFebruary 1973 o _" ' | - "THTV

J _ h summaryvof the”remOVal and subsequent dlspersal is
ﬁfpresented 1n Flgure 5 and Table 13.; Twenty—two blrds were

’U;removed ll of each sex, of these, only 12 were re31dent

ffﬂthere the prevlous summer.' Slxteen of the 22 blrds werejt'r

55

fﬂiremoved by 2 March and all but two by 19 March 'eV;vis‘i:t“

"remalnlng two b&rds, males, were taken when flrst seen in

{'Ethat sectlon,_29 March and 20 Aprll Both males were at--”:ff7

'the boundary of the experlmentar sectlon and thelr hlstorles

- s
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part ‘of ‘the -study area at: Gorge Creek February'— L
‘.. May 1973. (Each Tow -equals one bird; ‘males = 0.; .
7ﬂfema;es-* B = ‘bird’ found '1/2 -1 km away )



Table 13. Summary of a removal of overwintering adulé and
‘ yearllng spruce grouse and the subsequent dls-
persal in. sprlng; Gorge Creek, 1973.

L

Sex. : ,
Males  Females

No. overwintering adults-

yearlings removed - ' 3 N ! ‘ 'li
- No. overwinﬁering juveniles . - » o
present before dispersal ‘ C 7 . 7
No. emigratéd : R ) :’.- :_.> 3 4
% emigration R | 43 57 .
No. Immlqrant yearllngs, ~ . *'f o o ‘
recorded in breedlng perlod ‘ C 3 2
.No. tran51ent yearllngs o o ' 1 N lA,” 

Total yearllngs, breedlng perlod L 7 . ‘5

.
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suggested\little association with that -area. Hence, all
By

known adults and yearllngs except one (20 April) were re-
moved before any ev1dence ofﬂdispersal.- No adults were
_'obserVed on the experlmental sectlon after 20 April.
Seven juvenlles of each sex. w1ntered .on the ex-

~

perimental 51te and were avallable for emlgratlon. Of .

FEr

‘ _these, four males and three females were seen therealn the

1973 breedlng peried; 43 percent of the males and 57 per—'
cent of the females emlgrated Correspondlng emlgratlon =2

from the control sectlon was’ 50 percent for males and 80

At

f, percent for females (sSix males and lO females avallable),

”not 51gn1f1cantly dlfferent from those of the experimen-
-.tal sectlon.

Although the experlmental sectlon held 51mllar numbers
O .
of yearl{hgs in summer . (12) and’ Juvenlles in W1nter (14)

‘o

”dlspersal changed the 1nd1v1duals 1nvolved Forty two

percent (5/12) of the yearllngs 1n the experlmental

‘0

section 1n summer 1mmlgrated after the removal Immlgrants;'* g
. ;onto the control area equalled 47 percent (7/15) of the o C

total yearllngs 1n summer, these proportlons of 1mm1grants

Ay o '>.,.,.

were not s1gn1flcantly dlfferent
All future emlgrants were seen on the e;perlmental o

Sectlon on 29 March «,The flrst emlgratlon was recorded

L, .
on’ 2 Aprll a. mal» Lound l km away ThlS male subsequently

» returned, made another long move, returned agaln, and then

o vacated the experlmental sectlon after 20 Aprll The next PR

°. '
v o X
) "ar

S 3

. earllest movements were also made by males, two last seen



-
on 7 April. Dispersing fémales remained longer than males;
the earllest emlgratlon was after 12 April and two were Stlll
present on' 8 May. There is addltlonal evidence that the
ysocial organization‘of grouse_during winter ehanged earliest
among males. On 12 April %9?3 four males were‘found;on'the_v
eXperimental section, three of-which remained danto summer,.
and all were‘well separated All seven females that over-
JWlntered were seen on 12 %prll ang all were seen in a
single flpcki | |

IfealCulated the-probability of seeing a given.bird y
at least once durlng any 7-day perlod between 27 February -
and 15 "May. ‘ The purpose was to determlne if non—emlgrants
and emlgrants dlffered in thelr chances of belng found, as
one 1ndex to dlfferentlal behav1or. Probabllltles were

y

obtained by partltlonlng the 27 February 15 May perlod
into 7- day 1ntervals and tallylng the 1ntervals in 4h1dh eaéh
f'blrd was seen at least once. I assumed the emlgrants were
“not - present in the 7- day perlod after the final 51ght1ng.
Slghtlngs in Flgure’§ reduce to the fOllOWlng mean pros
3babllltles (sexes comblned) 0.69 (0 55 - 0 91) for non-.
'~emlgrants and 0.71 (0. 33 - l 0) for emlgrants.. At/the |
 time when older birds: were: absent,\emlgrants, untll they
presumably dlspersed were loeatéd equally well as4non—'
’v'“elnlgrants. . - | | o

', .The time that d1Spersal from the removal sectlon'

irbegan and’ the fact that males dlsappeared before females‘ i
’ & . -

.o
T

.
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were hoth similar to~events on the COntrol-Section inv1973
and the entire study area in earller years (Figure 2). |

New birds were seen first on the experlmental sec—
tion on 8 May;(two whith had wintered,adjoining this area);
- two more were located on 16 May.. Therefore; the earliest
_known arrlvals of grouse were cons1derahly later than the
earliest emlgratlon, 51m11ar to that on the control section
and,for the entlre study area 1n‘ear11er years¢

In summary, several grouse dlspersed from the exper-
1mental srte where overw1nter1ng adults and.yearllngs were
absent at the time of dlspersal The removal did not '

-51gn1f1cantly alter the proportlons of grouse emlgratlng

.’nor the tlmlng of dlspersal Results did not support the R
,hypothe51s that the presence of overw1nter1ng adults and

yearllngs (den31ty) 1nfluenced the tendency to dlsperse.

Relative EffectshofVVarious”Losses

- The varlous types of loss after hatchlng and untll'
-recrultment have been con31dered lndependently. At thls

t\tlme we can ‘use the 1nformatlon presented heretofore to

1

determlne how mu@% of the total loss resulted fnom each :

component

] PP

| mbe maxwmum number of juvenll ' }nown to be hatched
;over the three summers of 1970 72 was 208 (Table 4) I{'
calculated the dlfference between th1s sample of juVenlles

o

Adand the number of these recrulted as yearllngs 1n
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.the'nent hreedlng:perrod (Table 14). ;iotal loss between -
' thcse‘two counts was\separated into mortallty in. summer,
.-mortallty in’ autumn, emlgratlon in autumn, w1nter loss, -
s mortallty in sprlng (before 15 May), amd emlgratlon in® -
-sprlng. Losses attrlbutable to each component are expres—
' sed‘in_two_ways:'aS"a percent of‘the bird% alive at the .
start of the‘rnterVal the method employed prevrously,
and as a percent of ‘the total loss from ‘the. max1mum count
of juvenlles to yearllng»recrultment. These'calculatlons .
are possible only\with birdS'raised on the study'area;.

Three results are of’particularlinterest; First,
althOugh'considerable emigratioh occurred in autumn it was
not a greater proportlon of total loss (40 percent‘\{emales h .
and 33 percent males) ‘than was mortallty in summer (50,
percent, females and 48 percent, males} Undoubtedly
. many more_Juvenlles hatched than were seenlandethe real
summer mortallty would have been a Stlll greater propor-
tion . of ‘total loss. Second there wa{ no known mortallty
~dur1ng the autumn and sprlng perlods of dlspersal,.and
loss 1n w1nter was a mlnor contrlbutlon (3 percent, sexesaj
h‘comblned) ‘o total loss.; Thlrd, although many blrds eml—.“'.
grated in sprlng they were a small part of the total loss'
.hefOre recrultment. Eor éxample, 80 percent of the females'
;hand 36 percent of the males present in late w1nter eml-lff
:‘grated 1n sprlng, but they equalled only 8 and 15 percent,’ﬁ

respectlvely,'of the total loss the cohort encountered

I ‘then- examlned the loss 1ncurred by juveniles that fp"



»

Table 14. A sequence 'of losses of juvenile spruce- grouse from
. + ' 'the study area between their first and second.

summer, Gorge. Creek, 1970-73. ' A" comparison of the-
proportional losses from mortality and emlgratlon.
Total loss is the difference between “the maximum
.number of juveniles reécorded in summer and the . _

number of those recruited.within the study area the

next summer. - Data of all years comblned _

E ‘Males @, Females

MaX1mum recorded Juvenlles “'i-v o 104 | S f104d
% mortallty in summer : 1 - 39 - - 45,1

as 3 of total loss »f S "f48-r“ : : 50

' No. Juvenlles allve end of summer _ __'GAfQ' ,:'-.53 E

\known mortallty in autumn_';d_ : d: 0 o i_f‘, 0
g emlgratlon in autumn ff ) '4'42i o .r‘ ???“

as % of~total loss'_fdfib- .\‘ﬂ*‘331' . "'405 '

‘No:. juveniles,remainingfstarﬁ ofdwintera37* . .'_;12f'ﬂf,.d"“

% loss in winter 11 . a7
as % of toﬁaldloss '--_;j'.i 'jﬁsd's R f2 ;d:

.No. juvenlles remalnlng at start of o T e e T
dlspersal 1n sprlng T o ©°33. - . o100

.

% known mortallty 1n sprlng ‘”Z‘_ o O’e:%‘;id ‘s,o.d
% emlgratlon in sprlng f_‘f U,»ﬂﬁd 36?T?"}; f:'BOfJ
Vo as % of-total lOSS'dd»g7 ?f' G ;lsd"A:g'if‘f'fS””“

No. Juvenlles recrulted (yearllngs) 1nto,fjk;:r~ . SR
breedlng populatlon B R, p_t__f21 1”*'.ajt,dm2-

Total loss (2 T 3 (80). . 102 (98)

- Data are from only those blrds known or assumed to have ’
" been produced on the study area; Juvenlles in broods Seen
flrst in. late summer are excluded - e

».’.
N

o~



had been raised to independence. I calculated the emlgra—

: tlon in sprlng as a proportlon of the total loss between'

5

o early autumn (jUVenlles allve end of brood perlod) and

'summer (Table 15) In each year, emlgratlon 1n spring

',was -a more 1moortant cause of loss when the mortallty in

the first summer was excluded from the analy51s. But thlS

emlgratlon stlll was not the primary cause - of. loss. As

L

shown below, emlgratlon in spring accounted for less of the

' total loss, autumn to summer, than emlgratlon the prev1ous.

‘ autumn (data from Tables lO and 15)
Percentages of total loss, autumn to summer,
- that resulted from emlgratlon 1n'autumn and

Sprlng reSpectlvely

1970 71 1971—72 ‘,“‘1?72473.1

%;>ma1es_ '71,29 ,5 48 41 : :67'22'*'
'females 88,6 j'._' 69, 23 -‘4 : 86 14
. 4” AzAll dlfferences are 51gn1f1cant except }?h

for males 1n 1971 724 :
e Although'fewer birds'were'removed from the stud

4

S

area?iw

Jl_by emigratlon in. sprlng than by emlgratlon 1n autumn 1t '

. seemed to have .a more: 1mportant effect on the breedlng

'j:'populatlon., Emlgratlon of overw1ntering blrds Varxed

‘"fln sprlng became a 9reater compOnent of the total 1osstl““

-j”encountered by the Juvenlle class.

v—

".:between years (Table ll), most notlceably 1971 to 1972.,

\

But more 1mportantly,. from 1971 to 1972 the emgratlon; L
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-

Net Change ianumbers,'Autumn ta Summer

-~
\

' Lmlgratlon reduced,the potentlal number of juvenlles:V

o that could be 1ncorporated 1nto the breedlng populatlon.

)

Yet many b;rds 1mmlgrated and thelr effect was to compen-~
>sate for JOSs Pactors that determlne recrultment 1nto a.
.7populatlon mlght affect 1mmlgratlon as well as emlgratlon. ﬁ
The net change 1n numbers was the dlﬁference between | |
Juvenlle productlon, measured before dlspersal in: autumn,fg
':and total yeazrlngs 1n the populatlon the next summer
(Table 16) ;th | '4_ -ayd:',.;f." » Tg-fggl |
he tlme at Whlch the cganges 1n numbers occurred

:‘_has been dealt w1th in part earllerﬂ(Summary of Dlspersal,‘liil
’fanﬁ Surv1val Autumn Through Sprlng) but thls p01nt 1s
'”_elaborated here. For both sexes, dlspersal ln autumn dld

llttle to reduce numbers, and although w1nter loss varled

7between years (Table 9) 1t was not greatest durlng the

's.year of the greatest change 1n numbers from autumn to

| summer.g Most of the overall change 1n numbers of the juve—r-vaiif‘

fnlle class occurred 1n sprlng (Table 16) Increased eml-;f~}77*""

'y*gratlon of males 1n Sprlng of 1972 (Table 11) accounted

'ﬁifor the hlgh loss from autumn of 1971 to summer of 1972

“-f:Among females, the net 1ncrease 1n numbers oer 1970 71

’*:was unlque, 1n sprlng of 1971 emlgratlon was 1owest and AﬂbkttL;\s
'fglmmlgratlon was hlghest.- »
I 1nvestlgated the relatlonshlp between net change

*from autumn to summer and numbers of adults-yearllngs and
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Juwenlles in early autumn (as in Flgure 3). | TheSe analyses .
'mlght help show whether‘populatlon size affected
both loss andvlmmlgrat1on.' Resultlng coeff1c1ents,':
" of correlatlon with adult—yearllng counts were r = 0‘93
gfor females and 0.01° for males, with counts of JuVenlles'?
| they were 0. 66 ﬁor females and 0.97 for males.‘ Net change
of females was best correlated w1th adult—yearllng numbers
1n autumn._ Slnce most of the change in numbers actually
?'occurred in =pr1ng I also related the autumn to summer
:changes w1th populatlon counts 1n late w1nter (as 1n ‘[\H

Flgugg 4) - The max1mum dlfference between numbers of adult

. I

,'and yéﬁrllng females 1n autumn and the succeedlng late
. w1nter was 25 percent (13 blrds) ‘ The coeff1c1ent of
,n_correlatlon between net change and numbers of adult—'“

"yearllng females 4n, late W1nter was r = 0 99 The best

ltCOrrelatlon between net change of males and early autumn

v:.'numbers was w1th Juvenlles.. The number of juvenlle males

<~'1n late w1nter dlfferéd by a max1mum of lS percent (flve .L;t"
"nblrds) from the count before dlspersal in autumn,. The i
5_'coeff1c1ent of correlatlon between net change and numbers'% |
lof Juvenlle males in, late w1nter was: r ; 0. 94 SIS e

Results clearly show that net changes 1n numbers of ,5¢;t;

'bthe juvenlle class from autumn to summer were correlated

;:ﬂfFequally well w1th populatlon 51ze 1n late w1nter and the

° \

grecedlng early autumn.‘ Hence,‘lf densrty d1d affect the

r?g;overall change 1n numbers 1t becomes dlfflcult to 1dent1fy

l~ffjthe tlme at wh1ch the 1nfluence was medlated even though

'"f*most of the change actually occurred in. Sprlng.»'f5



Immlgratlon 1n sprlng summer greatly reduced the
potentlal 1mpact that emlgratlon then could have had on
'recrultment Males that 1mm1grated 1n sprlng—summer were

equal tO.at least 30 percent and as hlgh as 80 percent of
[ )

' the w1nter1ng hlrds that emlgrated ‘and- 47 percent for-all "

',years comblned (Table ll) . Immigrant females ‘in sprlng—-

"summer were equal to at least 56 percent of those that

.emlgrated in spr:ng, and in" 1971 the 1nflux was 86 percent
r

. ”ejgreater than the number of emlgrants. For all years com—‘

ﬁblned female 1mmlgrants 1n sprlng summer equalled 86
“{,percent of the number that emlgrated in- sprlnq.a In 1972,
,emlgratlon in sprlng was compensated less by 1mm1grat10n

’y(both seXes) than 1n other years, thlS compounded the

effect of a hlgh level of emlgratlon on.- recrultment
. Ccomposition’ of -Y-e,a"r‘lin_g'r j_B‘re-éd_ing "COhor_t_ e

A

Dlsperfal had a profound effect on whzch yearllngs

'7*¢Year11ngs were elther ralsed on the study area, or they
“7i1mm1grated the prev1ous autumn or durlng sprlng and summerlj" S

;”fj;of the 91Ven year.;,5,7u3h

Over 3 years of thls study only 7 percent of the

: 68

’lf~were 1ncorporated 1nto the breedlng populatlon (Table 17) ?7ﬁifhﬁﬂ*

hVﬁ”yearllng females 1n the breedlng pOpulatlon wé&e producedpﬁff;l;-

{hon the study area compared to 44 percent for males

r'f(p < 0 05) A greater proportlon of males than females

blfremalned in- all years, dlfferences betWeen sexes werei(ﬂf'f‘
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51gn1f1cant in 1971 and 19731'vThe greater 51mllar1ty
between sexes in 1972 resulted largely from ‘more emlgra—
tlon of males in ‘that sprlng than in other years.' Pro-
portlons of yearllngs that 1mmlgrated as JuVenlles the
preV1ous autumn were 51mllar for both _sexes among years.
Over all years, autumn 1mm1§}ants composed 36 percent of.

- the females ‘and 27 percent of the males in. the breeding o
| .

populatlon. By contrast, 57 percent of the yearllng fe~
S
males had 1mmlgrated durlng sprlng-summer but only 29

percent of theeyearllng males 1mm1grated then (P <. 0 05) '
Distances‘of Dispersal |
_ S

I calculated 1nd1v1dual dlstances of dﬁspersal to
determlne if dlfferences ex1sted between sexes and years

'and how den51t1es were related to dlstances moved 'nt A
) g
th1s SeCthh 1 treat mOVements from brood and w1nter ranges

\

as dlSper51ng movements even though most were w1th1n the' -

o study area, and hence the pOpulatlon, and do not agree w1th

| my prev1ous deflnltlon of dlspersal (page 6) Data can betffi"

compared w1th earller results on movements across frxed

1

boundarles.. A knowledge of dlstances that anlmals movely-
. .

A.h_ultlmately helps to deflne the area a péﬁgﬁéagon occuplesA
-and the llmltS to gene flow f_;}};;'j, t

__hree dlstances were calculated Illyln autumn *4from
perlmarpr of b ood range to geographlc center of W1nter ‘t L
,range,.2) 1n sprlng —‘from perlmeter of wlnter range to.
ﬁ'.center of breedlng range, 3) from the perlmeter of orood
'b‘range to the center of breedlng range.: I used only those

= blrds whose brood or. w1nter range was on the study area, j.g;“’”



’ Summaries of individual distances are given in Tables

18—20, Medlans are the best s1ngle measure of dlstances
' obtalned they are more’ lnformatlve than means when data’
glve a skewed dlstrlbutlon from a small sample. The fol-

low1ng two procedures were used to %est;for dlfference

the frequeacy dlstrlbutlonsfbetween~sekes and years
1) a non-parametric rank test (Mann-Whitney U test); and
2) individual distances were grouped into discrete inter-

vals and yx 2 values (G test) were calculated for each inter-

val and then totaled for. the entlre frequency dlstrlbutlon;

| Results of both procedures were 1dent1cal I conducted
3

27 tests between sexes and years by each method both testS‘

émoduced two 51gn1f1cant dlfferences, the same for each
4

test Although I haVe no- eVldence I assume surv1val was

not affected by the dlstance mOVed yet data obtalned were ='

blased in favor of short movements. Hence, dlstances

- .

recorded probably were fot representatlve cf all blrds.

[

I use the proportlon of the cohort present at the beglnnlngf

71

of dlspersal that subsequently moved a max1mum of 2 km to o

.Show gross changes 1n dlstances for the total inltlal

.0

cohort ThlS partlcular dlstance 1s somewhat arbltrary,.;Jf
.but T assume that major changes 1n proportlonal 81ght1ngs fhjn-”

at leSS than 2 km wmre real rather than caused by changes *ff_{ﬂfg

in erfort and efr1c1ency of searchlng. _:tgf'“'
I obtalned dlsper51ng dlstances 1n autumn (Table 18)

_for 44 males and l7 females., There were no 51gn1f1cant B
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. differences.amOng the‘frequency‘distributions betWeen.sexesh
or. years. Bnt’the_proportion.of total‘males relocated_
withlne2 km’was’significantly dreater thandthat.for females
in.each year, suggeSting longer movements of females.‘ |
Inleldual dlstances 1n spring were obtalned from

37 males and 22 females (Table}lQ). Earllerrresults

(Table ll){shOWed a greater reduction ofvpotential‘yearling
recrnits in 1972 than.in 1971.. The_medianvdistances_for.du
males in spring increased.substantially betweéndthe same.,
years)‘hdt not significantly so' There wasAno'signiflcantd
change from 1971 to 1972 in the frequency dlstrlbutlons
'recorded for both sexes. iBut smaller proportlons of - -
males (41 percent) and females (27 percenﬁ{ were relocated
after dlspersal w1th1n 2 km of w1nter range in: l972 than

in 1971 (61 percent, males and 53 percent, females) |
"These dlfferences were not statlstlcally 51gn1f1cant butl
suggest longer mOVements by both sexes in 1972'1.

‘Median dlstances were | lowest in. sprlng for both sexes B

in 1973. The frequency dlstrlbutlon of dlstances for males
hfln 1973 was 51gn1f1cantly dlfferent from that recorded 1n;d,rf

..11971 ‘and 1972 Dlstances in: 1973 were obtalned for only

'13 blrds, and elght were. from the experlmental sectlon.;ﬂ”'J

'I'But the removal of adults and yearllngs d1d not seem to

"reduce dlstances 1n Zgat sectlon and was not respon51ble

-for the overall redu d medlans._ Medlan dlstances (sexes

cOmblned) in the eXperlmentaI and control sectlons were 0
. e

‘and 90 meters,vrespect1Vely I do not cons;der the 90

e
e



'meter differenceitp be important. The probortion oflthe :
orlginal cohort.of,males that'moyed lessbthan 2 km_increas_
ed from 1972 (Al'percent)_to 1973,(62 percent);, paralléling
the decreased:medians. A;similar'pattern“did;not exlst

3 for.females.r- o IR . kB f ‘

| Distances bttween brood range andlflrst breedlng"ﬂ
range are summarlzed for 29 males and seVen females 1n
Table'20 These are stralght llne dlstances w1thout regardg
'-to when the blrd moved The medlan dlstance for males
hatched 1n l97l was. much greater than the medlans 1n 1970
hd and 1972, reflectlng longer movements in sp*lng 1972

There was no 51gn1f1cant dlfference 1n any compé‘lson of‘cs
‘Lfrequency dlstrlbutlons._ Samples of dlstances between
:_brood range and breedlng 91te were small, partlcularly
among femalesf and. not much should be 1nferred from them;
VZIn each year a greater proportlon of males than femalesiv

. were relocated as yearllngs w1th1n 2 ‘km of.thelr brood -
'yrange,*suggestlng females dlSpersed farthest OVerall

“Recall that in- both autumn and sprlng of each year propor—

tlonally more: females than males apparently.mOVed over 2 km."ft

I attempted to determlne 1f populatlon 51ze was

'related to dlstances dlSpersed For thls I employed
Q

' ﬂregressxons between proporthns of blrds that moveﬁfless ﬂxf“

"”3than 2 km and numbers of 1nd1v1duals of the same sex.

fbsent 1“ early autumn (Flgure 3) and late w1nter (Flgure B;Q'

if4), dlstances are glven in. Tables 18-20 f":;7"”uggf»jtl¥/f;"

sl . . o s ) S e

"_lf '¥ used the numbers of adults—yearllngs and Juvenlles pre—_lﬁf“it.



' gNone of these regre551on5(was 51gnxflcant.d I calculatéd

equatlons for males were-Y = 64 0. llx {r ;'—Of87)7for_

efor numbers of Juvenlles,_and for females they Were\

Lsupplementary'regre551ons of den51ty on medlan dastances.fd

77 -

o Al . -~
N N [ .
) - i b §
v ) ) o . "’ T

L3

DlStanCeS for both sexes’ 1n autumn were not related

A)~

_positlvely to populatlon size, Numbers of Juvenlles relo-v

‘«A, ..»

dcated in w1nter less than 2 km from thelr brood range did

oo

- not detrease as populatlon 51ze 1ncreased Regre5310n’-

numbers of adults—yearllngs, and Y = 56+0 llx (r = 0 70)

24 0. llx (r é-—O 13) for numbers of adults-yearllngs,_ o

and Y =-—ll+l 37x (r‘= 0 88) for numbers of Juvenlles.

8

. all. slopes were negatlve,gllkew1se~1nd1cat1ng-that dlstanoesuﬁ»"

'.recorded dld not 1ncrease as populatlon 31ze lncreased

. Negat1Ve reqre551on{slopes df den51ty on proportlons

of blrdS relocated w1th1n 2 km of w1nter range suggest that
mOVements beyond 2 km in. sprlng dld 1ncrease as populatlon w b

'a51ze 1ncreased ' Regre581on equatlons for males were

lllhl 36x (r %;-0 46) for numbers of adults-yearllngs,

. Y ’
and Y = 80 l 19x (r = -0 81) for numbers of Juvenlles,

- y :
-‘and for females they were Y- 191 4 l7x (z; -0 998)/

o Q

*h(P < 0 05) for numbers of adults—yearllngs, and Y 69 l 71x

v

Ar 3= -0, 69) for numbers of JuVenlles.. 'f{kg;;,gﬁ};frl" w@s,if,”d‘

o

Propdrtlonally fewer juvenlles:moved less than 2 km:gf 5

- from brood slte to flrst breedlng 51te as Populatlon Slzefﬂvi”"

“Vand Y % 59 0 91x (r ' -0 81) for numbers qf JuVeniles,_5;f5

'Jrn autumn 1ncreased Regre551oﬂ equatlons for males weresﬁ'ff o

53 0 32x (r .'-0 36) for numbers of adults-yearllngg’;f;nf,,,;,

.'ae'u.‘rn:..u.
. e
>



and for femaies they were'Y = 20-0. 30x (r =ﬂ40~99l) for
<numbtls of adults and yearllngs, and Y. 14 0. 28x (r = '.--'- fy

'»0.47) for numbers of‘juvenlles. None of these regres51ons

L

L R S P 3
were 51gn1f1cant. . v\ " e 6, .
? ' . .

) . . . . . . . d .
? v

Dlstances moved by malts 1n sprlng were correlated

. ‘.

a: best w1th numbers of juVenlles 1n«late wrnter, and dlstances

moved by females then were correlated best w1th numbers of

'adults yearllngs.- Numbers of 3uVenlle males and adult and

o yearllng females in late w1nter dlffered respectlvely,- g

~

f by a max1mum of lJ percent (f1Ve blrds) and 25 percent

' .

(13 blldS) from numbers the prtv1ous autumn.. Slnce dlstan-~ry'
vces dlspersed 1n autumh Were not related p051t1vely w1th
‘e_populatlon 51ze 1n autumn the above correlatlons for brood toj-r_ﬁj

:breedlng 81te dlstances mosty' reflect the correlatlonslsﬁrhff

'4\- N
™

'for movements 1n 5pr1ng~xn~7“"

Sbme general comments.should beﬂnoted about th*‘h
precedlng ana&yses.ﬁ I used two sorts of methods to study Ffﬁ“hfi
~lnd1v1dual dlstances. medlans and tests on actual dls_';.a: R
.rtances obtalned and percentages of the pbtentlal dlspér_.;fy,g

Q”sers that moved a glVen crltlcal dlstane.a Both‘procedures R

8"

5¢g;haVe dlsadvantages._ Although medlans ;eflect real dlS- ;i”f

”tances they probably are not representataVe for the total

,,_twpopulatlon Slnce I'put }1ttle effort 1nto locating long'fﬁ-f‘{,f5i:?

“5f1dlstance dlspersersnf On the other hand, percentages of

'"ﬁ}changes of the entlre cohort.z But calculatlons w;th a fﬁ

‘;;blrds that mOVed a spec1fied dlstanCe should rEflect grossw;IJNTV

ff:2 km demarcatlon are not sen51t1ve to changes w1thin

< .o . _,._5 v,,: | v.wb.



."less'than"'or'"more than"”Z km'Categories Thls could ‘
make it e5pe01ally dlfflcult to 1dent1fy small changes,b'h‘
hpartlcularly betWeen years w1th1n a sex : Conclusrons based
~f on StatlSthal tests among the. actual dlstances obtalned
i(frequency dlstrlbutlons) often dlffered from those that ;
.used a 2 km crltlcal dlstance .." ’ Ef'*;.. ; : }~ﬂ '.érif-
- Dlstances from the center of the study area to theri;‘f
';nearest and farthest boundarles were only 675 meters and
;12 km, reSpect1Vely._ert I recorded one mOVe of’9 5 km
s'whlle Spendlng only 10 percent of the fleld effort out51de
| the study area.{ Because of the blased spatlal effort I
'hiobtalned records of dlstances for only 46 percent (120/263)

frfof all blrds.j Both general methods of analyses used here -

~‘-'f"'j-z-'are really affected qY the same basrc problem,.a lack of ﬁdff

/

g long dlstance records. :"’:

: Proportlons of blrds that moved avgiveﬁ765i£i&a1 |
B fdlstance can. be compared w1th earller results on: emlgratlon.‘f?f;:
.;For example, dlstances over 2 km were'recorded for nlne f?ffv;}:h;
blrds 1n autu?n and spring, and seven}of these emlgrated};:f;ihguh
‘tlbeyond the study area Further, there Were lll mOVements ih;f};;
| ;Zof less than 2 km, and 104 (94 percent) of these blrds i

‘f_also remalned w1th1n the study area.. Another comparlsan
L ,

“';fanOlVed the tests for 51gn1f1cant dlfferences among emi—}bf;r;;ff

2“'5:these two methods of analy21ng dlspersal (Tables 10 and llrhf

.

:rlgrathn rates and among proportlons of blrds relocated

4w1th1n~a 2 km dlstance /I conducted 18 tests for each of

.

:h18 and 197 Each method préduced only three sxgnlflcant




‘differences ‘and two Wwere common‘to.each Rates of emigra—

"tlon and the. 1ndex to distances moved (u51ng a 2 km crltl-; B

cal dlstance) both revealed that. in autumn and sprlng,-
- Ry

-females dlSpersed more ‘than males, from the verp01nt of

.'the local populatlon at Gorge Creek the effect ‘of - dls—'

: persal in sprlng on recrultment was the most lax, part1->l'

';:cularly for females, 1n 1971 go proportlonally fewer blrds'.

4em1grated and more were relocated a short dlstance from
;;hw1nter range~ and the effect of dlspersal 1n sprlng on
'i:recrultment was the most restrlctlve, partlcularly for

: males,rln 1972 —<proportlonally more blrds emlgrated and
-;l;fewer were relocated w1th1n a: short dlstance f;pm W1nter

frange.

80



S . DISCUSSION
DISPERSAL aND EXIQTING:POPULATioN THEORY

6lspersal ’along w1th natallty and mortality, is .
Agfrequently suggested to be a major force 1n determlnlng
Jp0pulatlon size,. Although the need for an analytloal:'

approach to movement data w s promoted long ago (Parkcet
.al 1941) we have not learned much about dlspersal 1n free4
-ﬂllVlng populatlons. The present study was an attempt to{
'levaluate the effects ‘of dlspersal on populatlon s12e.-fe».”7
Py Most work on populatlon control w1th blrds has cenefi
t.tered on two pr1nc1pal v1ews.3 Lack (1954 1966) proposed o
H."‘fthat populatlons of most spec1es are regulated by post—'r4w'
H.breedlng season mortallty, effected by the food supply, »
'j_iand operatlng 1n a den51ty—dependent manner., In my study,-‘

c .

a consmderable loss of Juvenlles ralsed on the stu y area C

-{‘dld occur 1n autumn and w1nter., But.these lOSSeS,

e emlgratlon, were not Very 1mportant numerlcally because of o
L ’-

“‘.r

7>compensat10n throqu lmmlgratlon.: Numbers of Juvenllesff,}fg

S gpresent in 1ate w1ntal were only about 12 percent lower

‘-gggthan numbers present before dlspersal the prev1ous autumn

/'. o

’lft¥Surv1val of all sex and age classes over'autumn and wlnter
;ﬂﬁfaporox1mated 87 percent Herein I restrlct the post-breed--'

T‘7j:1ng season to autumn and“W1nter, and for those perlods I

,,\».

-f.conclude tnere was no support for Lack's hypothe81s.»a"'“”d°‘

Wynne~Edwards (1962) submlts that 50c1al behavror 1s

Ed

-V,responslve to populatlon §1ze and thatQChangeS 1n COmPetl'F:{




~/
|

Tk

tion directly'or-indirectly'cOntrol‘reproductiVeAoutput,

’

‘whlch in turn can limit populatlon growth X Wynne—Edwards“

‘“emphas1zed Lhat synchronlzed, communal dlsplays (epldelctlc)
. are onevway-to g1ve the populatlon,lnformatlon on 1ts o |

151ze relat1Ve to resources. Although spruce grouse flock

‘together in w1nter I‘doubt that 1t is & good example of

epldelCth bthav1or. But changes from flocklng to 1nd1v1—

,.

dual status occur 1n late w1nter and sprlng, prlor to and B

'concurrent w1th the start of dlspersal. Emlgratlon, partl—'
fcularly just before breedlng, 15 one way to control recrult—‘."
_ment, thereby adjustlng den51ty (Wynne-Edwards 1965) y

.results support Wynne-Edwards hypothe51s only to the extent

_»

o ‘that dlspersal nas ‘a form of behav;or that affected recrult-fﬁ

' f.ment. The 1mporta%t'1ssues rema1n~ to determlne the prox--f'~
':_1mal cause of dlspersal and~ whether populatlon size 13 sryfff'

‘ ;‘1nvolved frfﬁgfﬂ ‘flfsd.fidlif;”ﬁa,;p;[ :f.lifffiiffl“f;:f;
B ulatlon, whlch Lack and Wynne—Edwards gave llttle attentionhﬂfd‘“'
"51969 Krebs 1970 Myers and Krebs 1971) have made

ﬁfstrongest case that dlspersal could determlne popu“atlon

o 551ze._ Thelr early work’on gg}es demonstrated that when

7*V,f’and re51dent voles._ Aggression by voles also changed dur-ii?

'f#lﬂilng phases of the pOpul tlon cycle amd mrebs (1970);supl

fto or cons1dered 1t to be less 1mportant than other effectsﬁfff“f

dfon populatlon 51ze.- Krebs and hlS coworké;s (Krebs’e

af‘emlgratlon was’ %ﬁ. 1b4ﬁ”
-i“habltat severely deteﬁidratéd.f Subsequent work showed

,genetxc and behav1oral_.qumorphlsms betweenadlspers;ng

LA

My results are mostly about dlspersal in a local pop—{:ffﬁ,

i

. ve§50pulation resulted and

.




“tﬁldlsposed by a 51mllar den31ty at an earller tlme..

\7;:fregard adults and yearllngs 1n the experlmental sectzon,'“

83

gested that if such changes regulate numbers they llkely
af operate v1a dlspcrsal Results obtalned by hrebs support
1‘led1Cker S. (1967) speculatlon that dlspersal cculd prove
hto be a prlmary way of regulatlng numbers. ' B
I relatcd populatlon slze to the proportlons of
~grouse that dlspersed from the study area and to the dls-
ﬂtances movedl A summary,of.results»on-dlspersal and pOpu—l‘
’lation site.is.glven in'Tabie 21;. TheAClearest.results.
'\were 1n autumn'~ movements ‘were 1ndependent of my measure—
.ments of densrty.' In Sprlng; the relatlonshlps between'
ﬂ;.p0pulatlon 51ze and dlspersal were less. con51stent and there_;
were dlfferences between sexes. In partlcular results -
lfrom an’ gxperlment dld not support other data on the effectf
I{tof numberg of adults-yearllngs on emlgratlon.‘ Although
emlgratlon from the experlmental 51te was, proportlonally,-,a_u
;f sllghtly less than that on the control area the 1mportant |
”ﬁ::conclu51on from the experlment 1s ﬁhat emlgratlon d;d occur;;a;
: ln;splte ot the absence of adults—yearllngs, and the numberfvbtapflt
_5 of blrds that emlgrated exceeded the net difference betweendﬁ{

“}OVerw1nter1ng JuVenlles and yearlings 1n summer. In gen-'

'}eral, it was clear that Changes 1n rates of emlgratlon and.-’jbdf”"‘

distances moved. °°°“rred only 'in SPrlng. ‘It is more diffi- S
.g;cdlt to understand whether den31ty 1n late w1nter might
.ﬁ!haVe caused the varlable dlspersal or 1f dlspersal was pre-:rg7sf~{f

?In thls

“@aprlor to late w1nter, mlght haVe stlmulated agpattern Qf
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-.1s an 1ndex to the magnltude of some 1ntraspec1fac P

dispersal, which then occurred 'in spring even though they
were absent at the time. -The ﬁdssibility also arises that
some overwintering juveniles in the experimental section

became'dominant over others after older birds -were removed,

cau51ng some subordlnates to emlgrate.

_ Although the relatlonshlps between populatlon slze

and emlgratlon and dlstancos are 1llustrated best~as cor=-

,relatlons I am very reluctant to. place much confldence in-

the predlctablllty 1mp11ed by some slopes of; den51ty on

dlspersal_because of the small samples. ‘Furtheryhmovements

' of migrant adults and vearlings concurrent'With dispersal>.:

of juVeniles and ‘the long perlod over which dlSpersal

L« . ]

" 1tself occurred make 1t dlfflcult even to be confldent that

the counts of adults and yearllngs used were the most appro—

v

‘priate ones. ‘There also 1s llttle beneflt from concludlng

:‘51mply that dlspersal is. den51ty—depe?dent. Populatlon

size 1tse1f probably cannot cause em;gratlon ratherllt

o-’,.;' :

‘cess.i I agree w1th Eberhardt (1970) that our understandlng

'l

'of populatlon processes w1ll result only from great effort

L.’ l-

on studylng the p0531ble mechanlsms themselves, rather than
hsuperf1cxal tests of relatlonshlps! However, analyses of
'ﬁﬁdenSLty and dlspersal were of value by shoW1ng'that futher

*fvwork on thelr p0551ble a55001at1on should be conducted

; flrst 1n late w1nter and sprlng. ,;*]TJj@gQ;f A‘Pﬁf:@ﬁkab
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Krebs (1970) concluded that dispersal could bevthe

{ch behav1oral changes operate to regulate
/ <

gree that dlsptrsal 1s an 1mportant way of

¢ K
.o

mechanism by wl
density. 1
ddjusting numbers but it is not the ba31c_mechan;sm in~

. . SR
volved; SOmething must stimeate‘animals to move. We

- .

should also keep in mlnd that emlgratlon is not the only -

way that breedlng and productlon can be llﬂlted 'Suc-,,-‘

_cessful recrultment 1nto a populatlon, espe01ally among

promlscuous spec1es does nst guarantee that the 1nd1vrﬁmal =

will breed. .
leen the carryover of a hlgh populat:on through
‘w1nter, dlspersal in sprlng is the flnal opportunlty for
.restrlctlng or permlttlng recrultment.‘ If emlgratlon of |
some 1nd1v1duals always occurs, then there w1ll be selectloh

for~ ‘which yearllngs are recrulted eVen w1thout a net

change in numbers. ThlS agrees wlth Myers anqurebs' gﬁ;»w'

(1971) contentlon that a genetlc or behavloral polymor—

¢ k,-«: k. .
phlsm may act on dlﬁpersal Such polymorphlsms are the f°’
J&

essence of Chltty s (1967) hypothe31s on populatlon change.

The alternatlve would be thdt dlspersal among 1ndiv1duals

N,

BN s - . : ; : ,, ..

1s random. ‘ '*,'.'f;;ﬁ L E ~-f* R :';tf"

It 1s 51gn1f1cant that there 1s agreement on the gen-_ﬁa:ff."

eral t1m1ng of the prox1mate causes of change 1n numbers fﬂ RERENE

e . . ',-bee
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o

ducted Kfmovais in summer of residegt blue grouse; repopu-
lation by yearlings the next: sprlng suggested to them that

’

‘the number of birds addtd to the populatlon was determined
g e/

in spring. Bendgll et al. (1972) indicate‘that numbers are

e \ g
determivmed during a period of little %Vert courgship.

%

J
Slmllally, cmlgratlon recorded here for spruce grouse was
Q

\
before obvious courtship behavior.” On another point,

hY

Zwickel (1972) speculatedﬂthat'the numberaof potential '

: - . : |
yearling recruits (aL&ve in late winter) may be dependent
. r . - )
on the previous year's production, and this seemed conclu-
S , . S .

Sive in my study. ’ | U
I have-stresseﬁ that dispersal is an important means

for changlng numbers of spruce grouse-rbut this tonclu51on

\.

may\\ot apply in all cases.\ On certain small islands suc-
cessfu. emlgratlon and 1mm1gratlon may\:wt be pOSSlble,_

for example, with small mammals. At theke sites there may
be;only oné homogeneous populationAand only nataiity and’
mortality interact to-determine population'size. ‘The»
1mportance of dispersal is alse relative to the area of

- .

study. At some ‘point as we increase our perSpectlve from
. B
a local site to a larger reglon emlgratlon decreases and ¢

mortallty increases in relative: 1mportance in ellmlnatlon of

¥’
, total excess 1nd1V1duals." Hence, the quant1tat1Ve effects

L

of dlSpersal are most relevant only to loca?lzed p0pula—
,tlons and where 1nter populatlon exchange 1s p0551ble.,

However, dlsper51Ve movements WOuld always seem to have
e
qualltatlve‘effects, by’ changlng the dlstrlbutlon of in-
. 4 . .. . '. . X

.

-

<



/

C

djviduals with different traits. ;T g
/ o ) . X SN
Some work with tetraonids elsewhere suggests dis-

persal did not have an 1mpoxtant effe\t on numbcrs of

.. ’ /

1de F'or ehdmpl( Jenklhé tt al. (1964 190) reported‘

[

- . \

(jggi'di uoxsal of rod groust did not Qccur in some years,
anzgthat broedlno uﬂn51t1eg resulted 51mply from locally*
ralsed chicks (Jenklns et a}. 1967:105{ Watsoh "and Moss
k'iL972:.l37). But their data do not clearly shoW'that dis—
ptrsal did not&noxmalLy ocgur or how Lhey could 1dent1fy
ilocally raised blrds as dlStlnCt -from 1mm1grants. I do
.accept their point, though (that the mortallty of birés
unsuccessful in obtalnlng a te;;itofy‘in autumn~(potential

diSpersers5) is 1rreleVant to pOpulatlon control. Otﬁer

authors (Rusch and Kelth l97l Myrberget 1972) report that

o
S

predatlon lS an 1mportant 1nfluence on populatlon 51ze.
In splte of the 1nstances noted above there could

be much generality for the case’ made here W1th dlspersal

'sand recrultment., There is llttle ev1dence to negate the'

. po 51b111ty that dlSpersal has: -an 1mportant effect on local
1

»populatlon sizé and that emlgrants surV1ve well There has .

been too llttle work ~done w1th dlspersal *The work by
‘Krebs “and coworkers (Krebs et al. 1969, Krebs 1970, Myers .
"and Krebs lQY&) and thlS %tudy h;ve attempted to 1nVestlgate
1nten51vely the phenomenon. Slgnlflcantly, both studles.

\

conclude thai dlspersal was varlable (durlng sprlng, this

study) and that 1t was an 1mportant prox1mal means for

, adjustlng numbers O t_} e ;/
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RELEVANCL OF OTHER RESULFS

- I

.Many of -the specific resultstin this study . are4

\
worktrs and are discusse

c

releuant Lo’ the findingiaa:d 1nterpretatlons of other
ere../

. A hlgh rate of mortallty early- in llfe is common.to
many animals (reviews by Lack 1954 Zwrckel 1965 and . ;;
Calef 1973 for qulte a dlfferent example), but usually

:>,there is still great loss over the ‘non= breedlng season.'
Where data are. avallable for forest grouse, proauctlon |
autumn always e&ceeded\the total number of blrds recrulted B
as yearllngs TE“tna 1l6cal site (Boag 1966, Bendell and
Elllott 1967, Zw1ckel and Bendell l967a, Rusch and Kelth
1971, Redfleld 1972, Ellison 1974) 4\;xceptlons may .
ioccasronallyloccur in increasing populatlons, such ‘as

a

‘during a partvof_th1§ study.‘ These same patterns of change- .
P
can probably be seen in s pec1es other than forest grouse

if. good countS‘of'productlon'and.the age”comp051t10n_of
breeding individuals are"available. ‘I‘have'StresSed the

:>7lmportance of yearllng recru1tment 1n the fluctuatlon of
: total breedlng numbers Thls ls probably a general case T

d .

as. others have concluded that changlng age ratlos charac—ih

: terlze changes 1n total numbers (Dhondt 1971 542 Bendell

2et al, 1972 Watson “and Moss 1972 141, Weeden and Thebergeeh

1972, Zw1ckel 1972) . / :

I separated mortallty from emlgratlon as components

of loss where it was. p0551ble, and there were great dlffer—Ah

e



“ences in the impact of each‘factor.f We:see that ln such

: diuerse'Spccics as‘sond sparrows and roe deer }Qapreolus)
,caprcolus)¥4Tcmpa 1964’and Strandgaard_l§72,1reSpettively)

, emJgratlon al;o was tonsldered an lmportant part of lodal
loss. A knonledge of the relatlvc 1mportance of" mortallty
‘and emlgratlon.ls crltlcal 1f we try to expand results‘
from a local site to.a large regfon. Iwao (1971) gave
‘51m11ar'adv1Ce for’the general appllcatlon oéﬁdooal results.
;'On a related 901nt, loss is the approprlate term when death.
”and movement cannot be separated (Weeden and Theberge 19721
| SurV1val was hlgh in autumn and w1nter for all sex
qnd;age classes of ﬁPrUCE”grQUSQJ-thls may ‘be moreﬁcommon'
among tetraonids'than assumed: Results that show pooru

overw1nter surv1val are often from- c1rcumstant1al ev1dence.

Watson (1965), Jenklns et al (l967,,among_others), and
{ -~ . . EER ]

Rusch and Keith (1971) made'periodic COunts-through winter'-'

on rock ptarmlgan, red grouse, and ruffed grouse, respec—'JV'

fthely.A In the flrst two studles surv1va1 was hlgh

throughout w1nter (terrltorlal red grouse’only) or OVer

long perlods. Bendell et al (1972) and .w1ckel (1972)

3:d1d not document surv1val rates for blue grouse over w1n-'

",ter but observed ‘that surv1val of Juvenlles was at least

-good enough for complete repopulatlon of vacant breedlng

ri

_range in sprlng._ Expandlng thls case, Errlngton (1945)

noted that bobwhlte quall (Collnus v1rg1n1anus) 1n the i
: Y

northern llmlts of,lts range, and wlth characterlstlcally ff

‘hlgh mortallty,bshowed hlgh surv1val in- some winters.'.ﬁf]rf'

90.
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QSmlth (1967) prov1dtd an excellent documentatlon of good | = -

Surv1va1 of black capped Chlckadees (Parus atrlcaplllus)

in winter, The point here is that autumn and W1nter arem i .
not neccssarlly~always a critical perlod for surv1val,

OVen in nothern GVJronments o | L

Rate of loss are usually calculated on the 1n1t1al

‘populatlon it the. tlme ‘the loss occurs. I also calculated

,the-difle nt-sorts of loss as. percentages of the total.
loss incu red by that age class Thls approach dlffers .
k: slightl' from the calculatlons proposed by Thompson (1928)

and Morr S (1957) but uses thelr reasonlng /For example,'”z;'

using'ThomA ok s termlnology, the apparent loss of emlgra—

cent but the real 105s was’ only 8 percent (Table 14) R ,"4‘.i

'Emlgratlon rates alone,_derlved from 1nd1v1duals present
at’ the start of the dlspersal perlod w1ll overestlmate
-sthe re 1ve lmportance of emlgratlon as. a means of remov;}‘ .

'portlon of total loss was accounted for by. emlgratlon ‘in f;f

L3

'.sprlng but thlS was 1mportant ln determlnlng flnal breedlng

numbers because of 1ts varlatlon.. Thls 1s the klnd of

-

-xvarlatlon needed to Show that populatlon 51ze 1s regulated

151nce 1t is 1mp11c1t that the power of the regulating

A/.‘”

‘mechanlsm must be flex1ble.~ L

-An 1mportant need in thls study was to document sur—
-'v1val of dlSper51ng blrds.\ Annual survrval of blrds that

'femlgrattd in Sprlng was not much less (52 percent, perhaps-’“

)

tlng females (ralsed on study area) 1n sprlng was 80 per— f \‘n

1duals from an area or populatlon. Only a small [l"n"'



£ B

‘a low estimate) than that of overwintering juvenlles that '

did not dlsperse from the study area in sprlng (72 percent)
. Py

Surv1val oﬁ 1mm1grants (69 percent) fof\l'year after their

7

arrival in sprlng summer was about the same as- ‘overwinter-

ing juVenlles that d1d not disperse in sprlng.‘ I acknowf .

ledge that thtse 1mm1grants mostlg‘represent blrds that

_ Were successful 1n locatlng a placg to settle and thus may

\

 be expected to. ‘Show good surv1val The problem 1s one of

. d0cument1ng a surV1va1 rate for tlspersers that were un—
-

,successful in locatlng a permanent breedlng 51te, 1f such
blrds ex1sted ThlS is a. dlfflcult p01nt to resolve W1th|
’tthe data avallable. But even 1f ail emlgrants whose sur-;
vival was not documented (100 - 7% wgzs percent, sprlng,-‘ -
1971 and 1972 only) d1d not settle but had dled they weéé -
’gstlll a small portlon of total emlgrants._ Further, the_
'-fact that so llttle mortallty was recorded 1n autumn and..
»Sprlng suggests that mortallty was not concentrated‘at the
lh:tlme dlSpersers were mov1ng most and perhaps subjected to
ﬂgreater stress from unfamilar habltat and aggre551ve re51-
° R o

dents. | - SR pf;d,

3"

My results do’ not support the frequent contentlon, i;;.157i e

elther stated or - 1mp11ed (for example, waard 1960 lelcker o

-_31962 Chrlstlan 1970 Gadgll 1971), that dlsper51ng anlmals B

(are Subjected to greater mortallty than 1nd1vrduals that
' do not dlsperse._ The supposed greater mortallty of dls-h‘”

,persers 1s an 1mportant element 1n the agrument that dls-,7-)

: persal 1s prlmarlly of selectlve adVantage to the populatlon;;v‘,.v



~.an.d not the(indiyidual (Howard 1960,‘Mayr 1966:198; Vanj
e‘Valenll97l). - - B -
. If mortality of emigrants. was not‘g;eater'than non—_‘
.emlgrants then numbers of spruce grouSe elsewhere mlght

have been increasing.. The alternatlve is that net losses

_elsewhere-were greater than at Gorge Creek" “and %Flgrantg

_oniy réplaeed those ldst" The necessary data are notJ
avallable but in- fgft my lmpr85510n ig that the study

'area at. Gorge Creek was optlmal<hab1tat. Therefore, sta--

P L]

jtlstlcs!atveorge Creek may not be wholly'representativeh"

but. only 1nten51ve work elsewhere can answer thls p01nt.
e

I do nots belleVe there. was necessarlly lower sur= .

_v1val of dlSpersers 1n\autumn than in sprlng Drfferenees:;“'

in recorded surv1val (16 percent, autumn and 61 percenf

sprlng,}sexes and all years @omblned) can probably be ex— o

"°dpla1ned by the observatlon ‘that’ many blrds spentssucce551Ve;"

”w1nters in the same s1te as thelr flrst w1nter. Only

rarely dld an emlgrant 1n autumn return to the study area
/‘

~ in summer.' A Juvenlle that emlgrates ln autumn may never o

= return to 1ts natal 81te and hente, 1t is’ more dlffrcult

:“_to document 1ts surv1va; than for sprlng emlgrants that ];;
4d,return for wrnter to the area belng censused

’ I know of cmly one other study on hlgher vertebrates

.fthat glVeS data on the fate of dlsgprQErs versus re51dents.3'
& .

1”1A central p01nt 1n the work w1th red grouse (Jenklns et al :

93

’1:1963 1967) 1s that blrds Whlch do not acqulre a terrltbry G

: 1n autumn are expelled 1nto marglnal habltat 5 Predatlon

-

R S
Ly, L .



u .

‘

on non- terrltorlal red grouse was heav1est just after dls—

\

persal (Jenklns«et al 1964) The tWO follow1ng points
sllghtly weaken their COHConlOH that dlspersers suffer the
greattst-mortallty Flrst, in seVeral years “the dlfference

B

between August (mlnus huntlng) and sprlng counts was used

',as the number dlsperslng. It 1s not clear 1f mortallty of

-

'nOn—dispersers'was included ' Second, only.i4 percent of the

dispersers rere round dead These problems may be mlnor,
!
however, and perhaps do not affect thelr maln conclu51on.'
Two ‘other Studles prov1de relevant data on dlspersal

and ,urv1val

Myers and Krebs (1971) reported that 30'— 40

percent of Mlcrot s pennsylvanlcus lost from controlllrap—' .

- plng grlds had successfully emlgrated to outlylng grlds.pf{."

Thls‘lndex to survival caused them to modlfy an earller X-

L
lusion - (Krebs et al 1969) that emlgrants sugiered hlgh

=

CO

ThlS 1oglc parallels a potentlal cr1t1c1sm of my study | ‘;g'f

' 51nce I do not know the dlstance mOVed by most Surv1v1ng

‘ortality': The vole: study may be CrlthlZed 1n that dls-- ‘\Tf
7 S

L
/ /
N

tances between control and recapture grlds were Very short.,\\d'

94

te |

emlgrants, Qarl (1971) reported that arctlc ground squlr-{‘;ﬂf'

\

. rels (Spermop}u.lus undulatus) unsuccessful ln ob?talnlng

- terrltorles were expelled and establlshed refugee colonlesnp_j*

_ Carl belleved the refugees were eXplorlng to colonlze neW‘/

habltat Thls 1nterpretatlon agrees w1th that for red

“in marglnal habltat._ All refugees subsequently dled u;dikfjfll~ﬁ"

grouse,'ln both studles, mortallty was the normal fatejfjwrf-,wjgfi”

after belng excluded from secure (terrltory) and good qual-*

"" .."'"



A.mentfbeyond>thefstudy

rgf6up of blrds remalnlnﬁ

”terla for~goodﬂ

.seven blrds (6“percent,

ity habitab[ and these individuals were termed dispersers.
- :
For sprute grouse, resldent and dlsper51ng 1nd1v1duals

. shared common haoltat itwas difflcult to . determlne cri-

and poor habitat. In splte of. the exteptlons

g

‘noted ibovetlmalntaln that as yet there 1s llttle eVldence

that dilspersing 1nd1V1duals are. subject to hlgher mortallty
L

.6an settled.:_h.f . -

than those that r
| l'Although.dista ces movedfarehunavailableyfor most |
sbruce'grouse that-e igrated there is evidence\that moye-

area was a meanlngful loss to the

w1th1n'the study area. Only

/lll) known to dlsperse less than

- \

2 km alse settled beyond the study area.' Only 5 percent of

‘_re51dents, at least durlng sprlng and summer.nrﬂe?ce,;’

'there 1s soge reason to conslder the group of blrds w1th1n

' the emlgrants (8/147) were - relocated w1th1n 1 km of the{x

study area. The 1mportant p01nt ﬁ% that so few emlgrants

- settled nearby (<1 km) Dlspersal beyond the boundarles

effectlvely termlnated assoc1atlon between emlgrants and L/

, fthe study area!as a populatlon because the probablllty of .
.contact between those 1nd1V1duals, for breedlng or otheﬁ A;rw:.__,o,

;.act1v1t1es, must have been greaten~than that between re51- L

'

ffdents and prev1ous emlgrants., But such a populatlon was ;ff“
.{not entlrely dlscrete because of contact between perlpheral

7res1dents and external 1nd1v1duals.‘ I also assume surf}fl'gg;ﬁ

( o

hv1val of dlspersers was hlgh and although most off~area"“

':searchlng was 7onducted only up to a 1 km dlstance the o
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maximum known dispersal was much farther KQ.S‘km). These
two points suggest that the areal-extent of influence,
¥ ) :

genetic and-otherwise}_offbirdsbfrom Gor§e'Creek could have
~ been guite large. I presently use distances moved within.
N A A - _

and |away from thc'study area to help'identify the‘spatial,r

.llmlts to the populctlon.' But'this approach may not be -

\ » .

1uff1c1ent, for example, 1nrormatlon on the" relnva51on by
- progeny of the pmlgrants, whlch is presently unavallable,

//would help ;how whether dlspersal is really effecthe 1n ' ' ST

-controllrng 1nbreed1ng, and 1ts pOSSlble consequences ‘on’
A - .
L i ,

populatlon dynamlcs aver the long term. uf,~ !
‘ I am not conv1nced'that the methods I used to deflne
dlspersal and to dlstlngulsh a populatlon wonld be- correct
"for all studles. A Slngle‘crlterlon for.these.parameters
may not be reallstlc.. In each case, con51deratlon must be
_.glven to these problems and the de0181on Just 1ed accor—fﬁ
\dlng to,the 1nd1v1dual crrcumStances.A But partlcularly,_
some appralsal 1s.necessary of the contact between 1ndiv1~A"l'b :
('-duals w1th1n and out31de the‘maln'area of work ’ _'-~-e. fv'. S
.’gﬂ One ultlmate reason for dlspersal c0uld be to 1ncreaset5;-? tjnf
;}jthe probablllty of breedlng., Yet 1f agqre551on by re51dents.h;;?;kb
- 1s keen then emlgratlon to reduce 1n3ury or death may be | L
-ntthe real proxrmal stlmulus to dlsperse,vas Beer and Meyend

"3(1951) and Errlngton (1963) 1nfer for certaln 1nd1vrdual

~jimuskrats (Ondatra Zlbethlca) Gruys (1971) was more con—_jfi 5;1)

id.v1nced on thlS p01nt, by statlng that dlspersal of plne

lOOpers (Bupalus pznlarluSO’was;an“adaptatlon.to;av01d.;_v,tfgf"
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dénsity;relatcd mortality;‘ Murray>Z19621 and Myers and’

Krebs (1971) comment that subordlnate anlmals will max1mlze

‘ theixc chance of settllng and»reproduc1n only by mov1ng

- -

‘away from dominant'indjviduals at.their blrth site But,

Y

.. of course, emlgratlon does 'not necessarlly put a subordl-

/

_or are they able to séttie because of a hlgher ranklng than?ad.».

_subordlnate where ralsedgto non—emlgrants they were. repro—

nate(&ndlv1dual 1nto a better’soc1al ranhg Accordlng to

Myers-'and’KrebS’ thlnklng (1971 72) year 1ng male spfuce

"grouse that . dld not emlgrate would be dominant, but at

'least there JS no eV1dence that they,were reproductlve any

)

“earlier than 1mm1grants, termedvsubordlnates because they

emigrated from elsewhere.

._These-problems are'even’more difficult with-female‘

grouse. Almost all females dlspersed, and there may be

S

too few 1nd1v1duals'rema1n1ng near thelr blrth site to_
study how domlnance and reproductlve potentlal mlght vary

accqrdlng to dlspersal .Even 1f emlgratlng females were

% ¢

ductlvely capable when they settled 91 percent (30/33)

of the, yearllng females known to nest’ at Gorge Creek in’

A :41971 73 were 1mm1grants.i Perhaps max1mlzatlon of repro—
'ductlon does not hlnge od the age of fqut breeding but
:on total reproduct1Ve output durlng the llfespan.; The
;dlfficult questlons here w1ll remaln unt;l dominance can

"ybe/measured for juvenlles that dlsperse and those that b‘:: 
vdo not If behav1or 1s 1mportant to dlspersal are 1m—ft"

./

mlgrants 51mply equal in domlnance to those that emlgrated,ﬁf

-

v

e
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emigrants? The influence of genetiCS'and experience‘Would'
seem to be critical to these problems.. Invsummary, I

x‘belleve flcld data are not avallable to support much of

<@ , N

LY

the contemporary theory on dispersal.
Immicration‘is of interest infth‘ways-;its numerical

effect on rccru1tment,'and the p0531ble dafferehces Fn

behav1or between blrds that dlspersed and those that dld .1 .

'not. I did not gather data sys%ematlcally on aggre551ve

behav1or but Stlrllng and Bendell (l970) reported segsonal | '

'changes in aggre531ve behav1or of\blue grouse 1n sprln; - f Co. f (//

and summer., Aggressnon among spruce grouSe mlght have ' |

_peaked before most courtshlp act1v1ty in’ sprlng and,

. (}) : =
'perhaps;/many 1mmlgrants arrlved only after the (supposed)

aggre531ve leVel of re51dents had sub51ded ThlS generat{g
the questlon of what really constltutes a breedlng popula~
tlon, Present results may reflect Dhondt S . (1971) report
that there is only a short perlod of terrltor;al defense
among great t1ts (Parus maJor), and. "floaters" are later
able to settle ln undefended areas.n.The present practlce R
'1,of countlng all 1nd1v1duals as breeders even 1f seen only\\
.l.once may be too rqugh On the other hand all blrds may
~n‘have been phy51olog1cally capable of breedlng.‘ Yearllng
‘females commonly breed; yearllng males on the experlmentall
.:f51te probably also bred as they were. qulte locallzéd,'yt?i -
K'exhlblted courtshlp behaV1or typlcal of adults, and yearllngh
ffemales there produced broods.flf'h_y R
I env1glon three p0551ble explan;tiohs for the ap-rlhf';

. ¥ .
v - .

-
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parent differentlal in tlmlng of emlgratlon and 1mmlgratlom
. : 12
-Flrst the separatlon is real. Prox1mar Tauses of emigra-
. s

. -

tion mﬂght occur'earlier in a-premium itat or dense .

‘population,  if such were characteristics of Gorge Creek.

Second, dispersal is very slow. Hence, the arrival times of./

: . L oA
lmmigrants are delayed though they.left:their winter site

. at 51m11ar t1Mes as those from Gorge Creek Third, the
. dlfferentlafhwas not reala Dlspersers.suddehly become

secretlve, emlgrants are still present on the study “ared

™
after. last seen and 1mm1grants arc present before flrst seen.

. That most 1mm1grants (those known) remaln for summer means

l

they-have-found>a general place tO'Settle. They suddenly o
become less secretlve and are seen in mld to Tate May, about SN

,the t1me breedlnq starts.‘ Relevant data are scarce and

'3 o
subjective 1mpres31ons confllct with all three'pos51b111t1e§.

I have no real~ev1dence that-emlgrants Were more secretlve

.

- than non*emigrants in"spring;‘ There Was/no temporal Separa- é

tion in autumn | But dlfferentlal behav1or mlght ber eXpected

"

g’ most 1n Sprlng151nce 1t was only then that dlspersal affected
inumbers,- I have no guess as to why I lost slght of males L

“before females but d1d not- see a dlfference 1n flrsg 51ght—

Nl . E . -

ings. of 1mm1grants., Males may become solltary and emlgrate

‘ B . o

-;before females in’ accordance w1th earller courtshlp and

:aggre351ve dlsplays\i”,}-' e

An' "‘\ SEL »‘vt‘
"

”_ Some workers have assumed that 1mm1gratlon in autumngf
equalled emlgratlon (Rusch and Kelth 1971 811 Elllson 1974

: 390) §?he marked populatlen 1nwthls s%udy prov1ded a chance

.,’; P

.o
N

4
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to document the possib%é equality of the flux. But there is
. h {

No reason 1o expect cquality among emigration and immigration
o ' . .

) on7a~1dcal b;sis. For example, the immigration of female
///’Spgucc grouﬁpuin spring was not greatest when eﬁigratioﬁ
rates were highest. The ﬁumber of immigrants is, q{/;ourée, .
affected by population size and emigration rates elsewhere,
and by thecextegt of théﬂarea from Which they come . Immigra-

} tion could not be calculated as percentages like emigration,
, L : _ v v
and it may simply have-been that a much larger geographical.
area 'supplied immigrants to the small Gongé,Creek site. A . -

known move of 9.5 km from Gorge‘Creekﬁsupports this possibili-

tor. - | '
| 3 ) ‘ -



CONCLUSIONS‘

SN

, Wy

~The purpose of this study was to eyaluate the hypothesis -

‘\that_mortality and dispersal, primarily}of juyeniles,’in
autumn and winter determine the size'of the hreeding popu-
“lation, Results did not support this‘hypothesis. |

Major yearvto_yéargfh;nges.are summarized'here. The
'breediné population'of spruce grouse increased greatly from
l970_tg 1971. Yeariings accounted for most'of the increase,
which in turn was caused by a high retentlon (low emlgratlon)
of w1nter1ng blrds and hlgh 1mm1grat10n (fgmales only) .
Production was high in 1971 and. the subsequent wintering.
'count'of juveniles was hidh )}ollow1ng the hlgh w1nter\
pppuletlon, emlgration 1n&d€r1ng of 1972 1ncreased greatly .

e

over that in 1971”and fewer females 1mm19rated Both

factors produced fewer yearllngs in 1972, which slowed

potentlal growth of total numbers. Productlon was‘low~1n.
' l972»and the 1972-73 w1nter1ng count of juvenile5>was'also .

low. These low counts, modified by dlspersal *n Sprlng of

/

1973 contrlbuted to another reduced yearllng count in, 1973

-

The major conclus1ons follow.

1. Most changes in total numbers of the’ breedlng

‘populatlon resulted from changes in numbers of . yearllngs.
‘Annual surv1val of adults and yearllngs was. similar and
hence, the 1ncrement of yearllngs_to the-pOPuIation was the'
priharylfaCtor“in determiningbchanges'in total numbers.: |
2. Dﬁfappearance‘of many:juveniles in-aut'mnnend o

*

o o 101

8



102
\
oVerwinterino Juveniles in spring was judged .to be due to
emigration.b The survival rate of dispersing individuals
approximated that of non-dispersers, at least in spring.

3. Quantitatively,.dispersal’in autumn was not agfeducing
factor: immigration compensated for almost all emlgratlon.
Proportions of juveniles emigrating each year were 51m11ar:_[
.Dispersal in autumn did not have a direot, ndmerical'effect
on recruitment. |

4. Survival of all birds was hightt in autumn and ‘winter .
Clearly,4autumn and_winter were not’critical times°for
- survival in‘this pOpulation~andfmortality.then did not have
an important effect on numbers of breeding individuals.

‘.S,A-Proportions of birds emigratiné in spring were"
'variable,between years; Immigration compensated for much of
- the loss. from emlgratlon.p The numper.of yearllngs present
in summer was a dlrect resu%t:of :ﬁégration_and immfgration

beginning in Sprinoj" "f

6. beduction'did'affedt dispersal in spring‘by.setting
the populatlon base upon Whlch emlgratlon in sprlng would
~\ ct, numbers of junvenlles in late summer and late winter- were :
l Very151mllar, Productlon dld not determlne recrurtment
| because of varlatlon 1n emlgratlon rates 1n sprlng. Nestlng
success and productlon Varled between years, adults and
d.yearllngs were both affected but yearllngs more so._ The
poorest reproductlve output occurred in the same year as_the

* : : L

hlghest emlgratlon.b
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7. Proportions of birds that emigrated'and distances
moved during dispersal-uere analyzed according torpopulation
size, Dath ln autumn were consistent: emigration and
distances were independent of density. Disbersal in sprlng‘
was variable and was correlated p051tlvely with’ either
(different betwecnYStxes) the numbers of adults yearllngs\or
juveniles'ih late_winler, But results froua an experlmental
remoyal of adults and yearlings in late winter“diddnot'
Support the‘interpretatlon of'other data thathemigraticn:inl
springrwas dependent on ‘their numbers. Some.inconsistencies
in.the data in soringfdo not ueahen the conclusion,that'if\
population size affected dispersal it st manifested,in'scrinc'
rather than in autumn. | | |

8. Population'size.may bekonly.one.of‘seVeraliinter-b'
Aécting forces on dispersal Three factors madelit difficult
-~ to study how populatlon 31ze affected emlgratlon in sprlng
1) many adults and yearllngs present in w1nter were not -

. res1dent breeders, we requlre 1nformat10n on the. domlnance
Scheme of 1nd1v1duals not on breedlng 51tes;’2) some blrds‘

.mlght have emlgrated in Sprlng because the 1mmed1ate habltat

°

was unsultable for use in summer, regardless of den51ty, and

‘.;'3) changes :Ln numbers and comp051tlon of adults and yearllngs ‘

present because of mlgratlon and the long perlod over whlch ,

dlspersal occurred make it dlfflcult to evaluate the rella-'

blllty and usefulness of a. 51ngle den81ty flgure."fy .; R
% IR ot

From the results of thlS study I env151on that the ,Lgyes‘f

Afollow1ng events mlght occur in the annual cycle to account 'f

tl N . . ¥ g : v v
A . e v, t
A N - A Co
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for population size}. Production of spruce grouse is low,'at‘
least relatiVe'to sOme other”tetraonids; ThlS 1s compenuated
by Very high survival after about 2 months’ of age; a long

" life span is suggested hy a hrgh‘annual ‘'survival rate.,'Density
does not.seem to ianUence the'tendency tobdisperse_in -
autumn and dlspersal then has no- numerlcal 1mportance.‘
Dlspersal in autumn mlght resuft from some behaV1oral or-
'genetlc polymorphlsm whose purpose'ls 31mply'to redlstrlbute<_
blrds with different tralts and genetlc makeup This
scrambling effect mlght increase the homogenelty of quallty
"of 1nd1v1duals over large' reglons and dlrectly or 1nd1rectly
_.affect subsequent,surv;val and dlspersalpln local.areasf‘

.tWith high survival’oVer autumn and"Winter the-leyel of
'productlon is predlct1Ve of the W1nter1ng cohort of ]UVenlles..
Dlspersal in. sprlng is the flnal opportunlty to alter the |
size: of the breedlng populatlon.' However.lt is accomplrshed,;ﬂ'

-there is also a selection for Whlch yearllngs w1ll be present
. in summer. Recrultment does not depend on a "flrst-come" .

[

ba51s, occupancy of summer: habltat 1n w1nter does not assure ::

that the blrd w1ll remaln in summer. B1rds that dlsperse 1n
"sprlng probably do not. suffer greater mortallty, at least “f*"~a“
1mmed1ately, than those that do not dlsperse. But 1f such

dlsper51ng 1ndlv1duals are at a dlsadVantage relatlve to nonwl,'

4

'¢dlspersers x@ may be 1n terms of” other sEbtle dlfferences, as'f;ﬁ"

s throughout llfe.‘,f'
The tendency to d sperse in- sprlng may be governed by an

long term” surv1val or reproductlve succe

1nteractlon of factors, denslty may reflect the magnltude of

-



. effect of a:factor. .A-genetic basisjcould'be.at‘least.a o
fpartial_cause to disperse in'spring._hfhis seems oarticuarly
:so<because'much habitat is unused but (subjectiVely).appears ’
‘-suitabie 1nd birds chgrate further. Completely"d;fferént

‘factors may determlne productlon.- Changes'fﬁ production--,

fcould causevfurther'restrlctlon;or‘increaSe'of.popuiation'i

ggrowth by ;ndirectly'affecting dispersal %n'Spring..,f" .

| 'Some replicatiOn of,thiS’study on other*intensive ?\;;/
. v : ;

.\worked ‘well marked populatlons is necessary to. evaluate the
general appllcatlon of these results. Advancement54wrth uk
many spec1es will be made if effort 1s expanded from autumnl"
through sprlng, contlnued work solely durlng the breedlng

‘season ‘will not be as helpful.
: ( 4

I recommend that prlorlty be glven to studylng 1f and=1'
‘how soc1al contact between 1nd1v1du?15 promotes dlspersal
from w1nter1ng 51tes. Extendlngpthls, we need to know 1f

4 '..‘ . .

- aggre531ve levels decrease over tlme and ;f some 1mm1grant

yearllngs successfully recrult 51mp1y because of thls.;~36r.?

105
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\Aspruce grouse,-these objectlves requlre, 1n pa&t, an 1ntens;ve“%

'study, say from l February 1nto June, to monltor changes 1n

SR e

ehav1dral patterns wzth a concurrent study of the pre01se
*wtlmes of emlgratlon and 1mmlgratlon. In more general terms -

fthese objectlves agree w1th prlorltles for other spec1es as

well (xrebs. 1970 Bendell et al. 1972, Zw1ckel 1972). |

‘.need reflned work on the p0551ble assoc1at10n of p0pulat10n

.d~51ze and dlspersal and espec1ally on the tlmlng of a p0531b1e |

1nfluence by populatlon 51ze. Present gross counts of den31ty
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‘may be too superficial. AManipulétions'of population pérg-
' méters will help, but to be neally helpful they must be well

controlled and very well tlmed . S B “_'@f;tb
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