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f Reanalysxs of data d1d not appear to support the hypothes1s 3

-that productton was negatively related to denslty of - females

4;dur1ng 1ncubat1on in 2 years Production of Juven1lqi and

The relat1onsh1ps between prpductlon of spruce grouse
nd. the dens1ty of females, thelr age structure, the t1m1ng k
of hatch and several weaiher parameters before and after' o

hatch were examined us1ng data collected between 7965 and f 'b ‘Q,

‘1981 from a populat1on in southwestern Alberta Productlon

v

‘was not correlated w1th t1m1ng of hatch or - temperature and

precipitation before and durlng lay1ng and after hatch.

-

=

dur1ng the breed1ng season Product1on may have been related

¥
to the proport10n of. yearl1ng females 1n the population

E

however. any s1gn1f1cant relat1onsh1p between them seems to

have been masked by the detr1mental effects of wet weather

3.

o the proport1on of females with broods were: negatwvely

__correlated w1th the number of days with prec1p1tat10n dur1ng

incubation; however, the effects of. these relattonsh1ps were
most apparent under extreme cond1t1ons and appeared to have -

l1ttle 1nfluence in most years Reduced product1on in years -

iiof 1nclement weather dur1ng 1ncubat1on may have resulted

- -
from 1ncreased loss of nests due to desertlon by
energet1cally stressed females and 1ncreased susceptab1ltty

of females to predat1on or Stress- related d1sease
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_ Yyear. Th1s relatlonsh1p appears to hold true for two

vAmong~blue grouse (Dendragapu o

R

Introduction = ' o

e

Product1on var1es W1th the proportlon of ﬁemales .

hr;tbreeding and the1r success 1n ralsing young to 1ndependence
:iln some tetraon1ds the number of young produced in one year‘

nhas-been reported to 1nfluence popu1ation slze the~follow1ng

»

v

‘ subspec1es of willow ptarmtgan (Lagopus Iagopus) (Bergerud

1970, Myrberget 1972) red grouse (Lagopus Iagopus scotlcus)
(denk1ns ‘and Watson 1967). and rock ptarm1gan éLagopus
mutus) (den@gns and Watson 1967\ Weeden and- Theberge 1972)-,

,rus) however/,changes

“‘“1511n spr1ng pop lat10n 1ze Were not assoc1ated>w1th changes
§ e $

in product1v1ty (Boag 1966), early morta11ty of JuvenTTes

_(Zw10kel and Bende]l 1967) or clutch size and nestlng

success (Zw1cKel 1975) the prev1ous¢.qar
‘The number of young produced in any one year and

potent1a11y avaIIable for recru1tment 1nto the breed1ng ;" .

vpopulat1on the foll 1ng year can vary in response to a-u

" number of factors Spr1ng populat1on density appears to |

n'1nfluence product1on of young in a number of gallwformsf
V”v Boag et al. (1979) found that prdection of young var1ed

'ﬂﬁ1nversely w1th spr1ng density of female spruce grouse v

(Canachites canadensis) and suggested that th1s relat1onsh1p

could prOV1de one. means of controll1ng populatlon s1ze (a

o, ..

e



R o
,density*dependent'hypothesis) A negat1ve relat1onsh1p
between spr1ng density and subsequent measures of production
has also been reported in Cal1forn1a quail (Lophortyx

quCE7ffOPniCUS) (Franc1s 1970) and.willow grouse (Lagopus
’Iagopus 7agopus) (Myrberget 1972). By contrast, Moss et al.

(1975) found that breeding success was not related to spring

- dens1ty of red grouse

s - - . ]

‘ _ Age structure of a populatton may 1nfluence product1on
1f adults and yearlings differ .in nest1ng success or brood
q§¢ze Among some spec1es of grouse, a large proportion of

' year11ngs are. suspected to be non- breeders 30-40% in spruce

,grouse (Boag et afl. 1979) and 46% in blue grouse (Hannon and
Zuicke1'1979) Year11ng fema]es tend to- have smaller clutch
s1zes in rock ptarmigan’ (Weeden 1965), willow ptarm1gan
(Myrberget ‘1867), spruce grouse‘(E111son 1974, Keppie'
1975a),,and blue grouse (Zwickel 1975). Thus; a comb1nat1on
of TSQS& rates of breed1ng among yearl1ngs and a- general]y
lower clutch size suggests that this age c1ass may
contr1bute 1ess to productwon than does the adult.

' __. T1m1ng‘of nest1ng is often vwewed as 'an adaptatlon
opt1m1z1mg the ava11ab1]1ty of food for the young or adult
bird (Immelman 1973). In temperate 1at1tudes it tends to be -

e under the control of photoper1od (lmmeliman.1971), This. |

| t1m1ng can be mod1f1ed by additional prox1mate factors such

as the phys1cal and 500131 cond1t1ons prevailing. each year

-, . (Immelman 1973). If optimal hatchtng conditions and t1me of

hatch -do not coincide, production may vary with time. For

! . — - s s 7 N
¥ 7

o
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;iexample Ellison (1972) found that brood size in July- August
:j‘decreased and number of broodless ‘females 1nereased among

' Alaskan spruce grouse in an unusually late year However ,

hatch date was not related to measures of reprodbctive
success (average clutch size, egg loss. or brood stze) ihn
two subspecies of w1llow ptarm1gan (Bergerud 1970, Myrberget
1972, Marcstrom and Hoglund 1980)

The 1nf1uence of weather before hesting and shortly
after hatch on nest1ng success and/or juvenile surv1val is
equivocal. Weather after hatch: could not explain var1at1ons

in production of blue grouse (Zw1cKel and Bendel] 1967),

" ruffed grouse (Bonasa umbellus) (Gullion 1970) red grouse

(Watson 1970). w11]ow ptarmigan (Myrberget 18972), or rock

'ptarm1gan (Theberge and West 1973). Bergerud (1970%

although finding no general correlat1on between weather
shortly after hatch and productiv1ty of w11]ow ptarm1gan
did find that the coldest year had the fewest juveniles ' per.

"dbrood and suggested that extremely cold weather may have a

depress1ve effect on product1on Cold temperature, often

comb1ned with high prec1p1tat1on, after hatch was assoc1ated5

!

w1th poor productwon 1n blue grouse {Boag 1966) willow =

i

-grouse (Slagsvold 1975, Marcstrom and Hoglund 1980}, and

“capercaillie (Tetrao urogal lus) fSlagsvcld and Grasass

1979) o
It is apparent that some or all of these factors may
affect product1on in gall1forms I re-examined the effect of

sprlng densaty of females on product1on includjng data from

<
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more years than'Were availabie to Boag'éfdal (1979) Based
on their hypothesis, B predicted an inverse relationship
‘between deHSJty of females and production. Igexaminedmthe‘
effect of age*structure of the female-popdlationaon_
'.productton In th1s case. I expected a decrease 1n production
wtth an 1ncrease in the proport1on of yearl1ngs .in the
female population. I examined the timing of he:ting‘and
weather during various phases of .the reproductive“eyéte to
determine whether any relat1onsh1ps were ev1dent I

predicted that a delay in the onset of nesting and cold wet

) i;weather 1n the 1mmedvate post hatch per1od would be related

’to reduced product1on Since evidence that weather
conditions dur1ng incubation 1nfluence product1on is
equivocal, 1 could not predlct any relationshlp between

those variables.



Study Area and Methods

5
,/? Q,.) ) Lt

The study area, situated in the foothills on the east
s lope of the Rocky Mountains, 27 km west of Turner Valley,]
' ﬂlberta, has been described in deta1l by Boag et al (1979).
It was extens1ve]y burned in the late 1930’ s and is now
A domvnated by lodgepole pine (anus contorta) ‘with patches of
mature white spruce (Picea glauca) and poplar (Populus
spp.). N

The study area (Fig. 1) was' subdivided into six
sections‘(referred to astC1‘f GC6), most of which were
censused petween 1965 and 1981. Data for 1969, 1976 and 1977
are not included because of“their incompleteneSS Areas
‘censused 1n the rema1n1ng years are presented in Table 1
Size of the s tudy area and the data collected varied over
;the years with the research programs of different workers; . (,/’
data from some years are therefore unsuitable for the.

analyses -used 1nAth1s study. Ty

c

Pointing dogs were used to census grouse in ‘'most years.
B1rds were’ captured us1ng an extens1ble noos1ng pole |
(Zw1cKel and Bende]l 1967a) and 1nd1v1dually marked with
*colored leg bands. In 1974, 1975 1980, and 1981 some
females were equ1pped w1th rad10transm1tters following the
methods of Herzog (1979) duven11es were . marked with-

numbered w1ng tags (Kepp1e 1975b) until they became largefi.
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Figuteg1. Boundar ies of sectfbns-dffthe spruce grouse study

area in southwestern Alberta as used in this study.
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" Table 1. Sectioﬁsrdf the study area éensused completely . 'ngﬁﬂ
during the'years 196541968, 1970-1975,*and,1978*1981 ahd'

their respective sizes. . .

%

. -~
B .

4«

. ) . . 3 . . . o :
Section Size (ha) of area censused in given years

7965 1966-1968 ,1970-1974 1975 1978-7987

GC1 87 87 . 87 - . 87 - 87
GC2. " 60 .~ 60 L ~(§o
GC3- o 48 a8 48 48
GC4 \ 52 73 .73
GC5 212 212 0 73 - o

G- o 80 . 80
Tota 299 © o458 a0t 135 328
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ﬁheach sectlon (GC1 -6) were calculated a

4 or more weeks per resq 3

.,’,”9

‘Q;'-?J‘ o o

»

[enough to'band‘at‘about 40 days of'age Hatch date'and age

of Juven1le were calculated from their est1mated age at

capture based on length of prlmar1es (McCourt and Kepp1e

71975) In spr1ng, birds were e1ther adults (>15 months) .or

'yearllngs (6-15 months) based on: the cr1ter1a of McCourt

.

(1969) and McK innon (1n press) Hens were. cons1dered

"potent1ally breeding res1dents if seen at least once between

15 May and 15 August (Keppie 1975b) .

0 .

Surv1vorsh1p curves (R1cklefs 1979) were constructed to

_determ1ne when the maJor 1055 of Juven1les 0ccurred Only.
 those broods for which brood size was Known w1th¢n 4 days of
~ hatch and for each 5- day per1od thereafter unt1l day 40- 44

~were used. Number al1ve in each of the periods was plotted

on sem1-log paper for broods i which at least one- juvenile

was lost

hl “

Dens1t1es of grouse over the ent1 e study area and on
z number of females
per 100 ha. Females were cons1dered re51dents of those

sect1oﬁs on wh1ch the maJor1ty (>50%) of the1r s1ght1ngs,

betweenQ15 May and 15 August were located.,Dens1t1es were

‘compared betwegn years and sections.

Product1on was deftned as*the number of Juven1les aged

N

{t‘female duveniles were

4cons1dered reswdents of the sameasect1on as the1r hen.

Productvon ‘was: calculated for each segt1on and the ent1re

.....
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The relatlohsh1p between dens1ty and product1on over

© the ent1re study area and on each sectlon ‘was 1nvest1gated

',In 1965 and 1975 dens1ty could be est1mated us1ng census

-data from two’ sect1ons only and as such may not be

-

- comparable to est1mates based on f1ve or’ s1x sect10ns In .

,1965 1967 1968 and 1978 brood s1ze‘at age 4 or more weeks

was not Known for each female that had a brood Product1on

n

est1mates based ‘on 1ncomplete data for these years "werd AN

presented as a range: the upper l1m1t assumed that all

. Juven1les 1n broods seen early in the year actually surv1ved

to 4 or more weeks even though not seen at the latter age. _
and the lower limit assumed that no Juven1les surv1ved An:
broods not seen after they were 4 or more weeKs of age

Correlat1on analys1s of density and product1on on; the ent1re-

study area 1ncluded only those years for: wh1ch dens1ty was

st1mated on . at least f1ve of s1x sect1ons and for wh1ch

_'brood swze at age 4 or more weeks was Known for all females
19686, 1970 1974 and 1979 1981 Est1mates of production and ”I‘
"dens1ty “for. 1965 1967 1968 1975 and 1978 although not

vused in the correlat1on\analy515, werelplotted to show the1r

| ,general pos1t1ons relat1ve to other years. Correlat1on

@ using the fotg;,

I 4] L. "
. " Ya o @— -y

analys1s of dens1ty and prodSLt1on for each sect1on included
only those years for wh1ch den51ty was est1mated on ‘that

'sect1on and for which' brood size at age ‘4 or more weeks was

'xknown for all females ' f f ‘5_. S ", ,J

\Predg9t1on of adult and yearllng females was compared

vu.,...-.. —cry '.& ,ﬁ
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_'with broods aged 4 or more weeks, number of Juven1les aged
'_:0 4 days and 4 or.more weeks per successful female, and |

: number of 3uven1les aged 4 or more weeks per res1dent
.:}fema;? For these analyses data for‘gll years ‘were comb1ne
e The proport1on of yearlfngs in the populat1on each yeap ‘was

fcompared w1th the number oP Juven1les aged 4 or more weeks
" per resudent female. ": Co c
o The 1nfluence oﬁ t1m1hg of hatch on. product1on each
year was exam1ned in add1t1on to- two factors whlch may

1nfluence this t1m1ng age of female and sprlng weather

'F1rst -Known and med1an hatch dates of adults and yearl1ngs

.were compared Proport1on of yearl1ng females 1n ' :
_fpopulat1on each year was compared to medwan hatch date
Average da1ly max1mum and m1n1mum temperature average da1ly

prec1p1tat1on,.and propor¢1on of days w1th prec1p1tat1on .

,fwere calculated for 10 weekly 1ntervals from 1 Apr1l to 9

. ‘dune for-each year and compared to f1rst~known and medlan

-,hatch dates. The number of Juven1les aged ﬂ or more weeks
‘per restdent female was then compared to med1an and

‘ f1rst Known hatch dates for’ three groups adults, yearl1ngs,y
" ’ 3

and all females. Proport1on of females w1th broods was S

‘ compared to med1an hatch date' The 1nfluence of t1m1ng of -
"~ hatch on brood size was also exam1ned by comparlng number off

::juven1les aged 4 or more weeks per female in clutches which
& —

hatched before or on the med1an hatch date to those clutches
which hatched after th1s date 1n all years.
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pOSSlb]e relat1onsh1ps between weather before and after
hatch and three measures of reproduct1ve success (proport1on

of hens w1th broods,.brood size at age 11 19 days. and brood;,l

,alley, 27 km east of the study area were used
# as repﬁbsent1ve of cond1t1ons on the study area. It was
complete for the years needed and da1ly maximum and m1n1mum
temperature and 5 day total prec1patlon were correlated
(Pearson s product moment correlatlon. for all years:- ~.'
e 0. 67 P<0 05) with weather from Sheep R1ver Ranger :‘
“Statton, about 3 Km from the study area, for which records'";
"'were Kept only unt1l 1975 _ - R _ f;’f»v
_ N Average da1ly max1mum and m1m1mum temperatures. average
.da1ly prectpwtation, and proport1on of days w1th |
:-.fprec1p1tat1on were calculated for each of theSfollowwng f1ve
pri t?periods dur1ng the breed1ng season v |
-1, Prelay1ng - 14 days before the f1rst egg was. la1d
j‘.vﬂfSA : Hannon 197 found “that- rapid recrudescence of
B foll1cles occUrred over a 9 day pervod in. blue grouse h
_ 2.‘ Laylngv- 7 days, the m1n1mum time needed to lay an "_
: f.average 51zed clutch of 5 eggs (Kepple 1975) at 1 4 days
 per .egg (McCourt et al 192@) )
ﬁ3&' Incubatlon = 22 days, baseg on: reports of 21 (Pehdergast
~and. Boag 1971) and-23.5 days (McCourt et al. 1873) .
4 Early post hatch - 1-4° days after hatch ‘
'y _,_" thermoregulatlon is not well developed in grouse until

5 7 days of age (wackel 1967 Theberge and West 1973 |

.(



. Myhre et al. 1975 Allen et &1. 1977)55.'
s, ‘.,Late post-hatch - 1-14 days after “hatch; most mortahty
| '_noF grouse Juven11es occurs before 14 days of .age
3j(Zw1ckel and Bende]l 1967 Keppve 1977 Er1kstad 1979)
To compare weather between years 1t was necessary to

- .
_ 'choose per1ods of t1me when most hens 1n the populat1on were'

.'at a part1cu;;r‘5ﬁase in the reproduct1ve cycle (for example;*"w

laY1ng) Because hens were not completefy SYnchronous 1n theff'f7i

onset of reproduct1ve events each per1od encompassed the
'»t1me that the f1rst 80% of hens in the sample were 1nvolved
in. that act1v1ty (Table 2) ' :

| The dates in per1ods 1-5 were ca]culated by backdat1ng :
;from hatch 1 dates of successful hens for‘Tost years Based on;
‘g'the results of, Zw1ckel (1977) for blue grouse, I assumed
o that sucw‘dates were representat1ve of all hens in ‘the

5

*popu]at1on For 2 years of very poor success - 1975 and 1980-

;- there were few hatch dates on wh1ch to base estImates of

: breed1ng events Add1t1ona1 data om>lay1ng and 1ncubat1on )

from unsuccessfu1 rad1o tagged hens were used to 1mprTve the_

.»est$mates of breedIng events in thoSe years

P
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_Table 2 Dat_s encompasstng the t1me when 80%oof the fema1q§

10“(&“

fvreproduct1ve cycle

e study area wehe est1mated to be 1n each phase of the

R G
: v

. 18757

rivs-ok

. .
- Dates (day/month) .
o R ‘ ' 4Early . Late E .
"Year Prelaying .;Laying Incubat1on post hatch post hatch_i“*'
1965 19/5 12/6  2- 13/6, 8/6-4/7 f 30/678/7_*;30/6-19/7
1966 11/5- 13/a{~25/5 1476 81/5-5/7  22/6-9/7  22/6-20/7
1987 17/5-17/6 31/5-18/6  6/6-9/7 28/6-13/7 28/6-24/7
.1565“_16/5-15/6' 30/5-16/6° 5/6-7/7 27/6-11/7 27/6-23/7
”.{970, 14/5-10/6 28/5-11/6 © 3/6-2/7 ° 25/6-6/7 525/5-17/7,',
1971 @ 7/5- 9/6 21/5-10/6 27/5-1/7  18/6-5/7 ‘318/6‘16/77;
1972 9/5-11/6 23/5-12/6 39/5-3/7  20/6- 7/7:-'20/6 18/7 .
f1973' 13/5-8/6 .27/5-9/6 2-30/61324/6 47 24/6- 15/7177f
1974:h.i§/552"6'i"4 27/6 %)éf1s/7 ,29/6-22/7-_29/6-31/7
. | ' 25/5-}6{§f~31/5—1/7 ':22(6€5?2w '22/5—46/7 5
(1978 13/5-12/6 27/5-1346  2/6:4/7 . 24/6-8/T. 24/6:19/7
1979 7/5-8/6  21/5-9/6  27/8-30/6 18/6-4/7  18/6-15/7
1980, . 3-30/5 M17¢31/5 '23/5 21/5_;“14-g5/s‘ 14-29/6
Ctest 18/5- S10/6 . A-11/6 7/6°2/7 29/6-6/7 ..29/6-17/7
; g
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ey e o .~ Results Q\Q/g o o

Surijorshdp of Juveniles ’ | . ' ’

To-determtne the age at which most juvenile mortality.

‘: was occurrtng, and thus when lt was appropr1ate to constder
L counts of Juven1les as representat1ve of survival to Vartous‘
\\@ges throughout the summer' a surv1vorsh1p curéeﬁwas\

.constructed using counts of Juveniles from those broods in

wh1ch some loss had occurred (Fig. 2) The pertod 0-4 days
after hatch was. used to represent brood 31ze at hatch

Because few broods . were found on, the day of hatch tt_was

.'necessary to 1nclude:broods ftrst seen up to 4 days after. to‘b-

: obfatn-a'workable‘sample size Thus, brood,s12e at 0-4 days

probably 1ncluded some post hatch loss About 67% of :
Juven1les d1sappeared 1n the first 14 days after hatch The

' per1od when broods were 11-19 days was used to reflect brood ;
- size when rate of loss was greatest In most years, brood

.‘counts for all females in’ late August early September Just

pr1or “to the t1me of dtspersal were not aVa1lable In order

to 1nclude as many years as: poss1ble in the analyses,»the}"

"number of Juven1Jes aged 4 or- more weeks per re51dent female

was used as an 1ndex of productton for each year s1nce 4oss

had leveled off at 78% by 25- 29 days of age The appament

drop in numbers at 40 44 days. (F1g 2) was due to the loss

. of three Juven1les possrbly an art1fact caused by,handl1ng
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since tna;‘is-the age at which they are 1arge enough to

band. o ' o ' -

Density

In order to control for hab1tat heterogene1ty, the same

‘boundaries were set for the study -area in as many years as

" poss1ble Den51t1es in all years except 1965 and 1975, ,were

based on a common area of 247 ha éensused in each year An

‘additional 212 ha were added for the years 1966 to 1968; 33 7

.ha of this were also censused in 1970 to i974. An additional

84 ha were also censusaa in 1970 to 1974 and.1978'to 1961.

Beqause*&he ;ize of thelstudy area in the years considered

im the stafisiicaﬁ ana]}ées varied from 328-1594ha,-the -

1nf1uence oF habitat var1ab111ty was only part1al]y

controlled t ‘ . e
~ The densityéof.females on the. tudy area d1ffered among

both years and sect1ons (KrusKa] w;211s test P<O. 01 in

both cases) (Table 3). The latter d1fference can be

attrinutedtto GC3 which had'higher densities than GC1

(pairwise contrasts of Kruéka]-Wa]11s test, P<0.05);

‘however, neither differed significantly from the other

sections. Because, of the d1fference in. density among years

it was poss1b1e to cons1der the 1nf1uence of changing - \\\\;\“
dens1ty on product1v1ty. . -

" When productionawas plotted against density of females

3

on fhe“enﬁnne study area five or - s1x sect1ons depend1ng on

e Mwy - - - @ * e
the year.). no correlatTon was 1dhnb LSpearman»s rE 0 051

‘ - @ T, : . . . v oa -
T e e N "&, " gy . - « s
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Table 3. Density of female spruc&” grouse on sections of the
.\\\ ;’ﬁtudy area for the years 1965-1968, f970-4975, and
1978-1981. |

‘d "iw
Number of females per 100 ha in given sections

Year T GC1 Gc2  GC3 GCA4 . GC5 Gc6  Total
1965 . L . 3,01
1966 3.44 1.67 6.25 " 7.69 4.72 4.58
1967 2.29 "6.67 12.50 5.77 4.25 5.23
,1968 3.44  8.33 8.33 7.69 3.30 5.01
1970 8.05 10.00 - 14.58 10.96.. -6.85 - 5.00 8.98
1971 . - " 11.47
1972 & 12.47
1973 ©9.48
1974 5.74 12.50 23.96 11.64 10.27 13.33 11.97

1975 10.34 8.33 . ‘ 9.63
1978 9.77 8.33 17.71 15.07 13.33 12.50
1979 10.92 10.83 18.75 12.33 13.33 12.80
1980  7.47 5.83 . 14.58 12.33 8.33 9.45
1381  4.02 4.17 12.50,  8.22 B8..33 6.89 .

L et osalvs =AU LT
o e
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P>0ﬂ05i'(F¥g:'é) ‘Since dens1ty of females var1ed betﬁéen

sections, combining results from these sections could

_potent1ally mask a relat1onsh1p between den51ty and

D production in these smal]er d1vwslons of the population.
However, there was no significant difference in production
between the sections (Kruskal-Wallis te;i P>0.05) and

-.production was not 1nverse1y related to. ‘density on . any of

“the sectlons (F1g 4).

Age Structure

~In all years'combined, proportionately fewer yearlfngs
than adults had broods everall (Chi2=4.,434, P<0.05)'én6
‘fewer yearlwngs than adults had broods aged 4 or more weeks N
(Ch12 6.441, P< 0.01) (Table 4). However, yearlings with o
broods were_aS'sgccessful asQaduvts in“eaﬁeiﬁgitheniiee te
age 4 or more weeks (Chié=0.099- P>0.65)(Téb1e 4); Combiﬁiﬁg C

all years, brood size when juveniles were aged 0-4 days was_ ,

.;smaller for year11ngs than adults (t-test, 1-tailed: .

2 - - —_ . e w e e - = ¥ o8

t—1.668 P<0.05) (Table 5). When Juven1les~were'éged~4-orw*‘-ﬂ?:xluii

more. weeks., brood size of yearlings was not smaller than -» ef3~; .

Vo ¢ g =+ e

Tl fhat of adults in all years comb1ned (t- test 1-tailed;
t»-1 319 -P>0.:05) but because: more: adults than yearhngs L |

A“f have broods: ‘the >number- -of - Juven11es aged ‘4 or more weeks -

1 ta11ed Ct=- 3 558, . P<O0. 01)(Tab1e 5).
. Since fewer year lings than- adults had broods and

L. er=Poo @ ety 'wmw «"'n*"’-r_‘v\h,‘é...,,a
consequentTy were less product1ve than adults,; thethF1Uence.wwf e



_F1gur-e 3. Re‘ratxonsmp between nunber .of Juvem]es aged 4 or

'more weeks per female and dens1ty of res1dent fema]es (1965

‘- 1967 1968 1975 .and 1978 presented for conparahve

e T
-metT\od) v T e

PR

,_purposes but nat anoluded m correl-atwn analys_1s -see | ..
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Table 4, Nurrber of females re51dent on the Qtudy a\rea,
number w1th broods. and. number w1th broods aged 4 or -more
weeks for the years 1965 1968, 1970 1975, and 1978- 1981

g A

o <

-~

Resident Females with-  Females with broods
females' = broods aged 4 or more weeks

f:Year Adult Yearling Adult Year]1ng Adu]t _ Year]1ng

19652
1966
1967

1968
1970
1871
1972
1973
1974-
19753
1978
1979
1980
1981

. Total .299 157

~ O
N —

—
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o s i, s s s, s, s s, s, o

—~ W 2WWO
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NN WA =+ NIRGRIN = = 2 .
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—t
OO W ONNBabBN

—_
—
3
N <Y
o
[0 0]

N
N
N

tPercent in parentheses

2Based on complete census of two sections (GC1 and 5).

~ 3Based on complete census of two sections (GC1 and 3} and:
incomplete census of three sections (GC2, 4, and 6).
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"LTable 5. Number of Juven1les per female 1n broods of Known

A

"‘~st1ze and aged 0 4 days and 4 or more weeks, and number of

';}gfjuven1les a'_d

U973

S 1n§omp4ete gensus; of: three.sections

4 or more weeks per res1dent female for the;ﬁ;fﬁ&iﬁ*'

_;1968 1970 1975, and’ 1978 1981 géz,,31g;1}dei*”"'““

T e

S e ‘ - duven11es per A
duven1les per brood female “‘res1dent femq}e;;;_;ff;”‘

L 4 days 4 or more weeksf ‘3 or. more weeks;~ﬁJ‘:_

Year Adult »YJg'Total Adu]t( Ylg'Total}AduIt_Ylg v-Totg[j“.\

N

19652
1966
1967

] XN
NTRCEEESN o

T |
C?-DO’ N e

. ou ™ N
- A - )
. |

jﬁ:;:&:#jijzmnﬁbb-g

C(1.051.5)0

. 4.0 4. . . .
_ = n=i F = = = - C
1968 5.0 3.0 , . ; (0.9-1.7)1
v . n= - n=3 = = = . L )
1970 ~ 1 8 - 1.4

n =
" -
" -
e

. H - e

1871
1972

| 1] R
FRNONPOWUIO BN

3 BI DI BIEIN
e

—~ONPWOPIDI -

~3@j¥3mj£3$-
db o
g
A
[] ]

,mmww—mmowoﬁm<m+—qe+Auowaﬂﬂwgf.

N .
: " W :
VOWWaBBWOWONUTIAW——tadaaNO 1IN
. N N ‘

Tw W W
—

-
n -
—

U - N 7
OPPDLOPONOWWHPWNO O . I

1974
19753 -

n -
" o.
1]

1.1 0.0 0.5

-:c:ojmzozbnw:wam:ijdmdb:mjé -
JOJIOINIOISININININI WI AMI w3 I |~

4.6 4.4
n=7 n=1
4.3 4.3 , .
| n=3 -~ n=3 = o = ' DR
1978 3.2 5.0 3.6 . 0.0 0. v (0 0 0, 4)‘ )
z 'n=4 n=1 n=5 = nz1 z
1979 5.7 5T 51,8 . 1.2 0.6 ~];1
. n=4 n=4 =15 - n=4 =19 L S
1980 5.0 5.0 W3 .3 0.0 0.0 , 0.0
T pia  h=2 : =3 :
N1981 3.5 3.5 . . 0.1 0.0 0.1 ;
T n=2 3 n=2f = = L

E ;‘Range est1mated (see methods) ' L
' -2Basedon. compléte census ‘of two sectlons (GC1 and 5) :
....3Based on compliéte” ¢énsus :of: fwo. sect10n$ {GC1 and \3)’ and
- 1ace; - 4. and Bl

“”, el




N of annual ehange 1n age structure on product1on each year B i
was examlned The relatwonsh1p between the proportton of
‘~year11ngs in tﬁe populat1on and the number of Juven1les aged
‘T4 or more weeks per res1dent female was not s1gn1f1cant '!*;9'4?i:'“
‘f:ISpearman S.. r*—o 037 P>0 051 when atl years were cons1dered
= f(F1g 5) However, removal from the ana]ys1s of data forilihV
'd__f1980 and 1981 when neither adults nor yearl1ngs Were |

'product1ve, resulted 1n a s1gn1f1cant negat1ve correlat1on

» f f(Spearman 3 r-—O 731 P<O 05) w__qlf-.!}:',__ w.aﬂﬁn- ‘f

o a w . - g t' ) N . : . . . T % oo .
: - - a...A_‘l« -b. »- - o ~6-d—-u-w~o--b_‘u-a(no- L T . o d g

_ Ttming of hatch based‘on'med1an.hatch date d1ffered
iéﬁié;{among years (med1an test P<QAOQ01) (Table 6) Both hg

'vf1rst Known (pa1red t- teet i- talled t 5. 603 P<O 01) and
"v‘med1an (pa1red t-teet ‘;;ta1led t 3, 404 P<Q 01) hatch

“dates were\earller for adult than for year]ing'Spruce grouse
(Table 6). However, the proport1on of year11ngs 1n the o
# "‘1 populat1on was not correla&ed with med1an hatch date for the -
| | whole populat1on each year (Spearnan s rz0. 434 P>0 05)
(F1g 6) Therefore age structure in. th1s populat1on did not
‘:rappear to affect the t1m1ng of hatch o o
o F1rst known hatch date of all females was not

corre]ated w1th~max1mum or. m1n1mum temperature average

;prec1p1tat1on or number of days W1th prec1p1tat1on 1n any,- f' ‘
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. F1gure 5. Relat1onsh1p between number of Juven1les aged 4 or;'
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s Ii_Table 6 T1m1ng of reproduct1Ve events as_estlmated by-the L

‘7ﬁff5'med1an date of rap1d ovarlan recnudescence flPSt Known ifﬁd‘i“

; ;:f:ﬁjiear escence Adu1t .ng'*; Totan .AduTt : Ylg TotaT-,; o

| “:‘1966"22Méyﬂ"ézﬁun~ Cfdul 22dun’  28dun 7?~7'f'~'_28uun.

i N

'?ﬁ{hatch date and med1an hatch date for. . tbe years 1965‘1968
197@ 1975 1978 1981" '

'3rapid EOE FPrst hatch date o Med1an hatch date
recrud- '

a,'-'

S n=8 . ..n=7 . . .n=z] ns8- : - n=7. Sooon=8
1867 31May 28dun, -'Gdu1‘;528dun,- Adul” _8d Lo R
o “'.‘\'}'.'h 10 - n 6 .4‘ n 4 . -:\ng 10 n 6 n='r
1968 24May . 26Jun’ = 28dun  26Jun’ 730dun 7d

; n=10. - n=6 -  n=4. ° n=10 n=6" n=

/1970 22May * 250un.  29dun’ “25Jun - “28dun. - - - Coto2Gdun L

.+ n=16 . .n=141“ n=2 - n=16 . ng14 . n=16

1871 . 21May ©* 18dun  24dun - 18dun . 27dun  29dun _/28dun
. n=23° n=14  n=9 =23  nzid4.  n=9 ~ n=23
. 1972 23May  20dJun 3Jul 20Jduhd - '30dun - 0 30dun
. . n=17 - n=16  n=t  n=17  n=16 n=17"
1973 21May  24Jun  27dun  24dun  28dJun 1dul  28dun

) n=200  n=15 = n=5  n=20 n=15 n=5 . n=20 .

1974 28May 29dun - 1tdul -29dun . BdJul . ~ 5Jdul - 5Jul -
n=23 - n=15'.n=8 n=23 n=15 .. n=8 - n=23

. 1975 24May - 22dun: - 2§Juﬁ’y"22duHﬁﬁy28dun_~a 1dul Q}dul:wrrf:5“’

'”“‘Effngba' 25May;r:24uUn CRUT e 28dun. T Tdul T 4]

Lo nEAB i ne 0 S8 Ra18 =10 7 =BT pmi8 sarie T

SRR 1 R T DR 1 \{f;'_l}‘»n*G S L 1: SRR
~,1979 2LMay~ 180una 3du1 S .38Jun - 28dun o Bdul - - 28UURL T

oo nEg Y ns1h Asd n=19 . .n=15  np=4" - TA=19 0

1980 - 13May7‘“14dun 21dun.;v14dun¢- 20Uun',';.w”_} -20dun SR
g - n=8 " n=7 .. .p=1 . n*g ops?T - - p=8 . 7

1981 23May - -29Jun -~ 29Jun 30dun‘ o0 0 30dun

. . n= 5 - n= 5 SR n=5 ' ns5 - v n=5.

11975 and 1980 1nclude hatch dates of females found wath1n 5 :
km of study area. ‘ _ ) o
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medtan.hatch date was negatavely correlated (Pearson s
';f:ff. product moment qbrrelat?bh) wtth temperature durrng twe T T T
S per1ods with both maxymum (r=-o 679 P<0 05) and M1n1mum t'”?:vrf
'i-«~~ (n,,0:7+4 :P<0 01t'temperature from 29 Apr1l to 5 May ‘and R
. .with>maximum’ temperature B 12 May (r=—0 575 P<O a5) (Flg 7 ' _"”
“and 8). Thus, max1mUm temperature in the 2- week per1od ﬂ” S
between 29 Apr1l and 12 May and~m1ntmum temperature -fromoag

Apr1l to 5 May appeared to be the major weather var1ables

';i‘i 1nfluenc1ng the date pr1or to wh1ch 50% of nests hatch. .
o However 51nce 50 correlat1ons were calculated 2. 5 of these I
'could be expected to be - s1gn1flcant by chance alone at - ' x

~P<O. 05 Therefore although the three s1gn1f1cant
. relatlonsh1ps that were found seem to have b1olog1cal'

mean1ng (see Dlscuss1on),,the possrb1l1ty that theysare.due ,‘ﬂ;$w~4

- " .
v . g e
- -, ".h.“'«. it

s to” ‘&harice must’ be noted ,;.r”,v};-': S T e

-

s ° By bachat1ng from ‘hatch date, the t1me and therefore _

- the env1ronmental temperaiure at whweh rapd\frecrudescenCe

T b s
- o a

Ofoollwcles began each year can be deter'1nfd The

' estimated time. requ1red for. development of ova from the

e s T T e
PR it Tt

beglnnlng of rapwd pecrudesdence to hatch (38 days) was uif‘MJ.
'rl subtracted from the med1an hatch date each ‘year to g1ve an |
;estJmate of the med1an date at Wh1ch rapld recrudescence ‘
' began In what years d1d the t1me of raptd recrudescence
approach 29 Apr1l to 12 May. the perlod for wh1ch maxrmum
temperature was correlated wlth medlan hatch date° ‘“'"ﬁ ff tti
Only 1n.1980 d1d t1m1ng of medﬂan rap1d recrudescence

approach 39 Apr1l to 12 May (]able 6) Maximum_dqxly
: . S " Lo ) L PR ',: .
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F1gure 7 Relat1onsh1p between med1an hatch date and max1mum

and m1n1mum temperature 29. Apr11 to 5 May
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- temperature reached 10°C or more on all days between 29
‘ﬂApril’and 12 May in 6n1y 2 of the years examined-*ﬂﬁ?B and
"1980. That the estimate of median rapid recrudescence did

‘not approach 29 April to 12_May in 1978 suggests that

magnitude in addition to duratioh of high temperature is
important. Average ma X imum temperature was higher in 1980
(18 5°C) than 1n 1978 (13.8°C) (Table 7) and median date -
est1ﬁated for the start of rap1d folticular development Was
earlier (13 and 25 May, respectively; Table 6).7

Perhaps earﬁy-in May.maximum temperature must not on]y’
be very high, but must also remain htgh_for'a lodger period
of time than>later in Mayﬂin order for rapid ovarian
development to be stimulated. This is supported by a
negative correlation b&tyeen the number of consecutive days
after 29 April and immedﬁeteﬁy.before he median date of
rap1d recrudescence that maximum tempeEhture rema1n d 210°C
and thRe number of days after 29 Apr1l that median
development is estimated.to have begun (Spearman s r=-0.556,
P<0.05)(Fig. 9).

The influence of t’irfnfng of hatc‘on annual variations

in production was examined for each age class and for all

females combinedf\?REFE\vg;Lho correlation between number of

0y

. juveniles prqpuced pér adult and median (Spearman’s

r=-0.072, P}Q?OS) or-r;fit hatch dates (Sbearman’s r=0. 049
P>0.05) of adults; or-Between number of Juven1les produced

per . yearl1ng and median (Spearman s r=0.167, P>0 05) or

first hatch dates (Spearman’s r=0.406, P>Q. 05) of, yearl1ngs}

ch > : ’ ‘
»
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1967.
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1970
1971
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1974
1975
1978
1979
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F1gure 9 ‘Relat1onsh1p between number of days after 29 Apr1ﬂ
and 1mmed1ately before the medlan date’ of rap1d ovar1an
recrudescence that maximum temperature was 210 C and the
number of - days between 29 Apr11 and the est1mated med1an

date of rapid recrudescence.w'
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(Fig.'10)f:StnceitheqeﬁwaStﬁQ:difterenoe"tn'pnoduction

be tween years with early and later median and first hatch
dates for either age class, var1at1ons in. production would*
seem~to be unrelated to differences in timing of nest1ng
"between adults and year11ngs ) o
o WBen both age groups weredoopblned. produot1onA;asw" ‘
sjm11arly unrelated to timing of hatch. The median hatch
date each year of a11 females was not cbrrelated‘wjth'the A
:number Pf ‘broods seen on the study area (Spearman s r= O 180
| P>0.05) or combined adult yearling product1on (Spearman s
r=0.064, P> 0.05) that year (Fig. 1t)t Furthermore; brood
size at age 4 or more weeks was not d1fferent (t test
2-tailed; t-0.758, P>0.05) in broods hatched on or before
? .the median.hatch date and those-hatched after_that_date when

iall'yearsvwere,combfned,

Weather °

; None of the weather parameters exam1ned for the per1ods
14 days before 1ay1ng, dur1ng laying, and 1-14 days after
hatch were correlated with proport1on of females with broods
or.with.brood size. However, significant correlationS‘were
--found,between_three«measures of reproducttve'succeSS'and
weather during incubatjon and/or 1-4 days after hatch. The
proportion of hens seen‘with broods was.negativety .

correlated with the proportion of days with precipitation

- during incubation (Spearman’s r=-D.651, P<0.05)(Fig. 12]).

Brood size at 11 19. days of age was negat1vely corre]ated
!
\a
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Flgure 10. Relatlonsmps between nunber of Juvemles aged 4

or more weeks per adult female and first and med1an hatch . ok
dates. of adults and between number of Juvenwles aged 4 or

more weeks per. year'hng female and f1rst and med1an hatch'_
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Mrnu:r__o 714 p<0 05)(F1g 13) Whereas weather (maxrmum

tftemperature) 1 4 days after hatch was correlated with a o
hl.measure of reproduct1ve success and weather 1 14 days after
.h?hatch was not 1t 1s log1cal to assume that the 1nfluence ofhmfjl”V‘”
» weather 1n the Iatter paPt of the 1- 14 day perlod masked the.li'
fafij'earlaer relatnonsh:pw.Jhe lnfluence of. temperature 1- 4 days .
o after - hatch, however, was only on brood slaeﬂat age 1L-19
days, product1on at. age’ 4 or more. weeks was not correlated
w1th max1mum LSpearman § n=:0.327, P>0. 05) -or minimum ‘
(Spearman s r=-0, 201 P>0 05) teMperatur;'4 days after;,.“
hatch Production was negat1vely correlated w1th the | .
proport1on of days w1th prec1p1tatlon durwng 1ncubat1on
(Spearman s rz-0. 661 P<0 05)(F1g‘ 14) " ‘_ i
o S1nce 60 correlattons were calculated three co&%?%ae A
expected to be s1gn1f1cant by chance alone at P<0 05.
Although the three that were found seem. to have some
b1olog1cal mean1ng (see D1scuss1on) the p0551b111ty that

they were due to chance mUSt be noted
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A reanalys1s of the relatxonsh1p between dens1ty and

product1on of spruce grouse using- data from’ add1t1ona1 years-‘

for the- study area as a whole and 1ts 1ndiv1dual sect1ons,
did not support the negat1ve relatjonshtp postulated by Boag
;1r_-ef’art (1979) and hence the predict1on made 1n this study ‘

If there is a relatlonsh1p between dens1ty and product1on as.

suggested by Boag et alﬁ (1979)*“then other factors such as

CooDiseussfon T UL

age structure of the'female populat1on and/or weather dur1ng'?-

: '1ncubat1on may act to mod1fy it. Although den51ty var1ed o

’ 4 fo]d durlng the years exam1ned the h1ghest .density
reached on the study area as a whole was only 12 8 females
per 100 . ha Densxty dependent predat1on, the mechan1sm
suggested by Boag et al (1979) would not have an effect .

R unt11 "a threshold dens1ty -of grouse had been’ exceeded and

predators were able to find. an 1ncreased proport1on of nests

‘ at h1gher dens1t1es The threshold dens1ty at wh1ch the f
ab1l1ty of ground hunt1ng predators such as coyotes (Canls

| Iatrans) to find nests is 1mproved is not Known and may be |

]

‘even h1gher than the dens1t1es of nest1ng females

encountered.
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‘1Af‘ Yearl1ng female spruce grouse on the Gorge Greek study B
. area are less product1Ve than -adults because fewer yearl1ngs
"have broods Two poss1ble reasons for th1s are that not all
yearl1ngs attempt to nest as. suggested for spruce grouse

t(BOag»et al 1979) and blue grouse (Hannon and Zwickel

'1979) and that yearl1ngs are less successful in 1ncubat1ng

--,a clutch to hatchvng S1nce the actual number of females .

that 1n1t1ate a clutch of eggs is- unknown, 1t is not
_poss1ble to separate these p0551b1l1t1es : .

i Regardless”of the cause of th1s d1fference in _
product1v1ty, the 1nfluence of age structur@ on productlon
"~ which in general seemed to decl1ne w1th increased proport1on |
- of. yearl1ngs in the female populat1on as predlcted would
'appear to have been overr1dden by the” 1nfluence of other
factors, espec1ally 1n 1980 and 1981 Analys1s of weather:
data would suggest that a hvgh prdport1on of days Wlth ,
prec1p1tatton dur1ng 1ncubat1on in 1980 and 1981 may have '
decreased product1on in those years - to such an - extent that a’
'relat1onsh1p between age structure and. product1on was'

7

umasked o e 'Y

Timing |

T1m1ng of nest1ng 1s later for yearlTng than adult

- female spruce grouse, posslbly because they are less
-phys1olog1cal]y mature than adults and hence establ1sh

terrwtor1es later or because they are 1nh1b1ted from

‘ st - - C . . \\ : ‘
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"1breed1ng unt1l after adults have nested as suggested for
..blue grouse (Zw1ckel 1977) . Although phys1olog1cal o
h1mmatur1ty has . not been - 1nvest1gated in spruce grouse,
m'Hannon et al. (1979) found that yearl1ng female blue'grouse
‘have smaller gonads than adults before dur1ng, and after

the breedﬁng season, and suggested that. delayed maturat1on

'and slower recrudescence of Foll1cles may be respon51ble for \

,later breeding in yearl1ngs ' ‘

' Yearl1ng female spruce grouse start to defend R '
terr1tories about 2 months laﬁer than adults as ev1denced by~ - V»(

/

~the t1me at wh1ch they flrst respond to taped female ‘ o o

”fﬂaggreSSIVS calls (Herzog and Boag 1977) Whether ‘this

Ny d1fference is because adults reta1n the same terr1tory from

jyear to year while yearllngs must first flnd a 5u1table SR

'unoccup1ed area on wh1ch to establish“a terr1tory or because o
yearl1ngs become phys1olog1cally mature later is not Known

“That aggress1veness of res1dent adult may delay

establ1shment of 1mm1grants'1s suggested by the retreat ot
trespasSers in response to aggress1ve calls and approach of

a terr1tory holders (Herzog and Boag 1977) The chronology'of |
aggress1veness territory establ1shment and reproduct1ve

: matur1ty has not been documented: however, Hannon et al.
(1982) present correlat»onal evidence that phys1olog1cal
matur1ty of yearl1ng female blue grouse is delayed by

»H1nteract1ons with adult females' It seems probable that

yearlings breed later than adults as a result of the

- combination of these soc1al and physiological factors.



/ '"”Klfhougn:yearlinge”breed later than adults, ttming'of"
nest1ng for the populatlon as a whole was. not affected by~
the proport1on of yearl1ngs present each year "The 1nfluencen
of the adult segment on med1an hatch date would .tend to mask
‘ that of the- yearl1ng segment* adults make up the maJor1ty
(mean 66%) of the population in most years and are ‘more
l\kely to have broods.

“ Although photoper1od is the pr1mary prox1mate factor
‘controll1ng gonadal development in most temperate spectes
(Immelman 1971), other cond1t1ons ‘'such as temperature muet'

be suff1c1ent for gonaés to reach full functional matur1ty7

.( Imme Iman 1973) If a threshold of ovar1an development is

tlreached in'response to photoper1od1c st1mulat10n (Immelman

i3

1973) the rate at which th1s development cont1nues may be
altered on a yearly or reg1onal basis’ by env1ronmental
temperature Garbutt (1979) found that the degree of

inhibition of folllcular development in ruffed grouse was

~dependent. on temperature very low- temperatures (- 23 C) had'ﬁf

more'effect than moderate temperatures (-3 C). Th1s study

suggests that a longer per1od of relat1vely h1gh ‘%f_

This appears to support Garbutt's (1979) conclus1on that the

t1m1ng of laying is determined by a COmb1nat10n of

photoper1od1c stmmulatxon and’ temperature 1nh1b1t1on
Although t1m1ng of nest1ng var1ed between years,

contrary to my prediction; there was no relatlonshlp between



timing and numBeroof feﬁales with broods or number of
juveniles aged 4 or more weeks per female. Possibly the
variation in timing of nesting is not sufficient to affect

\ production. Thé'variation in first-Known hatch dates among -
years never exceeded 15 days amd in 12 of 13 years 80% of
the known hatch dates occurred within 14 days-of,thp-{{rst
hatch that.year; in the remaining yéar this spread wﬁs’qn]y
17 days. Seasonal differences qf this magnitude in weather
or food supply may be too minorlto influence reproduction.
If COndifions adequate forwthé survival of juveni}e spruce
grouse are met by the earliest time[that hatching.can occur
and continue to be met through July and early Augpst. \

production would not be expected to vary with time of hatch.

Weather

It has been suggested that variati in production
ascribed to weather. could be ~aused indirectiy by energetig
stress on incubating hens and rédUced-foraging time durijng

- adverse weather éonditions, and directly by reduced |
thermoregdlatory ability of newly hatched juveniles (Francis
1970, Theberge and West 1973, Myhre et al. 1975). Biebéch
(1979) found t-hat.the heat required for starlings (Sturnis
vulgaris) to incubate a éiutch of six eggs was a byproduct
of metabolism between ambient temperatures of 12 and 20°C
bug_between -10 and 12fC tHe-hetabolic rate was 25-30%
higher than that of mon-incubating birds. Vieck’'s (1981)

data for zebra finches (Poephffa guttata) were similar:

¥
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above the lower critical temperature“(28'C) incubation cost

was negligible but between 10 and 28°C the cost was a
constant fraez:ah (about 20%) of the metabolic rate of
non- 1ncubat1ng birds.

Ava11able data suggest that the lower critical
tempenafure of tetraonids-is lower than that of passerines'r
that ofiruffed grouse in March was 0.3"C (Rasmussen.and

Brander 1873); of summer-acclimated willow ptarmigah, 7.7°C

“(West 1972); and of white-tailed ptarmigan (Lagopus

Jeucurus) acclimated to 21°C, between 6.5 and 11.5°C
(Johnson 1968). 1 found no data on the lower critical
femperature of spruce grduse but the metabolic rate of
penneg spruce grouee was similar to that of willow ptarmigan
(112 and 120 kcal per day, respectively) {(Ellison 1972).
Dgring incubation, minimum temperatufe"near the study area
averaged between 3.7 and 7.9°C in all years (Table 8) - at
or below the ]pwer critfca] temperature of summer-acclimated
willow ptarmigan, a level at which. incubation of eggs may
start to have a metabolic cost above that of ma1ntenance

The influence of preglzliat1on on the rower critical
temperature and energetics of birds is nothwell documented.
If Jow temperafure.causes seme stress to ineubating females,
precipitation may aggravate this; years with many dayslof'

rain during incubation may be years in which energetic costs

'to nest1ng females are high and nesting success is reduced

thereby decreasing the number of juveniles hatched. Although

nest loss from desertion is not known to be high in spruce

S ¥



e - C -
Table 8. Weather for the per1od dur1ng wh1ch 80% of the
females on the study area were est1mated to be 1ncubat1ng

',}'

clutches of eggs

Temperature, 'C - '
R : , % days with

Year _.__~ . Max imum Minimum precipitation
- 1966 16.6 4.6 39
1967 18.7 5.5 24
1968 . 18.1- 5.1 - 36
1870 21.1 7.9 « . 30
1971 o “17.1 5.4 42
1972 18.9 6.1 42
1973 . 18.3 4.6 24
1974 . 20.8 6.7 26
1975 18.2 4.7 47 .
1978 21,2 7 6.5 34 i
1 ‘ ' 19.3 5.0 32
1980 16.8 5.6 53
g 3.7 42

1981 ~18.




47.

grouse in 50uthwesférnnATberfa, it 5ceounted for 3 of 7
unsu;cessful nests of spruce grouse in New Brunswick (Kebpie
1982). If energetically stressed females desert more-readify‘
than ]ess-stressed females, thié’éou!d'e¥acerbate less that
occurred from ether Caﬁses,of which'predatipn is thought to
be most important (Keppie;and Herzog 5978.‘Keppie 1982).

Poor production in 1975 and‘198QE@?Y.have,resqlted from Fhis
combination of minimum temperatnne neer the assumed lower
critical. temperature and hlgh prec1p1tat1on d7r1ng
_incubation by reduc1ng the number of successful nests and
therefore the number Qf juveniles hatched. These years had
more days. of; precipitation during incubation”than all othef \
&ears (1QQOzsignificant]y so, Chi2=4,057, .P<d.05).(Table 8)3
There were fewer females with broods in 1975 (Ch12 5. 716

P<6 05) and 1980 (Chizsg 491, P<Zz:1) and product1on was
among the 1owest recorded- (Table 5).

Nest attentiveness, particularly during cold rainy
weather.wmay 1nflﬁence the energetics of incubating females
by affect1ng the quant1ty and ‘quality of food consumed and
hence ava11able for metabol1c processes. Spruce grouse spend
about 93% of day]1ght;hoyrs on the nest (Mcceunf et él.
.1973); simfiarvresu1ts are reported for other‘tetraonids:
95% in white-tailed ptarmigan (Ggesen and Braun 1979), 94.3% A
in willow grouse (Pulliainen 1978), and 95.1% in |
capercaillie (Lennerstedt 1966) . Dur1ng absences from the
nest, the fema]e must procure suff1c1ent food to meet

metabolic requirements for maintenance and for incubation if



| o

48
. . | e ‘
the latter requires an additional 0utput70f heat.

Red grouse females ate heav1er partlcles during
;1ncubat1on than before 1ay1ng but had a reduced feedIng _
'rate, the1r tota] food consumptlon although similar at
other times, was on]y 75% that of cocks dur1ng 1ncubatlon
(Savory_1978). During incubation more energy may be requ1red
but less‘food is consumed to meet maintenance needs. At
other‘times of the year red grouse FemateS'ate more on cold
-days (SaQory 1975); since incubation would reduce forag1ng
time, it may limit th1s p0551b111ty
o A]though food consumpt1on may be reduced in incubating
females 1f they are energet1ca11y stressed by per1ods of
cold, wet weather, they may increase the number and/or
,length of feed1ng trips in order to consume more food and
‘thereby decrease nest attentvyeness Nest attentaveness can
influence the amount of cool1ng to which egés arewekposed
and thus the energy required to. reheat them. Egg temperature
dropped an average of 6 8°C during the absences of
caperca1l]1e “females (Lennerstedt-1966) Rewarm1ng eQQS‘has
a greater energet1c cost than ma1nta1n1ng them at a constant
temperature, the metabolic rate of zebra finches 1ncreased
3-fold when attempting to warm coo led eggsA(Vleck 1981).
This increased energy expenditure'may.be:related tcLl
increased blood flow to the brood patch and the tachycardia
~associated with it (Vieck 1981). The heart rate of |
"incuoating willow grouse increased 4-5 times that. at rest

when females returned to’ the nest from foraging (Gabrielson

BN
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and Steen 1979). Increasﬁng}lengthrof/tlme away<from'the}d
nest andvdecreasingiambient.temperature lengthened the |
per1od of tachycard1al Thus. 1ncreased energy def1c1t may -
'hoccur in those years when incubating females are subJect to

thermal ‘stress associated with cold and excepttonally wet
. r’

ﬁ*cond1t1ons This may'reduée product1on through 1ncreased

loss of nests to desertion and by 1ncreased suscept1bll1tyd
of females to predat1on or stress related d1sease
Most loss of JuVen"e tetraon1ds occurs in the flPSt 14

d'ys after hatch (Zwickel and Bengdel1 1967b Kepp1e 1977,

rlkstad-1979). Their thermoregulatory_ab1l1ty 1s,not‘

ellf eveloped until about a week offage (lheberge and’West
.1973‘ Myhre et al. 1875, Allen et al. 1979l It was

‘ predlcted that cold wet. weather soon aften‘hatch onld'
contr1bute to 1ncreased mortal1ty among‘the young b1rds The
data for spruce grouse do not support this pred1ct1on and ‘
in fact, suggest the opposite. During cold weather the need
" for addltional warmth from the‘female ln~the”form.of, -_4
brooding'may'influence thelamount of'tlme ayailable forfvery
young juveniles to forage. Zwickel (1967) found that blue '
grouse females spent s1gn1f1cantly greater amounts of time
brood1ng vary young Juven1les on cool ra1ny days than.on

| warlaa drler days Length of foraging per1ods was reduced
when Juvenlle rock ptarm1gan were young and the temperature
was low: (Theberge and-West 1973) Boggs'et al. (1977)\also
'found that juvenile willow grouse had shor ter’ forag1ng and

longer brood1ng per1ods in poorer weather. Furthermore,



length of forag1ng perlods 1ncreased and length of brood1ng

”ﬁuper1ods decreased w1th age Nevertheless, Theberge and West

'(1973t‘found that the-min1mumvforagtng t1me~ava1lablevunder h
cold, wet conditionS'waslsuffictent”for'very young rock
ptarm1gan in Alaska to gather the1r full energy requ1rements :
’w1thout rely1ng on energy stored in the yolk sac. |
Gullion (1970) suggested that env1ronmental and other o
stresses may result 1n~mortal1ty 1nd1rectly by ihcreasing -
the susceptibllity of grouse to‘predation' Young grouse are
vulnerable to terrestr1al predators dur1ng the f1rst few
Ldays after hatch when they are fl1ghtless Zw1ckel (1967)
found that d1stance travelled by young broods on cool ra1nyl
v days was less than on warmer, dr1er days and that th1s was
"1nversely related to. t1me spent broodlng If the d1stamce
“travelled is less and,the%female and brood spend'moreitime }Q;g
.clustered in each locafion,.it'is‘pOSSible that on cool, :
ralny'days‘broods‘leavetfewer shorter scent tra1]s to

-attract ground huntlng predators such as goyotes Wells and

Lehner (1978) reported that although coyotes use v1sual andiygg,._;

¥
auditory cues in locat1ng prey when conf1ned to a small area'”

(30 m2) olfactory st1mul1 may be more 1mportant on a larger‘
area. Perhaps cool weather shortly after hatch 1ncreased the“
__t1me spent brood1ng, decreased the length of scent tra1ls
and’ subsequently lmproved the surv1val of spruce grouse to
'age 11 19 days by reduc1ng predataon Brood 512e at*age
11- 19 days was lowest in 2 years (1980 and 1981) of h1gh

average max1mum temperature the f1rst 4 days after hatch '



(Table 9) quadd1t1on only 10 ‘and 22% of females ha& .
-broods in each of these years respectlvely Thls may reflect'
",not only a decrease in the number of females attempt1ng to
Znest and/or successful in hatch#ﬁb a- clutch but ‘also loss of_
bcomplete broods too soon after hatch for the1r presence to
whave been detected. N f,. | | N
Spr1ng density of. female spruce grouse did not. appear- o

'_to be an 1mportant var1able 1nfluen01ng pnoduct1on of

Juven1les In add1t1on product1on d1d not vary w1th t1me of

"hatch each, year and was - not related to max1mum or m1n1mum
_temperature _average prec1p1tat1on or proport1on of days
w1tH prec1p1tat10n before lay1ng,vdur1ng lay1ng, or after
(hatch1ng However, product1on may have been related to- the

‘age structure of the populat1on Although there was no

s1gn1f1cant correlatlon between peruct1on and proport1on of"

'yearl1ngs in the populat1on yearl1ngs were less likely to
have broods and product1on by yearl1ngs was less than that

.by adults A relat1onsh1p between age structure and

i productwon may have been overrldden by the effects of severef

P

;yweather \3r0duct1on was negat1vely related to the proportlonli
of days w1th prec1pitat10n during 1ncubat1on however this
relat1onsh1p was. most apparent under extreme cond1t1ons ‘ahd
Vwould appear to have llttle 1nfluence under the rather broadf
‘range of conq1t1ons encountered in most years Although
"lmax1mum temperature the f1rst 4 days after hatch was
negat1Vely related to brood s1ze at age 11 19 days, ther

_influence of th1s factor was not apparent after Juven1les

7
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"J1nfluence of product1on on nearby areas on yearl1ng

Al

had reached 4 or more weeks of age Poss1b1y the proport1on

of females w1th broods was more 1mportant in: determ1n1ng the

-number of Juven1les eventua]ly produoed than ‘was early brood

'.§1ze R R I o T s

-

There is some ev1dence to sugggst that product10n'

- 1nfluences populat1on size the fOIIOWIMg spr1ng in some o

fhmtetraon1ds (Bergerud 1970 Myrberget 1972) Thls may s1mp1y'

be a result of . varvgt1ons in. the number of Juven1les
’iavallable as potent1a1 recru1ts However Juven11e spruce
hgrouse produced on the Gorge Creek study area are only one .
tsource ‘of potent1a1 recru1ts to the sprtng popu]at1on
McKwnnon (in pnep ) found that the, number of year11ngs 1n
Arthe spr1ng populat1on at Gorge'CreéR’was correlated w1th

product1on the prev1ous summer and d1scussed the pOSS1ble

A

- ]

- populat1on s1zet S1nce 1mm1grat1on.from other areas accounts
.,for an average of ‘60% of the maJe and. 92% of the female
_year11ngs 1n the popu]atlon each spr1ng (Kepp1e 1979)

, pnoduct1on on areas outs1de the stUdy area is an 1mportant
ﬂ{varlable in determ1n1ng the number of potentlal recru1ts to

the Gorge Creek popu]at1on : ~
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