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for Ruffed Grouse (Bump et al. 1947). Conversely, in another subspecies of
the Willow Ptarmigan, there was greater chick survival during population
increases than during decreases (Bergerud 1970).

Although the juvenile/adult ratio was not significantly correlated with
the preéediqg spring's population level in Sage Grouse, that ratio was
positively correlated with the following spring's population level. This
situation suggests that juvenile mortality over the summer period is more
variable than over the winter. Constant mortality over winter has been
reported for both Willow Ptarmigan (Bergerud 1970, Myrberget 1972) and Rock
Ptarmigen (Weeden and Theberge 1972).

The effect of relatively great August precipitation on the proportion
of juveniles in the fall harvest in this study was striking. Yearly
precipitation reaches ité low point in southern Idaho in July (0.35 + 0.35
cm, c¢.v. = 100%) which is a relatively sharp drop from that in June (1.17 +
1.03 em). August precipitation (0.54 + 0.80 em, c.v. = 148%) is
substantially more variable than that in July. Thus, young birds may be
especially susceptible to effects of August precipitation if they are
stressed by having just passed through the driest month of the year. The
availébility of forbs and insects for food undoubtedly varies directly with
precipitation. Summer mortality among juveniles may also be largely
résponsible for declines of Ruffed Grouse and Sharp-tailed Grouse (Keith
1963). It is puzzling, however, that years with no August precipitation may
also result in a relatively large proportion of juvenile Sage Grouse in the
harvest and that July precipitation was negatively correlated with the
juvenile/adult ratio. I have assumed that the number of adults remains more
constant over summer than the number of juveniles and that the
juvenile/adult ratio is mainly a function of variability in juvenile

production and survival. Obviously, adult numbers also vary and the
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relationship between summer precipitation and survival of both age classes
deserves further study.

Although my work did not involvg any assessment of the possible effects
of predation, information is available for southern Idaho and northern Utah
that bears directly on this question. Lack (1954) believed that
predator-prey interactions could produce cyclical populetion fluctuations
under certain conditions, especially where there were few alternate prey
species for a given predator. If the main prey species was cycling for some
reason (e. g., Keith 1983) end begen a decline, predators would switch to
alternate prey. Because the predator populations had increased with their
main prey, they would be at high enough densities to cause a decline in the
alternate prey populations, and, thus, a cycle might be induced. If this
were the case, oscillations in the alternate prey populations should have a
lag of one or two years following oscillations of the main prey (Lack 1954).

In southern Idaho and northern Uteh such a predator-prey system
involves the black-tailed jackrabbit (Lepus californicus) as main prey
species, coyote (Canis latrans) as main predator (Wagner and Stoddart 1972,
Gross et al. 1974, Stoddart 1978, unpubl.), and Sage Grouse as one possible
alternate prey species. Jackrabbit populations in the Curlew Valleyaof
northern Uteh epparently have had a 10-year cycle since at least 1963 (Fig.
8;. This region corresponds with the Utah lek complexes of this paper.
Jackrabbit data from the Idsaho National Engineering Laboratory (INEL) is
closely synchronized with that from Curlew Valley (Fig. 8). Although the
INEL data is available for a shorter time period, it suggests that a similar
cyclicity is occurring in southern Idaho. Other independent data from
southern Idasho support those in Fig. 8. Jackrabbit population peaks have
occurred in 1919-1922, 1927, 1936, 1942, 1952, 1958-1960, 1970-1971, and

1981 (J. Harris, pers. comm.).
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Stoddart (1978) concluded that the observed jackrabbit cycle in Curlew
Valley could be largely accounted for by coyote predation. Given the sharp
decline in jackrabbit densities following peaks in 1971 and 1981 (Fig. 8)
coyotes would proabably have switched to alternate prey. If Sage Grouse
:were affected by this system one would expect Sage Grouse populations to
have begun declining in 1972 and 1982. Clearly, this was not the case.
Sage Grouse populations in all three states peaked at least one year before
jackrabbit populations in every instance. Keith (1963) reported that

snowshoe hare (Lepus americanus) populations also peak slightly later than

grouse, and Hoffman (1958), after reviewing many studies, found that grouse
declines frequently precede hare declines. Thus, there is no support for
the predator-prey system as outlined by Lack (1954) having induced cycles in
Sage Gfouse populations. However, the striking synchrony of jackrabbit and
Sage Grouse pépulations in Idaho and Utah certainly calls for explanation.
It is not unlikely that predation does play an important role, but the
dynamics have yet to be discovered.

The importance of the recognition of a possible 10-year cycle in Sage
Grouse lies both in the field of management and research. Evaluations of
grouse population responses to habitat changes are critically dependent on
understanding the long-term population dynamics of the species, especially
Qhere.such evaluations may be done over a period of only a few years. 1In
addition, Sage Grouse habitat is often delimited based on the number, size,
and locations of leks. Obviously, the years in which leks are located and
counted are important. Ten years data may be required to even begin an
adequate definition of just the breeding habitat of a population.

The tetraonids as a whole exhibit several behavioral and ecological
features that make them attractive subjects for population studies (Bendell

1972b), and I believe the lekking species are even more suitable than the
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territorial species. -In particular, the yearly congregation of male and
female Sage Grouse on traditional leks affords several advantages: 1)
although the variability in numbers of birds attending a given lek daily in
e particular year may be substantial, the major factors influencing
attendance are fairly well understood (Jenni and Hartzler 1978). Therefore,
lek counts are probably good indicators of population size and trend; 2) the
birds are tolerant of vehicles near the lek making not only counts but the
study of behavior, which may be important to understanding cycles in grouse
(Robel 1972), relatively easy; 3) large blocks of relatively uniform habitat
are accessible by vehicle at most times of the year; 4) many lek sites are
already documented by wildlife and land management agencies; 5) a large
amount of historical data on both Sage Grouse and their habitat, especially
-wildfire and grazing, is available. Thus, Sage Grouse may be one of the
best vertebrate species yet for long-term population studies. This is an
éspecially intriguing situation because black-tailed jackrabbit and coyote
populations are also apparently cycling in the same geographic region and

much is already known of the dynamics of this predator-prey system.
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Table 1. Habitat and count information for the Sage Grouse lek complexes.

Lek Complex Name Years Number of Males
Elevation of of
Habitat lek ' data __ Mean SD.
Picabo Hills wedgetop® 30 28.8 29.8
1500 m Sonner's Reservoira 30 20.1 17.5
Artemisia Fenced Field® 28 45.7 26.4
tridentata Square Lakea 32 31.1 21.1
wyomingensis Spudpatcha 28 77.9 60.1
LI6S 20 33.7 23.7
LI77 21 51.8 32.0
Buck Lake 27 25.7 18.1
Ridge 9 55.9 44.4
Bennett Hills Fir Grove® 24 36.1 25.2
1500 m Johnson Well & 29 55.1 25.7
A. vaseyena Willow Springsa 28 18.7 11.0
Association Well 23 | 18.4 16.2
Ben Dohr Reservoir 25 14.7 11.9
Hill City Roadb 17 16.5 10
North Laidlaw Paddleford Flata 19 27.7 12.1
1500 m Rock Pile® 14 18.5 14.9
A. tripartita  Paddleford No. 1° 9 35.8 30.7

Moran Lake ° 15 15.9 13.8




Table 1. (Continued).

South Laidlaw Shale Butte Cabin® 29  24.8 23.7
1400 m Kimama Section 32° 30 21.5 17.7
A. t. Laidlaw Airstrip® 31 19.6 13.7
wyomingensis Steamboat Lake No. 1% 30 48.3 40.4
Beartrap Airstrip 14 35.7 21.1
Dove Creek Dove Creek 25 71.7 43.4
1700 m Warm Springs Road 14 10.6 8.5
A. novsa Upper Dove Creek 13 25.9 14.6
Rosebud Dry Basin 25 84,6 49.4
1750 m Keg Springs 19 12.1 9.8
A. nova Badger Flat® 21 28.2 16.9
Hardister Creek Hardister Creek Road 15 34.4 19.5
1800 m Meadow Creek Pass 14 16.7 6.8
A. arbuscula - . Red Bank Springs 15 354.1 26.5
Wall Canyon Nolan Ranch 8 110.4 31
1800 m Nolan Sattelite Ground 7 24,4 19
A. arbuscula Wall Canyon Seeding 8 24.8 20.6
Grass Valley Clover Creek 9 28.0 14.5
1725 m Cherry Ridge 12.8 6.9

A. arbuscula




Table 1. (Continued)-

Squaw Valley Squaw Valley 7 42,6 17.8
1700 m

A. arbuscula

aIdaho leks used in correlation and regression analysis.
bHabitat is A. t. wyomingensis.

c .
Lek was grouped somewhat arbitrarily with Rosebud.



Table 2. Significant.correlations between the criterion variable, Lekt.

and predictor variables for Idaho data. Linear-regression equations are

also given.

Lek Complex n Predictor Variable o gf
All Combined 94 Lekt_1 0.73 <0.001
JanPt 0.22 <0.05
-\ < 005
HarPt_1 0.22 0
Feth -0.21 <0.05
2
Lekt =7.5 +0.7 Lekt_1 (r = 0.53) <0.001
Picabo Hills 28 Lekt 1 0.67 < 0,001
4 0.05
JunPt_1 0.43 <
* < *
JanPt_l 0.39 0.05
Lek, = 12.9 + 0.7 Lek (r2 = 0.45) < 0.001
t t-1 =
South Laidlaw 28 Lekt_1 0.75 < 0.001
JanPt 0.47 <0.02
-0.44 0.
HarPt_l 0 £0.02
Lek, = 5.6 + 0.8 Lek (2 = 0.56) <0.001
t t-1 =
Bennett Hills 24 Dec'.l't 0.57 < 0,005
DecPt -0.351 <0.02

(No variables entered into regression)




Table 2. (Continued)-

North Laidlaw 14 Lekt_1 0.90 <0,001
2

Lekt =1.8 + 0.8 Lekt_1 (r = 0.81) <0,001

8See Methods for interpretation of P values involving Lelct and

Lekt_l.
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