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Abstract; Eight bighom ewes (Ovis canadensis callforniana) were caplured and fitted with motion-sensitive
bransmitters in earty 1582, Their acihvily patierns were monitored with a elemetrydata recording system during
the summers of 1992 and 1993, Concurmenl behavioral observalions indicaled thal the syslem recorded
activityfinactivity with = 85% accuracy. The ewes wera more active during the daytime and PM twilight than
during the night or AM halight (P < 0.01). Peak acivty pariods accurred in the moming soon afler sunniss, and
in the afternoon/evening, which tended 1o be the most active time of the day (P < 0.08). Activity levels did not
differ on days whaon temperature was > 23 C, companed with days < 23 C (P > 0.05). Howover, ihe owes

tended fo be more active on wet days than on dry days (P < 0.01 in 1892),

Enowiedge of acivity palferns can vield important
informabon aboul the ecolegy and behawior of
ungulates. However, data are difficull 1o oblain. Long
hours of observations are roquired, stedy animalks
may move oul of view, and the presence of observem
may affect the behavior of the animals. Moreover,
data on 24 hr actwity budgets, mcluding noctumal
patterns, of bigham sheep are lacking. Radio
talemetry has facilitated research of actity patterns,
and new advances with automated tslamelry allows
workers fo collect actvity dala continuously ower
extended periods, Previously, the data were collecied
on sinp chart recorders (e.g.., Memill 1835, Hamr and
Czakert 1986, Kufeld ef al. 1988), but these require
intensve monfloring. Computerized data recording
devices intorfaced with telemetry equipment have
been uwsad on mule deer (Kie el al, 1881, MacDonald
1980, Peterson and MacDonald In Prep.) bul net on
bighorn shesp. Use of this technology could halp
increase knowledge of ungulale ecology in a vanaty
of regions and environmental conditions.

Rututvely few ecological studies of bighom sheep
have been conducted in the Great Plains region
(Brundige and McGabe 1986, Fairbanks et al. 1987,
Besger 1991). Fairaizi (1878, 1980) provided the only
provious reports on the reintroduced population of
bighoms in the badlands of North Dakota, and his
risearch focused on population estiimates and food
habis Behevioral stidies of these sheap in Bl new
enwvironment have not besan conducted.

Thie objpecives of this study waere! (1) mplement

and vabdaie an aulomated lelemetry mondodnng
system to evaluate 24-hr activity patterns of bighom
mwes in northem Grest Plains, (2) delecmine summer
activity pattams of evwes duriing the different pedods of
the day; and [3) analyze the influence of temperature
and precipiation on activity patterns.
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STUDY AREA AND BIGHORN SHEEP
POPULATION

The research was conducted al the 14 km'
Magpse Creok study area, 1.5 km east of the
confluence of Magple Creek and the Lithe Missouri
River in McKenne County of western North Dakola,
Elevation ranges from 646-802 m.  The area is
rugged and dissocted by steep coulaes which were
formed dus to erosion of the soft silt and clay since
the Pleisiocene. The plant communities are a
complex mosaic thal reflect the vamed lemrain,
Plateau tops and gentle side slopes (<50%) are
dominated by threadieal sedge (Carex filifoda).
needie and thread (Shps comala), weslern wheal
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grass (Agropyron smidhily, and blue grama (Bouwfelous
graciis), The sieep southarly facing slopes (= 50%)
are either non-vegetaled or dominated by xerophylic
shrubs such as sagebrush (Arfemisia indenlals and
A cana), and rabbitbrush {Chrysothamnus spp.).
Morth facing slopes are dominated by Rocky
Mountain  junipar  (Juniperus  Scopciiorum).
Complexes of shrub  communties, including
chokecherry  (Prunus  wvirginiana),  snowbarry
(Symphorcarpos  occidendaliy), and skunkbiush
(Rhue frifobala), are interspersed within the primary
habitals. During most of the past century, ivesiock
grazing was tha prmary land use and § continues in
the Magpie Creak area. During the past 15-20 years,
oil development has bacome increasingly widespread
in tive Litthe Messoun badiands, and the current density
ol actve of wells within the study area i 16
wollskm’,

Audubon's bighom (0, ¢. sudubony previously
occupied the badiands, but they were extinpated by
the earty 1900s (Fairaizl 1978, Knua 1891). Eightean
Calfornia bighoms waere infroduced io the Magpie
Creak area in 1858 (Fairaizl 1978, Knue 1891}, and
by 1875, the area was Inhabited by ai least 30 sheep
(Fmragz] 1978). The hard count Iotalled = 40 sheap
a5 recently as 1990 (W. Jensen, North Dakola Game
& Fish Depl pers. comm.); however, only 18
individuals have been observed within the Magpie
Creek study area since our research commenced in
18492,

METHODS

Exghl swes and 1 raim ware caplured using a nel
aun fired from a halicopter during Marnch of 1982,
Each owe was ear-lagged and fitted with & radio-
collar thal was eguipped with 8 motion-sensitve tp
swilch (Telonics Inc., Mesa, Arizona). The ram was
nar-tagged and mleased. Radio signals from sach
ewe were recorded for 30 sec, every 3 min, 24 hriday
by & Welemelrydata recording system. The signats
wafe recaed by an omnidifeéctional antenna that was
connocted 1o a Telonics TR-2 recelveriscannar and
Talonics TDP-2 dola processor. The tolemetry
equipment was interfaced with a Campbell Scientific
CR10 data-logger (Campbell Scientific, Logan, Utah)
(MacDonakd 1990, Pelerson and MacDonald In
Prep.). The sysiam was powered by a 12 V' battary
that was recharged with a 5w solar panal. Dala ware
slored and periedically down-loaded onie a personal
coumpubier

The telemeatry system recorded whather an
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animal was acive or inactive, Aclive behaviors
included feeding, walking, running, and social
acliviies, Inactive behaviors included bedding and
standing still. To valkdales accuracy, 5 of the radio-
collared awes weors obsorved directly while the
system was opembing, and the recording was
compared with observed aclivity. Activity analyss was
conducted by compiing data from randomly selecled
24 hr pariods during June, July, and August of 1992
{n = 10) and 1983 (0 = 14). Missing dala wara
discarded from the analysis Temperature and
precipitation dala were collected al Fairfield weather
slation, located 37 km southeast of the study area.
Activity dala for lthe ewes wané combined
bicausa field chsandabions indicatad that the radio-
collared ewes usually remained in the sama group
{Sayre unpublished data), thus their activity pattemns
ware not independont. The proporbion of tme ewes
wers actve wers averaged for each hour and for
different periods of the day. The 24 hour cycle was
categorized into 4 perods based on cwil beilight
{Anonymous 1992, 1093): AM twilight (beginning
when the sun was 6* below the horzon; dayime
{(sunrise to sunset); PM twilight (sunset until the sun
wias 6° below the horzon); and night (between the
end of PM twilight and the beginning of AM twilight)
Daytime was subsequently divided into 3 paniods:
micmming (tha first 4 hours following sunmsa), mid-day
{fram » 4 hours after sunrise until 4 hours before
nightiall), and cvening (4 hours prior to nightfall).
Times were recorded at Mountain Daylight Time
Two lewvels were analyzed o evaluate relationships
batwean activity patterns and amblant temperaluns:
= 23 and > 23 C. This temparalure was used
becavse i & the best available estimate for upper
criical temperature (UCT) of a bighomn ewe
Information on LUCT for northern bighom sheep arae
latking, and 23 C was used &5 a threshobd becauss
it has been reported as the average UCT for mule
dear (Parker and Robbing 1984, Parker and
Gillingham 1980}, a neminand thal iz approdmately the
same size and body shope as a bighom sheep, In
addiion, 2 levels for precipitation were used; wel and
dry. We analyzed this vanable because the bentonite
clay ridges, used as the primary escape tedrain by the
sheep, become extremely slippery when wel We
hypothesized that the behavior patierns could be
different on wel days because field cbservations
mchcated that the sheep had dificully negatiating the
steap slopes. Wet days were dofined by feld
observations, andfor when > 0.5 cm was recorded
during the 24 hr period thal acivity dala were
recaorded, or when = 1.0 cm of predpilation was
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recorded during the previous dey (the banionila
remains sippery for = 24 hr after substantial rainfall).

The data wene subjecied to repeated measunes
AMNOVA, with activity as the depandent vanable, and
year, temporature, and preciptation as  tho
indopendent varables. Paired tHests with the
Bonferroni Inequality (Snedecor and Cochran 1888)
were used to compare activity levels during different
panods of the day, Influence of weather vanables on
actvity lavals ware compared with the two sample t-
test. Statistical analyses were conducted with SAS
computer programs (SA3 1985),

RESULTS

When compared with visual observations, the
telemetry monitofing syslem  cormectly recorded
atve behavior 93 of 05 times (97 9%), and inactive
behavior 108 of 114 Hmes [856%) However,
praliminary analysia of the data indicated that the
radip-transmitter  from 1 ewe maliunctoned.
Therefone, data from this animal were excluded from
further anabysis.

Hourly activity patierns indicate that the ewes
followed a diurnal activity schedule during sumimer
{Fig. 1). Ewes were relatively inactive at night and
displayed peaks of activity at about 0600-0700 and
about 1400-1800. During a8 mid-marming lull (0200-
1100}, activity levels were reduced by al least 50%
when compared to peak fimes, The ewes typically
had 3- 4 actvity bouts/day

Stalistical analysis of the actvity pafterns
indicated that the awes ware significanily less active
(P= 0.001) in 1982 than in 1993, Thus the data were
analyzed separately by year, even though daily frends
between years were similar, During both summaers,
the ewes ware less active at night and AM Bwilight,
and more active during the day and PM twilight (P <
0.01) (Table 1). Analysis of data from different
daytime perods, indicated a slight decrease of activity
frem moming to mid-day (P = 0.30) in 1882, but
revealed significantly greater actwity during the
evanmg perod (P < 0.01). In 1993, the awes were
mare active in the evening than in the morning (P <
0.05) but the oiher compansans ware not different [P
» 0,15)
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Figure 1,
{n = 14 days) ol Magpie Creek, North Dakota,

24 hour acthity patiems of 7 bighomn ewes during summers of 1992 (n = 10 days) and 1993
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Table 1. Proportion of time %) bighorn swes
wan active during segments of 24 hour cycle and

durin ime at Magple Creek study area®.
18992 1843
Pariod Mean 8E Mean 8E
AM twilight  10.2A° 27 135A 28
Daytima 1528 1.4 44.TB 1.3
PM twilight 3448 25 202ZB 2.8
Might oTA 05 1254 1.5
Murrin;; 33048 . 45 94 25
i -day 31.84 14 41.2B 2.4
Eveani 42 68 2.8 2258 3.1

* Ewes (n = T) were monitared for 10 days in 1892
and 14 days in 1993,

¥ Means within columns with different letiers are
statisBcally different (P < 0,05, adjusted for Bonfermani

inequality}.

The average summer lemperature was 18,7 Cin
1892 and 16.2 Cin 1883, These wara relatvely cool
compared io the average scasonal termperaiure of
18.7 C© (Mational Weather Service), Temperatures
on days thal aclwly data were recorded did not
deviate from the average of sach year (P = 0.30).
Daytime actvity levels did pol differ when the
lomperature was < 23 C compared o > 23 C (P>

0.19) (Table 2). However, the swes tended to ba
rmore active on wel days in 1992 (P < 0.01) (Table 2).
During 1883 the activity levels during the wet daytime
periods were slightly higher than on dry days, but the
differences wers nol significant (P > 0.20),

DISCUSSION

The telemelry mecording system  provided
accurale recordings of general achwity patiams.
Although Kie et al. (1281) reported high * values (>
0.81) for mule deer ai the level of walking, foraging,
and resting, we did nol quantify behawvior al this
rigalubon because the sheep frequently fed on steap
hillskdas with their head up, and wa were not able 1o
diffarentiate feading from other activiies. Inaccurale
recordings ocourred either when the animals wers
bedded and they moved their head up and down
during the 30 sec scan period, or whan the animais
were standing or foraging wihout moving encugh o
lip the mercury switch,

Moctumal bahavior patierns of bigharn shoeop are
poory undersiood. Dats oblained in this shudy
indicated that during tha summar, bighorn ewes were
relativly inactive at night.  Although nocturmal
observations were not conducted, field obsenalions
indicaled thal the awes stayed within the same area
once they bedded down for the night (Sayre. unpubl

Tabke 2. Daytiome activity levels of bighorm awes in elation to temperature and wet weather [wet days
had = 0.5 cm precipitation, andior > 1.0 ém on previous day; explanation and rationale in text), at Magpie

Creek, North Dakota,
[<23CF [=23Cf Dy’ Wet®

Yoear &

Pariod X 5E X SE P X BE X EE P

1682

Daytma A58 1.8 a51 2.1 .93 ns 1.0 384 1.4 0,004
Morning 34 4 4.1 3.7 28 .89 302 .5 AT 6 28 0.090
Mid-day 344 1.2 309 1.9 019 284 1.5 .3 1.0 0.004
Evening 383 4.8 438 37 0.45 388 3.5 485 43 0.200

1883

Daytime 43 8 1.6 468 1.8 028 43,3 16 4568 24 o.280
Meming 438 35 E0.4 36 02 433 4.2 481 30 0.270
Whid-day 41.1 27 40,56 53 0.80 386 30 443 35 0.250
Evi 526 3.5 51.3 57 0.66 518 52 531 1.3 0.790

‘=3 days in 1992 and 10 days in 1983
*n=T doysin 1992 and 4 days in 1993,
‘n=5days in 1882 and B days in 1883,
“n=5daysn 1992 and B days in 1883,
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dats). The activity that did occur probably represents
reposiioning and movement among bed sites during
he nighl. Diurnal observations indicated thatl, during
bedding penods, the animals stand and riposibon
thamsetves every 30-120 min. Additional rasearch on
noclumal behavior patterns of bighomn sheep is
neaded.

Clrecadian acthvity levels increased = 2
hoursiday from 1882 1o 1883, A number of faciors
may hava conlribuléd to this incréase, including
weathar, [ambing success, predator activity, farage
availabsity and qualty, or other desturbances. The
activity data in 1983 were collected on relatively more
wel and cool days than m 1992 (Table: 2.
Furhermore, 3 ewes successiully reared lambs In
1882, but no lambs were alive after 1 June 1883, In
1882 the ewes lended lo stay closer to their pimary
lambang terrain than in 1883 (Sayre, unpubl, data),
thus their travel tme may have been less.
Disturbances by coyoles also were obsanied maore
Troqueently in 1893 than in 1882 (Sayre, unpubl, data),
which may have confribuied o the increased level of
achvity.  Likewise, sghtings of rams and ram
harasamant of the ewes was greatér in 1993 than in
1992 (Sayre, unpubl. data). Data on the availabilty
and quality of forage were nol collected. Howewver,
the Bming and stocking rate of cattle grazing did not
diffar between the 2 years, (Bruce Rogers, LS
Forest Sepdce, pers. comm.). The efects of other
deturbances, such as oil developmant or interactions
of ewes with cattbe are yot to be analyzed.

Allhough actiity levels did not vary in relafion to
thia hypathasired thieshold of 23 C, field cbservalions
have indicated that the ewes sometimes increased
daylime bedding intervals on hol and sunny davs by
resling on the shady side of the ridges (Sayre, unpubl,
data). A higher temperature threshold may exist, and
research is continuing o detsrmine whathoer the swes
alber activity patierns when the lempanature & high.
It is not clear why ewes tended to increase aclivity
lovels during wet days. Energetically, they may be
loss stressed because the cloud-cover would
substantially reduce the operalive ftemperature
(Parker and Gillngham 1880}, In addiion, fravel by
bighoms on siaap bantonite-clay ndges appaars to be
more difficull on welt days, therefore, swes may be
spending more time foraging on less slippary grass
and shrub habitats resufting in overall increased
activity levels. Data colléchon s contnumg so That
telemetry activity recordings can be corroborated with
observed behavior and habital use under varying
emargnmenial condibons.

Eccles (1983) repofted that sermi-caplive bighomns
in British Columbia averaged 5 diurnal activity peaks

during the summer, while Davis (1938), and Van Dyke
(1878) reported only 2 or 3 daily peaks for wild sheep
in Wyoming and COregon, respectvely, which is closer
o thee tedernetry recordings of ewes at Magpie Creak.
The higher number of activity peaks reporied by
Eccles (1983) may be an arifact due to semicaplivity.

Finally, the data presented in this repord are
representative of a sample of data from oenly 1 herd
during the summer, Extrapolation of the Magpée
Creak data to athar populations, or to other seasons
should be viewsd with caution,

MANAGEMENT RECOMMENDATIONS

Human actvities should be scheduled at imes
that are leas! dsruplive o bighem sheep. Therefore,
we recommend that wehicle traffic wilhin sensle
areas, such as lambing habilal, should be limdted to
times when the sheep are mare likely 1o be inactive
and secure on escape tarrain, Specifically, based on
the information presented in this repord, the early
marning prior to 0400, or mid-marmng from 0800-
1100 would be the bést imes 1o allow human actvity

in close procdmity o the sheep
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