MONTANA

STATE UNIVERSITY

Movement, activity, and habitat use of white-tailed deer along the lower Yellowstone River
by James Daniel Herriges, Jr

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in Fish
and Wildlife Management

Montana State University

© Copyright by James Daniel Herriges, Jr (1986)

Abstract:

A study was conducted using radio telemetry to evaluate distribution, movements, activity, and habitat
use by white—tailed deer (Odocoileus virginianus) on two areas along the lower Yellowstone River in
eastern Montana during summer 1982 and 1983 and winter 1984. Deer distribution centered on river
bottomlands, though some deer made daily or seasonal movements to adjacent uplands on the Intake
area. Deer movements were short and restricted to riparian cover during the day, but increased and
extended to agricultural fields up to 2.5 km from cover at night. Movement to and use of fields
increased through summer and from summer to winter and appeared greater on the Intake than Elk
Island study area. Well defined peaks in deer activity and movement occurred at sunrise and sunset;
lesser peaks occurred near midnight and noon. Peak use of agricultural fields occurred from 1-2 hours
after sunset until midnight. Seasonal minimum convex polygon home range sizes for individual deer
varied from 0.29 km2 to 10.0 km2. Adult females had the smallest home ranges, averaging 0.87 km?2 in
summer and 1.8 km2 in winter. Total (24-hour) home range size varied by sex and age of the deer,
season, and study area. Home ranges based only on daytime relocations averaged half as large as total
home ranges in summer and 28% of the total in winter and did not differ between seasons and study
areas. Among riparian cover types, deer selected for mid-to-late serai communities (mature
cottonwood, shrub, green ash, and mature willow) with tall dense cover; grasslands were avoided.
Among croplands, deer preferred alfalfa in summer and ungrazed alfalfa, sugar beets, and winter wheat
in winter. Differences in selection and use of crops between study areas and seasons were related to
availability influenced by cropping, harvest, and postharvest grazing and field treatment practices.
Overall, natural riparian cover and agricultural croplands were the two major components of deer
habitat. These combined with topography and physiography of the river valley, and other land use and
operational practices to influence deer distribution movements and home range size, activity, and use of
specific cover types.
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ABSTRACT

A study was conducted using radio telemetry to
evaluate distribution, movements, activity, and habitat
use by white-tailed deer (0Odocoileus virginianus) on two
areas along the lower Yellowstone River im eastern Montana
during summer 1982 and 1983 and winter 1984. Deer
distribution centered on river bottomlands, though some
deer made daily or seasonal movements to adjacent uplands
on the Intake area. Deer movements were short and
restricted to riparianm cover during the day, but increased
and extended to agricultural fields up to 2.5 km from
cover at night. Movement to and use of fields increased
through summer and from summer to winter and appeared
greater on the Intake than Elk Island study area. Well
defined peaks in deer activity and movement occurred at
sunrise and sunset; lesser peaks occurred near midnight
and noon. Peak use of agricultural fields occurred from
1-2 hours after sunset until midnight. Seasonal minimum
convex polygon home range sizes for individual deer varied
from 0.29 km? to 10.0 km?. Adylt females had the smallest
home ranges, averaging 0.87 kwm? in summer and 1.8 km“* in
winter. Total (24-hour) home range size varied by sex
and age of the deer, season, and study area. Home ranges
based only on daytime relocations averaged half as large
as total home ranges in summer and 28% of the total in
winter and did not differ between seasons and study areas.
Among riparian cover types, deer selected for mid-to-late
seral communities (mature cottonwood, shrub, green ash,
and wature willow) with tall dense cover; grasslands were
avoided. Among croplands, deer preferred alfalfa in
summer and ungrazed alfalfa, sugar beets, and winter wheat
in winter. Differences in selection and use of crops
between study areas and seasons were related to
availability influenced by cropping, harvest, and post-
harvest grazing and field treatment practices. Overall,
natural riparian cover and agricultural croplands were the
two major components of deer habitat. These combined with
‘topography and physiography of the river valley, and other
land use and operational practices to influence deer
distribution movements and home range size, activity, and
use of specific cover types. '




INTRODUCTION

In 1980, the Montana Department of Fish, Wildlife and
Parks initiated intensive studies of populatiqn ecology
and habitat relationships of white-tailed deer on
bottomlands of the lower Yellowstone River in eastern
Montana. These bottomlands support dense populations of
deef (Swenson et al. 1983, Dusek 1985) which provide
important recreational humnting in.the area, but may also
depredate crops on and adjacent to the river bottom.

Detailed information on deer usage of bottomland
ﬁabitats is required to assess agricultural relationships
and dgvelop effective methods to minimize depfedations\
while sustaining deer populations for hunting and other
benefits.” There is also néed for such information to
"assess the role of riparian vegetation, maintained by
Yellowstone River flows (Boggs 1984), in the‘ecology of
white—-tails in bottoﬁland habitat. Previous studies in
the area (Swenson 1978) ptovided only general informationmn.
Allen's (1968) study of range use and food habits of
white—-tailed deer- on bottowlands of the Missouri River in
central Mountana involved léss agricultural cropland, and
analysis of habitat use was limitgd primarily to open

cover types.
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My study was initiated in 1982 to obtain'detailéd
inforﬁation on habitat use over 24-hour periods.during
summer and winter. Specific objgétives were: 1) to
aetermine relative use of natural riparian communities and
of agficultural iands and crops by white-tailed.deer, 2)
to determine distribution, movements,'and activity
patterns of deer, and 3) to determine how these parameters
are affected by the distribution of riparian communities
and égricultufal lands and crops, envi?onmental ?ariables,
and land use practices.

Field studies were conducped primarily dufing summer
1982 (July-September) ana 1983 (June—Septémbef) and winter

1984 (January-March).




DESCRIPTION OF STUDY AREAS
Lécation.

Field studies wére conducted on two areas along the
Jowér Yellowstone River'(Fig. 1). The Intake sgudy area
was 19cated in Dawson Counfy about 24 kilomefers (km)
downstream from Glendive. The Elk Isiand study a;ea was
logated in Richland County, near'Savagé, and about 32 km
downriver from‘Intake. It included the Elk Island

‘Wildlife Management and Recreation Area (EIWMA).
Climate

Winters are cold with average tempetatufes innJanuary
or February dropping below <18 C abonp once every 9 or 10
years (Pescador and Brockman 1980). Summers are warm and
sunny with temperatures reaching 32 Cﬁor more on about
half the afternoons in July and August. The average length
of the growing season is 120-130 days. Annual
prgcipitation is 30-36 centiﬁeters (cm), 807 falling
during April—Sebcember. Winterx énowfall is moderate,
‘averaging 71-81 cm.

Monthly temperatures and précipitation during the
study are compared with long-term éveragés at Savage in

Figures 2 and 3 (NOAA 1983-1984). The winter of 1983-1984
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Figure 2. Average monthly temperatures during the study
period compared to 75-year averages.
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Figure 3. Monthly precipitation during the study period
compared to 75-year averages.
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was relatively mild, though severe weather conditions
occurred in Decemhé? and part of January. Overall, winter
-severify was mﬁch lower than the previous six. winters -
4200 vs. 9400 using Picton énd Knight's (1971) system -
though December was the most severe éince 1978 (Dusek |

, ;984) The summer of 1983 was hot and dry, while the
;ummer of 1982_was-near normal in precipitation aﬁd

temperature.
Physiography .

The Yellowstonei§j§er flows through a bréad
floodplain (approximately 3 km wide at Intake and 5 km
wide af Elk Island).bounded by terraces, rollipg‘hill
slopes, or steep “"breaks”. The Elk Island study area was
located entirelylon t%e floodplain, bouﬁded on the west by
the Lower Yellowstone;Irriéation Project (LYIP) canal and
on the east by steep bluffs rising from the riﬁers edge
(Eig. 4). ‘The Intake study area éonsisfed primarily'of
floodplain but also-iﬁcluﬁed a cultivated terrace to the
east and gradually-rising upland grasslands énd hardwood
draws to tﬁe south (ﬁjg. 5). . Another terrace extended to
thé north and west. Morgan creek entered the stddy area
from the'northweép, with breaksvor'badiand topography

"occurring to the northeast.




Figure 4. Aerial photograph of the Elk Island study area
showing locations of antennas and other
features.




WINTER WHEAT

Aerial photograph of the Intake study area
showing locations of antennas and other
features.




Soils of the floodplain and low terraces are "level
to gently éloping,‘deep fine sandy loams.and silt loawms
underlain by sandy loaﬁ and silt loam" (Holder and
Peséador 1976). Soils on tefraées at Intake are deep,

dominantly silty clay loam throughout.
Land Use

Thé Intake study area (Fig. 6)'was not part of the
Lowef Yeilowstqne Irrigation Project,ltﬁough some flooa
irrigation occurréd_through the use of private pumping
systems. Wheat, barley,'alfalfa; and grass hay were the
primary crops on the floodplain. Alternate year wiﬁter
wﬁeat cropping predominated in cultivated fields .on the
Benches or low terraces to the southeast and pnorthwest,
though séme irfigatéd corn and alfalfa were also grown.
Cattle were grazed on the floodplain during fall and
winter and on upland pastures during spring and Summer.

AtElkIsland,fheLYIPirFigationwatersandzawidet
floodplain provided for a greater proportion of irrigated
crops, primarily sugar beets, éifalf#, wheat, and some
cofn. Large blocks 'of ungrazed riparian vegetation
occurred.on Elk Island, Crittenden Island, and the EIWMA
(fig. 7). The latter incl;ded several fields which were

cropped (alfalfa or barley) or had been abandoned to grass

and weeds. Although livestock grazing is of lesser
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importance on 'the Elk Island'area, sheep were grazed on

the Hagler and Willian bottoms.
Cover Types

Covef types and their relative occurrence opn the two §
are&s are listed in Table 1. Plant species names follow
%ooth (1972) ané Booth and Wright (1966). Common names
follow Scott and‘Waéser (1980), Booth (1972), or Booth and
Wright (1966). Cover. type designations-and successional
relationships (Fig. 8) for fiéarian vegetation generally

follow Boggs (1984).
Sandbar Type

This cover type included gravelbars and sandbars
along the river channel. Plant cover varied from none, to
a few grasses and forbs, to seedling stands of eastern

cottonwood (Populus deltoides) and willow (Salix spp.).

Water levels determine the extent of this type exposed.

My interpretation was made in the fall during low water. H
Willow-Cottonwood Thicket Type

A dense overstory of cottonwood and willow saplings
‘characterized this type. Understory vegetation was

sparse, consisting primarily of grasses.
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Table 1. Occurrence and approximate area (hectare) of
cover types on the Intake and Elk Island study
areas during summer 1983.7

Cover Type Intake Elk Island

Gravelbar 26 28
Thicket 21 3l
Young Cottonwood 28 85
Mature Cottonwood 159 212
Shrub 54 110
Mature Willow 31 43
Green Ash 80 2 B
Slough ! 217
Canal Bank - 36
Creekbottom 25 -
Fldp. Hay 72 80
Fldp. Uncut Grass 125 279
Upland Grassland |7 19 50 -
Ash Draw 92 -
Shrub Draw 32 -
Wheat 77 3420
Barley 12 29
Oats = 10
Corn 31 28
Winter Wheat 294 -
Fallow 274 -
Alfalfa 80 142
Beets - 58
Farmsteads 4 6
Water 133 63
a

Total area of the Intake Study area was approximately
35 kmz, 25% of which was bottomland;
Island study area was 16 km“.

Much of the 342 ha of wheat was in sugar beets in 1982.

total area of Elk
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Figure 8. Flow chart summarizing successional changes on

the lower Yellowstone River floodplain (after
Boggs 1984).
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Young Cottonwood Type

Young cottonwood trees in a dense canopy dominated;
willows had largely disappeared. The understory consisted

mainly of grasses, especially Canada wildrye (Elyuus

.éigadensis) and marﬁh muhly (Muhlenbergia racemosa).

Shrub cover was poorly developed.
Mature Cottonwood Typé

Cottonwodd densities were much reduced as compared
'wifh,che young cottoanod type, and a shrub understo;y was
ususlly bettér deveioped, though a érass underétory was
.sometiﬁes present. Dominaﬁt shrubs were Woods rose (Rosa

woodsii) ‘and western snowberry (Symphoricarpos

ochdéntaiis). Other common shrubs included poison ivy

(Toxicodendron rydbergii), silver buffaloberry (Sheperdiq

argentea), currants (Ribes spp.), Russian-olive (Eleagnus

angustifolia), common chokecherry (Prunus virginiana), aund

red—osier dogwood (Cornus stolonifera). The'vines,

u

Virginia'creeper (Parthenocissus quinquefolia), riverbank ¥

grape (Vitis riparia), and western white clematis

(Clematis ligustifolia) were locally common. Common forbs

‘included yellow sweetclover (Melilotus officinalis),

American licorice (Glycyrrhiza lépidota), goldentod

(Solidago spp.), tumblemustard (Sisymbrium loeselli and S.

altissumum) and braifie coneflower (Ratibida coluwmnifera).




16

Some common grasses included Canada wildrye, marsh muhly,

and smooth brome (Bromus inermis).

Shrub Type

Woods rose and western snowberry dominated this type,
though decadent cottonwoods persis?ed in'some stands. Many
6f the shrubs were Aead—standing. Othgr shrubs occurring
in this type included-silver buff;loberry, poison-ivy,

golden currant (Ribes aureum), redshoot gooseberry (Ribes

setosum), and Louisiana sagewort (Artemisia ludoviciana).

Common grasses and forbs were Canada wildrye, smooth

brome, prairie sandreed (Calamovilfa .longifolia), marsh

muhly, western wheatgraés (Agropyron smithii), vellow
sweetclover; American licorice, and goldenrod. Green ash

seedlings and saplings occurred in some stands.
Floodplain Grassland Type

This type included a variety of grasslands,
distinguished as mowed for hay (floodplain hay meadow
type) and not mowed (uncut floodplain grassland type).

Several of the hay meadows at Intake had been planted to

smooth brome or crested wheatgrass (Agropyron cristatuﬁ).
Typically, however, there was little difference between
cut and uncﬁt'grasslands. Common grasses included western

wheatgrass, prairie sandreed, Canada wildrye, marsh muhly,
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quackgrass (Agropyron repens), and needle—-and-thread

.(Stipa comata). .Shrubs occurred mainly as thin tb
moderately dense sﬁands of Silver sagebrush (Artemisia
cana), and islands of snowberry and Woods rose. Common

forbs included yellow sweetclover, tumblemustard, curlycup

gumweed (Grindelia .squarrosa), American licorice, prairie

H

boﬁéflower, goldenrod, Aster spp., and common dandelion

(Taraxicum laeQigatum). Some grassland consisted of

abandoned fields and disturbed areas with a wide variety

of additional forbs and grasses.
Green Ash Type

This.tyﬁe typ;cally occurred as dénse—canopied
stands of greeh ash trees with a primarily gfass
‘underspory; though shrubs were abundant.ip some stands.
Smooth bromé was the most common gréss, with some marsh
muhly and Canada wildrye; .Other trees were American elm

(ﬁlmus americanus), boxelder maple (Acer-negundb), and

Rocky Mountain juniper (Juniperus scopulorum). Shrubs,

when present commonly included Woods rose, western

‘snowberry, and chokecherry.
Mature Willow Type

Thick stands of mature peach-leafed willow trees
characterized this type. Smooth brome was the primary

understory component. ' Mature willow sometimes occurred in
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close association with shrubs, and stands often contained
young ash trees. Western white clematis and riverbank

grape vimnes ofteﬁ covered dead or dying willow trees.

Slough Type

.

This type occurred along old river chénnels and some

drainage ditches. Dominant species.included cat-tail

(Typha spp.), common reed (Phragmites communis), and

horsetail (Equisetug SPP.).
Irrigation Canal Bank Type

This type occurred on the downhill élope of the LYIP
main canal.u A divérsity of plant species and communities
existed dqé to differential seepage and exposure and
perhaps|a1so to Ehe felatively short time ginpe the area

had been disturbed in construction of the canél. The type
in general was mofe mesic thaﬁ Ehe surrounding area. It
included a a*patchworg of trees (willow, young‘cottonwood,
and green ash),,shrublands.(woods rose, snoWberry'apd |
buffaloberry),‘grasslands, ma?sﬁés'(cat—tail and common
reed), and disturbed greas dominated by forbs such és

yellow sweet clover or tumblemustard.

Upland Crassland Type
A'variety of grassiands characterized this type on

sites that included dry,hillsides; flat and rolling
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uplands, and more mesic draws. Common grasses were blue

grama (Bouteloua gracilis), needle~and-thread, and westeéern

-wheatgrass. Silver sqgeBrush occurred in some draws.
Hardwood Draw Type

Stands of green ash dominated, although some

cottonwoods, juniper, aspen, and-a variety of shrubs

‘occurred.
Shrub Draw Type

‘'This type occupieﬂ narrow strips along the bottoms: of
draws and some north-facing slopes. Common shrubs were
Woods rose, western snoﬁberry, fragrant sumac (Rhus

trilobata), and red-osier dogwood.
Creekbottom Type

This type occurred only aiong Morgan Creek at Intake.
It c&nsiste&AOf grasslaﬁds”with intérsperséd gtands of
shrub and ﬁoodland. Shrubs. were wdods rose and snowberfy.'
Trees 1ﬁcludéd mature coftonﬁood, juniper,-young

cottonwood, and ash.
Farmsteads

These areas usually included dwellings and

outbuildings, shélterbelt, and often a small pasture or
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- corral. They were classified as inhabited or uninhabited.

Agricultural Fields

These were classified according to the Crops grown
during each year of the study. Grain fields at Elk Island
were genefally fall plowed; at Intake theylwere left in

stubble. .
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METHODS

- Movements .and habitat use were detefmined primarily by
telemetry relocations df‘deér céptured and rad;o—collaréd
in the course of on-going studies of white—-tailed deer on
.the lower Yellowst;ne River (Dusek 1985). Collectively,
fifty—bné individual radio-collared deer ﬁere radio-
tracked during the two summers (1982, 1983) and one winter
(1984) of étudy at Elk Island and one summer (1983) and

one winter (1984) at Intake.
Triangulation

Most radio—locations were 6bfained using
tfiangulation methods (Heezen and Tester 1967, Pac 1978).
Antenna sysfems were statlonary null-peak antenna arrays.
kAVM Instr. Co., Champaign IL) or truck—mounted
precision direction finding antenna arrays (Telonics Inc.,
Mesa, Arizona). Antennas were placed in areas of elevated
topography at points sufrdunding, énd within 2-3 km of the
center of, the study areas (Figs. & &'5); Quring winter
1984, two truck-mounted antennas, located closer to .the
animais, were often used.

Antennag were zeroed on a beacon transmitter at the

beginning of each triangulation session and periodically
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checked. Azimuths were recorded at the null between two
amplitude peaks. .Signél quality was recorded-as very
goéd, normal; or poor. Déér were iocated at houriy
intervals with observers on each of three antennas
regording thé azimuth within about 5 minutes of a
predete;mined.time.

During summer- 1982 six weekly seséions from 1700 to
O6QO and two. 24-hour triangdlation sessions were conducted
at Elk Island. During summer 1983, four ménthly 24-hour
sessions, 2 groups of three 8-hour sessions spanning the
24—hour 5eriod, and two night-long sessions with bihourly
lgcations were conducted ét Elk Island. TFour biﬁeekly
groups of three 8-hour sessions were completed at Intake.
In winter 1984, onel24-hour session was'completed at each
area and 3.3 twénty—four—hour periods were covered in 3-9-
hour sessions.

Locations were plotted at the centroid of the pol?gon
formed by intersection of bearing liﬁes; ie., the error.
polygon described by Pac (1978). In cases of two azimuths
intersegting at anglés of less thaﬁ 15 degrees (or more
than 165 degrees) the location was plotted on the mi&point
of the side of the trianéle forméd by the thifd azimuth
line. If only two bearings were obtained the location was
plotted at tﬁeir intersection. Coordinates of locationé
were recorded to the nearest 25 meters (m) on a Universal

Transverse Mercator (UTM) grid. An error code noted -the
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size of the error polygon or, in the case of only two
Bearings, the angle of intersection of the bearing lines,
the mean distance from locations to’antennas, and the
signal quality. These were used as indices of location
accuracy (Heezen and Tester 1967, Springer 1979).
Locations were later used:ordeleted on the basis of the
error code and specific analytical objectives (eg., more
accurate locations were chosen for habitat use analysis
than for home range delineation). Locations with error
polygons greater than 350 m on a side were deleted from
all analyses. A total of 5,648 acceptable deer locations
were collected.

Accuracy of the s&stem was verified during most
sessions by taking bearings on "rabbit” or control
transmitters placed in various known locations around the
" study area. If bias ﬁaé indicated (i.e. readings'were
consistently off in one direction), all bearingé for Ehat
antenna were corrected by the mean of the control bearing
Errors.

Average angular error of 229 accuracy test bearings
was + 0.95°. In 103 accufaéy tests,'the méan distance
error fr&m actual location to plotted_location was 72 m.
The mean error of control test locations that-.satisfied

error code criteria for habitat use analysis was 59 m.
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Other Deer Locations

All radio~collared deer on the study areas were
relocated from the air.at 1-2 week intervals using a Piper
SuperCub in the course of overall studies of white-tailed
@eer on the lower Yellowstone River (Dusek 1985). These
'1ocatioﬁs were plotted on aerial photographé, and cover
type occupied was noted.

Radio~collared deer were also relocated periodically
b& walking in and flushing or close-range triangulation
using a hand-held antenna such that location and habitat
type occupied could be ascertained. In addition,
‘1ocations and habitat type were recorded fof all radio-
collared and neckbanded deer observed during spotlight
surveys and other activities on the study areas.
Colléctively, these techniques provided_227,observations
of which 62% were walk-ins, 10% were by triangulation, 18%
were by spotlight, and 10% by incidental direct
observation. The walk-ins provided data_on déytime
locations and‘use.of riparian habitat types, while other
methods primafily récorded ﬁighttime.locations and use of

agricultural fields and grasslands.
Activity Monitoring.

Indexes of animal activity were obtained by 1)

measuring the average distances moved between successive

~
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hourly locations of individual deer and 2) occésionally
monitoring variationé in radio signal strengfh which are
brodﬁced when tﬁe animal ig active by changes in
orientagion of the radio antenna (bochran 1980, Lindzey
and Meslow 1977, Happe 1982). Animals wére considered
active if more than three distinct changes in sigﬁal
étrength were-recoréed_per 100 radio pﬁlses within a 1;5—3

minute listening period. This was verified by

observation.
Spotiight Survey

Spotlight surveys to record deer use of agricultural
fields aﬁd crops and other open habitag tjpeé were
conducted periodically on both'study areas during summer
1983 and winter 1984, Thesé surveys followed established
vehicle routes along roads bordering fields. Counts were
made by one person using a 309,000 candlepower spotlight
while sténdiﬁg in the back of a pickup or, if a second
peréon was not preseﬁt,'driving slowly until deer were
seen. Group size, any coilared animals presenf, aqd cover

fype were recorded for each observation.
Helicopter Survéy‘

One complete-coverage aerial survey of the Elk Island

study area and an adjacent bottomland was made dﬁring

t

early morning February 21, 1984, using a Bell 476G
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helicopter. Group size, location, and cover type were

recorded for all_deer observed.
.Environmental Conditions

To examine their effect on deer behavior, environ-

P

mental conditions were recorded during observational
feriods. Relative humidity and temperature were measured
with a recarding hygrothermograph placed in a weather
station housing at Elk Island. . Wind speeds were measured
with a cup anemometer. 'Equivalent still air temperatures
(wind—chili) were approximated for a 60 kg deer based on
information provided by Dr. H. D. Picton (pers.éomm.y
In addition, cloud cover, phase of Ehe moon,
precipitation; aqd snow cover were recorded.

To examine shelter from the wind afforded by riparian
vegetation, a second cup anemometer was placed at 1 m
height in varioqs viparian cover types at the Eik Island
unit for periods of 1-9 days. Wind readings were compared
,With those of the control ‘anemometer on the wgather
statioﬁ which had beencalibratedto.windspeedsat 1 m

height.
Cover Density

The vertical structure and density of vegetation

within riparian cover types during summer was measured
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using a "vegetation profile boa}d" (Nudds 1977). The
percentage of each of four, 0.5-m intervals obscured by
vegetation was classified into one of five 20% classes.
The board was placed in random érientation at randomly
selected sites within selected stands. Readings were
taken at a distance of 15 m, in four perpendicular

directions, and averaged for each site.
Cover Type Mapping

Preliminary cover type maps developed by Boggs (1984)
were ground—-truthed, modified as ﬁecessary, and extended
to unmapped areas used by deer. Cover type classifications
(Table 1) were based on dominant overstory végetation.
Agricultural crops were determined and mapped for each
season by field reconnaisance. Maps were digitized using
GEOSCAN computer programs (Mont. Dept. Fish, Wildl., and

Parks 1984).
Analytical Methods

Movements and Home Range

The TELDAY computer program (Mont. Dept. Fish,
Wildl., and Parks 1985), was used to perform plotting and
calculation functions. Seasona}'home fange sizes (daytime
and total) were calculated by the conve# poiygon method
(Mohr1947)for all animals for whichat least 30

locations, collected over at least one month were
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available. All triangulation locations meéting minimum
accuracy:criFeria were included in 24-hour home ranges
together with aerial (Dusek, unpﬁbl. data), walk-ia, and
other incidental locations. The average number of
Frianguiation locations fo; each ‘home range waé 79. Only
ériangulation locations were used in calculating daytime
home ranges. |

In addition to polygon size, standara diameter (SD,
Harrison 1958), geographic activity center (CAC), and
gve?age activity radius (AAR), were cglculated‘fof each
home fange, using only'ériangulation locatioﬁs; The
geographic activity center is qhe point whose coordiﬁates
are the arithmetic means of ghé}{and y coordinates of
egch location fér that animal, and the average activity
radius is the average distanée of each point f?om the GAC

(Hayne 1949)5 AAR and SD were higﬁly correlated (r=0.995,

p<0.001). Therefore, SD was not included in the analysis.

Altﬁough'polygén aﬁd AAR measured different aspects of
deer home ranée, they were also correlated (r=0.867,
p<0.001). Déspite the limitatidns'éf each technique
(Dusek and Wood 1986), they .showed the same relatiounships

in most cases, indicating that most differences in home

range characteristics between groups were greater than the’

biaseés inherent in each technique.

Multiple .regression (Dixon et al. '1981) was used to
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anaiyze the effects of study area, age, and season on homne
range. Because of small sample sizes in some éategdries
for yearling males, differences between sexes were
analyzed separatgly Qith t—-tests. A "separate vafiénce
estimate (Nie.eF al. i975) rathef than a pboled esfimate

was used when variances were sigaificantly different.
[ . : .
{

Habitat-Use

Animél location data were intersected with digitized
habitat data files using GEOCALC (a computer program
written) by Bill Hoskins for the Interagency Grizély Bear
Sthdy, Bozeman, MT. This progfam measured the area and
length of edge of each cover type withinzfscanning‘circle
of 125 m radius drawn around each locatidn.‘ This radius
was chosen’Because 91%Z of accuracy test locations were
within 125 m 6f the tfﬁe.locgpion.

~To test the hyﬁothesis that deer(used the different
cover types in proportion to their'availability, random ér
grid points and scanning circles were generated'within the
area definéd as the study area. The measured areas aﬁd
edge lengths were used to define availabilities. In thesé
;nélyses; availability (pr limit of the study aréa) was
determined by the extent of animal movement, geographic
features- limiting animal movement, and the limits of the
aréa that could be covered accﬁrately with telemetry

reception.
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Use relative to availability was analyzgd within
three time frames: DAYTiME, NIGHTTIME, and ALL HOURS.
Because deer confined theﬁselves to riparian cover during
£he day, DAYTIME deer locations were compared with random
points generated within a'bound;rf sﬁrrounding'blocks_of
%iparian habitat. ﬁIGHTTIME and ALL HOURS deéf locations
wvere compargd with random points generated over the entire
study area. DAYTIME Was.defined aé 0600-1800 in summef |
and 0800-1600 in winter. NIGHTTIME included periods
between s;nset and sunrise and, depending on the date,
short périods Sefore‘sunset.and aftér sunrise.

If deer were selecting a certain cover typ;, the area
of that cover type within Aeer scanning circles (use)
should be greater than that within random.scan circles
(availability). This was tested using the Mananhitney U
gtatisfic (Nie et al. 1975). In addition, the frequency
with which a preferred-tyﬁe occurred within deer scanning
circles shoulq be greater than that within random scanning

circles. This was tested with the Z statistic, calculated

" using the normal aﬁprbximation to the binomial

.(Zz of Eberhardt and Fligner 1977). Differences in both

the areas and frequencies of occurrence of a type had to
be 'shown at the 0.05 level for selection to be considered

significant.
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The term "selected” indicates that tﬁe pfopértional
ugde ofa.cover type Qés greafer than 1fs.proﬁort;onal
avaiiability. ‘JAvoided" indicates use less than

availability.
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RESULTS
Distribution

White-tailed deer were widely dis#ributed, primarily
on bottomlands of tge Yellowstone River, on both study
.argaé. The occurrence of .small numbers of‘white—tails in
ad jacent ﬁplands and triﬁutary drainagés may have
'reflected-daily and seasoﬁal movement of some deer befwegn
thé rivgr bottom and uplands. Such movement was evident
in}relocationé of radLOfcollared deer and generai
observations at intake. At Elk Island, no use of uplands
of side drainaggs by radio—cqllared deer was recogded

during this study.

Elk Island Study Area

| Summer distribution of degr on the Elk Island study
area was generally centered on large blockg qf ripa;ian
tree and shrub cover. Small, isolated areas of tree and

brush cover along drainage ditches, the LYIP main canéi,

and field borders were occupied by small numbers of deer.

Nighttime relocations of radio-collared deer and spotlight
obserQations.were distinctly ciuétered in and around
agricultural fields.

In winter, deer use of isolated areas of riparian
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cover decreased and deer concentrated during the dayt;me
in larger blocks of riparian cover and on Elk Island
proper, when ice covered river cﬁannels provided easy
access. Three radioed deer shifted their daytime
activities to the Island in winter and general

observations indicated that large numbers of deer moved on

"and off Elk Island throughout the winter. The February

1984 helicopter survey showed higher densities of deer on
the Island (92/km2) than the rest of the area (56/km2); no
deer were observed along the main canal. Coincident with

these shifts, deer used agricultural fields farther from

riparian cover at night.

Iﬁtake Study Area

Summer distribution of deer at Intake simiiafly
centered on large blocks of riparian tree and shrub cover,
though use of upland draws and small patches of cover on
the bottom was more prevalent than at Elk Island.

Distribution of radio—-collared deér in winter
differed from summer and changed through the season. ,fn
January, four of five radioed deer on the Gentry area were
located during the day in upland coulees south of the
bottom. Three of the féur moved back onto the bottom
shortly after cattle were removed in mid—JQnuary. of
eighteen total radioed deer on the Intake area tracked in

February and March, three used the uplands almost
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gxcluéively, and one used.the Morgan Creek bottom and
ad jacent upland wheat fields. However, all used the

bottomlands at least once during or shortly after the

study.

Sex and Age Differences

| Few differences in distribution among age and sex
élasses of deer were appareni. At Intake during summer,
all adult females were located on the bottoms, while two
adult males and one yearling female without:a fawn weré
distributed in peripheral upland draws. Among ;a&ioed
deer at Elk Island, on;y yearlings uséd the northeastern
portiqn of the Hagler areé, which was regglarly grazed by

sheep.

Effect of Disturbance

There .was little evidencg that deér.distribufion was
related to human activities and disturbance on either
study area. AF Iﬂtake, deer we}e often located in ash
stands imme&iately adjacent to the river road along the
Geﬁtry bottom. One.radio-collared deef on:the.Adams.
bottom often beddgd within 56m of the heaviiy travelled
Montana Highway 16 and within 150m of an occupied
‘fapmhpuse with dogs. At Elk island, deer appeared to use
areés near frequently travelled roads and occupied
farmhouses only at night, but these areas also had liptle

riparian cover.
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Movements

.The most distinct feature of daily movements was
travél to agripultufai fields; Deer using the same
general areas of riparian habitét during the day ;ended to
'move to the same -agricultural fields at night (Figures
9-12). Radio~collared deer that changed the location of
their hoﬁe ranges withiﬁa season moved at night to the
same ‘agricultural fiélds as otherldeer in thg new

location.

Elk Island Study Area

w0

ummer.--Deer moVedAlittle during ﬁidday in summer
(Fig. 13). Evening movements.were generally~to the
nearest alfa}fa fields, usually within 0.5 km of riparian
cover (Fig. 9).

| Movement to and use of agricultural lands varied
greatly among individuél;deer. Only one radioedvdeer was
never known to move té'agricultural fields ddring either
of two summers. This adult female spent both summers in a
small area on the Island. Another adult fémale occupied
an adjacent home range and réstricted‘her mbvements to the
is}and during the entire summer gf 1982. 1In contrast,
édult female 1100 moved to and spehf %t least 1 héur énd
up to 11 hours in agricultural fiélds during every 12~hour

nighttime tracking period. Overall, radio~collared deer
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r on the Elk

Evening movement patterns of dee

Figure 9

Island study area during summer.
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Figure 10.

Evening movement patterns of deer on the Elk
Island study area during winter.
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Evening movement patterns of deer on the
Intake study area during summer.
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Figuure 12. Evening movement patterns of deer on the
Intake study area during winter.
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traveled to agricultural fields on an average of 627% of

all nighttime tracking periods.

A deer that travelled to agricultural fields on a F

given night spent an average of 4.5 hours there. Deer
typically made only one trip to fields in a night. More
than one trip between riparian cover and agricultural
fields was common only among individuals with daytime

bedding sites in close proximity to agriculture.
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Figure 13. Mean distances moved between successive

hourly locations of deer in summer on the Elk
Island and Intake study areas.
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The proportion of deer moving to agricultural fields
and the average time in fields increased from early to
late summer, especially for females with fawns CFigeo14).
The first doe/fawn pair was observed in fields during
spotlight surveys at Elk Island on August 9. As summer
progressed, does with fawns were more likely to travel to
and stay longer in fields. Yearlings of both sexes and a

non-producing adult female, visited agricultural fields

more frequently and stayed longer per trip in early

summer.
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Figure 1l4. Percentage of nighttime radio locations of
female deer with and without fawns in
agricultural areas during triangulation
sessions through summer.
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Nighttime movements entirely within riparian habitats
did not follow a disginct or consistent pattern. Some
involved greater total distance than required to move to
ana from the nearest alfalfa field.

Deer were often observed in late summer swimming to
and from the Island at dawn and dusk. Yet, radio-tracking
data indicated that deer on the Island during the day did
not make regular movements to agricultural fields on the
mainland. Two adult females with fawns used the Island
exclusively during one or both summers; another, a 2-year-
old femalé with a fawn, shifted her home range‘offthe
Island between July 19 and August 2. One adult male
apparently restricted his movements to the Island until 24
August, when he shifted his home range to the mainland.
These data suggested that movements to and from the Island
during summer may have 5eén influenced by riveraflow which
normally peaks in June (1,121 m3[second) and drops rapidly
from July (662 m3/second) to August (233 m3/second, Moore
and Shields 1980). The river appeared to form a complete
boundary to movements of females with fawns.unFil

approximately the first of August, and a partial one to

movements of other deer.

Winter.——-In general, winter movements were more extensive
than those of summer. This primarily reflected greater

distances between daytime bedding cover and agriculctural
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fields used in winter;

| Figure iO illustrates grnéral nocturnal movemenf
patterns for winter. Magked deer that spent the day in'
riparian cover just north of the Isiand typically>

traveled north acfoss a drainage ditch into irrigated 9'
'égricultural fields. Trails in the snow indicated that
ﬁany deer from the northeast part of the Island crossed
the river and used the same fiélds.

All radioed deer using the Island in winter 1984
regularly'travélled nérthwegt at night to a ploYed éugar
beet field and an a&iacent alfalfa field, a distance of
aéproximately 2.5 km. A. segment Bf the deer on the nofth
gnd of the Management Area also travelled to these fields,
a distance of approximately 2 km.

Other deér that spent the day in cover on and just
soufh of the Management Afea followed several different
.movement patterné. One segnent trgvelled to adjacent
state-owned alfalfa fieids and, to some extent, an
adjoining béet field. Another segment; including one
radio-collared deer, travelled southeast to -fields just
east of Savage. A well used trailvsuggested‘that a number
of deer from the Management Area_also trévelled northwest
across the state-owned fields, the main irrigation canal,
.and Highway 16 to alfalfa and beet fields off the main

river bottom.
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Movements observed in two tracking sessibns 1n_
December 1982 and March 1983 as compared with wintér 1984
indicated that movement patterns were similar betweéﬁ
winters, though use of specific fields varigd. Several
deer travelled to fields‘nortq of the county road, though
beet fields that were used during the October tracking
;ession wefe nearef. |

Individuals were located in agricultural areas dufing
an average of 79% (ramge 40-~100%Z) of all tracking sessions
spanning 3 hours or more between 1800 and 0559. The time
spent in fields ranged from less than 1 hour to the entire
night. Most commonly, radioed deer moved into fields.just
before dark and stayed until morning tﬁil;ght (Fig. 15).
General observations of large numbers of deer moving to
and from fields at dusk and dawn, respectively, indicated
this was the general pattern of movement on the-area. ‘One
adult female was located in the ééme beet.field or in
transit to or from that field every hour tracked between
'1800'énd_0600. Deer that did not remain in agricultural
fields throughout the night typically tfavelled to the
f;élds 1n.ear1y evening and returned to cover sometime in
the middle of the night (Fig.AISL

Deer using fields close to riparian cover (within
se&eral hundred meters) were less likely to spend the
entire night ip‘fields than deer traveling greater-

distances (over 0.5 km). Also, deer using fields bordered

A
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by ripafian cover sometimes made two or more trips a night

to the fields.

Intake Study Area

.gﬂgggﬁf—-Ag at Elk Island, daytime movements were minimal,
with animals apparentl§ remaining be@ded“for most of the
;idday. Alfalfa fiel&s were the focus of ﬁost evening
mo?ements in sumner (fig. 11). Deer fhat spent.dayligﬁt
hours in upland draws regularly travelled 2 km or mofe to
the river bottom at dusk and returned to uplands sometime
before sunrise, typically at dawn. Such mévements usually
followed dfainage bbttoms}. Animals from ash fhickets
along the south side of the Gentry bottom travelled less
than 500m north to alfalfa fields.. Those using cover
along the north side of the botton ﬁoved south into
alfalfa and_wheat fields. One adult male exhibited'éll
three patterné depending on where he bedded during thé
day. Altﬁough all fields on the Geﬁtry bottom were
‘;eadily accessible to all deer, indiv;duals uéed only the
one or two fields neafeét‘their daytime bedding sites.

One small, non—irrigaged alfalfa field occurred on
the Adams bottom and was reéularly used by two radioed
deer. Another.radioed deer in the area was never located
in that fielq. Instead, it made short movements (< dS |
kw') back and forth under a bridge of Highway 16 to utilize

an ash stand and both sides of the Morgan creek bottom.
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There was no evidence of deer on the Adams bottom crossing
the river to the more abundant fields on the Gentry
bottom.

Deer on theIntakes;ﬁdyareaappearedto move to
agricultural fields more consistentiy than deer at Elk
Island. The proportion of'lz—hQUn nighttime periods in
which 1n§1v1duals trévelled to fields during at least éne
of the two traékiné sessions aVeréged 86% (1007 on the
Gentry bottom). The proportion méving to fie;ds'increased
only slightly from early to late summer, even among
fgmaleg with fawns. No fawns were observed with does in
fields until July 30. Because of'the ciose proximity of
'woody cover to agricultural fields, the déer often beddéd

juét off the edge of fields between feeding periods.

Eintér.——ln contrast to summer, when deer moved from
uplands to the river bottom at night, one segment of the
populétion on GentryVé (including 3 of 11 radio—;ollaped
deer) moved from the bottom to upland Qinter wheat fields,
often well before dark (Fig. 12).

Another segment, including thrée other radioed deer,
spent‘the day in upland coulees and gither travelled down
to the same winter wheat fields, upward to grain\fiélds'on
the édjacgnt.plateau, or both.. Another dee? ranged.élong
tﬁe Morgan creek'bottom-north'of the highway or -moved to

an abandoned grain field in the uplands.
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Follo%ing removal of cattle in mid January, most
radioed éeer on the Gentry bottom regulafly travelled to
areas where, earlier in the wintef, cattlé had been fea
straw and grain sbread on the ground; All deer bedding in
ash gtands onthe.southside ofthe éentrybottom
traveled to nearby cattle feeding sites, as did some of
i .

Ehe deer bedding in the cottonwood and othef riparian
types along the north side of the bottom. Deer that spent
the day in gsh stands near the feeding sites moved to
those sigeé to feed during the day‘more often than.other
deer.

RadioeddeertnltheAdamsbottmndidnottraVelto
‘the single alfalfa field during winter. Rather, they
moved between mature willow and old ¢ottonwood pres-where
they spent the day and less dense ydung cotgonwood, cfeek'
bottom and hay meadow types; Some unmarked éeer were alsp
.kqown to travel northwest across Highway 16 to winter
wheat fields. There was no evidence of deer travelling
aq;oss the river from the Adams bottom to the Gent?y
bottom. | |

The frequen?y of movements to ggficultural fields
(including cattle feeding sites) was ‘high. With one

exception, all.deer on the Gentry side of thé river
travelled to an ggriqultural fiela.at some time during.at

least one of each pair of 8-hour nighttime tracking
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sessions. However, deer generally stayed in agricultural
areas for short periods. Deer travelling to upland wheat
- fields tended to.stay there for much of the nigﬁt, but
periods of use of cattle feeding sites were generally
short. iwo fadiéed‘deer usually remained in bottom
hggricultural fields for 1 hour or less, and may have been

simply travelling through or just along the edge.

Sex and Age Differehces

Yearlingé,of‘both sexes and a&ult males exhibited
more variable movements thgn adult femaies.‘.Thef,were
more likely to move to two or more field.s in one night,
change fields between nights, and move in an uﬁpredictable
‘pattern. They were also less iikely to return to the

previous day's bedding area.
Home Range

Total Hoﬁe Range Size

Total homg range was defined by all locations of a.
" deer over 24-hour peri6dsvwithin one seasah.' Polyéon.
total home range §izes for individual deer varied widely, -
"from 0.29 km?2 forzﬁladult female that spent the sunmer on
Eik Island,propér, t6‘10.05 kmznfor an adult méle that
ﬁéed upland draws and agricultural fields. at Intake during
winter. Figure 16 and TaBle.Z demonstrate the variation

in home range size by sex, ége,‘season, and study area.




5

o

STUDY MEAN HOME RANGE SIZE (kmz)

AGE SEX AREA SEASON N S.E. 0 0,5 19540 igpss
| : : i
%1

YRL F 1IN WIN 2 0.33 _

vRL P OIN sUM 1 B

PN e WIN 5 0.46 —

o v e s ozs [

AD e ok SUM 7 0.28 -

Tt T WIN 4 0.15 -
I
| I 1 I
| | | |

Figure 16. Mean seasonal polygon 24-hour home range sizes

grouped by age, sex, study area, and season
EI = Elk Island Study Area, IN = Intake Study
Area.
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Summer and winter total (24-hour) and daytime

home range sizes of radioed deer at both study

areas

by season,

age,

and sex.

Polygon (km? ) AAR (km) SD (km)
Season Sex Age N Mean SE Mean SE Mean SE
24-HOUR HOME RANGES
Summer
Females
Adults 27 0.87 0.08 Q31 0502 0. 731 004
Yrlgs.i % 1R 140022 0. 550303 1250503509
Males
Adults 7 25050 0540 063 0.03 15,42 0408
Yrlgs. 1 302 S 05 87 1.84
Winter
Females _
Adults 11 155 8256 0526 0.62..0:08 1395 w01
Yrlgs. 7 214005509 0% 690 1°1 159164 0 2D
Fawns 4 2.16" ;090 045 30 024 1a25
Males {
Adults 3 052200 20545 1184040 2+ 59050%85
Yrlgs. 2 6% 2 1 49 0.97 0.14 224022
DAYTIME HOME RANGES
Summer
Females
Adults 18 053750205 024 =002 0. 50 04
Yrilgssis "3 09 1=5-0.22G Q.51 5°0.:09 1 34U 0516
Males
Adults 3 04865 °0:18 0.65 0.06 I's 45905 12
Yrlgs. "1 1.63 0.66 1.+:57
Winter
Females
Adults 9 0%40 012 Qied2l 00D 07 30 aie 11
Yrlgs. D 084, 10521 0:52:10:08 1520150518
Fawns 4 Qi 37T005 35 061 010 l's30u4s 026
Males
Adults 3 094 10433 1l 20 39 25 LORAEU 0
Yrlgs. 2 1638 1l 098 058 04529 1 3.0 10 52
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Adul; female home fangeé, measu;ed by both polygén
and AAR, wére significantly sméllér than those of adult
males (0.01<p<0.02). Yearling female home ranges alsa

appeared smaller ﬁhaﬁ those of yearling males (pqugoﬂ,
p=0.023; AAR, p=0.066). |

Among yearling aﬁd‘older females, total seasonai home
fanges differed in size by season, age; aﬁﬂ study area
(Table 3). Both AAR and pblygqn methéds indicated that
home ranges iﬁ winter were larger than in summer, that
winter home ranges were 1§rger at Elk Island than at
Intake, and fhat yearling home ranges were iarger tﬁan
adult home.ranges. The LAAR analysis showed'that tﬁe
increase in.yeapling home rénge from suﬁmer to winter was
small relative to that of'adult feﬁales.

Among the small sample of adult males, mean winter
homé range sizes (AAR and polygon) were approximately
twice those of summer. However, because of high
va;iaﬁility, this differencé_was not significapt (p>0.2).
Différences bétween study areas ahd ages were'nét
appafent.

There were no apparent differences in home range size
"between age classes of fema}es 2 years and older. Of
seven 2 year old females, only two had home ranges that
might be considered larger than normal for older feﬁales,
while onme had the smallest ‘home raﬁée~feéorded for any

deer.
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Table 3. Differences in home range size between seasons,
' study areas, and age classes for female deer
as indicated by mean seasonal polygon areas
and averageractivity radii.

Category ' ' Difference? p-value

POLYGON AREA (km2)

SEASON (Summer-Winter) o
Elk Island ' +1.80 p<.001

Intake +0.54% . c1<{p<.2
STUDY AREA (Elk Isl.-Intake) :
Summer -0.27 c4<p<.5
Winter -1.53_ p<.001
AGE (Yearling—-Adult) -0.73 .01<p<.02
AAR (km)

SEASON (Summer-Winter)
Elk Island :
Yearlings +0.31 . p<.001

Adults ' +0.57 p<.001
Intake .
Yearlings -0.08 .3<p<. 4
Adults +0.18 © .001<p<.01
STUDY AREA (Elk Isl.-Intake) .
Summer -0.05 ‘ p>.5
Winter _ ~0.44 o p<.001
AGE (Yearling—Adult) _ . : :
Summer -0.24 p<.001

Winter . . +0.02 . p>.5

dpjfferences are .based on Beta coefficients of the
multiple regression equation and main affects are listed.
-in order of stepwise entry.
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Differences iﬁ'éummer home rTanges of females with and
Wwithout fawns were not apparent. Thrée radioed females
without fawns had home range sizes that were essentially
identical to those of pro&ucing females.

Home range sizes fér four fewmale fawns tracked during
-winter were highly;variable, but the mean appearéd to fall
between the mé;nsubf adult and yearling females (Table 2).
Daytime‘home ranges for these fawns appeared more similaf
to those of yearlings.

The smallest home ranges generally were of adult
feﬁalés in summef, especially those at Intake k0.30—0.40
kﬁz) where riparian covér and agriculture lay in close
‘proximityi Aﬁimals utilizing the uplands at Intake had
some of the 1§rgest home ranges. In summer, 3 of 11 home
ranges (2 adult males and 1 yearling female) included
uplands, and averaged 2.82 km? in polygon area. 1In
winter, three animals used primarily uplands (1 adult
male, 1 ;dult female, and. 1 yearliuag female).‘ Together
their average'home range size'was SJ)kmz (mean
AAR=2.1km). All home ranggé of animals in the uplands
were underestimated due to the difficulty of ‘obtaining
regular locations there. |
| Locations of'individual home range boundaries are
shown in Appendix Figures 28-31. Overlap between
individual ranges was consiaerable.as would be exﬁected at

high deer densities. Ninety percent of all hoﬁé‘ranges
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included one or seﬁefal'agficultural fiélds, and overlap
was gréatest_hereL‘
Daytime Home Ranég Size

| ‘Daytime home ranges were also ekamined for the
.effects of se#, season, ége, and séudy aréa {Table 2 and
Figure 17). As with total home ranges, daytime polygon
sizes and AAR's of adult males were larger than those of
adult females (t-test, 0.02<p<0.05). 1In daytime polygon
and daytime AAR regressions, only age was a significant‘
factor (p<0.001),‘ﬁi£h,yéarling female home ranges Being
larger than adult females (Table 3).‘ Differences between
seasons'and study areas were 1nsign1ficént (p>0.1). "This
indicéted‘that differences:in total home range size
between seasons and study éreas resulted largely from
nighttime movements. that were not detected by |
oﬁservations oﬁly during dayiigﬁt hours.

The ratio of daytime fo total polygon size averaged
0.495 in sumﬁer but decreased to 0.280 in winter
(t=3.6?,p<0.001), indicaﬁing greater nighttime ;ovement in
winter. Tﬁe same hold true for AAR's, although the

difference was smaller (t=1.86, 0.05<p<0.1).

Home Range Stability

Home ranges were fairly stable within a season. In

some cases, total home range size was closely approximated -

in one 24-hour triangulation session. More commonly,
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STUDY MEAN HOME RANGE SIZE (km2)

AGE SEX AREA SEASON N S.E.

AD EI WIN ;4

YRL EI WIN 2 1.49

AD IN WIN 2 4.19

YRL EI WIN 4 1.19

YRL EI SUM 1

AD IN SUM 30253

AD EI SUM 4°0.53

AD EI WIN 4 0.54

YRL EI SUM 3°0.26

YRL IN WIN S0 5 3

AD IN WIN 1040213

YRL IN SUM 1

AD EI SUM 20 0.09

AD IN SUM 7001513

Figure 17. Mean daytime polygon home range sizes grouped

by age,
Island Study Area, IN = Intake Study Area.

sex,

study area, and season EI = Elk
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hoWevgr,~home range siées would be expaﬁded at times
through the season by trips somewhat outside of previously
eétablisﬁed home rénge bounaaries, or by a change in
déytime-bedﬂing sites. 1In ﬁhree cases animals made a

shift completely out of their established home raﬁges

‘within a season. Two of these were shifts off of Elk

3Island in late summer.

‘Home ranges were also faifly stable from season to
season. Of the seven animals tracked in summer and winter
at Intake, all had overlapping summer and winter home

ranges. Changes in home range size and shape from summer

‘to winter reflected use of different agricultural fields,

shifts in daytime home range to better access agriculturél,

fields, and generally gfééter mobility, even among animals
that did not use-agricﬁltural fields.

At Elk Island some amount of shifting occurred
between the major ségments or sub-areas of the rivef

bottom. Most of these changes occurred in fall. Four of

13 animals had made complete (non—overlapping) shifts in

home range between September and the October 29, 1982
triangulation session. These shifts may have beén
influenced by disturbance by archers or pheasant hunters.

When tracked again in December, three of the fourAHad‘made

- further shifts, one back to its summer home range. From

Septembér 1983 to January 1984 nolcomplete home range

shifts were observed in six animals,'thpugh in two
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instances radioed deer had shifted daytime activity to the
Island.

Most animals that did not change location from summer
to win;ef egpanded'their home'ranges thfough movement into
new areas, including more dist;nt agricultural fields.

.Three animals moved to the east side of the river one or
N ]
more times. :

"
£

Only 10 deer were radio-tracked during successive
summers or wiﬁters.l One of seven tragkéd in two suﬁmers
had non-overlapping summer home ranges, while the others
had similar h&me ranges 1n'both yeérs{ one adult female
had identical GAC's for both summers. All three animals
tracked in both winters haquuite similar home paﬁges.

Year to year changes in use 0of agricultural areas
appeared to be slight in_animals occﬁﬁying approkiﬁétely
the same daytime home range. Of four such animals tracked
in two summers, all used the same alfalfa fields. Of
tﬁree animals éracked for tﬁo wintefs, two used t#elsame
agficultural areas, although not éxactly tﬁe samé fields,
even though this afea was several kilometers from their
dayfiﬁe bedding siteé. Two of three animals tracked for
cone night in March 1983 used the same afeas aé they
normglly-&id in the.wihter of 1984.:

kelease in 1a§e summer of‘shegp onto agricultufal

fields and riparian cover of the Hagler farm at Elk Island
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and cattle onto the.Gentry bottomlands did not result in
aqy noticeable changes in home range and movement of deer
using either area. Some shifts in home range and movement
of deer ogcurred after cattle were removed from the
bottomlands at Intake in mid January, but these appeared
related to the availability of cattle feed sites in the

absence of cattle.
Activity

Patterns in activity of radio—-collared deer
determined by signai strength variation and observation
were similar to those determined by mean distances between
successive hourly 1locations (Figs. 18 and 19),
indicating that periods of deer activity coincided closely
with periods qf deer movement. It also indicated that
rate of movement could be used as an index to activity,
though deer may occasionally be active without moving far
enough for the movement to be detectgd by telemetry.

Thus, a midday peak in activity based on signal strength
was much more apparent than a midday peak in rate of
movement. '

Both data sets indicated that the deer were
crepuscular, with pronounced peaks in activity at
approximately sunrise and sunset. Less pronounced peaks

appeared near midnight and noon (Figs. 18-20).
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Figure 18. Percentage of deer on both study areas that
were active, as measured by radio signal
variation, during hour-long periods of the day
in winter 1984.

Deer were more nocturnal during summer when activity
was significantly (p<0.05) lower in midday and higher
during other periods than in winter (Fig. 21). However,
the daylong percentage of deer active in summer (52%) did
not differ significantly (p>0.3) from that during winter

Cri AT
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Figure 19. Mean distances moved between hourly locations
of deer on both study areas in winter
Vertical bars are + 1 standard error.

Average hourly distances moved over 6-hr time periods
compared within and between seasons also indicated that
deer were more active nocturnally in summer. Midday
movement rates in summer approached the mean distance
error of triangulation, indicating little movement, and
were lower than in winter (Table 4). Midday movement
rates were significantly lower than during other periods

in summer, but were similar to midnight movement rates in

winter (Table 5).
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Figure 20. Mean distances moved between hourly locations
of deer at both study areas in summer
Vertical bars are + 1 standard error.

Afternoon movement rates were higher than during
other periods of the day in both seasons. Afternoon and
morning movement rates were higher at Elk Island in winter
than in summer, reflecting the greater distances moved to

agricultural fields (Table 4).
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Figure 21. Percentage of deer at both study areas that
were active, as measured by radio signal
variation, during 6-hour periods of the day
in winter and summer seasons.

Movement rates plotted by hour (Figs. 19 and 20)
show that the timing of activity was similar in summer and
winter. The evening peak in both seasons was higher than
the morning peak, and occurred in the hour after sunset
(i.e., the second in the pair of locations occurs in the
hour following sunset, so the peak of movement centers
around sunset). The peak in morning movement extended
over the hour before and the hour after sunrise in both
seasons, partly because of the averaging of different peak
times on the two study areas. A possible peak in movement
rate at midnight was also indicated in both seasons, but
was more pronounced in winter. Both seasonal plots

indicated a possible small peak in movement at noon.
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Table 4. Multiple comparisons of mean deer movement rates
' (m/h) between 6-hour periods during summer and
winter. Values joined by underlining are not
- significantly different at the 0.05 level using
Scheffe's multiple comparison test.

SUMMER
Both Study Areas .
‘ "Midday Midnight Morning - Afternoon
88 : 152 167 222
WINTER
Intake .
Midnight Midday Morning Aftermoon
115 126 171 212
Elk Island
Midday Midnight Morning Afternoon
106 159 288 . 329

1.

Téble 5. Seasonal comparisons of rmean movement rates.
(m/h) of deer within 6-h time periods.

Morning Midday . Afternoon Midnight
0400-0959 1000~1559 1600-2159 2200-0359
Intake Study Area :

Summer 174.9 . 97.5 218.4 137.0
Winter . 170.9 125.8  211.6 115.0
p-value 0.850 0.097 0.800 0.221

Elk Island Study- Area ) '
' Summer .165.3 83.2 202.2 153.5

Winter 291.3 108.2 329.8 . 154.9

p-value ~0.001 0.064  0.000 0.940

S~
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General observations 8ugggsted that deer on the
Intake study area were active later in-the morning and
earlier in the evening than ﬁhoée on the Elk Islaha study
area. Although this was supported by movement rates (Fig.
22) and signal monitoring (Fig. 23) in winter; only a
sligh; difference in timing:of ﬁovement rate peaks was
apparent in summer (Fig. 13). The differences in timing
may have been less than an hour and therefore too small to
detect by hourlyVFriangylaEion, orlthe apparentl& earlier‘
afternooﬁ activity at Intake may have been partially due
to earlier use of ében cover types such as agricultural
'fields. In late summer, five recorded obser;ations of the
time at which déer first appeared in alfalfa fields
averageds mindtes before.sunset at Elk Island and 37
minutes at Intake. A wider evening movement péak at Elk
Iéland may indicate éhat deer there were active and moving
for some time before venturing into open agriqultural
‘fields. .

" The relatioﬁship befween habitat use and activity was
examined for 124 radio locations. Deer were more active
at night and in agricultural fields than during the day or
in riparian cover. 'Over both study areas and both
".seasons, 27%Z of dayyime locations in riparian habitat were
classified as active, wheréés 71% of nighttime riparian
and 927 of nighttime agriculturai locations weré

classified as active.
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Figure 22. Mean distances moved between hourly locations

of deer on the Elk Island and Intake study
areas in winter.

In summer, females with fawns at Elk Island moved
less during the 2 hours before and after sunrise and
sunset in early summer than in late summer (p<0.05). This
probably reflected their infrequent use of agricultural
fields in early summer and increased use later. At other
times of day there was little difference in movement rates

between early and late summer.
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Figure 23. Percentage of deer that were active, as
measured by signal strength variation, during
hour-long periods of the day in winter 1984 at
Elk Island and Intake study areas.

Ambient temperatures also affected deer activity,
especially during summer when high temperatures apparently
depressed activity (Fig. 24). Movement rates during the
day (from the fifth hour after sunrise to the third hour
before sunset) were significantly lower at temperatures
over 32 C than below 32 C (p<0.001). At one hour after
sunset this relationship was reversed, i.e.. movements at
higher temperatures were larger than those at lower
temperatures. This might indicate that more deer delayed
movement/activity on hot days until about sunset,
resulting in a more synchronous movement of deer and
higher mean movement rates. Moreover, during the period
from 2-4 hours after sunset, movement rates at 21-32 C

were still somewhat higher than those at less than 21 C.




68

700 ~
N . >32 ¢ r
——
X « 2C
Sl = 21-31 C
LR pAC
O 500+
S
e |
X 400
o
b o
=z
[
g 3004
(")
[+
8 200
z
b
(=]

100 1

0 7 —r———r———

P;\f}’),ﬁ;&,\"'\r‘!b*).\Q’?;\’P’ﬁ'&,’“'\r‘:‘”b‘\ﬁ

HOURS FROM SUNRISE HOURS FROM SUNSET

Figure 24. Mean distances moved between hourly locations
by deer on the Elk Island study area in
relation to ambient temperature during summer.

During winter, no relationship between temperature or
wind-chill and movement rates was apparent. Movement
rates within a temperature class were not consistently
higher or lower than those in other temperature classes,
and few differences were significant.

The phase of the moon did not appear to affect
nighttime deer movement rates, or any effect was masked by
other factors. Although analysis of variance showed some
significant differences in mean movement rate among moon
phases, there was no trend toward increasing or decreasing

movement with increasing or decreasing lunar illumination.
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Habitat Use

Patterns of habitat use and selection for specific
cover types varied'among study areas, seasons, daytime
and nighttime periods, and, to some extent, methods of

-deterﬁination (Table 6). .

Elk Island Study Ar;a

Summer.~-GEOCALC analysis of habitat types within scanning
circles around,loc;tions of radio-collared deer as
compared with faﬁdom locations:indicated highly
significanf selection for mature cottonwood (MCOTTONWOOD)
and shrub (SHRUB) types at all times. Younger seral
stages, including young cotténwoﬁd (YCOTTONWOOD), willow-
cottonwood thiéket (W-C THICKET) énd sandbar—seedlipg
(SANDBAR-SEED) were either used in proportion to
availability or avoided. TUse of mature willow (MWILLOW)
'ﬁas indicated to be proportionately greater than
évailabiliti overall,‘but this apparent selection did not
fpllow in separate analysis of data for nighttime and
daytime periods. The slough type (SLOUéH) appeargd.to be
selected for overall and at night while the canal bank
tCANAL) was avoided. The apparent preference for’slopghé,
however, may have been an artifact of consistent deer use
of adjacenf mature cottonwood cover and aifélfa fields by

two radioed deer; other observations indicated little use
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Table 6. Cover-type selection by white-tailed deer on
the Yellowstone River study areas as determined
by GEOCALC, aerial radio relocations, spotlight
surveys and other relocations.

GEOCALC ANALYSIS

—————————————————————————————————————————— —————— AERIAL SPOTLIGHTING OTHER
EI®SUMMER EI WINTER IN SUMMER IN WINTER  LOCATIONS  ========c-——uae LOCATIONS
- -- === (YEARLONG) E IN (SUM&WIN)
COVER TYPE A D ALUE W EI IN SUM WIN SUM WIN EI & IN
GBAR-SEED & 0¢ - - 010 &), VISl L e R VYD - =0 -— ==
W-C THICKET -- - 2.209
YCOTTONWOOD 0 O - 0/ 309 S it LS (Y -- + 3.08
MCOTTONWOOD ++ ++ ++ ++ + + e S O ko o R 0 29.07
SHRUB ++ o+ o+ + o0 o o o + 0. o} o ++ 0 14.98
MWILLOW T ) T m - =0 ++ 0 3.08
ASH 0 0 0 0 0 + .o 20 o S o +*+ ++ + ++ ++ 11.45
SLOUGH + + 0 ¥ 0.0 0 0
CANAL - - - - -- 0.44
CRBOTTOM 0o o - - 0.44
FLDPGRASS A 0./ 60 N AT + + 0 -— - - = = 44 5.73
UPLDGRASS -- 0.88
HWDRAW -- 0.44
GRAIN - - 0 a1 e 0 LA 0 04 0.0 == 0 =-- =--bott 2.64
Oupl
PLOWED o o --
WWHEAT 0
BEETS - - + 4+ - - ++ 5.29
ALFALFA 0 5 0 & o 0 ++ ++ + + + 0 ++ ++ ++ +bott 17.62
++upl
CFSITE ++ 4+ ++bott  2.64
+upl
RICH 0 0 + "
TOTALE - 0 0 0

8 EI=Elk Island, IN=Intake

baeall (day and night locations, whole area), N=Night (night locations, whole area), D=Day (day locations,
riparian areas).

€0 indicates no selection (p>.05), - indicates avoidance (p<.05), + indicates positive selection (p<.05),
and -- or ++ indicates highly significant avoidance or selection (p<.0001).

dyalues are percentages of all locations.
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of this type by deer. No radio-collared deer used the
canal bank in summer 1983 and, thus, évoidanée.was shown.
Yet, one:radioed adult female used thiévtype exclusively
during the day in summer 1982.

GEOCALC indicated floodplain grasslands (FLDPGRASS)
ﬁeré avoided.at night and used in broportion to
availability during the day. Other data indicated
grasslands were little used during the day; e.g., less
than 1% of aerial radio relocatiqné at Elk Island and only
3.4%2 of summer daftime'walk—in locétions_oflradioed deer
were in this type. The lack of avoidance of grasslands
‘during the day in the GEOCALC analysis may have been
influenced by the occurrencg of grassland adjacent to
riparian cover used by several radio-collared deer.

Agrigultural types weré used only during late
afternoon, nighttime, and early morﬁing periods.
‘"Telemetry data showed that diel use of égricultural,areas
peaked during 2100-2400, theq decreased to none at 0500°
(Fig. 13). - Overall, 26.7% of)ail nighttime deer locations
were in agricultural fields.

0f agricultural types, only alfalfa was significantly
seleéted for in the GEOCALC analysis; Although the
inclusion in the study area.(availability) of some
agricultural areas little used by radioed‘deer may have
decreased the obpértunity fo detect selection of

individual agricultural types, use did not approach
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availability for any type but alfalfa. Thirty percent of
all scanning circles around nighttime locations contained
alfalfa as compared to 8.6 percent during the day.
Spotlighting data alsd show that alfalfa was the only
agricultural crop used more.than expected based on
availability (p(d.QOOl), accounting for 73% of all
dbservations of deer in agricultural and grass'fields

(Table 7).

Table 7. Percentages of total deer observed using
agricultural fields and grasslands during
spotlighting counts 1in relation to the
availability of each type on the Elk Island
study area durinag summer.

Percent Percent
Cover type Use Availability: VA p-value
Grassland 14.9 21.26 -3.8362 <0.0002
' Cereal Graims  12.4 . 42.52 -15.035  <0.0001
Alfalfa 72.7 29.53 23.354  <0.0001
Beets 0 - 6.69 —6;608 <0.0001

- " T e ke et e e ey A et - T S M e S S S v e A S P M e v . S e S m—m A —mt v e St v

aZ=(U—A)/[A(1—A)/N]O'5, where U=use, proportion of all
" radio locations, A=availability, poportion of total
area, N=number of radio locations.
Negative Z-values indicate use of -a type less than
in proportion to its availability, positive indicates
use greater than in proportion to its-availability.
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Numbers of deer seen in aifalfa fields and total
numbers of deer observed in spotiight counts generally
increased from early to léte summer (Fig. 25). Telemetry
data showed a similar increase in use of agricultural
fields (fig. 12).

Habitat use based on GEOCALC was similar dqring
jsummer 1982 and 1983. A somewhat higher occurrence of
grasslands, in deer scanning ;ircies dﬁring 1982 probably
reflected slightly higher triangulation ;rror plus use of
ripérian cover near grésslapds by several radio-collared
deer. Distribution and.use of alfalfa fields was similar
in both summers. Beef fields (BEET) were widespread’in
summer 1982, but the GEOCALC analysis showed thém to be
avoided at night (p<0.05). Few fields of beets were grown
- 1in 1983, mést at some distance from ripa?ian cover, and no

use of beets was observed in spotlighting or general

observations.

Winter.-~GEOCALC analysis indicated significant selection
for maturé cottonwood during all times of the day. Shrub
and mature willow types appeared’to be selécted overall,
while mature Willoﬁ was also selected at night; The
green ash type (ASH) was selected during daylight houfs,
probably as a result of increaseddaytime deer use on the

Island where most green ash stands occurred.
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Figure 25. Numbers of deer observed in spotlight counts

on the Elk Island and Intake study areas
during summer 1983.
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Grasslands occurred in deer scanning circles in
agproximate proportion to availability. Again, this'may
have been an artifact of deer use of riparian types
ad jacent to grasslands, ;t least during the day.

Alfalfa and sugar beets were the two most highly used
?gricultural crops in winter. ‘GEOCALC analysis as well as
spotlighting data (Table 8) showed sugaf beets to be
highly selected at night even thoﬁgh preferred beet fields

were greater than 1 km from utilized riparian cover.

Table 8. Percentages of total deer observed using

o agricuultural fields and grasslands during
spotlight couunts in relation to . the
availability of each type on the Elk Island
study area during winter.

Percent Percent A ‘
.Cover type Use Availability Z p~value
Grassland 11.6 18.21 ~2.799 0.0052
Grain Stubble - 9.7 . 7.30 . 1.508 0.1310
Plowed Grain 2.2 43.33 -13.563 <0.0001

Alfalfa 42.3 23.47 7.260 <0.0001

Beets 33.7 7.69 15.952 <0.0001
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Alfalfa was not selected in the GEOCALC analyses
while spotlighting data showéd it to be highly selected.
This difference was iﬁein part to theﬁighqruse by
radioed deer of beef fielﬂs.. Also, feﬁ-alfalfa fields .
retained enough residual plant material to attract deer.

Most grain fields were fall-plowed and not used
except for tra&él. The few small fields left in stubble
were shown to beﬁsed about in proportion to their
availability in GEOCALC and.spotlighting analyses.

In winter, like summer, deer use of agricultural
fiéids occurred primarily in late aftermoon, at night, and
during early morning. Fewer than 17 of daytime
(0800-1600) locations occurred within agricultural éreas,
whereas, over half (64.37) of all deer locations between
1800 and 0600 were in agripultural areas. Use of
agricultural fields was .-highest before midnight (Fig. 15).
Tﬁe proportion of nighttime telemetry locations (1800-
0600) occurfing in agpicultgral areas deqreaéed from
January to March (Fig.:26). The trend in numbers of deer
observed in spotlighting was also downward through thg
‘winter’(Fig; 27). Hoﬁever, in winfef 1982-83 agricultural

use by radioed animals remained high in March (Fig. 26).
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Figure 26. Percentage of total nighttime Jocations of
radioed deer that were in agricultural
areas on the Elk Island study area during
winter (1984 data points were monthly means
which included several sessions, while
1982-83 data points represent individual
sessions),

Intake

Summer.-—-Analysis of habitat use at Intake was complicated
by movement of 3 radio-collared deer from upland used
during the day to fields on the river bottom at night. As
the summer progressed, these deer spent more time on the
bottom. Because deer could not be consistently and
accurately relocated in the uplands, only bottomland
locations were included in the GEOCALC analysis. Relative

use of upland cover types was determined by aerial and

ground radio locations and spotlighting.
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Figure 27. Trends in numbers of deer observed in
spotlight counts of deer through winter 1984
on the Elk Island and Intake study areas.
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Among bottomland riparian types, green ash was very
highly selected at all times (Table 6). The extent of
thié dse precluded measurable selection for any othér
riparian types, except shrublands during the day. Mature:
cottonﬁoods'wefe'not selected during the Aay and weré

avoided at night. Although mature willow appeared to be

avoided, this may have been more a reflection of the

d;stribution of radioed animals than preference. Most
mature'willowlwas.located on the west epd of the Gentry
béttom, wﬁile radioed deer were more concentrafed on the
east. |

Aqong 5ottbm1and agricultural types, alfalfa was

highly selected (p<0.0001) in the GEOCALC analysis, and

.accounted for 80% of all spotlighting observations.

Qereal grains appeared to Be selected at night in the
GEOCALC analysis, while spotlighting data showed these
grain fields to be highly avoided (p<0.00015. The
appareﬁt selection of grain in .the GEOCALC analysis was
likely due to deer selection for alfalfa fields and
riparian cover adjacent to wheat fields. -Irrigated wheat
fields, which were loca;ed ad jacent to alfalfa fields,
were selected, while non-irrigated wheat and barley’
fields, which were located further from alfalfa fields,
were avoided in the GEOCALC analysis. 1In addition, meters

of wheat edge per unit of wheat field area in deer scan
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circles was.a;most twice that of random scan circles,
'1nd1cating that most deer scan circles containing wheat
were not centered in wheat fields.

) Grasslands, which were shown to be used in
appréximate,proporti;n to aQailability in the GEOCALC
fanaiysis, were avoided (p<0a0061) as measured by
ipotlighting counts. They accounted for only 6.8% of
spotlight observations (Table 9). Aerial and &irect.

observations of radioed deer indicated very little use of

- grasslands during the day (Table 6).

Table 9. Percentages of total deer observed using
agricultural fields and grasslands during
spotlighting counts in relation to
availability of each type on the Gentry
bottom at Intake during summer. -

Percent . Percent
Cover Type Use Availability A ~ P-value
Grassland  6.79 . 12.64  -4.533  <0.0001
Wheat 12.97 50.54 ~19.349 <0.0001
Alfalfa 86.24 ' 36.82 ©23.180 <0.0001
Irrigated 64.86 . 23.47 -25.14? <0.0001

Non-irr. '15.38 13.36 1.529 0.1260
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Only 13 deer were seen during two spotlighting
surveys on the Adams bottom where, with_little
agriculture, deer apparently remained largely within
riparian cover at night. Although bnly two deer were seen
in the one low—qdality alfalfa field during spotlighting,
bbservationé during tr;angulation indicated that 5-15 deer
;egularly used the fiéld, at least. at dpsk and dawn.

in contrast, up to 371 deer were seen in individual
spotlight éounts on the Gentry bottom (Fig.—ZS), where
several high-quality alfalfa fields were located. Average
depéities of deer in individual alfalfa fields were as
ﬁigh.as 6.2/ha. Numbers gbserved in spotlight sufvgys
ipcreased sharply after July 30, when surveys were
initiated.

Use of agricultural fields was highest before
midnight. Where deer were located in fields during only
one of each paﬁr of nighttime sessions, it was almost
twice as likely to be the pre-midnight rather than post-—
midnight session.

Among hpiand cover types, grasslands were avoided.
ZOniy 15 (1.6%) of 917 aerial lbcations at Intake during
all seasons from 1980 to 1984 (Dusek, uﬁpubl. data) were
in upland grasslands (Appendix Table 12). Similarly,
spotlighting along the base of the uplands resulted in
only 5 (0.7%Z) observations of deer in grasslands, -and all

appeared to be travelling to or from bottomlands.
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Although upland'drawsdid nptappéar Eobe selectedin'the
aerial location Qata,ldraws were the most highly used
upland types. Very iittle use of upland agriculture was
observed during summer, with thé.exception-of'one alfalfa

.field.

ﬂinter;——ln the GEOCALC analysis, ash was the predominant
riparian cover-type‘selected,(Table 6). Use of the mature
cottonwooﬁ type was higher than iﬁ summer, and selec?ion
was shown for the da&time period. Floodplain grassland
appeared to be selected overall and at night, but this
'probably reflected the high use of céttle feed sites
(CFSITE), two of which were located in grasslands. There
also appeared to.be an increésgd ﬂse 6f grasslands in’
March_as:greenup,bégan. Deer were_regularly observed
feeding at dusk in crested wheatgrass fields on the Adams
bottom,-beéinning in early March.

Deer made little use of bot tomland agricultural
fieids at Intake during winter. Spotlight counts showed
most deer in trees and .shrubs near field edges (Table 11).
Most agricultural use was concentrated on cattle feed
sites (CFSITE), ana much ﬁée of alfalfa appeared to be
;;sociated with uée of these sites. Although GEOCALC
indicated use of grain stubble in proportion éo
gvailability;bépotlight sufveys indicated évoidance.

Again, much of this use probably was associated with use
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of other types, especially cattle  feeding sites;

Eou; of five radioed deér.on the Gentry bottom used
upland draws in early January Wheﬁ cattle were using apd
being fed op the bottom. Three of these returned to the

bottom-éhort1§ after the cattle were removed in late
January. Simiiarly, the number of deer observed in
spotlighting counts on the bottom increaééd from only 7 iﬁ
January to 93 on March 23, and the proportionof time
radioed deer using both upiands and bottomiands spent on
the bottom also increased to approximately 75% by iafe
February and March. Meanwhile; numbers of deer seen in
upland fields ‘remained fairly constant through the winter
(Fig. 27). This may havg reflected increased use of the
'qpland fields by deer.from'othér‘areas. Some of the deer
oﬁserved on upland fields were known to have travelled
thére from riparian areas outside the immediafe study
area.

Use of upland agricultural“fields occurred from iSOO
to 0800, with the peak just before-midﬁight. Spotlighting
showed that a harvested corn fie;d éna grasslands Wéye'
avoided, while an ungrazed alfalfa field was highly
.selected (Table 10). Stubblé and gréen wiﬁter,whgat
fields were used in approximate pr@portIOn'fo their
a;ailability,.thoﬁgh they cumulafively accounted for more

observations tham alfalfa. Also, not all parts of winter

N
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Table 10. Percentages of deer observed using various
cover types' during spotlight counts as
compared with availability on the Intake
area during winter.

. Percent ‘Percent Percent
Cover Type All Observ. Ag.Observ. Ag.Avail. Z - P-value

Mature cott. 29.27

Ash 10.36
.Shrub 4.27
' CFS 35.98 |
Grassland 7.93  39.39 ‘i2.64 4.624 <0.0001
Stubble =  1.22 6.06 50.54 =5.111 <0.0001
Alfalfa 10.98 . 54.55 36.82 2.112  0.0348
Nel64  Ne33
Upland
Draw 0.79
Haystack 3.9
CFS | 4.3
Corn® 0.0 0.0 3.98 -3.094  0.0020
Grassland - 0.79 0.87 29.06 =-9.436 <0.0001
Alfalfa - 37.8 _:41756 | 8.83° 17.533 <0.0001
Stubble . 31.9 35.06" 32°4d;‘ 0.864  0.3898
Winter Wheat 20.5 22.51 25.30 -0.975  0.3294
| N=254 Ne231

éThe one corn field had been cut for silage.
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wheat and stubble fields cduld be surveyed with a
spbtlight; sﬁch countS'Qere lower than the Febr;ary 2
count at dusk of 182 deer in upland winter and stubble
fields. The recorded use ofttﬁo haystacks on upigﬁds near’
tﬂe bottom was 3.97%Z of all deer observed in ﬁplénd' |

spotlight counts.

‘Ground Observations

Ground observations of collared animals (represénting
approxiﬁately equal proportions.of daytime riparian and
;iéhttime agricuitural locations) are listed in Table 6.
Alfhouéh the precise availabilities are mnot easil? defined
for these data, fhey genefally support the previously
'stated:patterns of hagitat usé, with mature cottonwood,
shrub, and aéh typés being the most highly used.riparian
types and alfalfa and beefs the most highly used

agricultural crop types.

Heterogeneity

In additién to use of individual habitat typés,‘the
GEOCALC analysis‘exémined the number of cover types (RICH)
dﬁd the ;otal of edge lengthé of all types (TOTALE) within
s¢anning circles aé'indices of‘diversitf or Hetérogeneit§
(Table 6). 1In use éf riparian habitat dur;ng'the daytime
deer did not.génerally select for areéé with éieaterl
diversity or more total edge, at leést,not'as &egsured in_

this study.
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Effects Of Weather

Ddring summer,‘selectien'of cover types ﬁas not
obyiously affected by ambient temperature. Thunderstorms
appeared to decrease use of agricultural fields, as
indicated by triangulation and spotlighting sessions
‘eonducted-dufing nights of thundersebrm occurrence.
| Duiing wihter, weather conditions severe'enough to
negatively affect deer use of agricultural areas were.not
encountered. Jenuaiy was the coldeet month of the study
(Fig. 2). Yet, this Wes';he time of highest deer use qf
agricultural fields at Elk Island (Fig. 31){ Similarly;
the highest count of deer during spotlight surveys in -
winter occurred during the coldest conditions——temperature
of —21’C,”wind speed of 12.1 km/hr, and‘equivalent still
air tempefature of -48 C. During triangulation sessions,
fempefatures of -22 C with winds of 19 km/hr'(equivelenp
still- air temberathre of =57 to -62 d) had no effect on.
deei use of egricultural fields.' Atlloﬁ temperature and
high wind conditions deer might be expected to select
microsites within a field with lower wind speeds, euch es
along.field edges or ditch banks, but this was not

observed during. any spo;light surveys.
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Cover Density

Mature willow showed the highest overall density but
only one stand ﬁ#s sampled; noﬁ all stands were this
‘dense. Mature cottonwood and shrub types showed high
densities at.heights up to 1.5 m as a result of shrub
:ﬁﬁaerstorigs; The green ash type had high vglueé above
1.0 m due to trunks and 1imbs,'wh11e cover,density‘above
0.5 m 'was low in youpg cottonwood and grass types. |
Willow=-cottonwood thicket sggnds.were not ﬁeasured
because, in most cases, the entire board would have bgen
campletelj obscured.

Cover density scores at all heights were generally
higher at Elk Island than at Intake, for those types
sampied at- both areas (young and mature cottonwood, shrub,
and graésland). These differeqces were significant
(p<0.05) for thée 0.5-1.0 m and ;.0—1.5 m heights in mature
cottonwood and shrub’étands, refleéting lighter shrub
understory at Intake. At Intake, density of mature
cottonwood stands was similar to-that of ash étands,at the
0.5-1.0 m level.

Mature>willow and willow-cottonwood thickét stands
were most effective in decreasing wind speeds‘in winter
(Table 11). Mafu;e cottonwood and‘shrub cover types were
‘also effe;tive in slowing'wind due to their shrub

understories, while grass and grass—-understoried t&pes and
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an opeh field were least effective. These-comparisohs
should be considered'only as rough'EStimates, since most
'types were oﬁly sampled at one site,-but‘they serve to
show the range of relati?e wind spéeds tobg:expgctedip

various cover types.

‘"Table 11. Wind speed measured in representative stands of
various cover types 1in winter expressed as a
percentage of wind speed measured at the base’
weather '‘station (grassland).

Willow-cottonwood thicket 0.3%

Mature Willow ‘ 2.9,
Mature cottonwood 11.3
Shrubdb t 26.3
Young Cottonwood ) 38.8
Ash 45.0
‘Sagebrush-Grassland’ 62.0

Alfalfa field 167.0
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DISCUSSION AND CONCLUSIONS
Distribution, Movements, and Home Range

Deer distribution was -centered on blocks.of

bottomland riparian habitat. Minor.use of uplands at

.Intake reflected the proximity of upland woody draws and
upland agricultural fields to bottomlands on that area.

"Allen (1968) along the Missouri River in northcentral

Montana and Zwank (1979) along the Grand River in Missouri
similarly reported white—tgiled deer to occur primarily on
bottomlanés, with only occasional use of uplands.
-A;chopgh nighgtime deer.disﬁribution reflected the
distribution of preferred agricultural fields, déer
apparently did not concentrate near preferred agricultural
fields during the day. Tﬁe-only direct measurement of
daytime distributioﬂ,'the winter helicopter éurvey aﬁ Elk
Iéland, did‘nog indicate any concentrations of deer.near
égricultural fields within‘ripariép cover. Also, méét
radioed dee; used the same daytime home range iﬁ winter as

in summer, even when using different agricultural fields

at night. In"both seasons some deer regularly travelled'

distances of 2-2.5 km to agricultural fields when nearer
riparian cerr was availableﬂ

The moét distin¢tive'mdyements-of deer in this study
wére between néfuraliriparian cove? and ég&icqltural

fields. These were similar to movements reported for
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white~tailed deer in Iowa (Zagata‘and Haugen 1974), and
'may.represent the general patterﬁ in agricultural areas
interspeﬁsed by blocks.or patéhes of woodland or other
cover. |

| Although deer from the same area of riparian cover
'géner;lly travelled to and concentra;ed in the same
 §gr1cultura1 fields, the pattern and extent of movement

varied seasonally with the kind and location of selected

fields. In summer, movements were most often simply to the -

neafest alfalfa field. In winter they were more varied.
agd tpe closesc‘fields were not.always selected.

| The variety in winter moveﬁents, pius the fact'thét
severélldeer pracked iﬁ successive winters moved to and
used fields in tﬁésgme apea(af some distance from
riparian coyer) both yéars;-suggested'that_tradition and
learning were important inAdete£mining_field use and
movements, in.addition to proximity gnd forage quality.

It also appeared that deer were normally able to

locate and travel.to fields at considerable distance from )

riparian cover if more preferréd fields were not located

nearby. ' Most long distance movements on the study areas

" probably eicther fell within normal seasonal ranges or home .

range boundaries in agricultural areas were flexible
enough to include nearby, higher-quality fields.

Marchinton and Hirth (1984) stated that awareness of
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distant food sources may determine the %xtent to which
deer will move out of their normal rangés to meet their
needs. Because‘cfop types and cropping‘practiées on
individual fields changed annually, use of fields far from
riparian cover probably began with their discovery by deer
that have traditidnally moved to their'vicinity or by deer
wandering sufficiently_to'locafe them. ' Once severél deer
began using a field, knowledge of that field may have beeﬁ
conveyed to other deer by the movement towards these
fields in the evening.

Bodies of water did not appear tolimit'deer
‘"movements and home ranges to‘the‘extent shown by Michael
(1965) and Gajin et al. (1984) who reported that waters
wider than a deer could jump across formed a barrier to
deer moveﬁent. During this study deer regularly waded.
irrigation and drainage ditches and some commonly swam
across the river from Elk Island to the mainland‘(75-100
m). Deer on the Adams bottom at Intake apparently did not
cross the 200-300 m wide.river, in summer or on the ice in
winter to use agricultural fielas on the Gentry bottom,
although they may reaéily swim across ﬁhenvharassed by
hunters. Fawns were able to swim‘the river by August.

Fawns apparently did not begin making substantial
movements and accompénying does into fﬂelds until Augus
when they were approximately 6 weeks oid. Jackson et él,

(1972) found that fawns 30-70 days old were active only
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12-16% of the time, mostly during the day; and- Ozoga eﬁ
al. (1982) indicated that does’and their fawns‘did not
readily.associate with other déer until 4-6 weeks
postpartum. Does with fawns used agricultural fields -
prior to the time fawns accompanied theﬁ, but'leSs\ofteﬂ
and for shorter periods..

Differences in total home range sizes of deer in this
study appeared to be related to differences in behavior
between sex—age classes and changes in habitat betweep
seasons and study areas; fearlings andiadult males
exhibited moré variation in movements from day to day than
adult females. This was reflected in the larger home range
sizes of adult males and ygarl%ngs of both sexes. Several
studies have documented that males are generally more |
mobile than females (Carlsen and Farmes 1957, Thomas
et al. 1964, Michael 1965, and Alexander 1968), while
Tierson et al. (1985) reported similar home range size for
both sexes. |

Larger home ranges among &earlings:than adult white-
tails were also reported by Nelson and ‘Mech (1984). There
are several possible reasons for this. In summer,
vearlings have become independent of m;ternal constraints
(Nelson and Mech 1984) and may not have established a
fixed home range or habitual movement and habitat use

patterns. Secondly, the lower social status of yearlings
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may result in greater movements due to encounters with
dominant animals. . Gavin et al. (1984) gelt that.agonispic
behavior among females ma& act as a spacing mechaniém.,
However, yeﬁrlings also appear to wander more than adult
females at night, when deer are congregated in fields and
such spacing mechanisms would presumably not be acting.
Also, yearlings may simply have a greater innate
behavioral tendency to wander than adults, just as males.
seem to havé in comparison to females.

In winter, the d;fference between yéarling and adult
female home range sizes was smaller than in summer. This
appeared due in part to a substantial increase in adult
female home range size in winter, but may also indicate
that yearling females had better established individual
home ranges, that they reunited with their dams, or that
social intolerance had decreased.

Deer in this study showed markedly different daytime
and nighttime movements and habitat use. They were
relatively sedentary during the day and limited movements
to riparian cover such that daytime home ranges averaged
only 1/2 to 1/3 the size of total home ranges. This may
represent the general pattern in habitQts where deer
forage in open cover types subject to human activity or
other disturbance.

Age and sex differences were reflected in daytime as

well as total home ranges. However, because daytime home
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ranges were not influenced by movements to agriculture;
they did not.differ by seaéon'or‘study a;ea. Apparently,
differepces in diétributién and kinds of ripafian habité?
between study areas werelnot greaf enbugh to produce‘
significant differences in daytime homé range size émbng
3fema1es, aithoygh.éniﬁais using uplénds had large daytime
;s well as tot;1 home ranées.
Total home range size was related to habitat
charattéristics. Differenées in home range size between
istudy areés and seasoné were largely a reflection of
Qiffereﬁces in disqribut;on'of agricultural fields
relative to daytime bedding sites. This also appéared to
gccodnt for'a large paft of fhe variationlbetweeﬁ_
indiiidual deer within seasons and s?ﬁdy areas; ‘Mahy of'
the smallest home ranges in -summer refieéted thg‘proximi:y
of alfalfa to riparian cover. During winfér many dee;' |
éxpanded their home ranges to include more'disténf fields,
especiaily.beets and upiand wheét.‘ ﬁoﬁeﬁer, even among
deer that uséd.the same fieldgrin winter as in sﬁmmér,"
home'rénge sizé was often 1arger>i§ wintgr.
Summeflhbme'ranges of white-tails in this'study_

appea?ed to fit into the lowef‘part'oflthe rangé ﬁf home
range éiéés observed elsewhere (Appéﬁdix; Iable 13),
eSpecially when the affectA6f~ndmber of locations oﬁ

pqugon.sizé are considered (Jennrich'and'Turnef 1969).
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only those reported by Marshal;vand Whittiﬁgton-(1968)'an¢
Kémmermeygr_ahd Marchinton (1956) were much smaller.

Mean winter home range sizes in this study were
larger télative to other studies thanm in summer. Deer
movements on the &gllowstone River were nof restricted by
isndw*in wiﬁter, and home r;nges were expanded by use of
E;gricuitural f}elds more distant from daytimé1c00ér.
Wiﬁtervhome rangeg'reported for other studies were often
in areas where snow or yarding behavior restripted deer
movement. Drolet (19765 reported larger home range sizes
in a wi'nter of low snow accumulation than in a winter of
heavy snbw.

- Differences in habitat aﬁd distribution éf importan£
hahifat components probably accounts for much of the
wvariation in home range siée betwegn'studiés and areas.
Hoﬁe'ranges of white-tailed in Texas appeared to be
cqnéistentiy small, while those nepo;ted by Wood (in
prep.) .for whiﬁe-tails‘occuﬁying oéen pfairie habitat in
Montap& easily averaged the largest. Thomas et al. (1964)
attributed chew;ow mobilicy and small home'ranges Qf'deer'
in Tean'io éood disbeféi§h of-fdod, covér, énd water, as
well as hiéhlaffinity of deer fof thei£lﬁome range. The
small, fairly‘s;able home ranges seen in this study Alsb
éppeéred fo‘reflect cloée intérsﬁersion of'riparian cover
typés'and rhe'pfoximity of égriéulture to'riparién cover.

in'contrast, both the upland portion of the Intake area,
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and Wood's study area, on which large home ranges
occurred, were characterized by patchy cover consisting
primarily oﬁ widely separated Qoody draws. Although home
ranges of adult females reported by Sparrowe and Springer
(1970) in a similarly patchy cover situation were not
particularly large, the number‘of\locations was low and
other sex—age classes showed much larger home ranges—-

2

overall summer home ranges averaged 2.6 km“, and winter

7.0 km?2.
Activity

The general diel pattern of deer activity observed in
this study, with major ﬁeaks of activity near sunrise and
sunset and sometimes minor peaks around noon and ﬁidnight,
was similar to that seen in other studies of white-tailed
deer (Michael 1970, Ozoga and Verme 1970, Jackson et al.
1972, Zagata and Haugen 1973, Kammermeyer and Marchinton
1977, Gladfeltér 1978, Krausman and Ables 1981, and Gilbert
and Bateman 1983) and mule deer (Eberhardt et al. 1984).

An activity pattern with two peaks is the most common
in vertebrates (Aschoff 1966). The adaptive basis for
this patfern in deer may relate to‘predator avoidance
strategies (Jarman and Jarman 1973, cited in Leuthold
1977) and rumen fill requirements (Montgomery 1963,

Leuthold 1977). However, deer are aparently capable of
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shéwing considerable modification and adjustment to this
basic pattern in adapting to local and seasonal
environmenth copditions.

Ambienf temperatures appeared to the a decided
effect on deer activity and probably acéounted for much of
the seasonal differences in diel activify patterns on my
study area. Deer in summer were 1arge1yi1nactive during
midday and highly active in evening, midnight, and morning
periods, while in.winter they were much}more active during
midday with little difference in activity during other
periods of the day. Similar increases in daytime activity
from summer to winter were reported by Michael (1950),
Miller (1970), Hood (1971), and Vogel (1983). The

decrease in movement and activity at high summer

temperatures seen in this study, as well as others (Miller

1970, Drolet 1976, and Ockenfels and Bissonnette 1984)
suggest that the low activity during thg day in summer may
be a response to high temperatures. However, Hood (1971)
in Texas and Kammermeyer and Marchinto% (1977) in Georgia,
reported more activity during the day %han'at night in
summer, indicating that deer/were more itolerant of or
acclimated to high summer temperatures in those areas than
deer in this study, or that factors other than temperature
are involved.

The shift towards daytime activity from summer to

winter may have been a similar res onsel to times of more
y ! P |
|
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favorable tember;tﬁres. It might be expected that ﬁnder
mgfe severe winter weatﬁer conditions, deer would bécome
eéen less active (Gilbert and Bateman 1983),,especiaily at
nigﬁt. Couﬁtéracting this tendeﬁcy would be the
'attra;tion of high quality fdrage'in the forms of
:kgricultural crops and residues that were availaﬁle under
'Ehe cover of dérkness.‘ Weather conditions observed dgring
this #tudy wére not severe enough to prevent use of
agricultural fields. Moen (1966) also found deer using
agricultural fields under severe winter weather
conditions.

Acﬁivity patterns glso appeared to have been_affééted
by habitat characteristics and human disturb;nce. ,Deef
did not remain bedded in fields during the day as reported
by Moen (1966). Instead, most activity .during midday was
confined to riparian cbver andlmos? use ofvagricultuéal
fields'occurfed during twilight and evening periods. Deer
%ere mare active while using agriculﬁural figlds than
riparian'COVer, Hood (1971) aiso_noticed a‘dichotomyain
habitat use of open and dense cqvér types &uring daylight
and nighttime periods. |

Greater nocturnal relativevto diurq;1 ;ct1v1ty
obgerved in this stﬁdy in summer than.tha; feported by
Héod (1971) ?ﬂd Kammermeyer and Marcﬁin;on (1977) probably

was related to deer dependence on agriculture, the
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openness of the fields, and human activiﬁies. Diel
activity and movement patterns similar to those‘iq this
Study'wefe féported in other agricultural areas by
Gladfelter (i978) and Zagata and ﬁéugen (1973).
Kammermeyer and Marchinton (1977) found an'increase in
Locturnal relati?e’to diurpal moveﬁént from summer to fall
Ewheﬁ deer began using.agricultural fielés. Thé'dependence
on agricultural crops seen in this study and their use
§n1y at night probaﬁly maintaineé a level of ndcfurnal
acti?ity in winter greater than what might have been
expected in non—agricultural areas.

Disturbance may cause deer to become active mére at
night or to use open cover types oﬁly.at night, or both.
Vogel (1983) found loéer digrnal and higher nocturnal
activity in areaé of high versus ;ow héusing deﬁs%tf.

Happe (1982), -however, found that black-tailed deer in

developed residential areas did not decrease their daytime

~activity relative to deer in undeveloped areas, but did

use open éover types more upder covér of darknesé.

The apparent uée of open'cover types earlier in thé
afternoon and later in the morning at Intake than af Elk
Island was ﬁrébably related to distributions of riparian
and agricpitural habitgf an& 1évéié.of human disturbance.
Many of tﬁé élfalfa fields at intake were 15 proximi;y‘to
or borde?ed by riparian cover, yet in winter deer often

traveled well before sunset across the county road to
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ubland wheat fieldsiﬂ view of the road and also reactéd
less té spotlighting than thosé at Elk Island. Thi;
éugéests that differences in overall human.acgivity levels
may be‘in§olved, rather than habitat distribution. - The
Elk Island study area has a higher housing deﬁéity and iér
'fnear the town of Savage. A large part of the area is open
to pdblic_access andlmosgof the area receives heavy
hun;ing pressﬁre, while the Intake afea is more rémote.and
comprised of pfivate lands with restricted access and-very
restrid;ed-hunting pressure.

Seasonél differences in daylong activitj’lévels of
dgef were not detected in this ;tudfr Altbough Beﬁrend
(1966), Silver et al. (1969) and Moen (1978) report
decreaséd‘a;tivity or ;owered‘metabolic rate in mid-
winter, deér in this study'were active approximately Fhe
‘same propc;ortion of the time and move‘d as much.or more in

‘summer as in winter.
Habitat Use

Selection - of Riparian Typ;s

Collectively, the habitat use'dafa ghoﬁed that mid-
to l#te;seral riparian‘communifies-—matune cottdnwood,
éreén ash; éhruB, and 1n'30me.cases‘maﬁure willow=-were
most highly preferred. Allen (1968)'also‘found the mature

cottonwood type used extensively by white-tailed deer on
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Missouri River bottomlands. Younger seral stages were,
f6r the most part, used less than or in‘proportidn te
“availability. Grasslands were avoided,'especiglly during
the day.

Daytime habitat selecfion measured bj aerial
locations during 1980-1984 (Table 6, Appendix Teble 125
was similar to that measured by GEOCALC. Aerial
relocations better showed selection for ash and mature
willow at Elk Island. These types werellipited‘in
distribution and generally occurred as‘small_scattered
s;ends such that the larger semple obtained ae aiscrete-
locations over a'greater'length of time in aerial
relocetions might be more 11ke1§ to show selection. - Ae
Intake, aerial locations showed seiectionlfor~ypung
cottonwood that was not observed in GEOCALC analyses. This
‘'may have reflected differences in cottonwood stand age
classification applied to the two sets of data.
| Little seasonal change in reiative use ef riparian
cover Eypes occurre@, though daytime GEOCALC analysis and
aerial'rediolocations indicated a elight shift at Intake
from heavyuse'oﬂash in summer togreaterusé‘efmafure
and young cottonwood in winter; Other seaéonal'
differences Ehet occurfed in GEOCALC analyses 1nve1ved
changes in nighttime use of aériculturai.fields ahe
¢changes ih,disc;ibution of radioed deer. WEile total use

of riparian typee declfned'with,increased use of
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‘agricultural types at night, relative use of individual
riparian types were similar to those during the day.
Habitat use and cover density data indicated that

deer selected riparian cover types with dense, tall cover.

Mature cottonwood and shrub cover types generally had

.abundant rose and snowberry cover. On the Gentry bottom

at Intake, where mature cottonwood understories were

sparse and area of shrub stands was_iimited,‘deer selected

highly for the ash type. Ash stands provided cover in the

form of dense canopy and numerous trunks, and some with a
more open canopy had more of a shrub understory. Mature
willow stands were generally quite dense and often

included a shrub component. Deer also appeared to select .

‘the more dense sites within a given stand as bed sites,

especially dense clumps of buffaloberry, rose, or

"snowberry.

Dense cover may serve several functioms. It may
provide thermal co?ef necessary to maintain heat balance
in'periods of high summer and low wiqter tqmperatﬁreé.
Ockenfels and Bissonnette (1984) mnoted iﬁcréased use of
riparian areas and a decregsed use 6f uplands by deer.af
temperatufeé above 30 C. The function of woody cover in.
reducing wind—cﬁiil and radiaﬁf heat-ldsé'in winter is
wellidocumentﬁd (Moen 1968, 0Ozoga and dysel 1972). Cerr.

may also be important for security, allowing deer to .
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inhabit areas subject to human qisturbance and to
'wrthstand very heavy hunting pressure. Dense cover may
also increase visual isolation, which may, if social
‘intolerance exists (e.g., at.fawqrng, Ozoga et al. 1982),
permit.a closer epaciné and higher densities of deer than
;more open habitat. |

Although riparian corer may aerve thermal and
aecurity_functions, patterns of habitat use seen 1n.this.
study euggeated that its role as security waa the more
1mportant factor in selection. Tﬁia.was indicated by both
the coﬁstancy, regardiessﬂof weather er éeason, in
selection of riparian eover types andAthe diel use of
agricaltural and riparian tfpes. Although the preaence'of
human activity was probably an important factor in
raintaining the diel pattern of habitat use in this study,
Black et al. (1976) suggested that hiding cover ﬁas |
necessary even in the absence of predators or human
disturbance, to achieve full use of an area by deer.

Forage availability may also have'affected-seleetion.

of riparian cover types. Suring and Vohs (1979) indicated

that communities providing Both cover and forage were more.

heavily used by white- tailed deer than those providing
either alone, and Kohn and Mooty (1971) found that
preferred forage abundance was .the most important factor

determining habitat selection.
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Although 1 did.nét examiné food habits, data obtained
for the study area during 1980-1985 by Dusek (Appendix
Table 14, unpubl. data) indicate that'hative ripériaﬁ
plant species providéda majoricty of the diet of deer on
the river bottom throughout the year. Browse was the
:major forage class in rumens, with snowberry being the
gérqdominant sﬁecies in summer, followeﬁ‘by rose anq
willow. .In winter, cottonwood predominated féllowed by
snowBerry and rose.

These brbwse species were most abundant in cover
types with high shrub densi;ieg. Vegetation frahsects
W?;hin the Elk Island and Intake study,areés (Boggs 1984)
showed live shrub coverage of'38, 27, anﬁ lé% in mature
cottonwood, shrub, and asﬁ tyﬁeé, respectively. Mature
willow'trénsééts in‘éther.sites also'shdwed high shrub
coverage (327). Shfub‘coverage in willow-cottonwood
thicket, young cottonwooa; and gfassland types were very '’
low.

Some ash stands thaﬁ'were‘heavily used by deer at
Intakg contained little Bhrub‘understo;y. Theée;may have .
Béen selected ﬁore-for their cover value (dense canopy and
high trunk density) and their close proximity to |
agricultural fields; métufe'cottonwood'stands-in thé area
'generally had.a sparse shrﬁb understory. Ash stands also .

had high forb coéeragé-(Boggs.1984y
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The major winter food item, cottonwood browse, was

"probably obtained’primafily'in,mature cottonwood stands

from windfall branches, as evidenced by habitat use
analysis and tracks of feeding deer in fresh snow,

although leaf litter was pfobably used as well. At

'Intake;a.shift in winter from high daytime use of ash to

‘greater use of mature and young cottonwood may have been

related to use of cottonwood browse, as well as a

reduction ;n cover value of ash stands with leaf-fall.
Grasslands were avoided-during daytime‘due-tb ;heir
lack of cover. Though use increased af.night, it remaingd
;ow-feiative to availability. , Spotlight counts within the
riparian.cover ;t Elk Island reQealed fewer deer in
grasslands than in mature'cottpnwood or shrub stands
despite very limited visibility in the latter. .Low use of
grassiands.was probab;y feiated'to low océurregce of A
grasses in the diet. Significant use was recérded only at
I;takeﬁduring early green-up in late winter 1984. Most
g;ésslands on the study areés were dominated by introduced
grassés and ﬁany were abandqnea fieldé?\ G;asslgnds_maf,
alsd dry sooner than'fypes with a shrus or tree overstory.
The willdw-cotténwood thicket type, which was also
avoided, provided dense covér-but 1acked-aﬁy shrub

understory.
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' Factors Af%ecting Use of Agricultural Fields

The primary»factors affeéting agricﬁitural'field use -
weréﬁhe amounténd typeﬁf crop or crop residue
' évailable. Alfalfa was highly sélecfed for wherever
sufficient plant material ?emainedl Beéts were heavily
;sed iﬁ winter. Grain fields were little used in summer.
in winter, gro;ing winter wheat and ungrazed'stubﬁle
fields were used by 1a£ge numbers of deer.

Grazing of-livesfock on'agriéultural fields, a common
practicé after fall harvest; had.a major iﬁpact bh.forage
-a?ailability and deer use of fields in fall and winter.
Deer made little use of fields within an area on which
sheep had been grazed at Elk island. At Intake'thei made
little use of.alfalfa'or wheat étubble fields which had
‘been.grazed by cattle; instead, they concentrated
éé?icultural use on ungfazed upland wintér wheat and
§tubble fields and one alfalfa field.

Harvest and post;;ropping practices also affected the
amoﬁnt of crop residue 1ef;. Fall'plowing'precluded deer
use of almost all wheat fiélds at Elk Island. Late-
harvested barley fields with gbundant waste grain Qere
qsed, but at lower levels than édjacent alfalfa fields.
Tﬁe use of ungrazed alfalfa fields dep;nded‘on the:amount
of residual material left aé influenced By the number of;

'cﬁttings, and also probably -the time of last cutting.
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Beet harvest and field treatment mefhoﬂs appeéred to
influence sugar beet residues'and-availability; Some
-harvesters left both sh;edded leavés and cut-off crowns on
the ground, while others left crowns with leaves 1n.

- windrows to be‘grazed.by liveétock or harvested for
ibilage. Other beet péris that may be left are lower root
sections, unde%sized beets, and whole beets spilled during
loading. ‘Som;.fields were then left until spring wiéh
waste materials on or near the surface;.while others were
plowed, probably burying soﬁe material but also'exposing
some roots, and allowing digging.‘ Some fields were also-
treated further by disking, smoothing,'and ieveiing, wh;ch
aiso may-gring some residual beets go tﬁe surface. Fieids
used in winter 1982-L§83 were unplowed, Jwith tops- lefct,
and 1arge1§ ungrazed. The most heévily used field in
winter 1984 had leaves and crowns removed but was also
plowed. Food habits data (Dusek, unpubl. data) showed
‘high use of beets in April,'coincideqt with spriﬁg plowing
,of fields.

| Extensive use-b& deér.may gradually depléte forage in
agricultural fields. This may have been the.reaéon for
the dec¢line in use through winter1984_6fa beet field on
which deer concen?rated. A similar decline did not occur
bétween Deceﬁber 1982 and March 1983, a'winter when many

more beet fields were available.
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~There was some evidence that forage conditions iﬁ
ripar;an areas ﬁay have influenced deer use of
agricultural fields. Decreased use of -fields occurred
»during mild conditions in mid'to late winter 1984_;pd
early green—up. Desiccation of riparian veéetation may
Pave been-at léast partly responsible for the increasing
ﬁse of alfalfa.through the summer, as has been reported by
Kamps (1969) and Egan (1960). However, this increased .use
of alfalfa during summer was also related to:increased use
by does with fawns.

Proximity of fields to riparian vegetatioﬁ also
'affected use by deer. Fields distant from riparian cover
received relativély little use if high quality fields were
located nearer to cover. ‘

Location of fieids relafive to human disturbance
seemed to have little éffect on nighttiﬁe.use. However,
égriculturai fields located away from disturbance and with.
bpe or mqre_riparian cover borders ﬁfoﬁably received

somewhat greater use by deer during the day.
Overall Habitat Use Relationships

Collectivel&,‘my findings indicate that habitat use
b& whitg-tailed‘dger.reflectéd their response to varying
:phfsical and biotic.chafacteristics:algng the-lower
'Yellowstdne Rivér, Naturalnr;parian cover and'

agricultural lands were the two major components of deer

\
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‘habitat.  Diel patterns of'movement, habitatlselection,
and activity were ciosely tied to these components. Their

relative distributions,wére reflected in distances deer

.mqved and home range size. Food habits further documented -

,the importance of both components--snéﬁbefry and alfalfa
'ﬁere the majoréitems in summer diets, while cottonwood and
Leets at Elk I;land'or ?ottonﬁood and wheat at Intake
comprised the bulk of the winter~diets;

These reiationships are consistént with the findings
of Swenson'et ai. (19§3), who’reported that 717% of all
white—téiied deer observed in eastern Monfana during -
winter occurred in riparién habitats in‘associ;tion with
agricdlture._

In addition to and interacting with these two_primary
factérslére the topography and phyéiogréphy of the river
valle&,.land uée and oéeratipnai'practicesP and, to a
lesser extent, weather conditions. The combination:of
these features, as well as behavioral and social factors
rela;ing to sex-and age, influenCed‘deer d;st?ibution,
moﬁements~and home range, activit?, and éeiéction-qhd'usé‘

of specific cover types.
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MANAGEMENT IMPLICATIONS

i.» Nafural riparian commuﬁities in mid to late Serél
(tree énd shrub) stages comprise the core ﬁabifat for
ﬁhite—tails od and adjacent to the Yellowstone River.
‘kefention'of e#isting stands is important to maintain
cﬁrrént densifies and distfibutipn of.deer in the area.
Becéuse of the seral nature of tle major communitieg uéed
by qeer éspeciaily.the COttonwooélsere, Which in most |
cases will succeed tovoéen grasélaﬁds (Boggs 1984),
managemeqt of the lower Yellowstone River ecosystem to
maintain’quality-white—tailed dger habitat will require
provisions to continually re-establish tﬁese stands; This
is now occurring naturally through normal rivgr high flows
and the aséoéiafed channellcﬁtting and creation ofAnew
sand and gravel bars on which willow and cottonwoad
establish.

2. Al though results of this .study indicate a genéral
~pattern.of habitat u;e behaviorﬁ(distribution, movememt
and home range, activity, and seléction of specific cover
_typés), differéncés between.the Elk IsIand anﬁ Intake
étudy unité ;ndicated'that local paﬁtgfns'will differ'1n
relation to specific topographical and vege;étional‘

features, and land use practices. These factors, as well
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as .local weather conditions, should be taken into account
“in applying specific details of this study td other
siﬁuations. Also, studies to define habitat use pattgrﬁs
in other similar ateas should include representativé,afeas
of the broadly different habitat situations which occur.
3. During the growing season, use by deer waé
.concentrated Jpon alfalfa. Use of some alfalfa hay fields
on the Intake study area was sufficiently ﬁigh to be
considered damaging by}the landowner.

Al though actual damage to alfalfa was not examined in
this studi, other studies (Boyd 1960, Egan 1960) reported
no significaﬂt damage to alfalfa hay or seed production in
study areas seleéted on the basis of frgqugn; landowner
complaints 6f high deer damage. Sfudies in an |
agricultufal area in Wyoming with deer densities very
.§imilar.to those seen in alfalfa fields during this study
(Tebaldi 1982) found statistically significant damage
(p<0.1), averaging 6.8 kg/ha, in 33% of 79 cases. The
greatest damage. measured was 13.19 kg/ha wﬁich occurfed on
afieid which also had the highest mean deer@ensitiesin
spotlight.c0unts of.504 deer/ha. Theseiﬁata indicate that
the maximum damage to. be expected at these densities may‘
be economicaily important but will normal}y be

undetectable.
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My stud& shéwed thgt déer density in alfalfa fields

can.vary wi&el}.(0.24—6.18/ha).' Because 1local sifuafiﬁns
‘can occur whefe deer use is heavy, deer damage complaints
should be evaluated on a local basis. |

-'Deer use of other crops did not appear to be heavy
ienoﬁgh to cause démage. Although landowners report that
?deer may damage growing sugar beet leaves and crowns, this
proba$ly dépends on tﬁe availability of alternativés; Beet
fields d;d'noﬁ receive heavy use during‘summgr in tﬁis
study. Large numbers of deer used green winter wheat
fields in winter, but large fiel& areas probably reduced
potential for overuse. The avhiiability,of stubble fields
édjacént to winter wheat fields, which reéeived as much
use during.spotlight counts, prébably algé reduced the use
aﬁd'impact'oﬁ winter whéét. Tebaldi (1982) found no
;ignificant effect of deeron winter wheat in an area of |

frequent depredation complaints in Wyoming.

4. The tendency of deer from specific blocks of riparian

cover to utilize certain fields near that area suggests

that development of agricultural fields and crops for. deer.

in or near riparian cover on state~owned or managed lands

.gduld reduce use on outlying private lands.’ Alfalfa may

be the best crop\in that it is highly preferred during the

growing season as well as in winter if time for regrowth
occurs after the last cutting. If fields are share-

crbpped, therefore, only t%o cuttings should be taken, and
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stands maintained in vigofous condition. On private
“lands, grain gtubble might be ieﬁt standing after fall
harvesg. Although not highly preferred, the availability .
of étubbleand waste grain could reduce use of ofher

_crops.. If beet leaves and crowns are not left on the

ffield after harvest, plowing méy.increase the availability

;

of waste parts to degr.

5. ‘Spotligﬁt‘c§unts to determine numbers of.deér using
fields should be conducted in the perioﬁ froﬁ 1-2 hours
after sunset until ﬁidnight, when maximum numbers can be
expected. Sﬁotligh; counts made in late summer Qill best
represent numbers of deer using the-fiéld.because deer'
tend to stay longer as the summer progresses. Spotlight
couﬁts may better represenf deér-hours than numbgrs'of
deer, ihe former probably being more apprépriate to crop
damagé estimation. Numbers of deer usihg fields adjacent
to r;périan céVer will be underestimated by instantaneous
spo;light counts because deer_are more likely to'alﬁepnate
between use of.riparian‘cpver and agricultufai fields if
the two are near each‘otﬁer.

6. This étudy has Aemonstra;ed marked differences in
nocturnal and diurnal dist?ibution,~movement aﬁd home
range, activity, and usé of specific cover‘types. .Other
studies should‘fécognize thé pdssiﬁi?ity of these'

. differences, especlally in areas ﬁith open habitat
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components, and include monitoring during nighttime
‘periods at least until such differencés are shown not to

exist.’
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Table, 125 Habitat selection and use based on aerial
relocations of radio-collared deer on
Elk Island and Intake study areas, 1980-1984
(Dusek, unpubl. data).

COVER TYPE PERCENT USE PERCENT AVAIL z*

ELK ISLAND STUDY AREA (N=1245)

SANDBAR-SEED 0.24 5.83 -8.418
W-C THICKET 2.65 6.78 =5J796
YCOTTONWOOD 222 12.19 “75117
MCOTTONWOOD 50.36 29.48 16.1358
SHRUB 1'9::92 14.43 5.513
MWILLOW 7439 1.83 14.637
ASH 10.20 15.-92 21.290
SLOUGH 1.20 1.85 =1 . 702
CANAL 1.85 4.69 -4.740
FLDPGRASS 0.96 17.53 =15 347

INTAKE STUDY AREA (N=782)

SANDBAR-SEED 0.24 3.48 -4.944
W-C THICKET 1.42 2.83 ~25.313
YCOTTONWOOD 5.80 3.81 2.907
MCOTTONWOOD 21.30 231427 -1.304
SHRUB 6.27 160153 =14335
MWILLOW 4.62 4,25 0.513
ASH 46.63 10.88 32.105
FLDPHAY 6.27 9.78 -3.304
FLDPUNCUT 1.18 16.97 -11.763
ASHDRAW 4.85 12.52 -6.481
SHRUBDRAW 1.18 4.31 =41e 300

aZ=(U-A)/[A(1—A)/N]O'5, where U=use, proportion of

all radio-locations; A=availability, proportion of total
area; N=number of radio-locations.

Pselection significant (p<0.05) at !2!>1.96.




Table 13.

Home range sizes of adult female white-tailed

deer reported from studies in various areas and
habitats.

MEAN HOME MEAN NO.
RANGE SIZE(ha) N® LOCATIONS LENGTH OF b
(range or SE) (range) PERIOD METHOD LOCALITY SOURCE NOTES
SUMMER
MIXED FOREST
211 14-16 (>5) - Min. Area NE Minnesota Hoskinson and Mostly adult females,
(48-210) Mech (1976) some fawns.
16 1 - 5/18-7/8 Mod. Min. Georgia Marshall and Female with fawn.
Whittington (1968)
83 5 8 7 weeks Min. Area NE Minnesota Nelson and Early Summer
(17-114) Mech (1981)
150 2 (74-80) May-Aug. Min. Area NE Minnesota Nelson (1979)
(100-199)
76 2 (64,30) 6/11-8/26, Mod. Min. NC Minnesota Kohn and
(68,85) 6/23-7/172 Mooty (1971)
45 <9 - - Mod. Min. Georgia Kammermeyer and 915 total locations,
Marchinton (1976) No. home ranges not known.
221 64 (>4) - Hand drawn Adirondacks, Tierson et al. Summer Min. Area(all deer)
(SE=19) New York (1985) =325, hand drawn=219 ha.
84 4 - 29 days Mod. Min. C & NE Florida Marchinton and Every 1-3 hrs. over 24 hr.
(65-97) (16-55) Jeter (1966) period, 1-2 periods/wk.
AGRICULTURAL-HARDWOOD
233 1 124 3/22-11/17 Min. Area Iowa Gladfelter (1978) Riverbottom
149 4 6 1-4 mos. Min. Area E South Dakota Sparrowe and
(52-337) (4-13) Springer (1970)
326 19 15 - Min. Area E Montana Wood (in prep.) Prairie-Agricultural
(42-881) (10-19)
87 27 101 2-3 mos. Min. Area E Montana This Study Riverbottom
(29-165) (71-143) June-Sep.
CONIFER FOREST
311 8 (>4) June-Aug. Min. Area SE Montana Dusek (1980) H.R. of two deer expanded
(<13-829) by winter range pts.
71 12 (9-36) - Min. Area NW Montana Leach (1983)
(10-289)

LT1




Table 13. Continued.
MEAN HOME MEAN NO.
RANGE SIZE(ha) N® LOCATIONS LENGTE OF
(range or SE) (raange) PERIOD HITIODb LOCALITY SOURCE NOTES
WINTER
MIXED FORESTS
26 10 (5-30) - Nin. Area NE Miomesots Hoskinson and Mostly sdult females.
Mech (1976) 8 of 10 < 34 ha.
132 45 (>4) e Hend-drawn Adiroadack Tierson et al.
(sg=18) Mtoe., WY (1983)
345 S 1160 Dec-Apr 10, Crid BC Mimnasota Rongstad and Cadar Swamp
(202-484) Jau~-Apr Te r (1969)
L1 2 30 7-8 weeks Min. Ares BE Minnesota Nelson sad
(37-50) Mech (1981)
182 5 55 <1-4 mos. Min. Area Wew Brunswick Drolet (1976) 3 of 5 tracked for
(20-546) (21-129) one month or less.
ACRICULTURAL~-HARDWOOD
70 2 (] 2/5-4/1 Nod. Nim. Iowa Zagata and Riverbottos
(59-81) (8-33) 12/13-3/19 He » (1974)
634 17 15 - Nim. Ares B Momtans Wood (Ia Prep.) Prairie-Agricultural
(112-1370) (10-24)
182 11 68 Jan-Nar Mia. Arees B Montens This study Riverbdottom
(84-387) 1-2.5 wos.
99 S 6 20 daye to MNin. Ares E South Dakots Sparrowe aand Riverbottom
(26-155%) (3-14) whole seasson Springer (1970)
CONIFPEROUS FOREST
6 (>4) - Hin. Ares S8 Momtana Dusek (1980) Pondeross Pine Porest
(<13-181)
40 17 - - Band Drawn BV MNostanas Mundinger (1978)
(19-83)
ANNUAL OR ANY SEAS
62 12 - 2.2 wmos. Grid Texss Ioglie et ol. 7,350 fizes om 25
(38=6) avg. (1979) radioed fessles. Prairie
[ 1) 7 - = 952 Ellipse & brushland.
( 8)
59 3 7.3 moe. Hod. Minm. Texas Michaeel (1963) Those w/ >20 locations meses
(24-138) (35-101) avg. =83 ha. Preirie Brushland.
178 15 (351-249) >3 wouthe Hin. Ares 8C VWiscomein Larsos et al. Adulct snd fewn femal
(8R=26) (1978) t T reck @ »
end bordering ag. la
104 18 112 19 sonths 952 Ellipee Columbdis R., Cavim et al. Riverbottom.
(36-317) (35-339) (6-38) Washington (1984) Conifer grasslend.

Sgusber of home remges or deer.
Min. Area=Ninimus comvex polygos of Mobr(1947); Mod. Mio.=some method of cosmecting perimeter pts. resulting im
although some slsc fncleuded visual locationms

e smaller are

All studies but Michsel (1963) utilised tel

try,

g8Z1
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Table 14. Food habits of white—-tailed deer on the lower

Yellowstone River during the period March
1985 as determined by rumen
unpubl.

1980 through Sept.

content analysis (Dusek,
those taxa comprising more than 17 of total
volume are listed.

data).

Only

WINTER (Nov.-Mar.)

BROWSE

Populus deltoides
Rosa spp.

Salix spp.
Symphoricarpos spp-.
Acer negundo

Total Browse

FORBS (total)
GRASSES (total)

AGRICULTURAL CROPS
Alfalfa

Barley

Wheat

Corn

Sugar Beets

Total Ag. Crops

SUMMER (May-Sept.)

BROWSE

Populus deltoides
Rosa spp.

Salix spp.
Symphoricarpos spp.
Shepherdia argentea

Prunus virginiana
Total Browse

FORBS (total)
GRASSES (total)

AGRICULTURAL CROPS
Alfalfa

Corn

Barley

Total Ag. Crops

INTAKE (N=16)

88/31.0%
44/ 2.5
B L ey
38/-3:0
/525>
100/48.0

44/ 2.0

69/ 4.0

0/0
6/tr
81/44.0
6/tr
0/0
88/45.0

ELK ISLAND(N=23)

78/19.5
D2/ N2 o5
26/ 3.0
74/11.5
0/0

100/44.5

/4501«

187/:9+5

(8/39.5

All Rumen Samples (N=22)

&5/
B AL
55/ 8%
86/21.
237 2%
41/ 1.
100/49.5

100/17.0

Lhuomunmounmo

50/ 3.0

73/22.5
5/ 2.0
9/ 5.0
73729.5

8 Percent Occurrence/Percent Volume
Primarily August and September.
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Figures
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Figure 28. Minimum convex polygon home range boundaries
of radio-collared deer at Elk Island during

summer 1983.
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Minimum convex polygon home range boundaries

Figure 29.

collared deer at Elk Island during

of radio-
winter 1984.




Figure 30. Minimum convex polygon home range poundaries
of radio-collared deer at Intake during summer
1983.




Figure 31.
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Minimum convex polygon home range boundaries
of radio-collared deer at Intake during winter
1984.
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