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MOVEMENTS AND HABITAT USE OF 
WHITE-TAILED DEER IN MINNESOTA' 

ORRIN J. RONGSTAD, University of Minnesota, Minneapolis2 

JOHN R. TESTER, University of Minnesota, Minneapolis 

Abstract: Radio transmitters were placed on six white-tailed deer (Odocoileus virginianus) in the win- 
ter of 1963-64 and eight deer in the winter of 1964-65 and their movements followed with an automatic 
tracking system. Winter home ranges were between 400 and 1,200 acres. Monthly home ranges were 
between 422 and 576 acres for the months January through March, 1964 and between 83 and 576 acres 
for the same months in 1965. Home ranges decreased with increased snow depth. The mean percentage 
of time associated with a cedar swamp changed from 74 percent during the day in January, 1964 to 17 
percent during the night in March, 1964, while it changed from 73 to 88 percent during the same pe- 
riods in 1965. Migration of seven radio-tagged deer occurred shortly after snow melted in fields in mid- 
April, 1965, but was between late April and early May for three deer in 1964 when snow was mostly 
gone in March. Does and juveniles moved with practically no meandering from their winter to summer 
range while adult bucks seemed more inclined to wander. 

This paper reports on winter home ranges, 
gross analysis of vegetation types within 
these home ranges, and spring migration of 
white-tailed deer in east-central Minnesota. 
Data were obtained by placing radio trans- 
mitters on the deer and following them with 
the automatic tracking system located at 
the Cedar Creek Natural History Area 
(CCNHA) (Cochran et al. 1965). Six deer 
were radio-tagged during the winter, 1963- 
64 and eight during the winter of 1964-65. 
In addition, three deer were ear-tagged in 
February, 1965. 

Much of our data is relevant to the phe- 
nomenon of "yarding" during the winter. 
However, our objectives were to determine 
gross movements and gross habitat usage of 
deer in the area, and the study was not de- 
signed to determine how and why deer 
yard. Ozoga (1968) has reviewed the rele- 
vant literature on yarding and reported on 
microclimatic differences that exist among 

1 Supported by the U. S. Atomic Energy Com- 
mission, COO-1332-43, and by PHS Training Grant 
No. 5 to 1 GM01779-01 from the National Insti- 
tute of General Medical Sciences. Computer time 
was provided by the University of Minnesota Nu- 
merical Analysis Center. 

2 Present address: Department of Wildlife Ecol- 
ogy, University of Wisconsin, Madison, 53706. 
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various food and cover components of a 
conifer swamp deeryard. Although radio 
transmitters would be a valuable aid in a 
deer-yarding study and in relating deer be- 
havior with microclimatic conditions, loca- 
tions based on triangulation (Heezen and 
Tester 1967:126) would in most cases not be 
accurate enough for microclimate interpre- 
tation. Portable receivers would be needed 
to determine exact locations (whether the 
deer was under a tree or beside it). Because 
getting exact locations usually disturbs the 
animal, and because we tried to keep hu- 
man influence on our study area to a mini- 
mum, we settled for gross determinations. 

Habitat within the study area has been 
described in detail by Pierce (1954), Bray 
et al. (1959), and others. For purposes of 
interpreting use of the available habitat by 
deer in winter, the types of communities in 
the 16 square miles containing and sur- 
rounding CCNHA were subjectively cate- 
gorized as follows: 64 percent upland (23 
percent woods, 41 percent fields); 32 per- 
cent lowland (18 percent marsh, 14 percent 
wooded swamp); and 4 percent open water. 
White cedar (Thuja occidentalis) of vary- 
ing density occurs in about one-fourth (350 
acres) of the wooded swamp; the remainder 



MOVEMENTS OF DEER IN MINNESOTA Rongstad and Tester 367 

is characterized mainly by alder (Alnus 
rugosa) and tamarack (Larix laricina). 
About half of the fields in the area were 
cultivated while the others had been retired 
from cultivation for various periods of time. 
The main crops were corn (Zea mays), soy- 
beans (Glycine max), alfalfa (Medicago 
sativa), and rye (Secale cereale). Corn was 
usually all picked by December 1, but 
enough waste corn remained to provide 
food for deer. 

Deer were present on CCNHA throughout 
the year, but the number increased during 
the winter when animals moved into the 
area. We suspect that this movement is re- 
lated to the cedar swamp which is the only 
conifer swamp cover for many miles around. 
Ozoga (1968) found that mature swamp 
conifers offered deer the best protection 
from cold and the least hazardous snow 
conditions of six habitat types studied. 

We are grateful to K. L. Heezen and 

J. C. Moulton who captured and marked 
the deer as part of their thesis research, and 
to the many personnel of the Radio Track- 
ing Project who assisted them in both field 
and laboratory aspects. W. H. Marshall 
and A. Peterson of CCNHA provided facili- 
ties and field assistance. D. B. Siniff gen- 
erously assisted with computer processing 
of the data. 

METHODS 

Fourteen deer, 3 juvenile does, 4 juvenile 
bucks, 5 adult does, and 2 adult bucks were 
captured with drop-door traps, and radio 
transmitters were attached as collars around 
their necks (Tester et al. 1964). Three other 
deer, 1 adult doe and 2 adult bucks, were 
trapped and ear-tagged, but not equipped 
with radios. Movements and behavior of 
the radio-tagged deer were monitored by 
the Cedar Creek automatic tracking system 
(Cochran et al. 1965). Although the system 

records a location every 45 seconds, we sam- 
pled these data once an hour for 3 days 
each week for the winter period. This sam- 
pling design resulted in 250-300 hourly lo- 
cations per month for each deer, which is 
considered adequate for determining home 
range (Heezen and Tester 1967) and for 
the present evaluation of habitat use. From 
April 1 until the deer started to leave the 
area, we sampled the data hourly. During 
the time an animal was in the process of 
leaving, its location was plotted when pos- 
sible, every 10-15 minutes. In 1965, after 
the deer had moved out of range of the au- 
tomatic tracking system, we located them 
once a day with a portable receiver. 

Winter home ranges were measured by 
dividing CCNHA into 6.4-acre squares (0.01 
square mile) and determining the position 
of squares containing fixes and the number 
of fixes in each square. To put a boundary 
on the home range, a process of searching 
alternately along the horizontal and verti- 
cal axes from squares containing fixes was 
initiated. Squares with fixes that were sep- 
arated along either axis by not more than 
two vacant squares were considered to be 
within the boundary of the home range; 
others were excluded. Home-range size was 
then determined by summing the squares 
within the boundary. This method, devel- 
oped by Siniff (Unpublished manuscript), 
has the advantage over that of connecting 
the external locations and measuring the 
enclosed area in that it gives intensity of 
use as well as area and readily adapts itself 
to computer analysis. It may, however, give 
a slightly exaggerated home range in that 
a single location in a square at times adds 
the entire 6.4 acres. It could also eliminate 
a square in which a deer spent considerable 
time because the square was separated from 
others by more than two vacant squares. 
This could happen when no fixes were ob- 
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Fig. 1. Home range of buck fawn 514 from January 1 to March 31, 1965, shown by actual path of movement (A) and by 

computer-generated pattern of 6.4-acre squares (B). Numbers indicate the telemetry fixes falling within each square. The 

uniform spacing of fixes on parts of the movement map (A) represents the intersection of consecutive 1 bearings from the two 

tracking towers. See Heezen and Tester (1967) for further explanation and for details of accuracy. 

tained while an animal was going to or from 
an area. An example of this representation 
of home range derived from an actual map 
of movement is given in Fig. 1. 

Analyses of habitats used by the deer 
were made by subjectively assigning each 
of the 6.4-acre squares to one of three broad 
categories: upland woods and fields, cedar 
lowlands, and lowlands other than cedar 
(alder and tamarack swamp and marsh). 
Upland communities were combined be- 
cause these were often of a mixed species 
composition (Pierce 1954) and because the 
scattered nature of woods and fields cre- 
ated so much edge that it could not be ade- 
quately separated with our 6.4-acre squares. 

White cedar stands were believed to be a 
very important component of the deer's 
habitat because of their modifying effect on 
severe weather (Ozaga 1968) and were 
given special attention. We included in the 
cedar category all grid squares that con- 
tained cedar, even though other vegetation 
types dominated. This results in a slightly 
exaggerated measure of use. Values for up- 
land communities would be somewhat low 
because all squares at lowland edges were 
placed in lowland categories. In spite of 
these biases, we believe that the data indi- 
cate major shifts in habitat use. 

Analyses of habitats were made for day 
(0601-1800 hours) and night (1801-0600 

A 

1 0 
I 
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Table 1. Date, distance, and direction of kills of deer tagged on Cedar 

tagged but not recovered. 
Creek Natural History Area. Six other deer were 

DEER DATE LAST KNOWN DATE MILES AND 
No. AGE SEX ON CCNHA KILLED DIRECTION MOVED 

501 Juv. F Feb. 5, 1964a Nov. 14, 1965 19 W 
503 Ad. F May 8, 1964a Nov. 11, 1964 6 ESE 
504 Juv. M Apr. 20, 1964 Nov. 8, 1964 14 SW 
505 Juv. F Apr. 20, 1964 Oct. 13, 1964 11 WNW 
506 Juv. M May 7, 1964 Nov. 7, 1964 11 SE 
511 Juv. M Apr. 13, 1965 Nov. 14, 1965 12 NE 
514 Juv. M Apr. 13, 1965 Oct. 30, 1966b 1 SE 
515 Ad. M Apr. 28, 1965 May 11, 1965 7 S 
517 Ad. F Apr. 13, 1965 Nov. 10, 1965b 4 S 

97 Ad. Mc Feb. 28, 1965 Nov. 13, 1965 65 NW 
99 Ad. Me Feb. 14, 1965 Nov. 13, 1965 1 S 

a Transmitters quit on these dates; animals were still on CCNHA. 
b Illegal gun kills; date of kill estimated. 
c Ear-tagged only; other deer had both transmitters and ear tags. 

hours). We selected these times because 
they most closely represented the actual 
light and dark periods for the interval we 
were considering, because we only obtained 
one location an hour, and for simplicity in 
computer programming. During December 

and January, one or two of the night fixes 
would be included in with the day fixes. 
We are aware that dawn and dusk may be 
different from both night and day, but we 
could not determine this with our 1-hour 

sampling interval. We feel major differ- 

Table 2. Monthly home ranges of white-tailed deer in the Cedar Creek Natural History Area during winters of 1963-1964 and 

1964-1965. 

DECEMBER JANUARY FEBRUARY MARCH APRILa TOTAL 

DEER No. No. No. No. No. No. 
AGE SEX No. Fixes Acres Fixes Acres Fixes Acres Fixes Acres Fixes Acres Fixes Acres 

1963-64 

Juv. F 501 - - 293 429 - 293 429 

Juv. F 505 -?-- 215 493 272 486 487 697 
Juv. M 504 - 76 - 250 435 226 550 552 742 
Juv. M 506 - -- -- 175 358 175 358 
Ad. F 502 - 281 448 262 422 289 576 332 601 1164 1075 
Ad. F 503 - 266 493 291 448 209 576 227 378 993 979 

1964-65 

Juv. F 513 191 230 258 269 269 262 109 122 - 827 602 
Juv. M 511 286 448 240 224 305 160 255 218 187 166 1273 634 
Juv. M 514 - - 361 262 362 333 327 166 161 147 1211 422 
Ad. F 510 277 493 310 576 359 454 346 358 150 358 1442 1197 
Ad. F 512 373 416 266 147 277 141 244 83 166 179 1326 499 
Ad. F 517 97 64 292 416 192 256 240 109 151 96 972 512 
Ad. M 515 136 314 293 499 318 205 335 237 195 224 1277 742 
Ad. M 516 b b b b b b 309 192 185 230 b b 

a Home ranges for April 1963-64 are based on the entire month; whereas, in 1964-65, they represent only the period 
from April 1-10, to remove the effect of dispersal. 

b During December, January, and February, deer 516 spent most of the time in areas at the limits of the range of the 
tracking system; therefore, our data are incomplete, and home ranges could not be accurately determined. 
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Fig. 2. Home ranges of adult does 510 (A) and 512 (B) from December, 1964, through early April, 1965. Map A is based on 
1,442 locations and map B on 1,326. 

ences in habitat usage between day and 
night overshadowed these periods of over- 
lap. 

RESULTS AND DISCUSSION 

Winter Concentration and Mortality 
CCNHA has been a winter concentration 

area for deer since they first became com- 
mon in that area in the late 1930's (Personal 
communication with Alvar Peterson, resi- 
dent of the area for 45 years). Norberg 
(1957) studied winter movements and for- 
aging habits of deer on CCNHA in 1952-53 
and reported that deer entered the area in 
mid-November, apparently to spend the 
winter. We obtained no information on the 
time deer entered the area during our study 
nor do we understand why deer move into 

the area, two major gaps in our knowledge 
of deer on CCNHA. Kills of animals tagged 
on CCNHA suggest that deer moved into 
the area from as far as 19 miles (Table 1) 
if we assume that these deer returned to 
the same wintering area each year. It seems 
unlikely that the buck killed 65 miles away 
would have returned to spend the winter. 
We do not have sufficient evidence to say 
whether the spring and fall movements of 
deer on CCNHA are migrations, dispersals, 
or wanderings. We suspect that some of 
each may occur, but the movements may 
best fit in the definition of migration. 

Of the 17 deer tagged on CCNHA during 
the two winters, 9 were known to have been 
killed the same year of release and 2 the 
following year (Table 1). Two of these 
were illegal gun kills and only accidentally 
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found, one was a car kill, and the others 1 
were legal kills during the hunting season. r 

Home Range and Habitat Use t 
Home ranges in acres (Table 2) and per- 

centage of time spent in the three categories I 
of habitat (Tables 3 and 4) were deter- I 
mined for each month of the two winters. I 

For the 4 deer monitored 2 or more months 
from January through April, 1964, the aver- 
age home range was 873 acres; and for 7 
deer from December, 1964 through April, 1 
1965, 654 acres. These home ranges varied ' 
between individuals of even the same sex ' 

and age. In the winter of 1964-65, adult 
doe 510 had monthly home ranges consider- 
ably larger than adult doe 512 (Table 2) 
and had a winter home range of almost I 

twice as large (Fig. 2). The sizes of home ' 

ranges given above do not differ greatly 
from the general estimates summarized by < 

Severinghaus and Cheatum (1956:152-154). 
However, they are much larger than the ] 

"daily" home ranges of 0.05-5.0 acres deter- ] 
mined by following tracks in the snow (Nor- 1 

Table 3. Percent of time spent by individual white-tailed deer i 

(1801-0600), 1964. See text for description of habitat categories. 

berg 1957:30) and of 6.0-145 acres deter- 
mined from radio-tracking data (Heezen 
and Tester 1967:137) for deer in mid-win- 
ter in CCNHA. 

Intensity of use of different parts of the 
home range of an individual deer was not 
uniform, as can be seen from all movement 
maps presented in this paper. Fig. IB, 
which shows the number of fixes falling in 
each 6.4-acre square, indicates that 75 per- 
cent of the total use of the 422-acre winter 
home range of deer 514 occurred in only 
38.4 acres. This concentration of use in a 
small portion of the home range was typical 
of all deer followed. However, the actual 
area of intensive use was not necessarily at 
or near the geometric center of the home 

range. Tester and Siniff (1965) reported 
similar patterns of use of home range for 
other animals and discussed some theoreti- 
cal aspects of the home-range concept. 

Snow depth (Fig. 3) appeared to have a 
marked influence on both home range and 
habitat used. We did not look at tempera- 
ture or wind in combination with snow con- 

in each habitat category during day (0601-1800) and night 

JANUARY FEBRUARY MARCH APRIL 

DB.PK "t 3 1 X 3 i"a a "a 
, a " C at 

DEER 
U 0L )u 0 00 - 

a 
-0 i; 0a0 

501 Day 
Night 

502 Day 
Night 

503 Day 
Night 

504 Day 
Night 

505 Day 
Night 

1964 Means Day 
Night 

86 10 
77 21 

3 
1 

70 19 11 74 18 8 49 35 16 23 60 17 
61 30 9 21 62 17 12 73 15 9 75 16 

65 6 29 71 4 25 16 37 47 0 21 79 
77 12 11 37 39 24 9 59 32 4 76 20 

- - - 35 59 7 54 35 11 38 58 4 
-- - 28 64 8 16 72 12 5 84 11 

-- ..- . 62 20 17 58 40 2 
- - 330 54 16 16 65 19 

74 12 15 60 27 13 46 32 22 30 45 26 
72 21 7 29 55 16 17 64 19 9 75 16 
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Fig. 3. Snow depths recorded at Cambridge, 11 miles north 
of the Cedar Creek Natural History Area, for 1963-1966. 

ditions as described by Verme (1968) and 
admit other factors may have been impor- 
tant. During the winter of 1963-64, when 
snow depth never exceeded 10 inches, 
monthly home ranges of deer remained 
mostly between 400 and 600 acres (Table 
2), and the time spent in cedar areas de- 
creased progressively from January through 
April (Table 3). In 1964-65, monthly home- 
range sizes decreased from a mean of 342 
acres in January to 186 acres in March as 
snow depth increased from about 10-42 
inches. The proportion of time spent in 
cedar lowland increased as the snow depth 
increased (Table 4). Location of the com- 
bined home ranges for all deer for the pe- 
riod from March 15-April 5, 1965, corre- 

sponded closely to the distribution of cedar 
areas (Fig. 4). The southern-most cedar 
stand was also occupied by deer, but none 
there were radio-tagged. Norberg (1957: 
15) also found that deer on CCNHA 
concentrated in the cedar swamps when the 
snow was 17-22 inches deep. 

Fig. 4. Combined ranges of seven deer for March 15-April 
5, 1965, showing intensive utilization of habitat containing 
white cedar (shown by black or white dots). Map is based 
on 2,048 locations. 

The contrast in home range size before 
and after snow melt is illustrated by the 
269-acre home range (75 percent of the 
time in 70 acres) of adult buck 516 for the 
40-day period prior to April 10, and 3,600- 
acre or more home range for the 25-day pe- 
riod immediately following the disappear- 
ance of snow. We do not know if this large 
home range is normal for adult bucks dur- 

ing the spring and summer or if this behav- 
ior only occurs for a period after snow melt. 

For the entire period that we followed 
deer during the winter of 1963-64 and early 
in the winter of 1964-65, deer spent more 
time in upland communities during the 

night than in the day (Tables 3 and 4). We 
believe this was a result of nightly feeding 
trips to oak woods and to open fields. As 
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Table 4. Percent of time spent by individual white-tailed deer in each habitat category during day (0601-1800) and night 
(1801-0600), 1964-1965. See text for description of habitat categories. 

DECEMBER JANUARY FEBRUARY MARCH APRIL 

DEER "a?" 3 ,B- "a?" 3 ( 3h hh-? 

510 Night 402238 7016 14 8513 2 99 0 1 761014 

Day 74 7 19 80 13 7 72 15 13 79 12 9 76 4 20 511 Night 552916 91 4 5 75 8 17 93 2 5 68 4 27 

1 Day 75 124 82 7 11 78 2 20 81 1 18 85 1 14 
5o1 D 4Night 77 4 19 84 3 14 84 0 16 89 3 8 71 11 19 

513 Day 65 7 28 73 3 24 93 4 4 92 6 2 - - 
Night 41 44 15 68 14 18 934 3 8218 0 - 

5 1 Day - - 65 4 31 59 2 39 68 626 53 1 46 514 Night - -- 55 0 45 51 0 49 65 1 34 54 2 44 

512 Day 52 16 2 71 17 12 866 86 6 8 89 3 8 7613 12 
Night 1079 10 5240 8 89 10 931 6 70 2010 

Day 35 27 38. 290 5 92 5 3 
516 Night 51 35 14 most fixes off map96 3 1 83 9 7 

514 Day 67 0 33 78 8 14 70 8 22 7618 6 48 51 
Night 62 0 38 76 6 18 621 37 84 3 12 57 0 43 

1964-65 Day 59 11 30 73 9 18 786 16 83 7 10 73 4 23 
Means Night 48 30 22 7112 17 77 4 19 88 4 8 69 8 23 

the snow depth increased during the win- 
ter of 1964-65, these trips to the upland 
stopped, and the deer remained in the cedar 
swamps. 

Number of Deer on Area 

As soon as the snow melted in the spring, 
deer could be seen in late afternoon in 
fields on and surrounding CCNHA. Rye 
seemed to be the main attraction since it is 
planted and germinates in the fall, remains 
green under the snow, and is the first avail- 
able green food when the snow melts in the 
spring. We made counts on all fields visible 
from roads and observed 60 deer on April 
11, 82 deer (2 of 7 radio-tagged deer seen) 
April 12, and 119 (2 of 7 radio-tagged deer 
seen) on April 13, 1965. On the basis of the 
number of radio-tagged deer seen during 

these counts and our subjective evaluation 
of the percentage of deer observed, we esti- 
mate that 200-250 deer were on the area 
during the winter of 1964-65. No compar- 
able counts were made in the spring of 
1964, but a drive census in January, 1964 on 
430 acres, which included one of the cedar 
areas, revealed 47 deer (Frenzel 1965). Ra- 
dios were not put on deer in the winter of 
1965-66, but observations of deer and tracks 
indicated that fewer deer were present than 
during the previous two winters and that 
they left earlier in the spring of 1966 than 
they did the previous two springs. This 
probably reflects the lighter snow cover 
that winter (Fig. 3). Counts on the same 
fields checked in 196.5 revealed only 27 deer 
on March 30 and 19 on April 5, 1966. 
Hamerstrom and Blake (1939) also found 
that during a mild winter in Wisconsin, deer 
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Fig. 5. Movements of buck fawn 511 showing the route followed when he left Cedar Creek Natural History Area during the 

period December 6-21, 1964 (A) and when he travelled to his summer range in April, 1965 (B). The crosses on map B indi- 
cate locations made with portable directional receivers when the deer was beyond range of the automatic system. 
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concentrations were loose and not rigidly 
defined and migration was early. 

Based on general observations, we believe 
that the number of deer on CCNHA and 
the length of time that they remain varies 
from year to year, snow depth being the 
most important factor influencing this vari- 
ation. 

Spring Migration 

Migration of deer from wintering areas 
is a normal occurrence (Severinghaus and 
Cheatum 1956:158) but has not been well- 
documented for individual animals. Of the 
five deer with operating transmitters in the 
spring of 1964, a juvenile male (504) and 
juvenile female (505) left together the night 
of April 20, and juvenile male 506 left the 
morning of May 7. The first two moved 
west and 506 traveled southeast. No data 
are available on the total distance of spring 
migration in 1964 because the animals went 
beyond the range of the automatic tracking 
system and no attempt was made to follow 
them with portable equipment. However, 
if distance can be inferred from hunter kills 
that fall, these deer went 11 to 14 miles 
(Table 1). Transmitters on the other two 
deer quit on April 28 and May 8 when both 
were still on CCNHA. 

In the spring of 1965, the first deer tracks 
outside the swamp area were seen on April 
5, when five animals left the swamp, walked 
about 0.5 mile on a plowed road, and reen- 
tered the swamp. On April 9, the first day 
ground was observed free of snow, we found 
tracks of 11 deer leading from the swamp to 
a rye field where the snow had melted. 

The first radio-tagged deer to leave the 
cedar area in 1965 was adult buck 516 
which moved about 1.5 miles off the area 
on the night of April 10. However, this deer 
returned periodically thereafter and never 
did completely disassociate himself from 

CCNHA up to May 6 when its transmitter 
quit. 

Two buck fawns (511, 514) and one adult 
doe (517) left the night of April 12, moved 
about 2.5 miles, and then continued another 
2.5-4 miles the next night. The actual path 
of migration of fawn 511 (Fig. 5B) is typi- 
cal of the direct movement away from the 
winter range made by most of the deer. 
Adult doe 512 left the night of April 14, 
moved about 2.5 miles, and then continued 
another 4 miles in the same direction the 
next night. Adult buck 515 left the night of 
April 15 but returned the next night; left 
again the night of April 19, returned April 
26, and left again the night of April 28. He 
was killed by a truck on May 11, 1965, 7 
miles south of his wintering area (Fig. 6). 

The last radio-tagged deer to leave, adult 
doe 510, moved out on April 22 (Fig. 7) and 
was 9 miles south by the next morning. We 
believe that this deer left later than the 
other deer because of high water in Cedar 
Creek caused by snowmelt. She had crossed 
the creek prior to the high water and had 
waited until the water receded before cross- 
ing back and proceeding to her summer 
range. An adult buck and pregnant doe 
were found dead in this stream in the spring 
of 1967. Presumably while attempting to 
cross, they drowned, either during high wa- 
ter or because the deer had broken through 
the ice during the winter and were unable 
to get out. J. E. Forbes (Personal communi- 
cation) observed a dead deer in the same 
creek in the spring of 1964 and another in 
the spring of 1965. 

All deer in 1965, except the two adult 
bucks, moved with practically no meander- 
ing to areas which appeared to be their 
summer ranges and remained there at least 
until July. Based on one location a day dur- 
ing the time after leaving CCNHA, three 
does and two juvenile bucks had summer 
home ranges of approximately 600-1,000 
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Fig. 6. Home re and movements of adult buck 515 from April 1-30, 1965. The star at the lower edge of the figure in- 
dicates where this deer was killed on May 11, 1968. 
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1 Mile .. 

Fig. 7. Route showing rate of travel of adult doe 510 from 1312-1930 hours on April 22, 1965 as she was moving to her 
summer range. 
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acres; two adult bucks occupied home 
ranges of about 3,600 acres (see Fig. 6 for 
one example). 

We have limited information as to 
whether the deer left in groups or as sin- 
gles. A juvenile male and female (504, 505) 
left together in the spring of 1964. Adult 
female 517 and juvenile male 514 left to- 
gether in the spring of 1965. These pairs of 
animals had been caught at the same time 
and in the same trap and spent most of the 
winter together. After leaving CCNHA, 
514 and 517 were together on 23 of 30 days 
that they were both located until June 4, 
when one of the transmitters went dead. 
Doe 510, was observed with a smaller deer 
when she was leaving on April 22, 1965. 

Of all radio-tagged deer, only juvenile 
male 511 was known to have left CCNHA, 
except for short night feeding trips, prior to 
leaving in spring. This animal was trapped 
and radio-equipped on December 3, 1964. 
He moved south on the night of December 
6 and did not return to the trapping area 
until December 21. We do not know how 
far south he moved since at times he was 
out of range of our receiving antennas. We 
suspect that he moved about 6.5 miles since 
this was the area to which he went at spring 
migration. Figure 5 shows that this midwin- 
ter move was very similar to the path trav- 
eled in spring. 

We believe that winter movement of deer 
off CCNHA, as described above, is more 
common during years of little snow than 
during years of heavy snow. Some of these 
animals probably never return to CCNHA 
if additional heavy snows do not occur. 

Juvenile male 511, which we had fol- 
lowed on his summer range from April 13- 
May 28, was killed by a hunter on Novem- 
ber 14, 1965, 16 miles northwest of his early 
summer range. Adult doe 517 was killed 
about 1 mile from her early summer range. 

This may indicate another movement of 
deer late in summer. 

The two deer leaving together in the 
spring of 1964 headed in a westerly direc- 
tion and another moved southeasterly. In 
1965, six out of seven radio-tagged deer 
moved south and remained until their trans- 
mitters stopped. We believe this uniform 
direction of migration in 1965 was fortui- 
tous because observation of animals in fields 
and deer tracks on roads suggested that 
deer moved out of CCNHA in all direc- 
tions. 

Migrations were rather direct, and the 
deer moved at 1/2-1 mph. For example, the 
rate of travel of adult doe 510 while leaving 
the area on April 22 (Fig. 7) varies within 
this range. 

No pattern existed for the time of day 
when the deer started their movements to 
their summer ranges. Four (511, 514, 515, 
517) started between 1900-2000 hours, 
three (504, 505, 512) started about 2300 
hours, one (506) started at 0720 hours, and 
one (510) started at 1330 hours. 

The whole phenomenon of deer "yard- 
ing" and the related migrations is very com- 
plicated. It would take many years and 
many radio-tagged deer to fully understand 
what triggers the movements into and out 
of a yard and all the interactions of food, 
cover, snow, temperature, wind, and deer 
density which undoubtedly have an effect 
on yarding behavior. In this study, indi- 
viduals of the same sex and age showed 
marked differences in home range and mi- 
gration. Based on the two years with ra- 
dios on deer and from two additional years 
of spending much time on the area, we feel 
that effective snow depth (a crust that will 
support a deer reduces its effective depth) 
was the most important single factor in 
causing the changes we observed (Tables 
2, 3, 4). 
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