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TO MIGRATORY MOVIEMIENTS

AILED DEER
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factors on the migrations of a herd of black-
as indicated by night spotlie
humidity.

t 'l"l]ﬁ!k'.\ were

Both spring and fic

Snowsiorms, raintall, absolute humidity, and temperature were not
could not be attributed to habiiat

tors such as I(md,

Russell {(1932) and Leopold ef ¢l have sugzes
that the upward movement may be controiled by
development of new green growth, but this idea

1s not well substantiated and is C(‘nnr:xriic:c«i here.

o (19375 1

IMpPOTiAnt in [Some upwiar «
n hu.l‘:nu}, but this, too, w n;‘.;mrt.'n“.: i
the present siudy,

Tu 1938 a study of the migratory patterns of
herd of black-tatied deer (Odocotlcuns 1.... [3ins

(¢ <
ing an early and gradual il
ng storm couditions wias made

colivnibivinusy hav
1 i
in the west-central Cascade Mountains of Ore-

nigration preced

qon.* This paper attempts to correlate the move-

ments of this herd with seasona 1 changes 1n
£ - b P - - - 2 e, + - -

weather factors.  Uldmately this migration re-

nmoves the deer from an area u.lxuwnlm for winter
oecupancy because of snow.  Dut the reasons
it takes place so far in advance of the occurrence
of snows are not understood.

The study was conducted in the H. J. Andrews

Fxperimental Forest. a 15.000-acre tract
Willunette Na tm\.l‘ Torest near Dlue

Oregon. The experimental forest is bordere
A onnun ridees \u..\h form a rough i
«:4\‘«"*1.;‘1:1.\& the Lookout Creek

e is open at its western poing

O (ru-‘:\‘ joins Dlue River. Eleva
TOrewon Agricuttural Experiment Station
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Q1 IForest area w W
I T - oooteallv tueta: abon ' T
SROW Gnes ey nctunde about e e

clevation Tevel.

Most of the arei is coverad by viroed

growth timber which forms & dense canopy

1 ¢ e % 1 1. Ty
dbove the forest loor. Douglas iy (Pacndobsuoa

- 1he . 11 Ve g Yirar s
[x'l.Ln A5 i e pi ((lt:llml.xlu .\I'll'ﬁ.\. DUl Caln-

nonly inersp "\u] with it are western red cedar
(]uu/u plicata)y and wesiern hemloek Tsuga
heterophvlla s, Nine wapie (cleer cireinatum ),
salal (Gaudilieria shallos s, Oregon grape (eir-

u!n(‘.vn«h‘(m (/\'/I(u/m/.‘)l-

Derts nersose) . and
dron nacioplivihiagy  are characteristic of the
sparse understory.

Since iogging hegan on the Andrews Forest
in 1930, approximately 1.200 acres of timber have
heen \]C.l.-k‘llt irom staggerad units or bhlocks.
Cleared units range in size from less than one to

approxtmately 70 acres and average about 33

acres. The anits were control-burned o reduce
the fire hazard of slash remaining from the log-
ging operitt o, Herbs and shrubs form a dense
luxuriant growth in the exposed arcas and furnish
excellent sunnuer range {or deer, which occupn
the area irom about April through Sc;»tv"-)]m
Common species utilized as food by deer nclude
fireweed (Zpilobivie angustijolivin), vine maple
(Aeer mumz‘um), trailing  blackberry  (Rubus
vitijoliusy, thimbleberry (Rubus parvifloris) ., hig-
leafed maple (Acer siaciophyllum)y, elderherry
{(Sambucus sp.), and willow (Saliv sp.).

The Andvews Forest herd winters in the low-
fuds and on exposed south slopes in the M-

Nenzie drainage south of the Andrews Forest
This winter range 1s shared with deer from other
S

in the river s;:s:n-m. as well as \\nln a
nlation r~~"f‘.<-'n i the arca dhrouchout

. The upper it is set by the snow line,
and as hude as 3 or 4 in. of new snowfall will
deer o lower level. The I)T:lm COVET 18
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timber, and no one set of readings can possibly

retlect the weathier couditions

mmediately sur-
roundine the animals,
Yet several circumstances reduce these difli-

It

Lhulk‘\ Uh.\'«lk..t])'.

Relative humidities at nizht
:q‘,pm‘.xl‘.cfl saturation, so thar condi-
tions were relatively uaniform throughout the
vegetative-type  and  slope ex-
It scems reasonable to expect that tem-
perature gradations with change i alutude were
also Y, reatdy mediated by these conditions.  Thus
the night spotlight samples were taken during
tnies when th most uniform weather conditions
prevailed throughout the area.

invariably
area,
particularly  tor
posure.

Also, during times of extreme high daytime
temperatures and low relative humidities—the 2

weather factors receiving greatest stress in this
paper—the deer were rcatruvtc(l to the timbhered
areas. Therefore it is probable that readings ob-
tained from the station in the timber were closer
to the actual weather surrounding the deer than
would be the unquestionably more severe condi-
tions extant in open logged arcas.

Although these favorable circumstances by no
means circumvent the problem, it scems the read-
ings obtained give a gencrally valid reflection of
the changes in weather which occurred, and per-
haps even a reasonable stimate of
actually impinging upon the deer.

conditions

REsuLTs
MIGRATIONS
\mmz/ miygration—"The first sign of the spring
ration was ohserved in md- \ arch when up-

ward movenents of uccr from the winter
hecame apparent.

range
In April, deer began to drift

ND MIGRATORY MOVEMENTS OF
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Aprit 2, and the first deer

were hegun were
i

sighited Results of the spodight saanples
shown i Figure 1. On the Tast

days of Apeil wd

of the arca are

during carly May, the naaber

of deer retarning (o swnmer increased

range

rapidly, ad the bulic of the herd had returned o

the Andrews Fovest by mid-May as evidenced by
a general leveling ofi of the numbers of deer
sighted. Movement of deer into the area wis not
controlicd by distribution of Ahthough
some snowdriits remained at hicher elevations,
the forest mainly clear of several
nmonths bhefore the migration.

Fall migre Iluu——lh(_ tall m
drews

SIHOA,

wias snow
igration of the An-
Forest population began carly m Septem-
ber, and by September 20 the herd was essentially
absent (IMig. 1). After that date no {urther direct
observations of deer were made, although fresh
tracks were occasionally found in the arca. The
fall migration occurred long before inclement
weather began.  The first snow fell Novenber 13,
nearly 2 months after deer had left the experi-
mental forest. The timing of this snowiall

or less typical for the arca. Although I
skiffs of snow frequently occur earlier, particul
Iy at higher clevations, a heavy snow fall wou
be quite unusual before late October.

Andrews Forest summer range is in close
proximity to the winter grounds, so
coverced by migrations were short.
hierd crossed over the south ridee of the drainase,
a trek of approximately 2 miles. The
ot the herd moved along the drainage, a distance
of about 6 to 8 miles from the
winter range

is more

distances

.‘\ l)t\..\ ~n t“L‘
remainder
sununer o the

The only other major fluctuation in
light sample results occurred during June (Fig.
1). The full summer population, which had ar-
rived in May, fell to as low as 3 deer by June 17.
However, the population had again increased by
Juue 27 when a count of 40 deer was obtainesd

That this June decrease represents a real change
in numbers not related to normal fluciuations in-
herent 1 sampling can be tested statistically. T
the samples taken from May 6 through June 7
and from June 27 through Auvust 29 are com-
bined, a wotal of 28 samples of the normal sum-
nmier population 1s obtained exchisive of
nents o and from the study

the Spoi-

move-

Atteming

area.

correiations of these

and humidit

samples
failed to show any
Thus the x'csu:ing‘ variation in these
counts miust be consudered to be the normal varia
tion of the wmethod due to andetermined faciors
When the 3 low points - June were

tesien! 2 &

croup to sce if they belonged to the ahove-deitied
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vroun thev were found to be very dif

Sroup they wers vod

tstically (1t 5.75 with 31 df).  However, con-

SHGCT N

e 5 June points as a normal popalition
S

usound since they mdicate @ iating

s, pérbaps, u
i
1

population followed by a recovery, without a single
point de Sl the June

points can be tested  statistieally  against the

ating from the pattern,

larger group as single obscrvations, according to
the micthod given by Simpson, Roe, and Lewontin
(1960). The June observations of 15, 13, and
12 are significantly different at the 2.59% level
{t = 2.14, 242, and 2.56, each with 27 df), and
the observation of 5 deer is significcunly difierent
at the 0.5% level (t==3.538 with 27 di). In
view of these statistics and the consistent pattern
of the observations there scems to be little doubt
that the June decline represents a change related
to the deer rather than to the sampling technique.

WEATTIER
Rainfall—The pattern of rainfall during the
study period is shown in Tigure 2. The normally
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Fic. 2. Precipitation in the Andrews TForest by 2-weck
periods from April to mid-Novamber, 1958, Hizh pre-
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heavy rainfall of the winter months continued
through june. However, in July and August al-

rainfall occurred.  Heavy fall rains be-
in Sceotember, and  except  relatively  low
in lute September and early October,
maintained o the

tations  were

Temperature~—~\When temperature records for
the periods of deer occupation were examined it

was found that the minimal dat’™ temperature
(the extreme low during the night) varied only
slightly.  The total range was only shighily more

than 10°, and usually the Jow fluctated about
the mid-point.  No directional change during the

migratory period was apparent in the ninimal
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Sty Plecinase of

(PO B

1 .y - o .. ", . .
10O u etilhed rater 0l niea
dadly temiperatures in attewpted correlations witli

o oo o )
activitica, 10 st e nicidl temheriiures

waould, in ciical, reduce ihe temperature sei

9.

tivity” by one PN the extreme seemedd
vty woone- » aisGy I extrene scemedt

he more signincat i the migratory responses of
deer. ,

Relatize hesidity.—The pattern of relative bu-
midity was similar to that of temperatuare. Maxi
mal relative humidity which occurred during the

Only «on 3
nights was it less than 907 and only once helow

night wis essentially @ constant.
5% . That maximal humidity as weil as minial
temperature was esseantially @ constant is not sur-
prising in view of the relationship between the 2
factors.  Minimal relative humidity showed great
variation, and this entity was used In g :
to mean relative humidity for the same reasons
given for the choice of maximal temyperature
rather than mean temperature.

Relationship beteeeen temperature and i

weierenice

perature and minimal daily humidity in the
drews Forest during the study periad is shown ¢
the climograph which forms the base plane of

i.‘:

icure 3. 1Yor convenience hereafter, the terin
“relative humidity

’

“temperature” and

temperature and mnimal daily re

iy, respectivelv. . The climograph of
was constructed by plotting the mean temiperature
or a 2-week period against the mean relative -
midity for the same 2 weeks.  Points represen:-
ing the first 2 weeks of a month are designated 1

ase o requiny

Numbor @ Deer

. AR N,
Three-dimensional gra;

ot maximal temperature, m i relatt

deer numbers in the Audrews Forest, Sa

W
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nand those of the sccond 2 weeks by a which they are based are shown i the upper left

planie of Iigure 3 as they would appear 1 pro-

In gencraly the relatonship between tempera- Jected Trom the relaiive nnnidity axis, The up-

wire and relaave humidity showed 20 separaie
seascnil regressions indicated by lines (Tocated

¢) i Figure 3 which are designated A-D
and C-D. These

by data for the remuander of the year, omitied

regressions are substantiated

from the ngure since deer do not occupy the forest
during that perviod.  The lower regression repre-
sented by the spring months is separated by ap-
proximately 20°F {rom the upper regression
which mcludes  the summer and il points.
Ixamination of weather data for 1959 showed a
similar pattern, and this is probably typical for
the Andrews I'orest.

The areas of the climograph covering times
when deer were on the summer range and in the
process of migration are mdicated. During the
migratory periods the means of
ranged from 32 to 72°F, while means of relative
humidity ranged from only 52 to 57%.

Note that a pronounced irregularity from the
gencralized pattern occurred during June when
unusually high relative humidities occurred.  Ob-
serve that the climograph point in Figure 3 for
the first 2 wecks in June fell in a range of weather
typical for periods of deer migration.

In Figurce 3 the numbers of deer sighted by the
spotlight method are plotted as a 3d dimension
over the tawmperature-humidity climograph.  The
3d dimension points are based upon the mean
number of deer obtained by the spotlight counts
{for the same 2-week periods. TFor example, the
first 2 weeks of May had a mean of maximal daily
temiperatures cqual to 71.1 and a mean of minimal
daily humidities of 37.0. Tour spotlight samples
were taken during this 2-week period, and the
mean number of deer sighted per sample was 28.8.
This value is represented by a point in the 3d
dimension above the weather data point in the
climograph. Thus, since spotlight samples were
taken twice weekly, each point in the 3d dimension
is based upon the mean number of deer sighted
in 4 night suuples during that particular 2-wecek
period.  An exception is July when 5§ samples
were talien in each 2-week period.

Tt car "o seen that the 3d dimension points in
2 separate arrays of points, each

)

T
i

1eure o o

one overiving a regression of humidity on tem-

perature on Curves, located

i e climograph hase.
by eve, are arawn throuch the 2 arravs of points
and labeled o A-
as the e with
which they ¢

The 3 i

wrature-humidity  regressions

- associated.

miension curves and the points upon

I(‘ll]pCl':lIler .

poer right plane shows the sime curves and points

re axas. Inoes-

as projected trom the temperai
sence, the plane on the upper deit shows asimple
plotting of deer on hunidity, and the upper right
plane shows deer on temiperature,

The reader might righdy wonder if the presen-
tation in Figure 3 is not unduly complicated.
However, simple plotting of deer against humidity

and deer agamnst temperature, followed by a com-
parizon of the results, could lead to difficultics.
There would probubly be a tendency to attempt a
single curve in each graph to hest it the points
followed by a comparison of the nearness of fit of
the curves.  This would overlook the temperature-
humidity relationships which indicate 2 separate
curves as demonstrated in Figure 3 and obscure
the nature of the relationships between the 2
weather factors and their seasonal changzes, and
the number of deer observed.

Discussiox

HABITAT

Unsuitable environment was not believed re-
sponsible for the fall migration.  An abundance
of browsc of preiferred species, water, and escape
cover remained on the summer range, and, al-
though detailed measuremeits were not taken, no
obvious change in these factors was appareit at
the time of the migration.  Chanwes in nuiritional
properties of browse were probably not involved.
Dealy (1939) showed that crude protein vahues
of favored browse species do not undergo sig-
nificant changes at this time.

winter rang

>

Also. the ncarness
», which supports the same
lead one to expect similar

of the R
plant species, would
changes in both arcas.

Difficulties are also encountered in attributing
the spring migration o environmental changes.
Here again water and escape cover in the form of
standing timber were in superabundance. And
emergence of the new spring growth was started
well in advance of the migration.

PIOTOPERIOD i

Correlations with constant scasonal phenomiena
such as photoperiod change were not attempted,
since the timing of the migration periods was
known to vary as much as 2 to.3 weeks {rom
vear to vear.  This, of course, does not rule out
the existence of photoperiod  influences.
ever, if such a primary stimulus does exist, it is

}‘:(!\\'-

subject to substantial modification by local en-
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vironnental mn«’lilinns, which are worthy of study
m their own right.
RAINTALL

I{ the deer numbers in Figure 1 are compared
o the pru:‘mnmn record dor the Andrews
Torest in Ligure 2 1t can bhe sccn that there 1s a
ceneral relationship between the 200 Yet detailed
comparizon demonstrates & number of discrepan-
cies.  or example, the spring migration was
well underway during lae April when nearly 7
in. of rain fell. The fall migration continued in
the secoud 2 weeks of September even though less
than an inch of precipitation occurred during this
period and a similar amount in the first 2 wecks
of October. A total of only 2.69 in. of rain iell
during the fall migration period as compared to
9.06 . during the spring migration.

In spite of these inconsistencies a general cor-
relation does secem to be present.  Direct effects
of rainfall upon deer activities were not apparent.
Deer were routinely observed feeding  during
rainfall and secmed oblivious to the wetness, al-
though a higher percentage of the animals were
bedded, as opposed to active, in the spotlight
samples taken during periods of falling rain.
However, some of the highest counts were made
during rainiall.

In view of these data it was felt that the direct
effects of rain upon deer migrations were pr oba-
biy slight, and its primary importance lay in its
influence upon hoth temperature and relative
humidity.

TEMPIRATURE AND RELATIVE HUMIDITY

These two weather factors are discussed in
e same s¢ ciion because of the difficulty m sep-
vluences upon animals,
sarent that the 3d dimension curves in
are essentially the smne when projected
B cladve humidity axis as evidenced by
thicir overiapping as seen in the upper left plane.
Thus it appears that the correlation of numbers
of deer with minimal relative humidity was the

same for both migrations in spite of a difference
of about 20°1° in maximal temperature between
the spring and fall migrations.  These results
sugyest that migrations of this herd were closely
related t wive humidity.

Conversviy, projection along the temperature

aXis oives o divergence of the curves and conse-
S :

quent poor 0t ol the points. The very broad cor-
relation of deer numbers with maximal tempera-
ture was prohabiv owing to its association with
hunmidity riaher
lar anadvsis of absolute humidity also gave a0 poor

correlation witi deer numbers.

than with deer responses. Sini-

The o when uininal vel-
tve in ) s approxinately 6097
and was mx;;;.irzm’. by thes tine it reached abot
G050 (itie. 3). The leveling

‘.‘) ;| PR 1
30 deer 1s assumed to il
full sunnier deer popuiation.

began when mininmd relative huamidny

he tadl mirration
iilk‘r(':'\‘-("l
above 0% wnd was completed by the tme 1t
STRTINRS SO \ /. 1 ] Yoyse: 2 vene | o
reachied 60900 These responses may indicate the

Seterice of “threshol
eXIstence ot thresiio]

ments of the herd.

ds’ whitch trigger the move-
However, 1t should he noted
that movements of the deer were not inunediate,

ative mintmal
relative humidity during @ period of 3 (o 7 davs,

it lio:. swete sebved fatlic Gan
DUt rather, were raated 1o the cum

This flexibility of hehavior would seem to prevent
triguering of {requent large-scale « ;cv: ROVemenis
by a factor that can thuctuate widely for a short
period of time as relative E:nm=~h1_\' docs.

he fact that high minimal hamidities, typical
of humidities during migraiions, occurred during
the arst 10 days of June and were followed sl:nr;-
Iy by a marked drop in spotlight counts may e
significant. . The p()pnl:ufm: returned 1o normal
level by July, again correlated with the resump-
tion of a normal range in mintnal refative humidi-
tv.  This dechine in the numbers of deer in the
logged area may have been due to the occurrence
of a “reverse migration.”

However, insufiicient
mformation of the actual wherenbouts of the herd
was obtained to establish _cone .l'xn( Iv that the
decline was a4 movement from the Andrews Forest

ruther than an \'XC(,-E)tff’:zl.xi restriction of deer 10

Tu view ODservations or

cer activities during his!

II.IZ [RieH

weities at
other times, the latter explanation scems implaisi-
a> ~t0 -:('R'T

Dertons of
i

ble.  Tor example,
were obtained during :
actual rainfall when relative was 10077,
\nidd recall that nigh

.
t
livht counts were: taken were normally near

humidinies when the spot-
1007%¢.  These counsiderations reemphasize  that
the migrational respouses reported here are in
relation to continued 'gcx‘f(‘»'i\‘ of
humidity.,  Tv might be argued that
deer to timbered arcas 1s & response to this con-

tinued high relative humidity

the June decline m numbers.  Dut sootlicht sam-
ples taken on the winter range 1 December
when relative humidity was
near 1005 ¢

Deer were mm.\l to be teeding ar resting

ave no evidence of such a TesiTICHONn.

cleared arcas i a aormal manner.  OF course :
response of deer to a given relative |

SR TTRE T8 i ORI
NIy 11t

1 E
vary at different times of the vear.

g et s o 1.1 ssast 1 2 41
[t would be reasonalile to expe avat the

: . ) : .
were restricted to timbered a mig.al R
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Jdavtiine feedime e logeed areas would occur,

weather
During

periniited by modernte daytime Coni-

proviviig at this uni June

were taken in

ditions
and July, davume
mornings on the same davs as the night spotlight
and by watching for deer while driving
the road svstem of the arca in the same manner
- Although numbers of

.s.'r.ni»‘;cs the

samples,
e Tor the -mieht samnles
as 1or e mgat samples.,

recorded were much
than in the night samples, they followed

deer lower 1 the daytime
samnle
the sime over-all pattern. Five samples during
the decline averaged 3.4 deer per sample (range
1 t0 3 whereas 12 \"mxplcs‘ taken berore and after
the decline averaved 6.3 deer per sample (range
0 to 18). The difference hetween these means is
not statistically significant (t = 1.324 with 15 di)
hut the resuits argue against an increase in day-
time feeding and lend weight to the “reverse mi-
eration”” hypothesis.

A further cmnplic:ltion of the June dechine is

that it coincided more or less with the heginning
of fawning, and at the time this was thought to
he responsible for the drop in spotlight counts.
Seaeral davs of intensive scarching for fawns
failed to turn up any evidence, although this 1s
not surprising in view of the extremely heavy
cover available. However, the most serious flaw
in this interpretation is the fact that the spotlight
counts returned to normal in the last few dayvs of
Tune (40 deer on June 27) though fawning con-
tnued at a fairly high level through carly July.
The behavior of the doe in hiding the newborn
fawn while ventures out 10 feed 1s oo well
kuown to repeat here. Lactating females feeding
wccompanving voung

she

in the Jogged units without

was the rule throughout July spothight samples.
Uniortun

’
whether e

atelv 10 was ‘n.pn\sruw o establish
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i

iately o ¢ the recovery of deer num-

Lers had fawned carly or late, and the r<~1:ni<‘m.\hip

low?
'

¢ af #vs e Ay PR
of decline and recovery of the sample-deer counts

wl fuwiming \\u‘.:t.\' are necessarihy Lased on pop-

-
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alation values. lu\\(\("‘. one doe actively feed-

of July 8 was

e ol arecently
.

amd easily cap-
does with new
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Treverse migration” interpretation, hut i
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varbles involved, the question s perhaps best
El‘l‘i Gpen.

Althougle thie mi":':ilin;)\ were *In\x'}". Corre-
inted with nanmad relative humidity, 1t be
determined ivom present data il ]:um.lf:y NCTHS
adivect causid effect. The deer may be influenced
by some other environmentad {uctor (c.u., foad)
which may also be corrclated with Lim (!: tv, or
It may serve as a modifier of a primary stimulus

An ind‘mtmn of a
divect humidity eifect wounld be given by tie drop
- deer numbers correlated with the unse asanadly
high minima) humiditics during June if the
cline could he adequately established as due 1o a
movement from the summer ran ze by the

such as photoperiod lengih.

H(I'

4
hered,

[t should bhe reemphasized that the primary
purpose of using these extremes  rather thm

means is a matter of convenience in establishing
correlations between these factors and deer ninve-
nments by using the most sensitive
able. This procedure should not he mterpreted
as meaning that the responses of deer can he
autributed definitely to the extremes per se: how-
ever, the results scem to sugeest that the extremes
are more significant.

maasure !L\'fxla-

The responses of deer measured in this study
are not comparabie to the behavioral changes in
Tesponse o we ither conditions reported for red
deer in Scotland by Darling (1937). Tle found
that movements and * vere associaied
with particularly
Immediate !
were not detected in the present study.,
were

trritabiling”
immediate  weather  changes,

eiteets
Famifiar
SUCCessive
saniples in the same places regar
of current weather couditions,
tendency o j

those  Involving  hunidity.

LTOups consistently  sighted  in
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and 1o chang

ﬂ('c \\‘11\' (».N'-r\'vd T‘Tr)\\'(-\'v"

lacking in (x\ch.l}nln‘\. and more complete (.u)—
time observations might demionstrate responses

1

in these animals similar to those of red deer.
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That deer
Licen noted

are sensitive to relative humidine has

and

by previeus workers.  Linsdale

Tamich (1933), workin o on In(' H.n iny

vation i Monterey County, Cali

refative humidity was an effective or of
deer ;Lcii\'il}' and ahn {1949 reported thar the

tailed deer on the Fdws

acuvities of white-
' Texas miuenced
humidity

apparent relatic p between humidity

eraton as mdicated by this study has been fown

Platean of were markedly

no reterence 1o Lae

Tlowever,

relative
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