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RELATIONSHIP OF WEATHER TO M .IGRATORY MOVEMENTS
OF BLACK -TAILED DEER
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.ii,s t rac t. A sm,ly of the i li fh l enee of weather factors on the migrations of a herd of blac1:-
tailed dcer showed 1: mat periods of migration as indicated by itighf spot:iglu Sam des were
closely correb,ted with seasonal changes in minimal relative lmmidity. Both spring and fall
migrations. and possibly an atypical summer movemetlt, occurred during ranges of 40 to (flo-,17
minimal relative humidity. Snowstorms, rainfall, absolute humidity, and temperature were not
so closel y correla;ed. The migrations could not he attriisned to habitat factors such aN food,

water , or escape corer.

1 NTRO)U CT ION

Many herds of deer in the \ y estern United States
migrate from hi .„)! -, 1 1 monntainous summer ranges
to protected valleys for the wimer, only to return
zogiLin with the warm weittlier
ward migrations in the fall 	 are frequently spec-
tacular; thousands of deer ;nay move over lop42,
(astances in a matter in 	 days. These mi-
grations are	 usuall y asst with	 with severe fail
snow storms	 i1 .cOV)Cii(1	 1951; Russell 1937;
and many o t hers .) . Vet a inanher of instances of
1;. 1.1 migrations occurring 	 sulistanriall y hefore fall
s t orms have 1en reported t Russell 1932 ; Fischer

a!. 194-1;	 Rasmussen	 19411.	 In	 these herds
11.e fall migration	 takes	 the	 form of a gradual,
almost imperceptible drift of deer from the high
elevations.	 It occurs	 with	 gradual seasonal
eltanges in weather so that relationships with en-
y ironmeinal	 factors are	 difticult to determine.
This t\ pi: of migration is probalil. more common
than is generall y supposed,	 hut	 ha- Leen over-
looked la •Callse	 it Stihrie• nature.

i igrations in	 the alum:	 usuall y 	1,i-ogress as
:. slow upward movement f indi\ idnals or small
groups, and	 are	 in0it'n i	 11V	 ■I":, that are
largel y unknown.	 It	 :wen sh,o\
ct a!. (1 951,	 and this restOil that spring migra-
tins are not control' e, . hv snow	 distrilimion.

' Prcst:a-, ;idlress:
1:adversit y 4 tnim	 ii,,:;,•,

Russell (1932) and Leopold at a!. have sug:rested
that the upward movement may be controiled
development of new green growth, but this idea
15 not \VCII substantiated and is contradicted here.
Darling (193T, found that insect harassment wa-=
important in some upward movements of red deer
in Scotland, but this, too, 'as not important in
the present study.

In 195$ a study of the migrato-ry patterns of a
heni of lAack-tailed deer (0(locoilcas L-;.;:i();1:1,;
colitinbia;las', having an early ami gradual frill
migration preceding- storm conditions was made
in the west-central Cascade ".dountains of Ore-
gon. 2 This paper attempts to correlate the move-
ments of this herd with seasonal changes in
weather factors. Ultimatel y this migration re-
moves the deer from an area unsuitable for \Vititer
occupancy because of snow. I1ut the reasons
it takes place so far in advance of the occurrence
of snows are not understood.

The stud y \vas conducted in the H. J. Andrews
Experimental Forest. a 15.000-acre tract I:1 the
\Villamuet tc National Forest near flue	 "River,
t)regon. The experimental forest is bordere):.iv

main ridges which form a rough triangle -and
ciicoilipass the Lookont Creek drainage. The
triangle is open at its western point where_ Lt..:-

' to Creek joins Blue River. l'] alt. 	 range
!r'\::t Agricultural -Experiment Station Tye:mic:
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.s.:C	 4:.•
from	 roxint:,tely 1.500 a	 at	 this confluence	 to
a	 5.,2#00 ft.	 Climate is, t:&;,1	 th,
nor t h	 l'ae1,1,•	 rcg,■1:1	 k%. L y le W .111■ef ,	;t1‘,

	prec-ipitation	 anti summers	 are	 relidiceiL
and w•tt-,..it.	 in	 the	 Andre\vs	 Fret
.fl 1W	 II RU'	 i \	 ICitii\'	 lad naIl	 all hit
eleva t ion	 'level.

	

Afost	 of	 the	 area	 is	 co vered by
griiwth	 dn a 	Lvhicl,	 foi-iiK It	 dins'

:i1)0Vc	 floor.	 i),ittglas	 fir	 (PS,gfatil.Q!!fil

	

I i> 'WC pdumnni Si n't,',CS, htU, 	 0.);11-
,,,.1u!d v ia ; • NperScd With n are western red cedar
(Thu ./a	 ) and	 western	 11(111,K-1c	 7"Suga
het CI *0	 h . 1.11 a I.	 Vine	 nn 	 . leer cirehratum 1,
saint	 Ga i dthcria shal" :	 htegoll grtilic

,	 and	 rhoilodendron
/ )ii	 111(1C0) ph	 are characteristic- in 	 the
sparse undersun-y.

	

Since logging	 liegan	 Oil the	 .\nilrews	 Forest
in I)50, approximatel y 1.200 acres of thither have
been clear-cut	 from staggered	 units	 or blocks.
Cleared units range in site from less than one to
approxiniatelv	 7(.)	 acres	 and	 average	 alii,n;	 33
acres.	 The units were control-linrned to reduce
the fire hazard of slash remaining from 	 the log-
ging operation.	 Herbs and shrubs form a dense
luxuriant growth in the exposed areas and furnish
excellent summer range for (jeer, which occupy
the area from about April through Septemher.
Common species utilized as rood b y deer include
fireweed	 (It' ih ilobittfn an (ll's(	 , vine	 maple
Acer	 eircivatum), • trailing	 hlackherr y 	 ( Ru/Ills

thimbleberry (Rubus Pa rz' illorus). lag-
leafed	 maple	 ( A CC/ in a ClophVilit In j, 	 elderberry
(.S'ambitcits sp.), and willow	 (Slit	 sp. k

The	 ndrcws Forest herd winters in the low-
lands and on exposed south slopes in the Mac-
Kenzie drainage south of the Andrews Forest.
Tins "-inter range is shared with deer from other
drainages Ill the river system, as well as with a
small population resident in the area throughout
the year.	 The upper limit is set by the snow line,
and as	 little	 :t 	 3 or 4	 in. of	 new	 SIIIM*1;t11

drive deer i■ ■ a liner	 level.	 The plant cover	 is
much the	 	 • a- that of .1ndrews Forest, kit of
a	 poocer , d ualiiv for deer range	 since
the land ge.t,Talic- v.as	 tie hell	 much earlier	 and
hence is 11 a uer	 st4-cessional stage.	 The	 dif-
ference is	 in	 fail.er	 than	 ,;tlantiv...

oeciirsii	 iii e

	

nerd	 11R.

	rut	 occurs on the whaering g I. 	 :	 ■-

sUUIUyr 	,ti 	 fk'r thc 1:■::	 •	 	 -

of	 . \11 ( 11 . t".1	 R•rd.	 SineCI us	 ii	 I 1,

nrWrinilII	 ( -Vertli	 lIIC.Ih	 Iris, the	 And:, Lcs

1 :■ ■■ - ■ •• 1	 (7j,	 :I I, :	 C',1:-!;,:■;H"	 Ii	 \':c..1-(r.I.:C.,r1

\Li 1.,##)-,

okaiin	 a	 cofiti:.•.-u	 reL • urd	 of the	 .... ,l,:s
,lc•erTi	 t1,c•	 st,td.t area..

t!aff tili,i•
spring ir,itt ration \'	 ii	 tuttil	 the	 end	 of	 ill 	 fail
inigratioIt	 it,	 'Seember.	 ill	 tecliniyie

	

the	 sc-s:eni	 .\iidt-ev....s.	 i-tore:H:
night,	 scveepittg	 11:#	 area	 #-#n e:tell	 side	 of
lia•	 pocc,--t-Ettl spotlight	 heatn,	 I k'	 C in
t he	 v:cie	 v:heti	 direycs
reflected	 the	 light	 to	 We	 obscr\er.	 The
me t hod was	 exir,•1,,,/,., ,-ifeezic-e
areas , where deer xvere frequentic	 sighted Il	 tic
1:( • ;IVieSt V;•gt.••,,alif p H,	 Then 	 W. :LS	 n()
drcr fai/c( 1, Li)	 1#.t#1; nrcvard the	 spotFght	 :1.	 :lie
vehicle moved through the units.	 If it stopped.
doer accustomed	 Zi■-	 the	 light	 Lvoidd soineti.ties
ignore any amount of whistling, shouting. Lori,-

or spotlight	 !tut without	 fail,
moving the	 \-elfiele v.## .tir#1	 1#ring	 Ii air	 a:-
tc . ntion. it was not nec-L-ssar y for the deer to
dircetiV at the light since their eves reflect thr##:-..:41-.
a considerable	 attgle.	 Itedded	 deer. if at#L-thi7.-.g,
wcre more	 # .. asil y 	sightc,1	 than	 active	 :leer sin,•;:t

are 	 with a good view were preferre#1.
Ill ght-lit-t i ding	 sites, and tlies(.-	 deer cc-atche#1

far rn,,re steadil y that', those actively
Thirt y to	 50	 (If	 the	 (Icer	 sy#Ciglited
belted. aral no relationship was apparent betweett
the per cent of deer 1,c-dded 	 :nt	 the size to 	 the
count.

Sampling LL-as began one to 2 hr after
in 3. to 4 hr (1, pending up , ■,1

1.1.0 nuntber	 Of 	 deer	 (1.	 P.(	 l)f
51111.11 tviit	 .17...41

0)Ve*:■:"..('	 (II.	the	 1:11::tS

in	 Virg:::	 ;i7
were ineffectl ye because of	 the	 con.plet,
of the trunks in a short distance. 	 The	 Cr
of deer olis,:rxed	 ;vas	 used	 as	 alt 
po-Ittlation	 present.

\\"eather	 cl:Lta used	 in	 II:e	 anal y sis we.-c-	 li-
tained from	 a	 \veatIter	 station	 nr .t - e -i t"ed	 •,•

	

drews Forest liv the	 . S. Forest Serlic-#	 ...c
station was situated Ia the edge #e" 	 :in'

r i \in-latel y 	1.1 ,1 10	 it	 fro: I, the
dialrage.	 \\ -eatner fat-tors,	 of	 co,i---e.

111 1 11	 c#	 l.•t:
pe.	 other	 t	 r • H.

,;•• '",•,1 :von,	 :his	 one	 sz:nio11	 1:	 .•	 .
If the	 .\:1,:rck%	 \‘:.■:.0.	 r

;I It i	 fr	 I c1'	 regur.e ti#
t 1:e	 1,,gge,;
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timber, ail no one set	 of readings can possibl y	%Yen . begun April	 2.	 ;old the first	 deer were
retleet the xveather conditions	 immediately	 stir-	 si L;hled April 8.	 Residts of the spotlight samples
rounding the ztnimals.	 (11 the .11 . C.1 are shown	 in	 Figure I. On	 the last

Vet several	 circumstances reduce these	 chili-	 da s,, s of April and during earl y .%1;tv, tie number
culties considerabl y .	 Relative humidities at night 	 of	 deer n .tilining	 Ic ummer range	 increased
invariably approached s:cturation, Si) that 	 conch-	 rapidl y , and the bulk ilf the herd had returned to
lions were relatively uniform throughout the area, 	 the Andrews Forest by mid-May as evidenced by
particularly for	 vegetative-type	 and	 slope Cl-	 a	 general leveling-	 off	 of	 the launchers	 of	 deer
posure.	 It seems reasonable to expect that tern-	 sighted. :\lovement of deer into the area was not
perature gradations Nvith change in altitude were 	 controlled by distribution of snow. 	 Although
also greatl y mediated by these conditions.	 Thus	 some snowdrifts	 remained at higher	 elevation's,
the night spotlight samples 	 were taken	 during	 the forest was	 mainly clear of snow	 several
times when the most uniform weather conditions 	 months before the migration.
prevailed throughout the area.	 Fall migration.—The tall migration of the An-

Also, during times of extreme high	 daytime	 drews Forest population began earl y in Septem-
temperatures and low relative humidities—the 2 	 her, and by September 20 the herd was essentially
weather factors receiving greatest stress 	 in this	 absent (Fig. 1).	 iter that date no further direct
paper--the deer were restricted to the timbered 	 observations of deer were made, although fresh
areas. Therefore it is probable that readings oh- 	 tracks were occasionally found in the area 	 The
tatted from the station in the timber were closer	 fall migration	 occurred	 long- before	 inclement
to the actual weather surrounding the deer than 	 weather began.	 The first snow fell November 13.
would be the unquestionably more severe condi- 	 nearly 2 months after deer had left the experi-

mental forest. The timing of this snowfall is moretions extant in open logged areas.

	

Although these favorable circumstances by no	 or less t ypical	 for the	 area. Although	 light
means circumvent the problem, it seems the read-	 skills of snow frequently occur earlier, particular-
jugs obtained give a generally valid reflection of 	 ly at higher elevations, a heavy snow fall would,
the changes in weather which occurred, and per- 	 he quite unusual before late October.

The Andrews Forest summer range is in closehaps even a	 reasonable Zstimate of	 conditions
actually impinging upon the deer.	 proximity to the	 winter grounds, so distances

covered by migrations were short. A part of the

RESULTS	 herd crossed Over the south ridge of the drainage.
iNuGRATIoNs	 a trek of approximately 2 miles. The remainder

of the herd moved along the drainage, a distanceS pring ;nigialitm.—The first sign of the spring
of ;-thout 6 to 8 miles froin the summer Z() the

:114.;TatiOil	 observed in mid-:\Iturch when up-
winter range.ward movements of (leer from the winter range

The onlv other major fltictuation in the sprit-:wcame apparent. In April, deer began to drift light sample results occurred during June	 (Fig.in to the .\ndrews	 Forest.	 Spotlight	 samples
1). The full summer population. which had ar-

50 -	 rived in May, fell to as low as 5 deer by June :7.
However, the population had again increased by

40	 hate 27 when a count of 40 deer was obtained.

L. 30 1
0	

\

1	 I	
\

	 That this June decrease represents a real change

\./\	 rtil	
in 'lumbers not related to normal fluctuations in-

mherent in sapling- call be tested statisticall y. If
\

VI	 1 4 the samples taken from	 .lay 6 through June 7
20 and from june 2i.. through August 29 are com-

billed, a total of 28 samples of the normal sum-
i0	 „ 	-

\-;	 u	 •\ ,	
mer population	 is obtained exclusive of move-
ments to and	 from the stud y area.	 Atten-nted

• ?	 \A, 

0
C I ir i • Cht iOnS O	 Sanf	 theSe	 ipleS w	 temith	 per:it:n-1.-

530 1S30	 15	 ao IS	 30 15	 33	 i5 30
and	 failed	 t0	 show an y	relati..r-•!-:ip.APR:L.	 'MAY	 JUNE	 JULY AUGUST	 SEPT.

1.	 1	 er in the	 Titus the resulting variation ill these	 sp.e.hght.t■	 ,w 
a, ;•, 1	••,•,•,.-	 I	 ;•";,;11.,ti.ii	 el,angv:,	 counts trust in 	 consitlered to be the normal varia-

S:I■t , 10.1	 • •	 ""111..15	 t')	 11011 i f the method clue to undetermined
f:-ont	 1,;;;; .	 that

When the 5 low points in June were tested as atie _ anle	 a ic	 \\\\.Oil 	 "rev, ime	 but	 o.:•	 was

/;,;•, positively establi•hoi.	 g roup to see it they belonged to the alt. ve-(1,q;;;,,I,
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group	 found to 1.4 . ver y	di:lern' sta-
tisticaliv	 t	 5.75 with 31 df4. 	 hmevc1 . , c,a-
sidcring- the 5 June points as a norma!
is, 1):•r1;:ip, lihs1)1111d 51:10. • the' 111(1;Catc a falling
population followed by a recovery. with4w t shvgle
point deviating unit the pattern. Stiii, the June
points can be tested statisticall y against the
larger group as single observations, according to
the method given by Simpson, Roe. and 1.4•wontin
(1960).	 The June observations of 15. 13. and
12 are significantl y different at the 2.5(.; level
(t = 2.14, 2.42, and 2.56, each ‘ y ith 27 411'4. and
the observation of 5 deer is significantl y different
at the 0.5% level (t = 3.538 with 27 di). in
view of these statistics and the consistent pattern
of the observations there seems to be little doubt
that the J une decline represents a change related
to the deer rather than to the sampling technitine.

WEATTI ER

Rainfall.--The	 pattern of rainfall during the
study period is shown in Figure 2.	 The normally

•

o 	
F	 A MJ 3A S	 N

MONTH

no. 2. Precipitation in ti;e Andrews Forest by 2-week
periods from A:4-i1	 niber, 1958.	 pre-
cipitation CI /mint:es	 througl:,;I: :lie winter moaths..

heavy rain fall of the winter months continued
through June. However. in July and August al-
most no r:.infall occurred. 	 IleaVy fall rains be-

	

in: in Se2tember, and except relatively	 low
taus in late	 Sept■•mlwr and early October,

high precipitations were	 maintained into	 the
winter.

Toirir,Yature.--When temperature records 	 for
the periods of (leer occupation were examined it
\yin; found tha:	 the minimal dal' tempi•rature
(the extreme low during the night 4 varied only
slightl y . The total range was onl y slightl y more
than ID', and usually the	 low fluctuated :41444ut
the mid-point. :Co directional change during the
migratory period was apparent in the iiiinitnal

t••,,	 if

iii 'Or;a.:i.!
the

1■;rn1:11:1.:	 st-t-•:1;cd ;.(Ivi.•%!,;(•

:1•-•('	 rither
i44 attempted	 corr4•:;::0421,

deer aetiyitie., 	 to	 tn,e the incan templir.turt,
would, in utIect, reduce the temperature "sensi-
tivit y " 1■V	 al,),	 the extreme seemed to
be more significant ill the Migratory reSp011S e. •:: Of

deer.
if relative lin-

miditv	 I:, that t■i- 	 Nraxi-

nml relative	 y which 44.-curred during the
night was essentiall y- :4	 const .. "*.	 Ouch y 41. 5
nights was it less than	 and onl y once below

. That maximal humidit y its \yell as mini:I:al
temin•rature was essentially a constant is not •-tur-
prising in view of the relationship 144.-tv.-ern the 2
factors.	 riicmia1 relative humidit y showed great
variation, and this entity 	 was used in	 pr,-;era •:,4-4:
to mean relative humidity for the s-.,"e
given for the	 choice of maximal	 temperature
rather than mean temperature.

Rc'hlii())1Ship l'ilTs!CCH leilttenttlire end I::!;;:idi-

tV.---Thc relationship between maximal dail y tem-
perature until minimal daily humidit y in die Ar.-
drews Forest (luring the study period is shown
the climograph	 which forms the hoist-	 plane of
Figure 3. For convenience hereafter, the ter;r:s
tcliiperantre" and	 "relative 1---fidizv"	 or "1.1-

4 , i idity" xyll1 be	 used :a- 	 synonyms for
dail y temilerature and minimaI dail y relative
midhv. re:4pectivelv.	 clinio.grapli	 Fignr,• 3
was constructed hy plotting the menu 	 tellIpc:":CV.,17:'

2-WiTh period against the mean
for die same 2 . xyeeks.	 represet,:-

ing the first 2 weeks (if it month are designated l.‘

3. Three-dimensiontiI graphic presentation
re:41..--44•:•:.:11,4 of alaximid te441 1 ,er:iitire.	 •

;al.! exel-	 taler.in the ..\ii,14-es.v.4
text for explanation.
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a minus siaii and those of the second 2 weeks by a
phis sign.

In geti,:al,	 the relationship between tempera-
ture and relative humidity	 showed 2 separate
seasonal regressions indicated by lines (located
ity eve t in	 Figure 3 Ixhiell are designated A-ll
and C-D.	 Muse regressions are substantiated
by data for the remainder of the year, omitted
front the tignre since (leer do not oCcopy 11 w forest
during that period. 'Ha' I Ver regression repre-
sented by tile spring months is separated by ap-
proximately	 20°F from the upper regression
which includes the summer and fall points.
Examination of weather data for 1959 showed a
similar pattern, and this is probably ypical for
the Andrews Forest.

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

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

In Figure 3 the numbers of deer sighted by the
spotlight method are plotted as a 3d dimension
over the temperature-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. For example. the
first 2 weeks of May had a mean of maximal daily
temperatures equal to 71.1 and a mean of minimal
daily humidities of 37.0. Four 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 weekl y , each point in the 3d dimension
is based upon the mean number of deer sighted
in 4 night samples 'luring that particular 2-week
period. An exception is July when 5 samples
were taken in each 2-week period.

It ca:	 seen that the 3d dimension points in
2 separate arra ys of points, each

our ove:iying a regression of humidit y on tem-
pera t urt•	 •,t• (-limo:raph base. Curves, located
by eve. ;ire dra‘val through the 2 arra y s of points
and	 \-1; and ( '-I)	 ill the saint . II I'''
as the :et' .:0 .rature-lnunidity regressions 	 yid'
which tl ..e y inn associated.

"Hie 31 dimension curves and the points lipint

dY NtoVI .: E TS	 753

which they arc based arc shov..n in the. upper left
plane of Figure 3 as they would appear if pro-
jected from the relative humidity axis. The c i s-
per i'ight 1,1:tin • 	 till' Sank . curves and points
as projected from the temperature axis, in es-
sence. the plane on the upper left shows a simple
plotting of deer on humidit y , and the Upper right
plane shows (leer on temperance.

The reader might rightly wonder if the presen-
tation in Figure 3 is not unduly complicated.
II ovever, simple plotting of deer against humidity
and deer against temperature, followed by a corn-
paliSon of the results, could lead to difficulties.
There would probably he a tendency to attemp t a
single curve in each graph to best fit the points
followed by a comparison of the nearness of lit of
the curves. This WI (1111.1 overlook the temperature-
humidit y 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 changes, and
the number of deer observed.

Discussiox

HABITAT

I T IISIlitable environment was not believed re-
sponsible for the fall migration. An abundance
of browse of preferred species:, water, and escape
cover remained On the summer range, and. al-
though detailed measurements were not taken, no
obvious change in these factors was apparent at
the time of the migration. Changes in nutritional
properties of browse	 vere probably not involved.
Dealv (1959) showed that crude protein values
of favored browse species do not undergo sig-
nificant changes at this time. Also, the nearness
of the winter range, which supports the same
plant species, would lead one to expect similar
changes in both areas.

f)ifficulties are also encountered in attributing
the spring migration to 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.

PIIOTOi'ERIOD

Correlations with constant seasonal phenomena
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 from
year to \ 'car. This, of course, does not rule out
the existence Of photoperiod influences. Ii ow-
ever. if such a primary stimulus does exist, it is
sobject to substantial modification 1w local en-
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vironmental conditions, which arc worthy of study
in their own right.

RAINFALL

if the deer numbers in Figure 1 are compared
to the precipitation record for the Andrews
Forest in Figure 2 it can he seen that there is a
general relationship between the 2. Vet detailed
comparison demonstrates a number of discrepan-
cies. For example, the spring migration was
well 011 (101.w:1Y during lit(' April when nearly 7
in. of rain fell. The fall migration continued in
the second 2 weeks of September even though less
than an inch of precipitation occurred during this
period and a similar amount in the first 2 weeks
of October. A total of only 2.69 in. of rain fell
during the fall migration period as compared to
9.06 in. during the spring migration.

In spite of these inconsistencies a general cor-
relation does seem to be present. Direct effects
of rainfall upon deer activities were not apparent.
Deer were routinely observed feeding during
rainfall and seemed 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.
How-ever, some of the highest counts were made
during rainfall.

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

TEMP:A:A:II : RE AND RELATIVE HUMIDITY

These two weather factors are discussed in
the same Sc:Ii0 I 1 because of the difficult y in sep-
arating their influences upon animals.

it isapoarent that the 3d dimension curves in
Figure 3 are essentially the same when projected
;rom the relative humidity axis as evidenced by
their overlapping as seen in the upper left plane.
Thus it appears that the correlation of numbers
of deer wail minimal relative humidity was the
same for both migrations in spite of a difference
of about 20'F in maximal temperature between
the spring and fall migrations. These results
suggest that migrations of this herd were closely
related u; ••lati ye humidity.

Convera'iy, projection along the temperature
axis give, a divergence of the curves and conse-
gnent po,^r at of :la . points. The ver y broad cor-
relation of ;leer humbers with maxima/ tempera-
ture was probabl y owing to its association woith

humidit y rather thao with deer responses. Simi-
lar anal ysis of ni,solute humidity also gave a poor
correlation with;. .: ; .er numbers.

The spriog thigratioa lee aan witen mihintal re la-
tl y e' immiditv do,pped	 :qleeoximately
and was completed h the time it reached a:,,,nt
•oc . ;	 3.). rot.e i t •v, !h 	 off of the curves at
30 deer	 assumed to ihilicate the ma-ival of the
full summer deer popriatiota - rite t 11 migration
began when it 	 rehal ye hantidity increased
above -10 f ; and was completed hv the time it
reached 60 .;;;	 The, responses ma y indicate the
existence of "thresholds'' v.ilich trigger the move-
ments of the herd. "However, it should he noted
that movement' of the deer Were hest immediate,
but rather, were related to the cumulative minimal
relative humidit y during a period of	 to 7 days.
This flexibility of behavior would seem to prevent
triggering of frequent large-scale deer movements,
by a factor that can fluctuate widel y for a short
period of time as relative humidit y does.

The fact that high minimal humidities. typical
of 'humidities during migrations, occurred during-
the first 10 da ys of June and were followed short-
ly by a marked drop in spotlight counts may he
significant. The population returned	 to normal
level by Jul y . again correlated with the resrmn-
tion of a normal range in minimal relative humidi-
t y . This decline in the numbers i,f deer in the
logged area may have been clue to the oceurrenee
of a "reverse migration," I Tow-ever. 	 insufficient
information of the actual whereabouts Of the herd
was obtained	 to establish conclusivel y that	 the
decline WI I S a movcruent froin the Andrew, Forest
rather than an exceptional restriction of (leer to
the timbered areas.	 In view of observations ell

deer activities during high minimal' lannitlities at
other times, the latter exolanation scents in:plausi-
ble. For example. counts as high as 40 deer
were obtained during the summer in periods of
actual rainfall ‘viten relative 'humidit y was 100 r ; .
And recall	 that night humidities N\ -11ell ille spot-
light counts were taken were perm lie near
100';,..	 These considerazi,,ns reemphasize	 that
the migrational responses reported hero are in
relation	 to continued periods of high relative
:tumidit y .	 It might be argued that restriction of
deer to timbered areas is a response to this con-
tinued high relative humidit y and acconnts	 for
the Tittle decline in numbers. iluz spotlight sam-
ples taken on the winter range during- December
when relative	 humidit y was continuall y a; or
near 1000; gave no evidence of sueh a restrktioe.
Deer were found to he feeding or resting in
cleared areas in a normal manner. Of Cr	 :
response of (leer to a given relative Ile,.e ie
vary at different times of the year.

It y,oail e l be reI■SOIIIIble I D expect that	 if the ,lee
were restricted tee timbered, area
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d1iy11114 1 feeding- in	 the logged areas would occur,
permitted by the moderate tlavtime weather con-

prevailing	 at this time.	 lu r ingJune
:ind July, daytime samples were	 taken	 in the
mornings on the same da ys as the night spotlight
samples. and by watching for deer while driving
the road system of the area in the same manner
as for the-night samples.	 Although numbers of
deer recorded were much lower lit the daytime
sample than in the night samples, they followed
the same over-all 	 pattern. Five samples during
the decline averaged 3.4 deer per sample (range
1 to 5) whereas 12 samples taken before and after
the decline avera !-7-cd 6.3 deer per sample 	 (range
o t o 18).	 difference between these means is
not statistically significant (t	 1.324 with	 15 di)
Litt the results argue against an increase in da y

-time feeding and lend weight to the "reverse mi-
gration" hypothesis.

A further complication of the June decline is
that it coincided more or less with the beginning
of fawning, and at the time this was thought to
be responsible	 for the drop in	 spotlight	 counts.
Se,eeral days of	 intensive	 searching	 for	 fawns
failed to turn up any evidence, although this is
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 days of
Tune (40 deer on Tune 27 .) though fawning con-
tinued at a fairl y high level througli	 early July.
The behavior of the doe in hiding the newborn
fawn while she ventures out to feed is too well
hitk)wn to repeat here. Lactating- females feeding.
in the logged units without accompan y ing- voting
was the rule throughout July spotlight ...tunples.
Cniortuaittel y	it	 was impiissible	 to establish
whether Me does	 'iliservoti in	 the	 logged units
immediatel y iillowing the recover y of deer num-
bers. 1111(1 iawned earl y or late, anti the relationship
c,f decline and recover y of the sample 'deer counts
an:: fawning activit y are necessarily 1;ased on pep-
ott 11 	 F iotvever. one doe activel y feed-

	

in a leget l, unit on the night of	 8 was
as the mother of a recently

rn favi.	 ou his legs and easil y cap-
ir,	 with neW
s p; •::c	 :.ovemcnts it 	 also be con-

sidered -%	 account fi.r perhaps a 4- to
5-da y t b -tat ‘ :f	 the	 does dropping	 fawns iitcttg
t he dedin t ;,7 7 .1	 re,-iivery perio,ls.	 The innuenee
of this f;:clor woull	 lie of an or,ler	 II:agMtnde
well below the	 sensitivit y of the sampling tech-
niinte used.

-Hie balance	 of	 evidence seems	 io
"reverse migration - interpretation, but in view of

to y N110, - EAIENTs	 iiniu.7	 2 r
the lack	 of a positive dullion,trrnion and of	 the
variables	 invoked. tile qiie:-,tion is	 perl.aps	 be4
;eft open.

Although the	 migrations were el,.,selv	 corre-
lated with minimal relative humidity, ii cannot be
determined from present data if lannidity exerts
a direct causal effect. The deer May 1,i1 1111111(1-X01
b y some other environmental	 factor	 (e.g.,	 food)
which may also he correlated	 will:	 humidity, or
it ma y serve as a modifier of a primar y stimulus
such as photoperiod length.	 An indication of a
direct humidit y effect would be gi\, : en Ity the drop
in deer numbers correlated with the unse.asonally
high minimal humidities during- June if the de-
cline could be adequately eStaLliSiled as title to a
movement front the summer range be 	 herd.

it should be	 reemphasized that	 the primary
purpose	 of using- these extremes	 rather	 than
means is a matter of convenience in establi.hing
correlations between these factors and deer move-
ments by using the most sensitive nu7asure avail- .
able. This procedure should not be interpreted
as meaning. that	 the responses of deer can be
attributed definitel y to the extremes per se; how-
ever, the results seem to suggest that the extremes
are more significant.

The responses of deer measured in this stndv
are not comparable to the behavioral changes in
reslionse to weather conditions reported for red
deer in Scotland by Darling (1937). He found
that movements. and "irritability" were associated
with immediate	 weather changes,	 particularly
those involving	 humidit y. .	 immediate effects
were not detected in the present stud y. Familiar
gatups were consistentl y sighted in successive
si-)otlight	 samples	 in the same places regardless
of current weather conditions. and no change in
tendency to flee WaS observed. Tiowe yer, deer
spotlighted at night from a vehicle are remarkably
lacking in excitabilit y , and more complete day

-time observations might demonstrate responses
in these animals similar to those of red deer.

That deer are sensitive to relative humidity has
been noted by previous workers. Linsdale and
Tornich (1953), working on the Hastings Reser-
vation in Montere y Countv. California, found that
relative humidit y	was an effective	 regulator of
deer activit y , and Hahn (1940 ) report ed tI17,
activities	 of white-tailed deer on the P1clwar.is
Plateau of Texas \Vert! 111■111 1:Cdk r ill(111c11C01

e humidit y . lloWeVer, 110 reference to the
apparent relationship between humidit y and mi-
gration as indicated bv this stud y has been found.

1:N0‘y; Enc.M1.NTS
T \.vi.11 to Coank	 Arthur S. Einar,en	 a:1,1

I ir.:Iitioot	 tt ath:ice	 ill coa.btcting	 v.ork
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\\ entla r data \\ ere o'itainol	 tit; cotirte.y	 ; 

U. S. Forest Servi,..t . .	 Charles F.	 .\.
Leopold, and Peter .\. 	 Jordan read	 ;old suggt-itud	 \	 i`r..). 2	 ;

tuWI inv,irci\enients	 p i the manuscript.	 t ;en,:	 Ni .	 Leopold . A. S., '1.	 y,	 R. McCa	 and L. Tevi.,, Jr.

Christman drew l'igurc 3. 	 I J..-	 .°- ur	 1:f 

1.1f1,1(.VEURF. C ITED	 Lia..dalc, J. M. 	 P.. Q. Tornic'n.	 1` ,53. .\	 of

Darling, F. F.	 1037.	 A herd of red di cr.	 I.oi,don:	 :■.■1:1'	 (ill 1.

o xfurd vniv.

Dealy, J. E. 1 050. The inihiences of logi;tira..
on (:o:umidan 1)1'k-tailed deer	 in the
area of 0;. egon.	 NI aste .,-'s Thesis. Corvalhs. :

State Univ.
Fischer, G. A., J. C. Davis, F. Iverson, and F. P. Crone-

miller. 1944. Thu	 winter range of the	 interstate
deer herd. C. S. Forest Service, Region 5.

1:Z1SnIUS5,71, D. I.	 kiahal,
\,.: 	 :1". 11: 22)-275.

R I:: ■C:1, C. P.	 lqi;t1n j nitilu deer.
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