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CHAPIZR I

INTRODUCT IOA

Man changes bis enviromment to suit his nesds. In so doing, he
bas destroyed forests, ploved ths land, and butlt oitiss. Desr have
adaptod thomsalves to these changes, and in many instances populations
havo orupted as a result. Tholr ablity to mumvive advansaxsnt of
eivilisation and insreasing hunting pressurs hao mado deer tha moat ime
portant big-game animal in America., Tho importance of desr as a game
anizal has oaused gams agenoids to institute mors intenaive mansgoment
programa, .

Proper managemant of this epseles has long bean a preblem of
gazo technicians, In oxdsr to obtain an optimm annual barvest, the
tachnician miat ds ablo to dotarmine door muzbers and lovels of arsa
w33 by doar. Doapite much research on thass problsms, cenaldarable
additional work 13 reguired for tho developmant of an accurate, econom~
ical mothod of deteraining deer nubers.

Tho vesults of any csnsus method largoly depend on a knowledge
of ths habits and movemonts of the animal undey study. Dahlberg and
Gusttenger (9) emphasized this in thair study of the Wigaonsin deer
berd vhen they said (p. 52): "Where a doer or any other gaie animal is
at & given time, or where ko may be expected to go im a day or a esason
or a year must be knoun bafore intslligent management can be undertaken.®

The South Dakota Department of Gams, Fish and Parks, ia searching
for a practical dser-population index, establiahsd the spotlighting
technique in 1944. Gpotlizhting waa ecarried out on predatarmined



routes by two observers in a vehicla equipped with two mounted spot-
lighta. All deor within range of the lights ware tallied. At first,
counts ware made in Octobsr and sarly Hovembsr, Although they provided
a population gex ratio, as wvell as an index to dser mumbara, no provia-
iona wore mads to corract for tha large variation in nightly counts; thus
accurste census information was not obtained. In 1950, apriwspot-
lighting replaced the fall work. It was thought that during the moadov
sgresning-up® pariod large mumbars of hungry dear would bs less suscepte
ible to factors that influenced fall counta. Over a three year pariod
(1950-1992) the counts were adverzaly affected by abnormal weather con-
ditions vhan prematurs spring thaws fallowod bty belatad anow storms
sproad the paak of maadow use by dsar. Consequently, compareble annual
oounts ware not obtained. Tho tochnique, though improved caonsidarably
warthepanuymra.utmlmmchtobedam.

Bavar (2) requocted that spotlighting be exparimentally conducted
during the suzmsr montha. He contonded that after tho deexr had bescms
established on their suxmar rangs, a reagonably constant mumber should
be procent in the came araa each night. Cn this pramise, this spot-
lighting study was initiated in the summar of 1958 and was set up to
spotlight tho game meadovs each night from Jums 15 through Septembar 15.
During this period, data wars lept on deer mumbers, tomperature, pracip-
itation, tims of observation, cloud sover, relative humidity, wind,
lunar gtagos, phenology, and other factors known to iaflusace deer move-
monta, Evaluation of the effaects of the above factors on deer movement
and behavicr may prove the summer apotlighting teshnique to ba of value
in future decr managoemant,



CHAPTER IX
REVIEW CPF LITERATURS
Spotlighting as & Censcus ¥sthod

Soveral state wildlifs agonciles have uszed gpotlighting in deer
studiea to obtain population indices, to msasure population trands, and
$0 collect sex ratio dsta. Howsver, results of such studies rexain
largely unpublished. Corregspondsnse with 33 State agenscies and with
threo Canadian Provincial game departments indicated varying exparience
with the technique.

Five States and one Camadian Provincs - Virginis, Oklahoma, Cali-
fornia, Hev Hampshire, Missouri, and British Columbia - 3ade limited use
of spotlights in deer research or managsasat. The apotlighting active
ities of theae state gams organisations were teo sporadic or of too
short duration to develop speocial techniquss, thus 1ittld usable in-
fomu.énisnvul‘blo. |

Other agtates have undertakea epotlighting prograns. Gensrel ob-
servations are currontly being made by Georgia Gams Departmeat personnel
in conjunotion with their deer capturing program on Cogabow Ialand,
Dawning (12) indicated the possibilities of spotlighting as a supplamesnt
to other desr consus mathods in Georgia. The Michigan Conservation De-
partment has condusted deer spotlighting counts on varicus occasions;
m,mdmumwmhcom;,mmmtammdd-
ored unralisble. It seans that the Michigan workers, llis others, vere
unahle to correct for factors influancing desr numbers, even in areas



suitable for spotlighting cpsrations (Sberhart, 13).

Cuwrrently Wisconsin is re-evaluating its existing spotlighting
procedure for obtaining fall population ratics. OCook .(7) of the Wis-
conain Connervation Department said (perscnal letter): "We feel that
scas of our observera may be trying to ideatify, as to sex and age, at
too great a distance; also weathsr conditions mey play an important part
in ths ratio cbgerved. . . . Hext fall I plan to make some extensive ob-
sorvationa on a study area.”

Egan (14) and Boyd (3), working in Moutans and Goloredo respsct-
ively, noted the difficulties encountersd in making ccunts of deer un-
der spotlights. Both were counting deer involved in alfalfa damsge
camplaints,

For ssveral years Eorth Carolina has been using sight counts on
predeternined spotlighting routes and areas. Lack of a standardisaed
technique resulted in gporadic counts which ylelded little valuable in-
formation concerning factors that influsnced desr numbers cbserved (Lar-
imer, 18). |

Biologista in South Dakota have found aspotlighting an acceptable
measure for deer populations and have gathered pertinest information
singce 1944. Originally the vork was carried ocut during September and
Octcber, Bermer (1) said (p. 12)s “We aren't too satisfied with this
method because of the big variation in camnts along the same route on
suacessive nights.® Although thess data collested in fall counta gave
usable information, ths program was changed to a spring operation to
avoid oertain factors (e.g. migrations, phenclogy) affecting census
counta. Censuses for three consecutive years showsd a riaing popula-



tion, but the validity of the method is doubtful in viev of e doubling
population segment on ono transeoct in cas year. Ths spotlighting tech-
nique ws improved and satisfactory populaticn trecds were then obtainsd
(Baver, 2). Both Bermer and Bever indicated, however, that fastors
affeating desr mmbers obsarved along spotlight routes zust be evalu-
atdw&owmtqunombphwumlynmu.

Piysiological Factors Influenaing Spotlighting Reeults

nmmmuvmutuewtmmmmmspm-
Waaawmmmmmamm
faotors vhich affoot deor movemeat and behavior, and ultimately spot-

lighting results is available. Pertinent publicationa are therefors
revisved belov.

Zavnlng

When the spring migration, or the somevhat lesser movements have
ended, deer establish themselves in home areas that will provide life's
esssontials, Does preparing to fawn seok sscluajon and appareatly es-
tablizh a fawaing site by late May. They then restrict their daily
aotivities to a amall area (Lindsey, 20).

Taylor (24) found that bresding peaks in mid-Hoveaber across the
Borthern United States meant corrssponding fawning would fall during the
tirst part of Juns., Lindaay (20) also obosrved the greatost mmber of
famns wers borm during early Jm.'

Fawns resain hidden in or near their bdbirthplacs for thres weeka
or more acsording to Taylor (24). Ruff (23) did not indicate the age of



fauns vhen he cbssrved that does with fawns feed largely at night and

the favas are kept in hiding during the day. Tayler (24) sumarised
fawm astivity (p. 71)s

The duration of the hiding period varies with individusla. Some~
times the fawn begins to go with its mother after the first two
or three vseks; at other times it seens to remain in geslusion
for most of the sumber. Occasionally very szall fawns, not over

e o o Tounsend and Gmith

&
:
'
¥
?
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Observations by the above authors would indicate that fawns tend
to sosk seclusion for thres wesks or more after birth and that cansus-~
ing dependent on voluntary deer novemeats would give low results during
June and the first week of July. Because thsre is a variation in fawn-
ing datea, increases in numbers of fawns observed may extend over a
pvutar‘poriod.

Antlsx Growth

Antler growth occurs in a cyale vhich is repeated year after
yeoar. uaécki(ﬂ)utdthtuthuhuhhmvuwrnorm
and beocme hard Yy September when the velvet ias shed. Ruff (23), Caba-
lane (%), and Lindsey (20) also obssrved that obvicus antler growth
ogours during the peried frem May to September and that velvet rubbing
starts about September first.

During the periods of early antler growth the buck stays by hin-
sslf or will esek seacluaion with other males. lovements are restricted
to relatively small areas and invariably they can be found in ths saze
place at the same time during the period of antler srowth (Cahalana. S.



and Taylor, 24). Thess authors also referred to the incressed activity
of ths buak as the swmer progresses and as the breeding season ap-
proacheg.
Progulsko and Baskett (22) got their most precise dear movement
information in spring, sumsr, and early fall; thoy wrote (p. 135)s
During thess pericds, soveral deer seexed to have rather small
ard distinet hore ranges in vhich they could bas found repeated-
ly. This pattern vas vell Lllustratod by ons male which wvas ob-
served 30 tixes during the 6-month period from Marsh to Sep-
teaber 1955, Tho deor was alvays sesa vithin the sams 360-acre
4368 ¢ ¢ o
i g da.u.y obgservations ware restricted to a single point, the in-
activity of bucks would influence the number of deer observed during
suzmer end early fall. Large increases in observed deor mumbers could

result as antler dsvalopment progresesd.

Zeeding

Results of desr population studiss extending over several ssasons
will be influsnced by changes in daily and seasonal feeding habits.
Profarrod foods and praforred feeding psriods change frequently; such
habits are correlated with both meteorological and phenclogical condi-
tions. Berner (1), Ruff (23), and Lindasy (20) found that dasr concen-
trate on sucoulent groen vogetation when it first appears in the spring
and continue to feed on it whenever it 1s available throughout ths
suzzsr. The latter two authors also zoted that in late summer and

early fall the drying of grasses causes deor to feed more intensely on
forbs and on leavea and twigs of woody planta.

Many other worlers have observed that dsor feeding activitiaes
are related to avallability of preferred foods. Such activities result



in deer being particularly abundant at favorable feeding sites such as
the open meadows observed in this study.

Boologiocal Factors Influsnoing Spotlighting Results

Yeathsr and related ecological factors have a great influsnce on
moveadnts of deer and subsequently oa the number of desr cbserved on
any one area from aight to night. It 1s difficult to separate the
effocts of cne acological factor from another. Linsdale and Tomioh (21)
pointed this out (p. 315): "The strength and weakneas of light are
alosely asaccisted with other atzospheric conditicns that modify behsv-
ior of the deor, and this makes it 4ifficult to detect any influsnce
attributable to light alons." They also asserted that relative humidity
ia a factor depondent upon othsr weather phencmena,

It 1s gonerally agreod that any one weathor factor cannot be ex-
prosssd alone, but rathor its effecta modified by the complexities of
other acting factors. Thus, only for convenisnce of discusaion are
the major weathsr factors separatad below.

Yolgture

Svov has a profound effect on movemants of dser; the firat heavy
snow in the fall and the apring thaw directly regulatea movements whather
they be migratory or simply local shiftings. BRuff (23) noted tbat
vhite-tailed deor®™ move about and fesd more intensively before rain and

snov. Dasmann and Taber (11), who studied the Columbian black-teiled

83ciontific namos are listed in Appendix A.



desr in Californis, discovered that precipitation and cloudiness stimu-
lated activity of the animals at all dours but that heavy reins and
vizd drove deer to sheltar. Darling (10) found wetness to be a potent
influence on movements. He noted that a rain greatly stizmulated act-
ivity and heavy rain and wind restricted it. He also cbserved that red
deer banded together and moved doun-slope just prior to a snowstorm.
In their vork with mule deer, Linadale and Tomich (21) found the
same to be trus and added (p. 310): "Long periods of rain can increase
the tolerance of desr for rain.®
The influence of humidity oa desr bebavior, though dependent on

temporature and eloud cover, was studied by Hahn (17), He deterained
that there is a definite correlation between vhite-talled deer move-
nents, relative humidity, and sky cover dining late afternoon. 4s the
nmidity increased he noted that deer movement decreassd amd therefors
concluded that cptimm weather for making deer counts is when Mmidity
is lov (70 percent or less) and vhen the sky is not more than 50 per-
cent over cast. MMWQMOp‘uumhthmck
Hills of South Dakots, Bever (2) peinted cut that high mmidity s
associated vith the fewer numbers of deer cboerved in open mesdovs.
This 1s in contrast to what Linadale and Tomich (21) wrote (p. 317)s

The lov humidity eontributes to the discomfort of ths deer for

a large part of the day in the warm part the summer. Moraing

activity subsides quickly with the drying of the air, and there

e e o 2 U

huaidity conditions becoms more favorable

sum, and most of the deer are up and about. 4
seems not to be deirimental to deer in any way.

&

8
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A close acsociation betwsen moisturs and tampersture was found



10

by Darling (10) in his activity studios of the red deer in Scotland.
Clark (6) held that elimatic comditions are important influences on
daily mcvements of deer.

lemperature

Temperature variations throughout the year greatly affasat deer
aotivities. Deer, lilke many othsr animalsa, do not maind cold and often
seok it, according to Darling (10). He observed that red deser while
ssoking the coclar areas tend to move toward the most sven tamperatures.
The studies, howover, wero conductod on the damp coastal arsas of
Scotland. His findings indicated substantial correlation betweon temper-
ature changes and movementa. He noted the red deer move moast on warm
days and seok cover vhan tha woather ccols. Refarring to temparsturss
he wrote (p. 108)s

MrMMu-wmaMwammhMMo
rule of moveameat in relation to temperature but im analysis of
behavior of red desr in Seotland it can bs accepted as axicmat-
0. « «+ « Groateot dally movementa cocur in lay to Juns whon
differoncea betwoen daily maximmn sad ainimum temperatures are
greatost.

With the arrival of warmer waather, deor feed more at night,
according to Clark (6). EHs also observed s great increase in night
activity during extreme hot periods.

Linsdale and Tomich (21), Cromemiller and Bartholomew (8), and
Dasmann and Taber (11), who worked on deer in California asserted that
aight activity varisd direstly with tempsrature, They did find, how-
ever, that daytime activity during the hot seasons increased when days
wore cloudy and ccol,



Light

The affects of light upon dasr motivities are difficult to evale
mmsmmumwpuumuuowmm
factors, particularly with mcos phases and aky cover.

As ssasons progross, changes in photopariods direotly affect
deer behavior. Linsdale and Tomich (21) stated (p. 418): *Frem day to

day the changes are gensrally small; in a week or a month, howsver,
there may be great alterstion in their program.®

Daylight activities, partly the response to light, are eubse—
quently reflected in night time movemants and behavier. The effects of
photoperiods during lunar phases has been noted by Linsdale and Tamich
() (p. 394):

prolongation of alternate feeding and reating. wWithdrawal

hours of the morning is apparestly deter-
mined by factors other than the pressnce or absence of moon-

light and 4its intensity.
Ruff (23) alzo wrote of ths effasts of light (p. 226)s

Dear are gensrally as much nooturnal as diurnal. They rarely
zove during the middle of tho day eapscially in varm weather;
but from sbout four o'clook in the wintar and somowhat later in
sumsyr until dusk, they begin to move frsely, and can be seen
until almost midnight. Soms individuals may move about
ter part of the night, but obssrvations indisate that
8 & pericd of inactivity during the night as thers 1s in
tizs. Many doer may coatinus to feed throughout ths

part of the day during cool weathsr, or during the win-
pariod in ordor to obtain enough forago. o « «

Buss and Harbert(4), vhen studying the influsnoe of moonlight on
deer, obgerved the numbers of dser visiting a salt lick oach day at 7

£8
;
5
4
:

§9EEES
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P They determined that the most deor viaited the lick during full
so0on and the least during nsw moon. Agcording to Bever (2) the reverse
vas trus for the Black Hills doexr hard. He wrote that peak spotlighting

counta for two areas occurraed during the dark phase, or first quarter
ottbombon.

Hind
Wind, wvhen associated with other factors, will have various ef-

feats on deer movements according to Darling (10). He found that dser
have a varying degrae of talerance to vind associated with moisture end
temparature variations. Linsdale and Tomich (21) are in agreement with
this and report (p. 316):

Wind acoantuates the effects of cold; and on eold, windy days

deer rotire from otherwise favorable feoding places to leaward

hillsides or protected clesarings. 7The doer do not particularly

avoid wvind on hot days, although they usually are not then act-

ive in the open becauss of the adverse temperature and relative

bunidity. In mild weather, deer may frooly feed or rest for
hours in geatls or modsrate wind, . . .

Other Factors Influencing Spatlighting Resulta

Factors other than those cited above have leasssr effect on move-
monta and bshavior of deer whish in tura would influence night census
date.

During night cbearvations of deer, Bever (2) was ahbls to cbsarve
the deors' reaction to dogs, coyotes, and boboats. The presence of
those predators caused the deor to vacate the area imwediately.

Road traffic wvaa also ovaluated in spotlighting operations by
Baver (2). He contended that location of the study arcas has a bearing .
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upon effscts of the traffis, He discovered that deer will builld a tal-
erazce to traffic slong well-travelad roads; howsver, a vehiale's ap-
proach on leaser traveled back roads will alarm the dser, making them

sook cover.



CHAPTER IIX
THE STUDY AREA AMD DEER HERD
Daaoription of the Blaock Hills

In the language of the Sioux the ®Paha Sapa® stand as solitary
sastern outposts of the Rooky Mountains., The Black Rills are aptly
nazed; to the trsveler first ceeing them at s distance they do in faot
appear as black mountains riaing sbove the treeless plains. As reported
by the U. S. Foreat Servics (26), the French Verendyre brothers - prob-
ably the firat vhite men who eav them, in 1713 - spoks of the Black Hills
as & vilderness of pins covered mountains, hills, canyons, gulshes, and
ravines, interspersed with fartile valleys and natural parks laced
vith clear streams., They reforrsd to them as "a verdunt casis" in the
nidst of a barren, undulating prairie.

Extending sbout 100 miles from a southoasterly to a northuester-
ly direction and approximately 50 miles in width, the Black Hills lie
sainly in South Dalota with a small exteasion into extreme Rastorn
Wyoning (Barner, 1). Tho gross area totals about 1,525,800 acres, of
vhich all exoept 311,760 acres are federally ownsd (U. 3. Forest Ser-
vice, 26).

Ths dame-shaped uplift rises 3,000 to 4,000 feet above tho
plains. The eastarn half of the area has been deasply erodsd; the
" wostarn half 1s still capped with a limastons stratum and can be spoksn
of a3 a 3ix to seven thousand foot plateau. 3evaral sharp granite
peaks maks the mountain interiar jagged. As ons traverses outward from
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the interior a series of ridges are orogaed, down to the last enoircling
hogback of red clay. The permanent streams have ocut deop canyons at the
lowar lavels. Unly bare rooks are void of tres vegetation at ths high~
eat elovationa.

The alimate pattarns of the Black Hills are essentially the same
a8 thoee affecting the Great Plains. The vegaries of air masses that
inudate the area and their interaction at the higher alevation causes
extrazs olimatic differences within the Hills themgelves (Thornthwaits,
25)e

The average annual precipitation variea from 18 inches in the
southeaatern ssotor to 24 inches at the higher elevations in the northe
wast (Pigure 1). In the southsast sector tho bulk of the moisturs camea
in the form of rain with only a fevw inches of snow. Two to three foot
accumulations of snow ln ths hizhar western limestone and north central
reglon account for the difference in amounts of annual precipitation.

Extremes of temparatures are charasteristic of the Black Hillas
teaperature changes of 69 Fahrenheit within a fev hours are not uncom-
mon. The averege annual temperature of the southeastarn sector ia leas
than four degrees warmer than the northwestern ssotor and central high-
er elevations. Rowevar, the two areas have five to tenm degrse dally
temperaturse differondes in the summor and spring months (Bermer, 1).

Canorally the Black Hills lack a varied flora. Ths doninant spe-
oles is ponderosa pins which grows in purs stands and composes 90 par-
cent of the timber. The moist morthern exposures in the ceatral and
northern ssctors havs & fow Black Hillas apruse. Cnly limitaed areas

atll) produce willow, aspen, chokecharry, serviceberry, white birch,
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Figure 1. Location of Spotlighting Route Through Summer Deer Range in
Central Black Hills. Note also Isohyeis of
Annual Precipitation for Area.
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and aimilar species that once grew in abundsnce along oresks in bottoa
lands, Other ground eover and understory plants are Oregon grape, bur
oak, cazmon Juniper, bearberry, mountain mahagony, Rooky Mountain june
iper, azd big sage.

Desoription of the Study Ares

This spotlighting study was conducted within the Black Hills of
South Dakota. It vas restrioted to the western and central portion of
Pennington County with an additlonal four spotlighting miles extending
into the nmorthweat cornor of Lawrance County.

Becausze of the time element and the prohibitive cost imvolved
in running long streight routes covering large areas, the route was
initially laid out in a oircular pattern on sscondary all-weathsr roads.
Initial nightly surveys revealsd areas vith much higher deer numbers,
and the original routo was subsequantly altered and usad throughout the
study (Pigure 1). Through years of cbgervations and an accuxulation of
data, game department personnsl have been able to establish an arbi-
trary lins eeparating the sumser and winter deer range. Ths spotlight-
ing route was set up primarily within the flunctuating limits of ths
SUZDST TANe.

Klevations of 5,026 feet (Hill City) and 6,800 feet (Castle Creek
"Y2) are the extraemea found within the study area. The change in ele-
vation (1,774 feet) increaces gradually from the sastern to the western
linita of the spotlighting routs.

Short growing ssasons and adverse winter weathor are undesirsble
factors camtributing to tho amall mumbar of permarent residents in the
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wstarn portion of the Hilla. Private land ownsrship 13 restricted to
the large drainages which dooreass aoross the study area. The U, S.
Forest Servics has leaasd a major portion of ths public land of the
Hills to private cattlezmsn and sheep owners for suzmor grasing.

Because of similarities in vegetation and in topography, the
spotlighting route can be describsd in seven segmonts divided by land-
marks shown in Pigure l.

Segment. ons, Reno Gulch, insluded only msadow mumber 32. This
soation wvaa inoluded in the study as 1t was the only satisfactory accaeas
road to the main route. The drauinage has large acreagas of private
lands partly grased by cattle. Dominant plant species are pondarosa
pine, blusgrass, willow, aspen, domestic oats, and domestic hay. Ele-
vations range frem 5,026 to 5,430 foot. wWater is present in limited
emounts; pollution is evident.

The second segment, Reno Guloh "I to ons~half mile southeast of
Deerfield, included msadows ons through five. Masdows 1 and 2 lise
in public land heavily grased by cattle while the other mesdows are lo-
catad on private land with some grasing. Dominant plant spesica are
sinilar to the Rano Gulch sagment except that willows are absent. The
elevation range i3 5,490 to 6,100 feet, Limited wvater 1o available.

Segment thres, one-half mile southsast of Dserfield to ons<half
nile north of Castle Cresk °Y", included meadows & through 10. The
segment was ten continuous miles of open mssdow arbitrarily divided into
five study areas of equal length. Ths drainags is primarily private
land, all ungraszed (summer months). Dominant plant gpecies observed ars

those found in the first segment with the addition of Black Hills spruce.
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The elsvation range is 6,100 to 6,800 feat. Water, vhich ia present at
all tines, comes mainly from Castle Cresk. Land ouners use vater from
this erecak to irrigate cultivated fields of domsstic hay and oats. Pig-
ures 2, 3, and 4 are reopregentative of this gegmant. Lush growtha of
oata, grase, and willows combine to produse oxcelleont eover but zake
spotlighting difficult,

Sogmant four, one~half mile north of the Castle Cresk *I" to one
and ons-helf miles east of Rochford and Routs 85 Juncticn, includad mesd-
ows 11 through 14. Itiaonanolghtnnde;e—haltme stroteh of open -
zeadov divided into four equal study areas. The entire draimage, which
ia predominantly public land, is heavily grezed by cattlo and sheep.
Thare i3 only one homssite along this segmont. Dominant plant spaciea
are Black Hills spruce, aspen, ponderosa pizne, bluegrass, and willow,
EZlevations range from 6,800 to 6,549 faet. VWater is present in limited
amounts. Figure 4 ia representative of porticns of this segment. Dense
agpen and pine thickets, as shown in Figurs 5, ars also numarous.

’Semnt five, from Castlo Cresk "I" to ons-half mile east of
Moon Junotion, wvas 12 mntiqmumeaotmnmuvmm study
meadows 15 through 20. The entire area, publically owned, is beavily
graged by cattle., Vagetation iz predominantly blusgrase, aspen, Rocky
Yountain juniper, ponderosa pine, and Black Hills spruce. The alavation
rango 1a 6,800 to 6,480 fest. Water, which 1s present in limited
amounts, is found only on the north end of tho segmeat. Ths drainage ia
wide throughout most of 1ts langth (Figure 6)., Thoe msadow edges are
surroundsd by aapea and pine thicketa (Figure 5). Dear uss was limited

to the ridges of timber projecting into the open meadow (Figurs 7).
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Figure 2. Meadow 7 on Castle Creek. Cover consists of Cultivated Oats,
Bluegrass and Willows.

Figure 3. Meadow 9 on Castle Creek. Cover Mostly Fields of Cultivated
Oats with Beaver Flowage in Distancse.
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Figure 4., Meadow 9 on Castle Creek. Showing Typical Growth of Spruce,
Willow, and Bluegrass Below a Beaver Dam.
(Compare with Figure 3).

Figure 5. Meadow 15 Showing Dense Aspen Thicket Utilized by Deer and
Cattle. Note D2finite Plimsol Line.
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Figure 6. Meadow 18. A High Prairie Meadow Showing Expanse to Forest
Edge. Area Heavily Grazed by Cattle.

Figure 7. Meadow 16. Deer Use Confined to Timber Ridges Projecting in-
to Meadow which is Heavily Grazed by Cattle.



Segment 8ix was ono-half mile sast of Moon Junotion to two and
one-half miles southeast of Six Mile Junstion. The lands along the seg-
ment are public and are hoavily grased by cattle. Dominant plant spegies
are the gane &3 along sagmant £ive except that Black Hills spruce is
abosnt. The elevation is 6,480 foot at the western end and varies graat-
1y throughout the sogment to 6,57 fest at the eastarn eod. aater is
presant in impoundments constructed for livestock uss. Figurs 8 repro-
santas tho nmarrovw stringer moadows trangversed by this segumsat of tho spot-
lighting route. Figure 9 shows the small olse of the owmuit meadows and
vegetation prosant on them.

Segmant seven, Six Miie Junction to a point four alleg east,
consiated of four contimuous miles of opan meadow equally divided into
atudy mdouu}lud}}. The lands are public and are heavily grased by
shesp. Ponderosa pins, aspen, and blusgress are the dominant plants.
Klevations range from 6,571 t0 6,243 feet. Fros water is usually not
prosent in ths ares.

The Deer Hard

Game Departmant biologists estimate that there are now 50,000 to
60,000 deer in the Black Hills of which 75 perceat are white-tailed
door and the remainder mule deer. Deer aro the moat abundant big game
species in segments of tho Hille where a wildlife rango manageasat pro-
gram is practiced; other apecios are elk and mountain goata. The latter
are fow in mmbers and regstricted primarily to the lorbeck Wildlifs Re-
fuge and to Custer State Park. Unly thres elk wers obssrved on the

study area,
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Figure 8, Meadow 22. A Long Narrow Meadow Transversely Crossed by
Spotlighting Route.,

Figure 9, Meadow 27. A Small Summit Meadow Heavily Utilized by
Cattle.



Thero is little diroct cempetition between doer and othar gams
animals within the Hills; however, Bormer (1) stated that beaver and
cattlo convert many brushy bottom lands to bluegrass mesdovs.

Approximately 22,000 catila and 34,000 sheep anmually uaing the
Sational Forest compste directly with desr by overgrasing and overbrows~
ing the most productive bottom landa.

During normal wintors many of the vhite-tailed deor nigrate from
the higher western portion of the Hlack Hills to as mush as 25 miles
east. Tagging rocords over the past ten years chow individual herd
movementa. It 13 ballisved that the vhite-tailed deor follow major
drainsgss east. In Novembar of 1958, hunters killed two white-tallad
deer (maried by the author in the swmer of 1958) which had moved 14
and 25 miles eastward respsctively.' These deer followed the Castlo
Creek drainage, then crossed into the MoVey burn north of Hill City
vhere thay wera shot.

Mile dear vhich ccoupy tho zeme areas as do the whitatalls dur-
ing the swmmr months move caly to more favoreble local exposures in the
wintar,

Borner (1), while evaluating big gawe monagement of the Hills,
indicated that doar are the most izpartant big game species, management-
nn,wummmwsmmmmww
octs of aecondary importance to the mountain goat,



CRAPTER IV
MATERIALS AND METHODS
. Bpotlighting Units

An attezpt vas made during this study to improve spotlighting
equipment and the method by which it is used. Three differant spot-
mmumum;mammummvmm
nghtmuga.

4 beavy-duty trusk equipped with two G-inch spotlighta povered
by the standard sh—volt battery vas the first unit chocked. This wnit
had bean used in provious years for the regular spring spotlighting
vork, The maximum digtance deer could be readily obsarved wvas 225 yards
(Pigure 12). Deer beyond this distanse, to 275 yards, were obssrved
only 1f they turned so their eyes would reflect the light. The width
dmmumummnﬁoﬁmm:mo. Itmmmaomr
umambmmtmmmmwmmmw
Mapuawwmthtiadmmsutammmsm
siderable eye fatigus vhen used for long perieds.

The second unit tested comsisted of two 12-volt spotlights pow-
ered by a standard 12-volt battery and mounted on & 1955 Chavrolst sta-
tion wagon (Figure 10). With this unit the optimum range was extended
to 300 yards, an inoreasc of 75 yards over tha first unit tested. The
mwumtmmmmmmumuamtmnmm
rangs (Figure 12). Eye reflections cculd be distinguished with littls
diffioulty at 325 yarda. Observationa were more readily cobtained under
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Figure 10. Six Inch, 12-Volt Spotlight Units Tested During Study.
Note Beam Shields on Lights.

Figure 11. Heavy Duty Spotlighting Unit. Ccnsisting of 6 Inch, 110~
Volt Floodlights Fitted with Beam Shields.
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the more intense white light produced bty the 12~volt unita.

The third unit of the tests was a conversion of the firat. The
rogular six-volt genarator of the truck was replaced by a 110-volt A.C.~
D.C. gensrator and the 6~inch, six-velt spotlights were replaced by
aix-inoh, 110-volt, 100,000 candle power utility flood lamps (Pigure 11).
The power was aupplied directly by the gensrator. Diffisulties vore
encountered in that the engine hed to be run at & constant speed to pro-
duce 110 volts, and tho battery would not eharge when the gonarator was
producing 110 volta for the floodlight circuit, 4 unit to emabls the
engins spead t0 vary end produce only 110 volta at the light outlets is
being installed for future use. The unit will also include a by-pase
to the battery permitting it to charge whon the 110 volt eircuit is in
operstion,

The 1i0-volt flcodlights wore tosted on the study arsa vhere the
greateat opan meadow distanse ogcurred. The maximum spetlighting range
of this unit (500 yards) vas determinad on msadow 17; deer could be read-
1ly obssrved at this distance. The definitive width of the £iald was 275
yards at 500-yards distanse (Pigure 12). The lights proved far superior
to the others tested. It wua not necesaary when uaing the flood unit
to repeatedly sweop an araa with the 1light; decr in the moadow could be
observed in a singlo asweep of the flood unit., An addsd advantage is
that tho intensity of the light rodused over-all fatigue of observaers.
Although testas were aot run, it 4s falt that use of the 110-volt flood
light will reducs observer error and also reduce the tims neceseary to
spotlight an area.

All lighta testad were equipped with light shialda (Pisuras 10



and 11). The shisld eliminated ths aide reflostion prodused by each
light. The greatest reflactions were from the curved windshield of the
atation wagon and from the amooth painted surface of the vehiales. INe-
fleotiona wore most sovere from the 110-velt flcod units. Constructed
of 02 inch alumimm, the shields are six inchea in diamster and four
inches in length. Thay wers placed betwsen the seal bsam unit and the
light suapenaion ring; the ring was replaced, thus holding the shield
and seal beam unit in the light housing.

Othor equipment used during this atudy imoluded standard weather
instrumonts for recording climatological data at seoven sstahlished
stops along the spotlighting route.

Matheda

Hightly £1e1d obsarvations were made during the period Juns 14
through September 12, The route was run a total of 61 nighta during
this pericd. It was found carly in the study that heavy rain and fog
were not conducive to satisfactery spotlighting gounts; thsrefors, the
routs was not run when fog was presant or during periods of heavy rain.

The route waa run in five different patterns so that varioua
parta of the route could be spotlighted at different time intervals,
bacause time intervals vould influence temperature, relative humidity,
moonlight, oto., and ultimately affect deer ocounta.

Two man starting ons-half hour after sundown complsted the route
| in eight hours. The passenger obaerver waes responaible for tallying
deer counts of individual meadcws and for recording tims and weathor

data throughout the routa. It was the duty of tho drivar to spotlight
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all mesdows on the left side of the road vhile the obeervor gpotlighted
the right side.

Aocunmulated field data were grouped for statistical anslysis.
Cosfficiants of correlation, standard deviation, and variance were com-
puted as reccumended by Goulden (16).



CHAPIZR V
ANALISIS AND RaSULTS

This study was designed to svaluate physiological and ecological
factors vhich influence counts of desr using sealaeotsd meadows at night.
Phyaiological factors were studisd and included fawning, antler develop-
zont, and feeding related to meadow vegotation.

Data were collscted on the ralationship of deer ccunts to suca
acologlcal factors as tamperature, moisturo,qﬁﬁg cover, lunar phages,
dev, and tims, The tims factor was conaidersd from two vieupointas; the
hour at which each obssrvation was made and the date relative to pho-
nomena of the seasons.

Portions of tho data werse treated statistically to ascertaln the
influenco individual factors as wall as combined effsct of intaracting
factors had on nightly deer counta.

Physioclogical Pactora

A progressive increass in numbers of desr of various age classes
vas noted on tho atudy meadows from sarly to late summer. Bscause many
obsarvationa were made at distances up to 400 yards, a large portion of
the deer counted could not be easily sexed and aged with unaided oyss.
Extonaive use of binoculars would have disrupted ths time schodule for
running the spotlight route. whare deer could be readily sexsd sad aged
vithout binoculars, records wore imwpt; it is from thess recorda that the
influsnce of fauning and antier growth on total deer counta was sstimated.

The firat fawn of ths ssason wae seen on the night of Juns 13 aa
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it foliowad a doa into woody cover adjacent to a meadow. Cn July 1 a
pair of twin fawns vas obszsrved badded together at the adge of a amall
olsaring., Throughout July thors was a gradual increasse in the number
of fawns spotlighted. Cn July 23, tweaty-three of 414 deer recorded
verg favns. It 1s falt that an even larger nmumber of this count msy
bave bzen fauns, but the hsavy vegetation made identification difficulz.
Deer uwhich wers desp in the meadows or lying at the edge of ths timber
could oniy be located Ly eye raofloction.

During the last two weeks of July and the firat week of August
there wvas a noticsable inorease in fawn activity, Large groups of fawns
would concentrate in opsn meadowa and play for extanded periods. They
displayed no apparent glarm to the light until does, which had bgen
{feeding close by, salisd to them. The fawns would then quickly flas to
cover vhich was seldom mord than 3J yards away.

Bacause the total deer count had more than tripled by August 9,
it waa thought that a buckidoaifawn ratio should bo obtainsd which would
be a basis for determining the portion of trza population responsibla for
the increaszs. On August 13 the obssrved ratio was 20:100:193, but 197 of
the deer observed during that night wers nsither sexed nor szad. at
this tizme and for ths next two wesks it was apparent that fawns travellad
and fed with the does during 2arly aveainz. uUccasionally bedded faumns
could be found during the later hours of evaning by carefully searching

“the areas around feedins dogs.

Pawns became insrsasingcly indeporndent of doss during the latler

part of August and the first wesk ia Septamter. Thls was very evident

by Ceptamber 3 whea fawna wersa observed feedin; alone or witn sevaral
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bucks far removed from large groups of does and yearlings. On September
4 and 9, additional buck:doe:fawvn ratioe were obasrved, the results for
two lots baing 54:100:159 for 679 and 913100:158 for 719 deer. It 4a
appareat that the mumber of fawns inoreased continuously throughout the
study. The periods of faun and dos activity with respect to dates agrae
closaly with the findings of Lindsey (20), Ruff (23) and Tayler (24).
Data from these studles and the pregent atudy are plottad againat the
deer count trend (Figurs 13). This population trend should remain con-
stant for the Black Hills area provided tho broeding aseason 1s aot
significantly delayed or prolongad.

The first buck with half-developed antlors was seen oca July 1.
Later observations of ths same buck (captursd and marksd by the author)
revealsd that the valvet was lost before September 6.

From July 5 to August 5, bucks were occasionally observed at close
range. On August 13, only 22 buciks wera aeen aven with the aid of bin-
oculars. Mo great lncrsuces in buck mumbers vere evident until August
25 whon smel) groups were obgserved at the edges of open mesadows. The
sex ratios obsarved on Saptembsr 4 and 9 showed large incresass of bucks
ovar the ratio observed on Adugust 13. Sixty-zeven of the bucks of the
September § count wers in three groups on msadow 7. With bimoculars it
was found that identification as to sex and age can only be accemplished
within rolatively short distancss, though deer can ba scourately counted
with spotlights at much greater diastances. This was especially true of
®spike" and "fork-horn" bucks in early stages of antler development.
Therafore, many of tha desr not iacluded in the sax and age ratiocs be-
cause of thair doubtful identity may have been buaks.
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ividonse of rostrioted movemants of bucks waus noted. Several
males haviag natural identifying cbaractaristics and four carrying arti-
Tical markers were observed in the same area from day to day. This &s
in agroement with observations made by Progulske and Baakatt (22) and
Taylor (24).

The firast ovidence of velvot shedding was notsd an September 1.
The ahedding progreseed until mid-Septembor when nearly all buclks ob-
aorvod had lost their velvet and many cerried polished antlers. The
sequence of antler development as related to behavior of thae bucks wes
an important coantribution to the lnorsased total deer counts aade from
nid summer to carly fall (Figure 13). Bucks loft forested aress and
appear3d in meadows when velvat shedding was evident,

Yovements of deer during the suamar aonths wore relatad to the
avatlabiiity of succulent foods. Bermer (1), Ruff (23), and Lindsay (20)
found that desr will concentrate on groen vagatation from Ats first
appearanss in the spring and continue to use it when it is available in
the suamer.

Preferred forags plants in the atudy arsa wore moat abundant in
the rich Lottomlands which are both naturaliy and artifically irrigatad
fro: iccal streams. The cultivated f1lelds of these bottomlands vere
plaated in rotation to dozastic bays aal cats. iild hay is also an
important crop ia the area. Higheat deer conuantrations warse found ca
these angraszad lands. -

Becauss faeeding habits are asscciated with phsnologlcal condi-

Lions, study plota wera establizhed at four different slevatiocns on the

stody arsa. Phemological data were solisciad for at lasast four plaat
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apecies cn each study plot; blusgrass eand damestic oats proved to be the
best indicators of the effacts of microclimates,

Data collected on nine differeat dates (from Juns 9 to Ssptember
6) revealad that the maturity of several plant species is approximately
12 days later at Castls Croek "X" (elovation 6,800 feet) than at Hill
City (elevation 5,026 feet),

The seasonal changes in cover conditions brought about by agri-
cultural operstions and grasing had a bearing on the mmber of deer
observed, Unusual precipitatien in early July delayed the hay harvest
throughout the study area until July 25. The bay cutting began on July
25 and mowing continued until August 10 when nearly all ungrased domec~
tio and vild-hay meadows hed been out and the hay removed. Heavy deer
use of the mowed meadows declined for about one week, after whish large
nunbera of desr returned to the msadows to feed on the nsw growth.
Bamage to domeatlis oats by heavy frost and deer grasing prompted moat
ranchers to harveat the crop for hay by August 16. Deer left and did
not reoccupy the mowed fields until August 23.

Graging by cattle and shesp bad the most direct affect on msadow
usage by deer. Cattls, like deer, usually seek out tender green vegeta-
tion and grase on it intenaively. Their movemsuts, like those of deer,
are regulated by climatic conditions. On many occagsions both cattle and
deor were observed greasing in the pame areaa but as the suaner progress-
ed desr loft meadows heavily utiliged by cattle.

Deor proved to be more tolerant of cattle than of shosp, and on
no occasions were deer seen mixsed with sheap. In most inatancss deser
wvors far removed from sreas previcusly used by shesp. Meadow 14 was



used for nearly three weelks by 20 to 30 desr. 4 large flock of shaep
vhichmaaovodintothomadwundmzcdthmtcrtmmmm
dear to fead alasawhers., Twenty days elapsed from the timg the sheep vers
takon off from the zeadow until more than six deer were observed thare in
any ona evening. The reocourrence of deer was very rapid after a rain
shover had brought on new grouth of the hsavily-grased bluograss. The

ummtammammmumdmwm/..

TABLE I. COMPARISONS OF 1958 SUMMER TEMPERATURES 4XD

PRECIPITATION WITH THRKE~YBAR AVERAGES AT
DZERPIRLD WRATHER STATIOR®

Texmperature Prsoipitation

Three Year 1958  Depar- Three Year 1958  Depar-
¥onth Average Average ture Average Avarage ture
Juns 52.3 58.5 46,2 3.47 2,08 -l.39
July 59.7 84,2  =5.5 2,63 4ei6  AL.33
dugust 58,6 51,6 7.0 2.57 401 Al
Septesber 49,0 50,3  <1.3 1.09 2, = .85

*Ho long-tize mean available bacauss of station establishment in 1955.

While 1t i3 expeoted that grasing and agricultursl practices in the
Blaok Hills will remain sssentially tho same in future years, some condi-
tions specifis to 1958 should be noted.
July and dugust (Table I) may have dalaysd tho psriod of maximum maadow

use by deer.

Tho umusually wet paried during

Obsarvations on goverel opan areaa as wall as on sparsely

timbersed hills above the meadows showed that grass did not dry up until



August 25. The drying of graas in the upper hills normally occurs about
August 1, forcing deer to lower maadows whore greon graas persists in the

noiat areas.
Bcologioal Factors

Corrolation coafficisnto were caloulated to determins the effects
of goms of the indigemal climatelogical factors on deer counts. Certain
of these factors were eliminated from correlation caloulations because
of the inadequacy of data.

Msasurable amounts of wind blow on only six aights during the
study period. On two nights of exsessively high winds (34 m.p.h. and
33 n.p.h.) there vac & noticeablo effect on deer movements. Each time
the winds vere accampaniad by heavy rains which drove the deer fram opsn
meadows to heavy cover, Limited data indicated variations in deor counts
are affectod by precipitation (Appendix B). Intensive feeding in open
msadows cocurred prior to rain showers. After the rain had started, the
tolerance of deer was regulatad by its intensity and duration. Prscipita-
tion data were includsd in tho multiple correlation calculations because
of their relationship to humidity, temperature, and cloud cover.

Counts mads when fog was presont wore deleted becauss of their
biased nature, even though deer apparently remained active during foggy
periods.

A quaantitative method for measuring frost was not availlable; thua,
this variable was also eliminated from the study. Frost ocourrsd on only
soven nights throughout the atudy periocd; therefors, the sample aize
would not hava besn significant, had the effscts of frost baan ealeoulatad



in conjunction with other factors. The high correlation between deer
counts and temperature suggests that frost has a direct relationship to
the number of doer fesding in mesdows; i.e., frost conditions result in
lov deer sounts.

The effects of tize of cbservation as & varisble vere found to be
direstly related to deer counts (correlatiocn coefficient /r/ = 0.8327).
It was calculated separately and is not included in the multiple correls-
tion ecaloulated later. The parcantages of total dser counta oo nine
meadows were computed for five time intervals (Table II). The highest
count (30 perceant of the total) fell betwsen the hours of 9 p.m. and 10
p.2. and the lowest count (10 percent of the total) cccurred 12 p.n, and

1l a.n.

TABLE II., PARCENT OF DZSR COUNTED DURING HOURLY INTERVALS FOR THE
ERTIRE SPOTLIGHTING

8-9 9-10 10=i1 =12 121
Hourly Iantervala Pee PeRe - 18- 18 Pee Qe

Porcent of the Total

Count for Each Tize 26% 30% 23 12% 10%
Interval

—

*parcentage caloulated froam the total doer countsd on nine needows of
optimum sise and type.

On two dates a smsll area wvas spotlighted from the same point at
hourly intervals. The counta vere made fram ons half hour after sunsat
until 2 a.m, (Table III). Deer activity which was noticeably diffarent
on the two dates zay have bsen dus to ths lunar phagss (July 27, full



TABLE ITI. DEZR OBSEAVED AT REQULAR TDME IETERVALS OM A PORTION OF
MEADOW RUMBER 7

Daer Obsarvad
July 27 Septexmber 7
Tine Standing  Lying Totel  Standing Lying Total
PN, 6348% 11 (100%) 1
T:50° 16 (1008)° 16 36 (100%) 36
850 1(&ag) 49 a 50 (96%) 2(48) 52
9550 23 ( 68%) 11 (328) 34 64 (1008) 64
10150 17 (%) 26(49%) 33 1 ( 748) 1L (26%8) 42
150 16(628) 8(388) 24 26 (768) 8 (k) N
A 12450 3(18) 18(s8) 2 10 ( 48%) 11 (528) 2
1150 4(228) L (788) 13 9 ( 64%) 5 (368) 1
2150 5(83) 1Q78) 6 4( L) 9(60%) 13

S5unget plus 30 minutea September 7. ¥o spotlight uased on first obeerva-
tion,

Bsunset plus 27 minutes July 27. No spotlight used on f£irst observation.
%parcent of total deer observed at indicated tims.



moon minus throe days; September 7, last quarter plus ono day).

The high deer ccunta for any one hour (Table III) campared aloss-
1y vith the percentage calculations for the entire study poriod (Table
II). Large dsorsases in the total counts were nmoted for the three
periods of full moon. Full moon phases fell on July 1, July 30, and
August 29, Variation in dser counts for these pericds is indicated in
Figure 1l4. Daily counts of deer in relstion to moon phases are given
in Appendix C.

Though 1t would be poeaible to gorrelate the affects of tims on
deor cocunts, this correlation may bhave linmited usefulness. If the spot-
lighting 1a alvays conducted at the same timo of the day with reapect to
sungot and during the darker phases of the moon, relative time will be a
conatant and can be diaregarded in subsequent analyses of spotlighting
data, The constant relative oboervation tims would eliminate ths nsed
for any corrections or edjustments of counts for the effsst of time.

Conputations hereafter are basced on data frem 30 spotlighting
runa vhen timo was oconstant unlezs otherwise designated,

After the previously discussed factors wore eliminated from
statistical analyais five variablac roemained to be correlated to mean
number of dear obsarved esch might (X). Thsy were cloud eover (X),
teaperaturs (M), precipitation (H), dev (E), and relative humidity (D).
The multiple corrslation coefficient of these five variables with dear
counts was oaloulated as ocutlined by Goulden (16:146~150) and is pre-
santed in Appendix D.

The coafficient of maltipls correlaticn (R) waas 0.9235: the R?
valus, therofors, waa 0.3528 which msans that 85.28 percant of the
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variation of deer counts on ths apotlighting route could bs accountad for
by varlation in the five olimatologleal factors evaluated (Table IV),

Although the R valus indicatod a aignificant correlation betweea
the numbers of deer counted and the elimatologlcal fastors collectively,
tho possibility existed that this may have been dus primarily to the
influences of only part of the factors while ths effacts of ths rest
wore negligible. In order to checlk this, the partial correlation coef-
ficlant for each pair of faotors was caloulated, This resulted in an
undarstanding of the relationship betwaen spscific varisbles when all
others wvere held constant. All partial corrslations were aignificant
at the 5 percent leval of probability exsept for the coefficient for dew
wvith precipitation.

If the portion of information furaished by any two variables
tonds to be related or interdepsndent, the corrsiation betwsen the two
tends to bs high and R may not be much larger than the correlation of
either vith the nusber of deer observed. The effect of taxperature was
eignificantly greator vhen it was correlated vith the number of desr
observed for tha entire season, (FXM = 0.8934), vhich includes & much
greater range of teaperature than those ussd in determining the multiple
corralation. |

Thoee high correlation socefficients indicate that remsonably goed
estimates of deor pumbors can be mede with only temperature as tho inde-
pendent veriable. This may be of valus if temperature mossurements are
the oaly available data for an area, because temperature data alons can
be used to sorrect for variability in the counts due to weather. Thia

would indicate that thermographs placed at the meadows would furnish very



TABLE IV. CORHELATIOK COEFFICIENTS, MWULTIPLE CORRELATION COEFFICIENT AND CURRECTED
CORRELAT ICN COEFFICIENTS FOR FIVE CLIMATOLOGICAL FACTORS®

Origimal Coeffioients _ \
E

D

Partial Coefficients (all other
variablos constaat)
X ] M H E D

X N M B \
e

1.0000 =.0433° A.2505 ) -.0692 =.2172
7'\..... L

1.0000/ £.8126 £.0047 =.0746

/' 1.0000 ALAL6 =,0609

/ . 1.0000 A1116

~ q,d\ A 1.0000
RROTT
A ;\

R..23456 = 9,9235 B 2356 =

-.0055
-.1093
#.0038
A 3247
1.0000

9.8228

S e

'.l.oosg 1.0000 =0.5177 (/05567) ~0.2035 ~0.2%4 £0.2183

1.0000 /0.8731 -0.2576 -0.2440 0.2616
" 1.0000 £0.3047 0.1921 -0.2735
1.0000 4£0.0385 4£0.0550

1.0000 A0.3696
!
‘\' e b 1.0000
N
X = Deer Count H = Precipitation
B = Cloud Cover B = Dow
M = Tegperature D S lielative Humidity

Correlations from extrected data when time was comstant,
Salculations as outlinad by Goulden (163 146-150).

194
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valuabls prediction data,

The direct relationship betwsen daily temperatures and dear counts
becams very evidant when such data were plotted (Pigure 14). vLarge
fluctuation in deer counts appsaring in this figure may be misleading
unleas it is understood that the density of deer varisd greatly through-
out the study area. Vhen the five time-patterns for running the routs
wers put into offect large variations in total daily counts resulted.
Thege variations were attributod to counts mads on high deer areas during
the late houra of the night,

The partial regression velues in Appendix D can bs used to set up
a prediction equation as outlinsd by Gouiden (16). This would permit es-
timation of the frastion of the total deer population likely to be present
on meadows under specified alimatic and ecological conditiona. Thereby,
very fow counts could provide a relisble estimate of the trus population
trend, aince the adjustmants indicated for the particular conditions could
be made either from the pradiction formula or from a graph.

The variation in deer numbers as influenced by moadcw size and
type was computed for each meadow. }sadow measurenments wers made and
each meadow was typed according to dominant plant species, »oadows from
201 to 300 acres in aize and classified Type IV (blusgrass, cultivated
oata, domestioc hay, with intersparaed brushy cover) carried the greatest
average number of dser per acre (11.03). There wers few masdows of this
sise and type. Thus, if a larger study area were deairsd it would be
neceszary to use Type Il meadows (blusgraszs, with interspersed brushy
oover) which are mors numsrous. 3The size of Iype II meadows did not great-

1y iofluence the sverags mumber of deer observed per acrs (Table V).



TABLE V. AVERMIE DEER PER ACRY AND TOTAL DEER OBSERVED OB VARIOUS
MEADOW TYPES AMD SIZES FOR THE SPOTLIGHTIEG PERIOD

Headow Type
Type 1 Type 1I Type I1I Type IN
Bluegrass,
Blusgrass Bluegrass, Cultivated Oats,
with Cultivated Oats, Domostic Uay,
Sise of Msadow Interspersed and wvith Interspersed Total Desr

in Acres Blusgress Brushy Cover Domsatiec Hay Brushy Cover Count
15-100 3.24 4.13 — — 1,495
101-200 45 3.00 1.53 — 2,415
201-300 «20 4.50 —— 11.03 13,890
301-600 1.06 2.59 1.10 3.7 8,008
Total Dser Count 2,230 8,067 647 14,864 25,808

A4
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Caraful consideraiion ghould be glven to the selection of arvas to
to spotlishted o Lhe event the study ls carrled furiner cr roswits ars
ussd for mansjsment purposss. To 1llustrale the lmpoertancs of msadow
sizo ard type, data for 12 days vwers extractad for meadows of Type I and
‘Iypeg('i‘ahle VI and Tacle VII). 7The data wera taken whea time was
comparsble and whea the averags aightly tomperaturs waas Ad-dagrsas or
over. Prefersnce was ziven those days which fell within the darl phases
' of the moon becauas of the dirsct correlation betwesn moon phase aad
daer count.

From tho exiractsd data, standard dsviailons arnd ccefficient of
variations wers eslculaied and confidence Intervals weres established for
the two segments of the spotlighting route whersin Type I ard Type IV
zeadows are found exciusively. Confidence 1limits at the 95 percent
level for the two seymsntc of the routs are 23.11 to 30.39 desr (seg-
mont &) and 215,70 to 243.30 desr (oegment 3). The standard errcre of
tas moans are 3.3% and 13,30 daser, rsupectiivaly, Iubsaquzat data collact-
ed under the significant climatic and sooloyical corditions specified by
tals study and anaiyzed as abovs showld furnlsh a roliable indication

of the deer populatlon trand wilhidn the study area.
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TABLE VI. DAILY DEER COUNTS CH RIGHT sSUMMIT
ARD STRINGER MEADOWS®

Moon Phase Moadow Aombar Total
Cloud Tempera- with £ or

Dally
Date Cover ture -Days 21 22 23 2, 25 26 27 23 Count

7-14 m & B -2 3 4 0 3 3 2 5 2 19
Partly
15 Cloudy 49 Nl 3 4 0 1 1 1 1 5 16
16 Cloudy 355 | 1 9 1 3 4 5 2 2 2
17 Clowdy 57 A L 6 0 1 6 & 7 8 38
19 Clear 48 N A3 4 3 9 1 5 7 17 3 3
20 Clear 52 -1 5 3 1 3 1 5 2 4 2%
21 Clear 49 PQ-2 2 4 0 1 2 6 7 4 26
8- 9 Cloudy 58 LR 3 9 4 5 4 3 21 2
11 Clear 56 L& 0 6 3 0 2 3 4 O 13
12 Clowdy 57 K -3 2 4 5 1 1 4 4 1 22
13 Cloudy 62 i -2 7 9 5 0 3 4 9 O X
14 Clear 58 ¥l 2 6 6 1 2 3 8 2 3
Total by Meadow 3 67 25 20 N 49 58 32
Total All Daya a8
Average by Meadow 3 6 2 2 3 4 5 3
Avorage by Day 27
Standard Deviation 6.79
Goafficient of Variation ' 0.2562
Standard Ervor of the Xean £ 3.89

W
%:ounts made betwesa 8 and 10 pa on Moan to Six Mile Junotion Segment,
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TABLZ VII. DAILY DEER COUHT ON S MEADOWS OF
OPT D4UM 3I23 ARD TYPS
Hoon Phase Total
Cloud Tempera- with £ er Miadow Humber Daily
Dats Covar ture - Daye 6 7 8 9 10 Count
7- 7 Clouwdy 58 LQ=2 35 7% 5 63 33 263
8 Clear 52 Lg=1 28 68 54 4 2 a2
9 Clowdy 53 1q 3B 66 & 49 XN 243
10 Clear 49 LA 2 9 49 54 B 232
Partly
11 Clowdy 49 LA 21 56 52 33U N 201
Partly
23 Clouwdy 58 n 23 8 sT 2 29 23
25 Clowdy 52 rofe 3% 87 53 41 % 253
26 Cloudy 49 FQ#3 24 T2 51 48 2% 22
8- 9 Cloar 56 Lof2 26 75 50 40 % 225
12 Clear 52 H -3 25 9 49 48 2 232
13 Clear 54 B -2 23 91 A 3% A2 222
1, Clear 48 B -l 3% 173 5 35 3 232
Total by Meadow 351 894 631 512 310
Total All Days 2,753
Avorage by Moadow R B 53 4 1
Avarege by Day 230
Standard Deviation 22.93
Goaffislent of Variatioa 0.0962
Standard Error of the Msan £13.%

3Counts made batwsan 8 and 10 pm on Deerfisld to Castle Creek *Y® Seg-

maat.



CHAPTER VI
SUMMARY AMD CONCLUSIGHS

1. This study was conducted to determine the effects of physio-
logical and ecological faotors oa sumner spotlighting of deer and to
ultimately establish a technique for msasuring population trends.

2. Piald studiss were mado in the Black Hills of South Dakote
during June ~ Soptember, 1958. Orasing is pormitted by lease on the 66
percent of the Hills in Poderal ownership. The private landa are devoted
t0o agrieultural practices.

3. A 105-mile spotlighting route was establiahed and run each
night the weather permitted. 7The runs which were made during the period
June 14 to September 12 began one half hour after sunset. Complete data
wvers collected each night at the base station and at soven establiabed
weather stations along ths route.

4. The seven eegmentas of the spotlighting route ware divided
into study sections and included the msadows on vhich dser wers spot-
lighted.

5. In order to dstermine the most satisfactory equipment, three
spotlighting units wore tested. 4 11.0-volt, 100,000 candle power unit
was found to be bettar than eithsr the 6-volt or the 1l2-volt unita., Ths
110-volt unit redused fatigus and shortemed the time required to complate
the route. It also served to reduce observer exror.

6, Fawning and favn activity had a proncunced effect on spot-
lighting counts throughout the gummer. Sex-age ratios taken on September
9 showed an inoreass of 300 fawns per nightly run above the initial
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ratios obssrved July 28,

7. Bucks appeared in increasing mmbers as antler dsvelopment
progreasaed. The firast buck was positively identified by antler growth
on July 1. The numbar of bucks obssrved sach night inocresszed to 137
when a sex ratio was talen on September 9,

8., Fooding activities of deer wers related to phenologiosal con~
ditions, Bluegrass and domestic cats were tho best indicator spesies.
Deor use waas heavisst on eultivated land. Deer shied avay froa areas
on whizh cattle were grasing, and avoided gheep on all occasions.

9. Wind wvas not measureabls on enough nights to Lo treated
statistically. EHowsver, deer sought cover when high winds wers aceompa-
nised by rains, Wind, frost, and fog could not be adequately measursd
and thus were eliminated from the statistical anelyses.

13, Ths tims of obeervation directly affected the total deer
count, Caloulations showed 78 percent of the deer were counted by 1l p.a.
Data for caloulations were extracted whers time was constant because of
the different densitios of deer throughout the route.

11. 4 multiple corrslation was caloulated for fivs variabdles in
order to obtain their combined affect om the total number of dser ob-
gorved, The five factors were cloud cover, temperature, precipitation,
dow, and relative huaidity.

12, the multiple correlation scefficisnt (R) was 0,9235 and B2
indicated that 85.28 percant of ths variation in deer counts were due
to the influcnco of the five slimatological factors.

13. The correlation coefficient for tamperaturs vith dser counts
for the entirs apotlighting period, (TIM), was 0.893% wvhich would in-
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dicate that msasurement of tempsrature alons may be all that is neces-
sary in subsequent opsrutions to get reasonable population tread esti-
nates.

14, Oubsequent data may be analysed by using the partial rogros-
sicn valuss calculated in s predicticn equation, providing data s
collgctad under apacifisd scalogiocal and elimatological conditions.

15. Each study moadow wvas measurod and ¢laseifiod acsording to
dominant plant spooies. The meadows were grouped imto four different
types.

16. The density of dasr on the study mesdows during ths summer
varied fram 0.20 to 11.04 door por acre. IExtractod data frum two seg-
monts of the route showsd variation in decr mmbars en varioue meadow
types. Segment 3 had a daily mean dear count of 230 with a standard
error of plus or ainus 13.30 deer. Segmont 6 hod a daily moan desr
count of 27, the standard error being plus or minmus 3.89 dasr. These
means can bo ussd as a basis for future spotlighting counts,

17. Subsequent data oollaoted from sogasats 3 and 6 under speci-
£1ad ecological and climatological sonditions may be treatad by the
saze statistical methods employod in this study and then compared with
the mcans indicated above.

18, In further ressarch, sumsmar spotlighting counts of deer in
ths Black Hills should involves

a. Use of the 110-wolt flood units to reduce error and
axpones,

b. Thermographs in each study meadow to obtain local
temperature variations.



d.

L.

h.

i.

Running only part of the route establisked for this
study and tha location of othor sultable areas to be
spotlighted for bettar coverage of the Black Hills,
Complste records on fawning, antler dsvelopment, and
phanology vhich may change from year to year,

Running an eatablished route at the samo time from the
samo point each night starting one hour after sunsst.
Dividing routes into definite segments relative to
vegetation.

Running of the route only when the tamperaturs ane
hour after sundoun 13 over 43 degrees.

Runaing of the reute only during the dark phases of
ths moon.

Several cbservations of deer cn the same area at
different time intervals and under different climatio
conditions to better understand thoir night activities.



(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

55

LITERATURE CITED

Berner, L, M., Deer Mapagesont in the Black Hille of Soyth Dak-
pta, Anmx;éaxbeung, Sgc. 4nm. FPor., Colo. Springs, Colo.,
animeo., 1953,

Baver, W. L., "Spring Spotlighting Report for 1955°, Job Cqmple-
tieon Begort, Exoleot 12-B-l3. South Dair-
ota Dept, Game, Fish, and Parkss Plerre, So. Dak., 1956.

Boyd, R. J., Porsonal letter, State of Colorado, Department of
Gams and Fish, Montrose, Colorado, Dated May 1, 1958,

Buss, I. 0., and F. H, Harbert, "Ralation of Moon Phasss to the
Ocourence of Mile Dser at a Washington 3alt Lick®”, Jour.
Yamm., vol. 31, 426-429, imer. Soc. Mammn., 1950,

Cahalane, V. H., Magmala of Horth Ameriece, The Macmillan Co.:
New York, 1947.

Clark, E. D., "A Study of the Behavior and Movementas of the Tuc-
son bdountain Male Deexr", unpubl. . S. Thesis, Univ, of
Arizonay Tueson, 1953.

Cook, R. S., Parsonal letter, State of Wiasconsin Conssrvation
Wnt. Lad:aﬂith. Hiﬂo’ Dated Hay 12’ 1958,

Cronemiller, ¥. P., and P, S. Bartholomew, "The California Mule

Deer in Chaparrsl Porests®, M Eiah and Geme, vol. 36
343-365, Sacramanto, cnli.t.. 1950

Dahlbarg, B. L., snd R. C. Gmttingor. The Tailed Deer in
Tech. Wildl. o 14, 52~160, Wia, Cons. Dapt.:
Madison 1, Wis., 1956.

Darli.ng,é'., P., A Bexd of Rad Deer, Oxford Univ. Press.: London,
1

Daswann, R. F., and R, D. Taber, "Bebavior of Columbian Blagk-
Tailed Deer with Referance to Population Eaolegy?, Jour.
Mazm. , vol. ”. 143-162, Aner. Scc. Mamm,, 19560

Dawning, R. L., Personal letter, State Caze and Fish Omianon,
Atlanta 3, Georgis, Dated April 29, 1958.

Eborhart, Lee, Perscnal letter, State of Michigan, Department of
Conservation, Lansing 26, Michigan, Dated June 3, 1958,

Egan, J. L., Personal latter, State of Montana, Department of
Fish and Gamo, Miles City, Montana, Datad May 20, 1958,



(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

56

Fisher, H. L., R W, Hlatt, and W, Berzaon, "The Validity of the
Roadside Census as Applied to Pheasants®, Jour. Wildl. Mzt.
vol. 11, 205-226, The Wildl, Soc., 1947.

Gouiden, C. H., ¥ethodg of Statdgtical Analyais, John Wiley and
Sons, Ino.: lNew York, 1952,

Hahn, H. C., Jr., “The White-Talled Deer in the Edwards Plateau
Reglon of Texms", unnumbersd Bull., Texas Game, Fish and
Oyster Commlission, Austin, Temas, 1945.

iarimer, &. J., Personal lettar, State of North Carolina, Wildlifs
Resourcaes Commission, Greenvills, H. C., Dated May 10, 1953.

Lindsay, J. S., "4 Study of the Columbiaa Black-Tailed Deer, Gdo-

golumbiagus (Richardson)”, umpub. M. S.
Thesis, Uregon State Col.: Corvallis, 1943. (Not read).

"The &hite~Iailed Deer in Oklahoma", Fodaral Ald
Prol. 37 R, Okla, Game and Fish Dapt., Oklahoma City, Okla.,
1952.

~insdals, J. M., and P. Q. Toalch, 4 Hexd of Mule De¢r, A 3ecord

of Obgservationa made on ihe Eagtlnsg Haturel Hlstory Re-
sarvation, Univ. of Calif. Press: Berkiey, Calif., 1953.

Progulsks, D, R., and T, S. Baskett, "Mobllity of Missouri Deexr
and Their Harassment by Dogs"”, Jour. Wiidi. i&kt., vol. 22,
134"192' Tw H.‘U.dl. ‘:locc. 19530

ruff, F. J., The shite-Talled RDeer on he Plsyeh Batlonal Game
lorth Carolina, U. 3. Forest Service, unnusber-

Progerve,
ed Bull., 1939,

Taylor, W. P., Ihg Deor of North pmerica, The Stackpole Cozpany:
ﬂmisbu!‘g, Penn. and The aildl. }gto Inat: Uaah., DoCo.

1956,

Thorathwaits, C. 4., “Climate and Settlement in the Graat Plainas",
nc go Ro Ao M, 177.137 [ 19410

Ve S. Forest Service, "Black Hills National Forest 50th annivers-
ary®, unnumbered Bull.,, 1943.

Wislocki, G. B., "Studies on the Growth of Deer Aatlers I, on the
Structure and Histogsnsis of the Antlers of the Virginia

Deer (Cdocoiieyy virrinianus borealis)”, jmer. Jour. jzat.,
vol. 71' ’,1‘415' Yistar Inatu of mto. 19420



APPENDICES




APPENDIX &

SCIENTIPIC HAMES OF MAMMALS AND PLAKTS

Dear, white-tailad
s , mule

® , Columbian black-tailed

" . red
Rk

Mountain goat
Beaver
Coyots
Bobeat

Pondarosa pine

Black Hilla gpruce
depen

Big Sagoe

Chokescherry

Oregon grape

Rocly Mountain juniper
Willow

Serviceberry

White Biroh

INCLUDED DN THE TEXT

Mammals

Sdocoligus yirziniamis
Gdecollona beplonus hemionna
Sdocollous hemlonua golumbiagua
Sorvua elaphug

Coxrvia eanadenels

Oreamnog americamua

Castor ganadenals

Canls latrang

Lyngx pufug

Plants

Rinus ponderosa
Biges glauca
Bopulug tremiloldes
Artemizla tridentats
Bryoua yirziniasa
Bexberis repeng
Junigerug scopulorun
S814X app.
Apglanabier spp.
Batwlg papyxifors



Bur Oak

Common juniper
Bearbarry
Mountain mahsgony
Bluegrass
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SUereus MAIQrocarna
Juniperus sogmunis
Arctostophylos Vua-uria
Eircocarpus lontans
2os pratensia



APPENDIX B

COMPARISON UF PRECIPITATION ARD RELATIVE HUMIDITY

EFFECT3 ON TOTAL DAILY DAER COUNIS

Precipitation® :;mo::
and Eext Preoipi-
Date Starzm“&op aount 32*‘3;'3:3’ undar m:; cﬁ:i
6=13 Tm llpn 27
14 Sam llan 38 9 Hours 62 144
16 56 143
17 5 Houra 67 139
18 6anm 3pm o2 /A a3
20 Saa lpm 1.12
2 Sm Tpm .06
2 T 12 .26
22 24 Hours 63 205
2, 64 191
26 36 196
27 63 300
30 24, Hours 87 278
7- 2 lan 6an .16 During 8 33
3 6m 12pa .60
4 L2pa 4an 60 15 Hours % 258
5 3pa 6pa .05 22 Hours 87 n
7 9pm llpm 13 During 72 404



COMPARISON OF PRECIPITATION ARD RELATIVE HUMIDITY BFFECIS

ON TOTAL DEER COUNTS (CORTINUED)
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Precipitation® f..‘?..’%.‘&”‘cc;';:
and Next Precipi-
Period Amount tation (If Under Relative Deer
Date Start Stop 36 Hours) Huzmidity Count
7- 8 A Hours ] 352
9 Sam llan VA 7 Hours 7% "

10 l2pm 4an .26 During 52 386

1 66 5 -7

L2 M 9po «28 22 Hours

14 60 342

15 85 79

16 22 Hours 90 493

17 7 10pa Al

18 10sm llan 51

19 2m 4pm A7 26 Hours 92 482

21 e Spa .23 29 Hours 90 47

2 1 2pn .02

23 During Y% 386

2, laa 4an A1

25 15 Hours 82

26 9% 408

28 6pm During 9 IAVA

29 4am 27

3 lam 2pa .85
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COMPARISCR OF PRECIPITATION AND RELATIVE HUMIDITY EFFECTS
08 TOTAL DAILY DEER COUNTS (CONTINUED)

Precipitation® 1&9&“‘«3&

Pariod mourt  tatlon (If Uador  Relative  Doar
Date Start Stop 36 Hours) Humidity Count
-3 88 356
31 4 330
2 3, Hours 78 365

4 8 10an 0L 10 Hours 80 255

5 64 %%

6 7 308

7 7 9pm 25 During 32 332

8 78 33

9 28 Hours 50 &47

10 3 5pn A1
11 52 ki8]
12 5 383
13 56 427
14 26 Houra ) 424
15 Yam 10an 01 During /A 453
16 4 367
13 . 2/, Hours 60 549
19 7 1opm 1.50

20 82 4

15 Hours

85

T4
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COMPARISON OF PRECIPITATIOH AND RELATIVE HUMIDITY RPFFECTS
OK TOTAL DAILY DZER COUNTS (CONTINUED)

Time Elapssd Be-
Preoipitation® tween Deer Count
and Next Preoipi-
Period Azount tation (If Under  Relative Deer
Date Start Stop 36 Houra) Huaidity Count
8-22 4am San .02 8 Hours

&
g
g

2 Saa 6am «07
5 2 Sam 02
26 9% 542
27 22 § Hours 63 439
23 8am 10pm 11
29
R 78 241
9-1 & 612
2 R 604
3 36 699
4 32 Hours 68 880
5 4am San .10 8 Houra 76 651
6 62 622
"
3 7% 894
9 36 Hours 80 980
10 San San 5011 12 Bours 72 37

=
&

679



COMPARISON CF PRECIPITATION AND RELATIVE RUMIDITY EFFECTS
OX TOTAL DAILY DEER COUNTS (CORTIRUZD)

Tire Alapsed Be-

Precipitation® tween Deer Count
and Jext Precipi-
Period Amount tation (If Under Relative Deer
Date Start 8top 36 Hours) Funidity Count
Gel2 82 T29

%411 readings of precipitation were taken at 6 pm daily. Whenover pro-
eipitation ccourred after 6 pm and atopped before 12 pm
amount waa listed on the date it oscurred and not on the date
corded.



APPENDIX C

SUMURIZATICR OF METEOROLOGICAL DATA

Average lightly Moon Phase
Dste Precipitation® ?aﬂwmml‘mwr?' mm::ab a:?;::: m’ ﬁthniy:r B c?u::
VA .38 56 50 52 62 B -2 144
16 56 54 56 56 B -l 143
17 60 29 48 67 ¥ 139
18 .21 63 28 53 7% HA 213
23 .26 & 42 51 63 Fo-1 205
24 61 32 ZAS & 2Q 191
26 67 2, 48 56 FQhR— 196
27 79 k11 46 68 F&¥3 300
30 78 45 54 87 F-1 278
7- 2 .16 % 32 53 84 FA 381
4 .60 53 47 38 7 FPA 258
5 .05 62 53 3 87 LG-3 n

}5
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SUMSARIZATION OF METEROLOGICAL DATA (CONTINUED)

Daily Tesparaturd® :mw Belative Humidity u?t:n ,l’:‘: Deer
Date Precipitation® (Maxlmm-Minizm) Moadow Stations® at Base Station Days Count
7- 7 .10 70 35 55 72 L2 434 ;
8 68 45 &5 63 L= 352 &2
9 57 n 38 54 7% Lg 397 ]
10 26 70 40 49 52 LA 386 =
1 72 » 52 66 Lof2 364
14 58 41 46 60 N2 %3 ’
15 63 35 46 85 E <l 9
16 68 40 54 9 B 495
19 .17 70 43 73 92 R A3 482
2 «23 /s 33 43 90 FQ=2 a7 :
23 80 40 56 Th ) 386
25 73 37 52 a2 roRR 437
26 70 42 51 % A3 408
28 72 33 54 91 P -2 AV E



SUMMARIZATION OF MSTEROLOGICAL DATA (CORTINUED)

Daily Texperatwre® ngm w:lty Relative Humidity ':::m :‘P:": Doer

Date Precipitation® (lMaximun-Minisam) Meedow Stations® at Base Statien Days Gount
7-3 70 40 45 é8 rA 356
8- 1 'y 33 47 7% TR 330

2 80 39 53 78 Y £3

4 .01 60 46 52 80 LQ-3 255
5 60 39 50 64 LQ-2 216
6 79 30 ) 72 1Q=1 308
7 83 45 55 R LQ 3R
8 25 86 42 53 78 LA 3w
9 89 44 59 50 LR 447
n 82 &4 51 52 LA 3
12 83 40 52 56 i=-3 383
13 83 43 56 56 B -2 427
% 85 43 53 % il 424,
15 01 75 4 54 Y% B 453

I



SUMMARIZATION OF MITERULOGICAL DATA (CORTINUED)

Daily Tempsratured m&h:? Relative Rumtdity uﬁ? /P:;af Deor

Date Procipitation® (Maximumm-Minimaun) HMsadow Stations® ot Base station Days Gount
=16 | 86 4 49 iy N AL 367
18 80 44 58 60 K £ 549
20 65 46 40 a2 Fo-l 409
21 73 28 52 85 574
23 63 3% 42 80 rofR 360
26 80 37 55 9% F-3 542
27 76 38 50 63 P -2 439
D 71 28 3% 78 FA 24).
9- 1 80 33 45 6 F 42 612
2 73 3% 45 50 F /A3 604

3 &6 25 44 856 L3 699

4 7 33 52 &3 LG 880

5 .10 7 49 42 76 LQ=L 651

6 7%, 36 41 é2 LQ 622



SUMMARIZATION OF MSTZROLOGICAL DATA (COKTIHUED)

Average liightly ioon Yhaso

pafly Temporature® fTempsrature at = iHslative Humddity with £ or - Dser
Uate Frecipitation® (teximm-Minimum) Meedow Staticns® &t Base Station Days Count
8 a3 3B 55 76 LR 3%,

9 .01 74, 37 56 &0 LQA3 950

1C 75 43 & 72 ¥-3 T37
11 79 39 48 88 B -2 679
12 as 4D €7 32 E -l 79

Staken from United States Weather Station rescords at Deerfield.
Bat time nightly doer counts were mads.
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5Corrslations froe exiracted data “hen time was constant.

Bealoulations as outlined by Goulden (16t 146-150).

., AFPEMDIX D > e
7 GRISSton" AN D P44l CeRRECaTIEU "“’f’/’fff“f’”’; . J? /f{?
MULTIPLE CORMELATION FOR FIVE CLIMATOLOGICAL Pactons®
t - X N " N PN x H M B E_ B
X 1.0000 —.0433° £.2605 -.069‘. w2172 £.0U59 1 ) 0 G o )
] 1.0000 £.8126 A.0047 =« 0746 =.0055 , 0 1 ) J 0 g
K 1.0000 A1416 ~,0609 «.1093 5 0 J 1 S 0
H 1.0000 A1116 £.0038 0 0 0 1 0 ¥
s 1.0000 A£.3247 / 0 0 3) 0 1 2
S v YU U 1.0000__7 0 J N J ) i
7 71,3000 =c0433 -.2505 069° -2172 £.0059  1.0000 )
8 "00‘33 "‘025)5 "006(’2 -.2172 /.&59 1.0000 0
9 -09981 -.82% -.0017 -00&9 -.0052 .0433 10(:000 0 0
10 1.0000 =o8250 =.0017 =,0842 -.0052 <0434 Al.0019 0 0
11 w2579 =ol575 =0628 - 1065 =0,2862 ~0.8250 £1.0000 0
12 1.0000 "06107 -ow -M -lom "'3'1969 /30@5 0
13 /. o =a 9026 =058l £.0072  A0.2439 A.504 ~0.6007 £L.0000 0
& ns) 1.0000 =.0644 AU707 AO.2702 £0.5563 <0.6766 £L.1079 0
15 / =e9267 A.34T0  A.2748 0.7 <0.2042 -0.0644 £1.0000 o
16 1.0000 A.3744 02965 F0.3425 =0.2204 «0.0095 AL.UI9L J
17 - £e8207  ~0.2455 ~0.4928 £0.5363 =0.0520 ~0.3744 1.3000
1o 10000 «0.2991 =0,6005 40.0535 =0.0G41L -0.456% #£1.2135
15 £.2455 £.4928 =.5364 £.0526 A3 v fla5403 AL.33GL  <Le495T AD.2668 £U.4085 =0.2991
20 ~.3263 ~.4539 A£.3692 £.0364 A.3650" Aoe3249 =3.9306 f0.5656 f0.5673 =0.6005
21 =.2391 «.5070 A.6245 £A.0408  £.057 Fho 6862 06965 -0.4651 A0.6535
22 f.3192 A.8388 A48T £.0992 <1395 ALLSE  ~J.0455 ~0.0041
23 ~.3089 AS0E8 -.1308 -.1312 £.1388 ! ALe2499 «0.4562
2, 8674 A.ITNO0 =1732 -,2652 £.1942 AL.21085
25 X = Deer Count . - 1.0000 ~0.5177 A0.5567 =0.2035 <U.2944 A0.21033
26 ¥ = Cloud Cover 1.0000 A0.8731 ~0.257¢ «0.2440 A0.2016
27 K = lempersturs ) 10900 A)o3047 ﬁ.l%l ;-‘00.2735
28 H = Precipitaticn 10000 £0.0385 A0.0550
29 X = Dew et B} 23456 = 90,9235 L.23456 = Q.8523 1.0000 A0.3636
30 _ b = Relative Rumldity _ _ — 320000

oy ot ol Alge
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