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Firwor 2.
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acwipJ.e ccr97 of the instr'uctions psfeed out
to a1. v ar'tlcinattzr none's of t"70 COneun
thru3 ro t-aV i7o nts .. **es #.** "9 ! *. .. " .28 r"!f"' 1'

, iat l ttant r emberr , the eenouv thxvrh

P' ure T.
Coz,;e ris of theo strip~ oor s o cono~ 3_i~odine

results5 wI th the 1kno wn deer r)op~u1at ion ait the
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Plate 1.
View of alaxoge artificial 20W:j, with 0f)SD

ra:i .. Whose sho tn' -rats illustrate the greneral
ty.,O >02 ivolvod in census tvcnt on the AIserve..... . a

Plate 3.
insido one of the secoat~-j-ttmi 1,c rdwoo d Lorosta.

VUot o the lack of anundoenstory., this area was
seloc ted as a esam,')je plot for s tudees on the ac-

:late 4*.
Zamoa inthe northeast orner of the lies rrve.

Tis .e hotogra:)h was taken on a foot el. Sh .indez
censOus. A lazr: buck- r-ty be seen in the circle."

.7'Ie ty. o of obsorvattona is oharacteristto of
tLhe teor't oft observations rade by this uto.L

wlIato S.
Orientatioi ryt the 'amrtlcIl nts before the
irmect drive census, Core each ran isae1 '-ned

his numbere and soition in the driving, 151 o...r ... 20

Plate C,,
:;?t krt rl; the eitrect drive, 2~bo drivors are

*f~fTthrey.slves aligned wit>-. the fre 'p ,,an won
isa the, 600oncirantfr the leIt, "*. ".......... *. .3

F'or a t ste 'r rt;ientarily ~t a ttrmr cheekc.
1"Ote clos" Interval of nion, andi .rood alt -a an.t... , 22

PlatoLino i:1-,. 20z a. z tLP: 4 Z.M z: :&i Li... 'w .y
As n~ay be seen, with~i the clove *pacIng of the
drivers a good liaison between th em wasm -Pao, l..

Pito 9.FDflr :oi;btltr'1bthe drivn li. J1ne at
finish of the direct dirive cona ks, !'oct of the
doer are easily7 talliod...r.. . "*..*.**** ...... r .4



plate 1.
:oer i~r .Fb 1 r (4tdk2VC8 .s . ti .PL ccs&a u4 i+.7.)

tavVe,:icnta. Note the vido reach Of the ota.
elorvor'r, vision to the distant horizon at

Plate i11l

s tudies#.., "M" +f"F"./. !."A"1. etb *0S oS WOS SN C*@O42

Platto '.:' "
:th,_'r u"c uflb arkine C'tIIASe lines. These

T-otlQois wowo used :,n V1.oo of' axe blaros or
stai es which vaoul.' s'ib-tract trsrt the st1hetio

o e a 'oa, J to}"s e uO k wore !* t un t ""i o ""f!""R

Plato 33
s'o11 ;torn . th Lea in, to the concentr ated
heddinv aro In the big Swamp-, dtrirt the vwls-,ter.

T'he iGrrters of athsi sinl.:f"_.i~ to t-is represent
on the -ieserve alone indicate that a largo
ntrrber of deer t:re resn.. ...... it*4"" .""""f* ....

tlate 14,
wInter poll et Srua)s In grassy tiadow neaw
edgeo of U-: -nI. The e-roups in this region
rorain vible for long >erlods of tirY~e. In
this area uch g ,rouzs are so rnmrous thmat
contusion is unavoidable j: counts tsdo of then... 45

Plate 10).
kin tor peollet ou2 in the voodoo :jroups ouh

as this one are divic'Kt to spot oa~oIall~y
If iDarttla ly buried byatronn; rids*... . .......*43

flato 16.
Apl o ree xr sh~iw bot 3 door ar cott ontai1l

ra bbltitbrovrne. Thea dam- eravase io a' mn
o n"'i at the ra o i da~ o~ ot the brunches1i6.......r" 44

Plate 171.

as tY-I0s00taouz~lar, oce o061 but i$ 1n.t
usables In cons-us wortr due to U-ie rare occurrenoo..44

.W ve



In the past- two( decades~8 off" te . 'lc ;2 Or siO*.".Cz; r i

A 41 r, -r: G )~ onr?3 rOthod^ Ih.Io recd ;rod 'L3c1;

crbeoJ or population )V'as eels o 2 ' he vwhitotaile,. dear,

These census methods vary: Tea~tly In the techniques used

and in aceuracre'. ut also they vary in the objectiveos

soirtht for the mns owent of the species-. rhis study on

the -round censpus methods for the whitetailed deer is an

attewrpt to evaluate thaw' as to accuracy and econciiy of use,

and to su, gfest now viet1ods for use in future rnanaro.ent#

toi oval1uat ion Is basod on the biol o-y of the speos,

ratheir than on the natheutioul :roblera entailed in

census work. In time the rwat, ;eratical. foundations of the

techniques will be examined and improved, but in the

'osont stage o± i~ange ment greater progress will be

attained in blolo.4joal studies on the behavior of the

stpecios in relation to the ensus methods,

,he .resont statue of the whitetnilod deor in the

United Stataes erseates ai pessing~ need for efficient and

re llable coesus ~mthoft o Tho ,e is no anir al, on the North

Aerican oontinent that oun rival the posi tion of the

whitetail. in irnportanoo to the s :,ortatyan aLs a big game

and nal., -'ortxuuately this foroot bi" 'uo animal has

410



fared well w ith the devel opriont of our eeonomy and today

exists in numbl:1Fers 'ove near dernsoly so ttled induc trial

ure"s, In someo states, sepecially in Michi;:an a~nd Indiana,

the whitetail has in recent years extendoa its rarg;;e into

hitherto unpopulated ag~r'±ultural areas where it a :eates

a orflict with fara crops* Over large sections of whitetail

rOJIW ...uionls are now old stories* It is here that the

rz'osatest ~naerent problem arises. It is now generally

re0o n1 ed that tee only solation to the proabler of the

deer irru; ton Znd the conseq~uent destxiuetion, of habitat

is to be had in the fogm of so-,:, sort o., hard control,

whereby sufficiont nzwheris of the doer would be lurvested

to balance their nur'bors with the ca .. yIn -eayaaoit of tho

land. ? ie in any herd control plan~ Is the deterrination

of population densities on which to base numbers for removal.

It is thus that a sae p .in, type of census, inex,-jnsive and

reliable, is a real and fundox ntal nood in deer nag rient.

8xoellent op :)ortunity is aftorded b ; the Colonel IIAwin

3(eeor +e Roservo, Pinckney, ! ichirtan, for u OODV5a1i5Of of

deer census methods. moere 1266 acres of reverted farmland

have been fenced and stocked with native ?richi an door

which are allowed to lead a continued undo estI od. existence

in the fenceed ancloa uro « Nearly all of t established

oonsus methods for this species are a:p-Aiouble in the Reser've,

with thto notable 0 -:ootion of Intensive track county, f:raek

co ants are undoubte )ly influenced by tho deor-"proof fence

surroxrdinr the enclosure.



Othe ist Meserve, the direct drive typo. of

ccnwio was tr4Thi to 1*o the tint acounate of the cmuus

t;t1x0d# iut also the "=ont e*'@fl-Oit A flow ty..o 010 ofGfSmU

beu on~ the recordod ravomtontu of deer was foun In early

ex.)rtiental trias to showr gnoat protys ase a less cstl.y

mertho for total qnaration on wyl@1 areas. s. variou

otoso a cesus throu:-b Indian s n, e:it!t, reords, voe

(rOUny to be naeunte, eometims in the ntntioo an uwable

only for thie mn t exteOnsive population a:reiels

the oecst-w mth*oevaluat* In this study, It Is o-rtinent

V"Iat the I1eoi n be dssoartb0d as to censeus ecixAlttio;e AS

adr r census fiot has bee conducted on the ATsezvo s a

bsts to herd control, It o ld be well to revtw te

ldstor7 of this wi, o rother desirable It to revie

I2 a oaie deaaoriti on ofC t ho trcn- In dvelct nent 6f 4nr

a a s nithos In fenora..



.w r. Al MI

oh ".oorge Reserve is located in tho southwestern

corner of T ivingsto Couity. T*laan o )t Leiine. the

:,aserve and larse a~reas of the ourrouridinrv. country is sub-

razgiaal for aricultural crops and is well sulitod an habi'.

tat for whttaile. deer population entimuted a~t acpre

30 ",~ individuals is now found In the grenem'l Livir "aton

County area outside the oovnfir~s of the Reservei

The area to beat described goologioally a~s a pitted

outwash plain of glacial origin. The maj~or land forma are

ka s, lkettleholes, and level outwash *.ains. About one-

tgird of the R~oses'v is lowlyn covered by varshes andi bog

vwar lpsx the r'em-ainder' is om)osed o~f sandy udlands. The
i'eliof sal' tho 1"oecorvo is e0oatIonally ruErged for southorn

Mt iXgan, rarn in- in elevation from 31DO to ID90 feot. 'Thre

is one natural bog lake and three artificial ponde on the

aasea. Climatic oornditIone are the sar~o as th~oe thait

ortatin to so uthern ioh lran in ,e~rl fairly cold winters

and r-ild to hot sumtueoz'a.,The avor 7a snowfall of 29 inches

is . ht oiparod to riont of tho other rer4ons of the st-ate.

Of o esela3. irpertunoo In this ienaaus study was the

(1vorso OOVOr ty , ea foun on the Raorve. Acover ty~ a bap

(FI.; ure 10. btased on an ocolo; t0"l System ( Iraha "~ 1{45 was

~repired in 193 b John . rasoh, $chool of Forestry and

Cnor.sv;t ~, rw University of 't hinan. "'his mp was used

t irow'rhout this study as a base map for all of the netho ds*

"ha oovor tysos care I-, octant frai) thras po-1nte of view.
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first, as a backs for. aanp1inc in consuz rnothods based on
door al;,ne; seoond, in the do~eree of vicibility aff orded

the obscrvor, or, conversely, in the eect4pe cover available

to tho deir; and, third, in the use of the different daily

weathaer conditlong, The aorapsition of the different typos

.on the 11aservo is presonted in Fable 1.

Te wooded areaa ar~i covered with an oak-liokory forest
of wdiw deneity, with an understor'y of shrubs and repro"

duction vau'yig frot spar ee to dense in different -. rts of

the aesarve. Visibllity is good to an aver:-e extent of

about 150 feet over Esct of this hardwood type hIurin - the
winter eason, ±oie of the tracts are over 100 acrc in

s1ico, anid dear oain eaeily slip arouW~ the obeerz r nseen.

' a .ln ds cor~rioo the lame~st undox ty e. 'risibility

is 7,ood t'" ̂ ifhout the area.. ilthouv i some of the fgrasslandls

are bein27 irnvaded b .- shrubs, thle sauccessioni is not far
advanceds due to the feediint .'res vure of the deer,

A large portion of the marsh typois in in the j.7f

caasifAication. or rarsh-shrub typo. ;.b la ty )e furnishes

oxcellent osoca.-e an beddirv- cover for the dear. ,;lthou-

vunni door ozA te spotted it oLA taffy in this type, the

the obse 'er miust practiclly walk over d ,o in the beds

bob'e they can be flushed and seer. Tis is es )ecia~11y

true undor certa~in watl-,r condition, :ich as bri,-4it, aunny
da',or cold, v/indy vreather.

'fie uplan~ brsh types tiro for the roost .;art composed

of tho au~o uiesnd a few other upland shrubs, zrich care over



l~ate 1.

View o~f largo artiflial pond, -1ith open
mammy me&dow and hardwood forest in the

baokrrourd.

1lte 2.

l ew of torm~in around sauthwsvot and of
big swam~ps. Thahotorra:ih ililistrate
the ; enora1 ty'i.s involved in oerwus voz'k

-Be.
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0'w

L,'orphomatl' of the coalo -tecal coaver tree

on the Col.e 'Awtn 4* }3eorge ileerve. *

.4 
a Aor~ in txp±

34.8
Goruseeand

Upland brtxsb

log swamp

1.7

4Z9

22

171

127

G

13o*5

Oen water

Two noet ode wet' used, in reaerln' the
areae 3The f1lrat was by the toAtet-ap-,)ortonm
in:- methiod, Canr& the *eond.by the use of apolar plartiotor. oh dilferonoae In the totalatea by theto t :wo nemt lids was lesn-t than one1non (. .



browod by the deoor arid hone offor little obstruction to

tle visibility of the obverver, and se~irme cover for the

rl: boat spaV is th reates t obstaole to tho oboerer

in rkln~ ay earsus.b Tn .)Aceo visibility Is out down t

only a few frt. Pror~eas Is .,.-eatly im.,eded by indfalls

a n4 thicketse of aahrubs. rt is nearly im pssiblo to move
th tf t such covez' qu i atwy, arid thus r door m~ay be f lushed

that or not noon. Der a.?e notorious for their ability to
erkul unaeon within a rabort distance of the obsorvor In this

typo of covo'er. ;'oat of' the l o~ bog; ure1as are cove withi

don-so atunda of poison sumac and tamarack, or ewgp hardwoods
( cle-brch..welg, ixtures) and lowland shrubs.* To. aes

s arte leatVher-.leaf boijs, but eo are not muc.4 h « eecrjaette

by do er.

a71 objactive~ iri euy rind rln.;(,ent of 'the iser'3

1oro 'o is to control only tho door herd in ~nmors that
will not be detrimental to the suvilaU'le bz'os$. NO control

or hcarvst is ox .rted on; the other' apeciea of wil-ilife found
on the 1'oraerve. Thes ro ort )lan is to no reguluto the

winter ~rvalsb of door that the p~ly sp~ring )o-'],lation

will anpro irito bO doer, or 25$ oar soc'tion In the pat,

the ro,,vale noes ry to reduce the herd to theae rnmbers

have been based on annual door dri vres by o tudonts and facul ty

of the Unive rs ity of' chi* -an, A brief rovti~z of theases

Jr-'vas riiIl bo Treor3vtod -1n the niewt sotion.
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Plate 3,

Inside onq of the seeond"I~rowth hardwood
torests* Nlote the leok of an undore tory.
Thjis area was selected as a ear-le plotfor studies on the aoccumulatio~n of' signe

1'l~ato 4,

Eames in the northeast cor'ner of the Reserve,Thisa photorrs.- wca taken on a foot sightindex concus e A large buck may be seen inthe cii'ole. T.his typeof0± obcorvation ischaracteristic of the majority of observa-tions made by this method.
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The only relatbl census8 work executed on the .Zeserve

in the .]at 1has been of the direct drive ty :+o. The. first
census wee conducted In 1933# ol' :owed by cene~ises in 1935

and 193G , and every Year s'ce 1930.

The land that now Oa ~risee the0 jeorve was purchased

in the yax's 1927 ante 1,928 by Colonel ! AwirA -0eor~a* "ix

door wervo nirehatod in 1926 which constitute .the orli;inal

Introdtiotion of the -'ea nt h.ord,

In the fall of 1 "t"'3 it ben a apparont that the clear

here, hair inorae;A rratly and that the ver-etat on on the
Rteserve was r'apidly booring overbroweed. So in the fall

of' that year the first drive was or uctoed by Paul ficle,
tho aider~t Trtolo~rit. 'cany of' the drives have been suite

rei lo1 counts, but same wore considerod littlo rjore than
trai2"nn; exerot'lees for thex inox:. rlooo. nersonnel 'ticlgw

oh reasons fr the direct drive ty',e of censusW on
the loeserve for . o,.ulatlor~ a-. rsadis s ven bt 1T i1cie

in te desert tioan of the first drive. lie states: t Track

counts could offeor little since the deer wereb corfinked.
Counts by a sin'-Ie pers -n we're proved to be of little value,
ai ~co tho run bor o dear counted seldor came up to the number
that had been es~n at on~ time nn "wrovicus oca si) 5s It Was

dooldo . that a drive with a r~ber' o' )ars2ons prtici;-at 'rt

woul d fgive the best resuts,." ' 1teie', l .~ - ri) ici6io'a

decialon was d oubtleusly irf l'ueonced bythe nu Tber of interested



persons available at the University for use in the drive

type of osnous.

iogardin; the of: iclency of the drive ty-e of census

previously used on the Roserve, O'aoke and Uaorstrw

states "To 7et jood results the rnon must be rod observers

who understand how the drive is b oinc conducted, and who

will follow instructions and do tnna work. ton ox-erienoe

with deer drives on the area shows that miassod manpower

drives are unnecessartly expensive, and that better methods

must be worked out."

TMh direct drive ty e of census was used as the control

nethnd in this invosti:gation, It was assued that this was

the roet accurate zethod available, ;very effort was made

to use only reliable, ex )crianced non, and accuracy was

sought above all elso. -ceud on the experiencE of other

(Irives on the area, it is believed that this drive was on-

tiroly reliable in the results obtained, and satisfactory

as a basic check for an evaluation of the other ground

census methods.

hifle the fiold work by the writer was being conducted4

a similar study on the aerial census nethods for door was

conducted by Jae 's p. 4ho;ler, also of the ohool of .orestry

an2 Conservation, 'hnoler and the writer Workod in the

closest of cooioration at a1U tires.

While tho census wort on the Reserve since the early

190's has beoon concerned nrit-urily only vith the direct

drive ty;) of census, the develoont of census methods by



Other' workers in various parts of the country havo shown

mc'h ch a in ap-,.ld techniques.

D~velo~ment gf deer ce su tecgh 1. ues

A7com~plete review of the devolopwent of censue teoch

niques for population &-aprfsca of the whitetailed deer

would ne essarIly be a long disouafrion and is beyond the

scope of this y~per !owever, they trend in thi s devolop..

?nont is Important in an evaluation of lrosont census

techniciue s. "he rest trend in developmeont is alao in-'.

p)ortant in the detornsination of' Iprovorients or refinerents
for thy, existix-, rethI'ods. xti excellent review of the

li terattwe on this subject coveri ng the rirod uw- until
1947 is r resented in theo iaster' s thesis of Haerold o.

"teirAhoff of the New York State College of Forestry,

Syracuse Univrsity. teir hff es work9 ti.tlec hito -tai.ad

,'lo tlid8 i e quite similar in scope to this
evaluationm An the )"ere Yor'k State College of !,orentry

vras kind eo7h~ to -)rovi de tho author with a eapy of

A81 h(-off; ovolry of'fo+rt has been rwade to suonle. nt
tat wor~k rtty .r than du-,licate it*

'(he first ; hasos of or armezex ini i~wen t in 1;orth

er~rlau bro t&ht po:3ulation estimtes i;rto ')ractice.* At
first, these population etimates were nothint,- more than

~uossee of' the numnbE:Lr of deer on the urea in: question.

~ilth the u swin.,, in bottor nx goirent practic~is and with

huntin controls in effect,, those crude guesses as to thes



7.

-nopu.tion density were replaced by f'ield eatirates by
tho rlare wnagera. Th eso estim~tos were often far from
corr'ect as m'oved~ by later' ons-ases on the sawo areas

with t~proved a thods#

In the 1930.3, %Ti t, the advent of Intensified EgB

mmgeo nt due to the irwreased hunating ironare, mor
aeuarate appraisals of door population densities bercaz;*

a real needo

The first oonsus :m thod devised to accurately

enumerate the numer's of 4ear on a givon area was the nise-

no-cower drive* it was realited .avly th~at adequate ni-.

power could selcdo be z'elt.ed upon1 for dri.ves to oominus

dev'r over larr,-e areas, The trend thus turdn to census

methods wit'" rduoed maw,wor In t-e form of variations

of the drive, and in sa plin' techniques. "y this tine!

Soeo ria nt had beorn placed on a rnore sintifle

basis, so further conslEua r-Pthods ver' ,-on*-va11Ty arritved

at thu .u~ scientific nouans,

As deer th~e m~any traces of' their daily and seasonal

activities in the onvirornant in the f'orm of Is~N

attention was turned to t.-is indirect ty* of cerisusing
ear'ly in the develo rent of sam. ling tohniquae. The strip

car su~s was applied to darir as w"ll as to the snaller game

cnim als* Thle tuneo-r arerk drive has also foun4 a continua-

otis uso,Y duo to its hit-h aciyra ay,, even in the c'rnsusing

of liarre areas as it cr) be used as a sal! inr technique

In. ontr-,orations, on aara2l eoctiors of a.~oreras.



"At tlhe )ro sont ta: a we are in the stage of at tovptiig
to ref ino our zap nin toc'inif-aeo. tae dot.-r cenaus in

, onoral i*oes not readily lend itself to *tatlatical Ualys!L
and thus is s~what ha ec-od In its de velo )ront. 4hilo
some dAfrect resotaroh on census r thods is being cox4uated,

grood1 ,)rocresn is to be had by the mVn workers usiig sampling

toobniques in der herd enumeration when they attempt to

evaluate the method in actual use. :ateinhoff (1947 Ms)
has contributed one of the first evaluaitions of deer census
raetnods wherein nearly all of the established techniques

were tried on the esire h area and up i oadly the sar ,ou

lat ion of door,

On tho oerve -4-cat of the~ astablishod -Pc--Ai centus

"t :71(a- i~ 1cable =nder wixrter cond~itions were tried.
'Pri efly, tho no tods evaluiatod by actual field trial were:

1. 'Aret drive Lethvd.

4. Foot si;-it 4index*
5* . orsobaoAL sL-ht Index*
~. -:utor ob" o si ht index.
T. :;potli -lt si ht tndex.

.Census throe h door stc$n,

1a y 2.05 acro rlots,.
b. ?Ay half-t:.l n square 1 ta in transoc ts.

'othods cconsidered in t is inveetir~tion, but wich for

varlius reasons were not tried in the field, wares
t. 7-'ra 4An~c tar1nr, and release with lator coptura.

.' vola t X'oi1P E' Ottte O ntiOd.*
Z. ;rac k count index,.-

~oo ,e odewro not irnored but "Toro timed in the
ewmie throuh- door sli7- studleos.



in tits followin: aeotion s of thus paper the census

V:ethode useo on the study area will be described In cone-
Junction with the Posul.ts obtoarnode

)Ao " eitett idvantags was anlh oyed on the ;ieservo

that has not alwaeys been ravallablo to othar invetigutorme

The niber of door .rexent, once detormind, was riot

sub jeot to the fluotuations tha~t would be oxnocted in an
uncontrolled deer habitat* 'Thus In this study the variable
of the fluc tuat-lo in populatioa r ~bogse, eitber daily

or saaail, was entively eliminated. Althov% the annual

rmovale of do -r for herd control war.. made durin the
1)eriod Cif study, aoi plet* kill, records wore rude available
by TAvrenco Cs buwn, miastodian of the Reenrve, and so do

not Influenoe the accauey of the "no-tie results.

All field worL: was exac '!ted wit-h the -;)an that eacn

of tho census rthods would be a 'lied one or riore ttmoe
and thee r'os,' -ts chocked m- aiet the tmown giurber of door

,resent on the area at the ti- e o~f census,* Tis knovin

nuriber was e*stabli shed throu fh then diret drive typ. of'

ene ss.1 ml sethoda eployed m~re than onus "ere excouted

in a standar'dised ==or if change in the ret~iod ra~s

deem-ed nec ossary for more amcurzte resulta, d ;d oonsider-

ation was lyon in the mubsequont evaluation.

The scope of this paper goes -ot allow a cor:;lote,

detailed dew c 7 rintlan of' sad of the consms meathods and

its variatione. ; 11 of the to ohni quos used on than ;eorg.
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liesorve for the * 8Lab1±BhoU Caus i~ethacdst8~ s eix. L r

to the s~it4d dneribod in the literature by the Origt.

natora of the methods. - oare deviations fro"-A th as*.

tab3.ished vethods wez'o used, xa..ations will be made.
°ew con*W'vauo vntds will be deecrlbod In detail, oecal

the census by m vertents math-Cxi.,

-ll fie1' work was covm'leto'u In the .,erlod from

v1; Zar, 10)40, to April, l94C. : ost of' V~e work was

centered in tVhe wintea noasol-. Unfortunately, tis winter

was one of the li,,htest in recent yarts In the southern

art of "'Ichl ant ;tt no timio was there are accumu.~lation

of a no, and only at scattered intervals throu; cut the

winter w- s there :,.ood trao in.- s._,- . :onsequontly tho

ve thod that woro dopender t on trauWinA ag 3ow didl not

rieceive as rtoh trial in the field as wage desired. It

to bo2.toved that onciuth Inform~ation was oo1 octod for

V-1 >3Oor 01101; Con iti ornoS

,'or convenionco the dooeans mel8z~th~ods are bost
gr'oupod by pupose and relationship for clarity of htIs.

easicn 1r 4 I the fol1evin discourse* the : ,ethods will b

dioussead in this order: 1) total entrtorttian rrethods on
w]'olo areas or sarn.aleis of them; 2) total enumieration

thrr~u : tra Q in' , x ar i.: and lutor recaptu::'e; and 3 )

deterrination of :opulation densities 01r trauds through



Index riethods of scanrpltn ,. The dot, -re natio n of ypopu-

lotion densities throu; h indent nae~l~~ thods m~iy be
further subdivided Into: 1) sirht Index~ nothod8; 2W

censuas through door si. n; and 3) spot counte with bait.

d'otal Or!ez0?Gt .. Gonaz :108AS~thods

':Lwo eot ,4ods were tried on the l1serve tha~t

airod at a total cunt of all deer present. ' he first

of~ these, to direct drive, is the old standby In deoer

cernsus worn; r, he second~ methiod is gaite new and had

previously received only one trial on the Resoi've. It
has boon~ terms . "census throughI -oven.ents" bythe author,

its these two vmothods are ent-.rely different i~n the field

:'rocdura, it is 14s t to discuss then individually*

*et driyvort

E'everal varieations of the direct drive

toonaus mrthod have been employed by various workers. All
ure sim.ilar in that a line of drivers -Movea aem'se the

+de r :ated roa, Sur'oundet by counters, routtnt all. deeor
,wosnt at ttallyin,:: theta as threv leave the decreasinr

contained arcsa, An the: Jr or ,e Reserve is com-, ltely feneed

anid ro~ughly +ectatn .Lr in shape, all that was necessary

for the count in t-49 aatuy was for tho line of drivers

to tom alone one of tre narr'ow sides an i thon move oo.,

plotoly aoroou the area counting all deor as they wore

forced baclr throu'h the oountiwY l 1 op
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Plate 5.

Orientation of' the ;;articlpanta before the
direct drive census. Hisre each :pan is as.
signed his niumber a~nd roaittcrn in the Uri-
vin, line.

5late 6.

Mtart of the direct drive.
1UeePing therzselves aliened
who Is the second mtan f'rom

she drivers are
with the foreman
the lei ts
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accurate eoer~u method and so was used as the checkc on

the other methods of cenaus evaluated t was necestca y,

thetoret that the drive be am aocu -to as resdble.

Only norsonse ex" rlannoed in blolo -oal. work were usod in
the ceniss 'o~tho mon ex.:jerienced ;>rsone wore si'aced
betiveen the loss ox oerienced Ink the line, In addition,

six forer:on wer'e instruote to follow f'a ,li. r ass~g d
Lines to Vireop the drivers aligned properly. TO raintain
a drivin -ir; tn roc for~ the usual bulges, ti-n. chech:s

by the Tor en were acdhered to across the teserve, All
that was neceseary for these checks was that tho foremu

so rei{ul&ato his forward pi'o real that he reach the Ose-

nated points at the stated time, and keep is group -of
drivors ali-ned with hi.

thber t provomrtnts In~ this drive over aorta

of the -)revious ones on the :leserve w,)re: 1) an orion..

tation rastin- of all tho ,ersonnel partici; atinr in the

drive; 2V a slow(-r spoeed through regulation of the line;o
anid 3S) a centaralizod iirec tion of the drive.

lb!- drive was oonsidered by r-oat .f the
oxpez'ienced : artleiparnts as on o "V .oo t acc irate d1.ves
evo hol on t~to toooi vo. The resultin. totals of deer

we"t therefore assumed to be co,.raect to within one or two

individuals, and no error wus consiered in the oomparison

of the other consul -Aethods,. : total of 67 deer were
aountac' durn. the drive. ,,;x and a:-* deteri1nations are
not entirely reliable dim to the late date of the census



dlate 7 6
:?Orm%: eto 'Provo nertarily at a t'imi choc1t.
ote elon4 £nterval. off~ and f'ood lI1'~n-
asnt.

$J..4 c " if ; th tn r ;ha s t ': O f a da'ort3d ).l 'r " d 1io ieo boetwe Atu was Onssible,
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(Jan=y ., l949). h, J Ao position of thes hord as tallied
was 12 antlered buo 4oo 41 antlearl ess adtults, andl 14 fawn$*

The onsut; r ielu.Afl arrant- onto, troo

one I'orsnoon with 54 men :, artlci utinr to c ;r .e ¢-. Obwi-

ously, If the rorn.L Ikad been~ p'ad for their cotrbuibona

the drive wouldt have beon a very cost.;; venture. &ueh dri'ven

as tbls are .pactleul only lIn such special Instances.

Con~sul urw v~

The census through ove."ents idea wase first

devised by Er.Samuel A. rham, Shozol of Forestry and
Cons,:rvati. iitL his g~idanae the author worked out

the . r'ooduro er- presented. :io clal'- is m~ade that Uhis
is a finshed ,-,oeduro for wides._3ead use ir. door consus

oi-r , but ems:erI a ntal trials oan the wort~ svo s ho :yw

'ecut ,rov !.v for this r thodc.

Zhe basic technique in this census is to
disturb the door until the-y move freely about the census

areae Observations ;ire made on the mov ments of the dor

whieA i ro recorded oan YrApe of the ar'u. Other :, rt 1nant
data is also rueo ded on awate datai sheets. ' be total
populati )n ise corf ut'ed on the basis of theso observat n.

Che ' "- nrzolnxtat trialn lndioate that the best a,) lcaton

01. 0 not striictr «, :ru one,, bizt that the

obzxou tl z ot C-roat.t) aec Iitato k thrfu h : ortal tech-.

in tho first a ,11cation of this ~iehd, the

are~a was Clivided Into elovea ".].tricts on the basis of
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Plates~

useor 'ovin _;back throwh0 the d:+ivinrg Un.
uat finish of the direct 'drive oensus. Tostof the door are ea811y tallied.

1"'©e 10~

Door passint obser'ver irn frs't oanaus bym~oveimetst Note the wide rech of~ the ob-
ser'ver's vision to the dis tait horizon at
this point.
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cOve? types. n 'c was asst!Y"nd to such of' thews Cdiatricts,

*WhIle the ez:Sus was in res ro., the n~an sationed in 0aoh

of' these tai tr .cto acted as a ,,ijv0Y%9 his function boin

tO kep thO dsor Novi:::r and to f'luxh as miany door oa osat-o

ble that were be I gd dowrn* 7-,* census s one hour in du-.
ration so each driver r~over a-out his area for' that leng~th

of' ti-.e. All of the areas wer~ ":mt covered by the drivers
to the same extm~t betauso of' the diffennnce In altoe of' the
Idividual &reas. : k ay be seen fron~ the nip of this

census (:1. ,x'o 3. 1, U1*0a8 auc~i ties ,~bet' 4 are seoveral

t" itrs la'rerr than 010 st 1.ll area e a~uoh as 7 fiber C:. :,i s

divi s IOn of' tbhe area al loe the hrav7 Covar to be driven

mare tho~utday to z'oit tl% de'-r.

In addition to the aeven drivers, ter: vial ,tr co

naitod as observore andi stationed at key points wh ich afforded

r~axi ialihl i . *', 1e locat5.on of the obsorvers Is also

Ir'dlcated on the riap .1n Yiruro 3.

All ,)eraon9, 'ot drivers and obser"eo recorded
data in the fn 1. owi n rannor. I)n a cover reap (Firvure 1.)

encahl asr "vation was pl1otted by a Ion-, arrmo to irdieate

the moute of' travol of' tihe deer. _1 number was placed at

tho hand of' the ax' ko to tndioc atnc the nm ibor of' the obeerva w

tion, said to cor-reepondc to the ad i tionl, Inforation on the
data shevt,. Tfie au9 ler,1ontary data recorded consisted oft
1) the exact time at which the den r: :ero first si ,,htod;

2) tho exact time they wer o last seen; 3) the comijosition

tied exact mr-her o!r deer inr the f'lockc; an~d 4t any adcaitional

i. for atioa on tho observation pos: ibl. * !he instructions



Pi rst cenan thwott r+ovaernta 7)~

(Figure 3.)

0 Observer station

" - Urea of vision of obecryoors

0 ,river district and giber

Sy,-bolo or r-ap ze ratont the sanpy arnas
anl hart'wood forsets. '"p asn areas shinw
on nAp a" dOor& aroae. .,) ; ain road aoi'osst he eroa is indcae y a double 11, e. 'tho
seco-,ndar reads by a black ah} "line.
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n27d.

and data sheet uased in the field for this census ar

sh own in 1V--ures 4 and

In the int(2rai'@etation of' the duta collocted, mo:sidi'-

able c"tIficultywas oucountoroi in obtainiw:. a satisfactory

ea-:ot'ation, Thlis diVfioeulty was f<9Yarenti y due to lackc of

controls for use in olim:inati n' dulicates. * o Coequevtly,

a escond censous vas canducted in whilch reaon were established,

.'or which doer seen enterintr or lnevinu, could be detenained.

In this secuond oensus the r:anpower was reduced from 21 to

12 poo:Ae, Alus an aerial observar and ,Alot £l4ying over

the area in a ii. tht sairp lare. 11-U 'tre G. shous the location

of th drinere and oabso 'vera. 4.8 the s3 1sr;2s cut "e flooded,

t11e romind > orsonnol wore 4Aaced in accordance -with the

ex 'octe i doer , 'overentc,

li~ thne analysis of to data ool~octed during the

second Censua, it was assumed that not all of? the doer

Pnesent on the areo . _uld besighted. -!amed on the scant

experienoo of the first census of this ty -e, it wao assumed

that GQ per cent of the population would beaccounted for

In the mirdnin count rmade. ior theo tabluation they area

was divided into four sections as the zonal controlta for
which rinimumr nunibae of doer aoseit worn obtained through

observations on the der within the area, and deer seen

either loa vi rv or enter? ng. The: observersc statimsr~ per-

mittod the possibility that all sucsh deer could be seon.

In the O'vcEnt of contusion ab out the number of deer within

a o 200al11 area,. the lowrest -)OSSIbI0 number, ' aged on



I * The theory o the - ;othod Xe to keep the dnor aovtng
about th are. ';ach joarson wilEt recorh doer whn
Dien, rad t'o~r thiS data, th e nurwber of door will b

oo~te4h.

.10h Reserve baa e t1n Uaivtd ri to Lont±tit on the
basis of conr t7yics. C'xta driver will be as vgnemd to
each of those distrioto. The driver will ro~ve about
the district in such a .,;ar that all dnvr will be kept
constantly on the rovO

. obse rvers will be ostod about the :tesor ve on kcey
arots 111.e obsernn: will rermain on the spot Indicated
on the .naps providd at alntities dun'the census.

"oth cnaxveors. arnd oborvero rill follt th ;e voinn rg

a* On to rap, 4rw a Ian * rov:-to indieatr routo.

Ii, 4" lace a ntro at the hi d of the ar:'owA to India .
cuts wt=boi of observtion.

c. Pill1 in adCAtional intor ation oan data shooet.

Co rSOIvore Will also ir;#uicat0 their po>sitiOn at the
timso the ztsor vatior ±a ',sde 1-r a eor,-.ospjondinc,
umber enclionod by a cli-clev

5. 'Ao actual ensums will last for or* hour. A e! nal will
be 4Ivon at the start an(l riAah of th r houir,

:. and. In the rw4Lps and data shea ta,4 and ta rcr' "akeon
Y.JNZV AnIOn ofV t' ic ty 4* of censUs on the baelk of the

data tioote.

A1; saplL copy of the instrix ct iom& _unisv.-
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Soond census through ; ove.nts m~ap

(Figure : ' . )

S Obsorvei station

- inres c'f vision of obnoi'vors

® 'iver' distriot un.- rn~ber

~ 4 oute of' tr'Qoi count

Boundary of zonal contr'ol

I ,terx of zon

> ?son -ap reOpZ'Ote8rt thio ate:} y adroa
and har'dwood i'ovets. Darien . 'aa res ehow
on r.Aaso2.oar~ &a ~ ho is;A'lt road amzvoss
tho a~o to in 'doto . aj ~Double li~ ,o. y" Io
&ooonr2y roads 1;y a~ black lasih 'ine.
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ob-rvat ton, was used. ~ nijiun jrx.j mber thus accounted
for at the tormnation of' the census, crno hour after it

was coi eneed, was 47 doer'. Substi tutirl8 In the pr osor--

tio

or: x e quials 52 doer,

Thus, assumri.-, that O~( per cent of the door would be seen

in tiis aensis, 52 would reprosent the total popultoy.,

Yhe aotual poa ulation of deer as dotermined from~ the driver

wn Ca~burn's ill rooords at the date of this census ws

57 door* rThe art'or' cn the assumed c.ox onta'o,, was thus

about 0 potr cent* It an atir~ate of -,O )er eent had bem

used, 11"ltead oI' the 90 ;car ce; . this error would have

bean mTuch lmyor. Ihrouh -. one awed use this f.actoz'lf or

cent could doubtloas be stabilized to givo co: aitent rosixits

oseibly within an error of 5 per cant or less,

It is bed.' >tve thtth tiwouih aerlul observationL and

?oscib3,y the use of roads ,and fire trails on the ground~

the narower could be reduced still r ore than used in this
second census, i r tis mothod were applied on other ar'eas*
The drivers mighat quite po sslbI7 be equl : Kid with a noi seb-

rakinr c vice to faeilitate aovin~ the deer an~d out down

stilli furtheor the "anover req, e,- without unduly suer1.-

fli %n accurucy. It seem~s Chat the census threNmsh iveients

teoof1-iue coul', wi th sudsh refiTIovento Iln~l :,r at uue in door

po )ulat ton at, dies,



Llshi census method was not tiid in the yield
on the George Reserve, as squI.pment available, tir*, and

the already aide scope of the pobiert were rnrohbitive.

Deor are reudi ly captur ed in areas of high popus.,
lation densities* who"' fooci shorta es exist., suiC: as the
doer yuards of northern . -chi'*an,* Ibe results of thia wethod

If it wars used in soci areas woulid not be particularly

valuable in total entimtion, as the "oer dispersal from

such areas is too erratic that it %yould cancel, any !'08ibtlity

of gorrect popula~tion .rnwiratio'-s. (lio 'Partlett, oral

i ~mn ication.) In regions other' than sueh corwentration

aras the cost of the tr a. ir&, is pobably, .-'ohibltive

for' use of this method v.er large ax e"a.,

Indx ;:thdsof s :. 1

overa l~ indox sa y li A r nethods were tried on the

Reserve* si tr'Ip or'ulso, cl 1'ht index methods foot,
automrobllo, aind s otiI at -.- and deor sign plots were each

trieu± several tims*. It was ir ossible under the 11i01t
iwinter weather conditions to uae the bait spot Index method,

duo to coniliotirxv noods for tho limted tracking snow,

Usually the strip ca onsur, tot' og. in

not conwada'ed a~n in~dex meati-od b'ecause it is used to dater--.

nine tho total erxt nratinn of the a'p~t on'o Iv this study,

however. the reo',ilts obtained b'y this method were so erratic

that it eeet;s best to Crouo it w ith the index mthok"a. 'he



Uolc 1.r1 oc+Pk~'iY.11e .o .o'vid HYi' i. ±lV the £±'ro.t cAeI ri?..
tion of' the regtfio- y ricl :1on , 104). o)re xrocontly. v' riJ

ations of the "~thud have been doserlIbed tha~t brin . the

miean of the reus of this ulethod u: to a level with the

re41 wan Of the jpu1tirn-,** 1-, this studly they author was
not concerned1 so rvuel °wji the0 lOw remalto as with the cone

lsistency of stich results, 1-erice :.rickson' s tochiqdues were

as usable as othexwzo Ow li:no were mekod aaross the aroa,

th) lon:2 way f i east to west, and followod ouch tS~i this

L*t>.od was ;used. L'.von censuses by the strip ctise rothod

.LJIE popul.ation anuoi ratis by this r-othod

v~rie:' rrom 8l to 914 de" al'. :he m~'an of the Usti, :.tea wias

14 3 as ooared to the Ma~l r -r of 50 deer. rThe rar~e

in w ioh i),1344 .or cent of the esti, ates woul,' fall vias

at on of ia data. '-die m th(d as applied in this a tudy

thus a ")ors .to be meuch to' variable f'or rod. ablo ommonera-

tiormt. If" the asnlo were Incroased to aeveral thousnda1

of Lc,,oa, the rarreo of v~a:%tion wo~uld bo consider'ably
rodtj00d, but thea indloation is thait the r'ocslta would be

incorrambhle in the oxtrerue for diflfoz'ent sectione of the

tot-ll do, r habitat thus oo niidered.

any of~ the raons lfl or the fluctuations in

~ ~tiod urn' dirculson; in a ro'coo*-t ::'ublicat n (I ayno,

A;tl ' C~CZ( O. t2i -o is~ .iutwatio alsi~o to



blob loal disom ancles w111. be dteousoed later i-, tVA

*ae cornarlsn of this thod wi t tip aotual

population Is shown~ rr"a..hieaal y in Vi. tae ?. 4

- he si.Jit inadex mr*thods are m~erely ottites

of the total po-pulation as detemin*d fro, the nurber of

dos r seed., :nor hour bya wv*ll trained obsorvor.

Trhe theory of the r~ethod i.s that the ::roLster

the 2o; ,sati n dens~ltyr the -m'ater the ibe r ol door that

will .o seen~ :per hour of oboorvation on any given area,

Frovldinrm t« a'. the ob sei'ver reat~lots hise observati one to
the ti:..it perloda of -- ' atSat actlvity of the dv--r. An
AbIlty to so door v~aries with tha obser'ver, the emee xnan

mst ooU uct all oetirates by Vihe sight inisdex methods. c ne
advantage of the si~ lit index over the strip crise is that
the obser er span travel freely in the localities whore the
decr a-,N most apt to "Oe se,,n and, teus cua't usually see more
deer in a shouter ooi f tirc** "o area oo-trol auch as
that used in th~e strlap cruise m~et'-od *an be extrted.

Four variations of the ei-ht; indx ne thod

war. used on the ;2esar e in~ t-ia rvuliuation. 'eon trials

WvrCr 'Irvwe. each ofj the acuto-obtle a Ants, dayiL nt anld spot.

Iiht 1 i to th~o fort 4ootnt, an ono try the hor'seoo

oount, '^'qs ;: rar .at .! ' was C und to be unsatiefac-
tory' u-. to ;nroly loc0i Cnd1 t ors 'The nount~ used wag too
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faii~i.r with the Reserve, and onsta~nt control. oas ieoosaar

to konp 1a froi boltini book to the stables. The other

ceneUS ae thods weres oe ttot in a ston.r rdizo. manor ae

to time of oensus and route of travel pertaining to each
meithodo

'The dat4 obtainedi frml the trial of these

:4 t'hos is ;"ressnte+-; h caly in Ft,-Pure * Te resulte

of a statistical analyes e 1re rsented in Table T19 All

of the r athods wo found to bse too var5iable in the results

to be of use in :o;ulation enu.,'atl.on of the R0Ocrvo. On

statewide areas bero the si b~ inldex itethods are used at
the .:resent ti et the-se e=-tinatee ure val.uable in deteetin-

a eds In the )oji)latior. ilte obvin-isly, the y ar'e of

little valise in cot' yAr4n; . _io:ultion densi ties on small

areas. The coeficients of cortrelation between nu ber of

dooer neon ,er hour ad tfhe total nur~ber of door on the

area i rdicato nio ei.gdfioiwLt correlation exists (see 'Table
11). If tho differences in the population data, had been

ruckh ,,-roter than tho condition on thle Reserve (population

ran.4o fron GZ at start of problem~ to 57 at cos nition ,

a sipgnirieant cor"elation wouatld undoubtedly have appcoared.

The laC1yr of oor}-elatim in this data to probably beat

ax:lainod by the orra~tic bilo .c l behavior of the docfzi
.. orin thir daily actvities do not rove

i:bout to the ouwe +de~reo every days Or elm~ and bri'_-ht
daYs, they ra~y not Mova all day. (On dai%:, overcast or
rainy days, thoy~y rove thz'ou ,bout the day :te nurtber
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A statistioal co arlson of the. ei-ht index rmethods

of door conaus tw oots automobile, and sp'otlipjt
counts ,- tied on th'e e'ppo Reserve*

F~oot c un t

ba otlight

7*70

0. 506

StanTxlrd

N, 0.407 to Ir321

1.060 to 130C 0

#~0 to C1

Cook', of

.162

. Sa

V. st numbor of deer seen per hour of2 obBe'vattor,

as ltan'e in the numbor of doer that would be se.-n
per hour in 05 ;ier cent of the oefls~mW08o C~lIneC
tod in the vas~octive m anner basied on this data

*.* *el~oation of the rimbei' of deer seoon per hourto the total nether of door oan the area



of door seen per~ hour is thues ;or eclly1 rlated to the

movre nt exhlbi ted by the do, r at the tIt~ of the obser-

vration than to the density of the deer cnulation.

U U.R e , r d

win~ce door sign Banos forfmd is nwt subjet

to the - roat variable of mobility exhibiteid by the parenit
animtal, ma*ny authors have suggested the possibility of a

conas media-, A :otable wok has been aocoo..liahod oan censul
meot-oda bazakl on tmak, bed, and pellet Croix~ couints.

Throu: h field observations, it was fouend
by tho author that such m~et1-.4s as have been dear .bod In

the literature for these oounts sure rot applicable can the

oet'v-. 'radk counts were In~uee by they confInrnt

fercc . zd counts as suoh wero Wiuled out r~e to the error

Intro' .iied by ehanoo distribJution, and the necessar.1,y

s'iall sami~ple allowed by tho couont- me hud, :el :et -~roup
counts ;,z' ntod a se-tl diveral-f .end sltuatioz.

Consequently an In-tonsiveo study -)2 e rou >ocourtnce

w~as Yade by oover' ty as on the .la serve durW r t ,'ho wintei

it was 1'ound that tho distvxtuion of p32ot

qyrou.- s was ver'y spotty when eorssiderinr tem as an acoaumu
lation over a lon"; neriod ot time, '.e grouPe wo ro very
numnerous about the o4ges of the wawIn the wvams a and

Ir the *4--ees of the up'land ty ,*s* In some ,laces the ;pellet

,r-: u vore nu rerous but hard to fCl 4., In the hardwod
t-tpeo they wre oasi~L-1 covered up Vy drift."n-~ leaves, in

tall ,"rasta they via*# a!.oeb entiroly n-ouxid, and! in any



Plate 11.

Noethod of m~arking plot corner in dow.' tsign"
studies.

i late 12..

Ydrethod used for marking, oruise lines. These
methodls mare iise in d1ace of axe, bl~ao or
sta1es which would~ subtract from the eethetic

o ~ ~ 7 th re. Ts& 'rka vere found to
b quite. satierao toryo

y' 
r ~.

-40-



r ",r

-40-



w4., r

tyr2e they ware buriod with the fir'st snow. :.other ice-

portart factor 1 in the accurUmbatiOf of' the pallet :-row~s

was that the dS tondd, to yard in the bid ew :s to the

axa1us lon of the other ty,-os durl. severe wtather. i
floor of the ai ° sw m* was covee wlt < one or twro feot
of woater, hreoe with a thaw the la'rgo aceemlation of pellet

rru~in tho swar diea, eared frozr" tuartha vlevio In
addition to the, distribu-tion of -wallot Crow.s in aocuwm-z

lt iorm other factors sec d apnaront that vwould lead to
diezeo ane tea In census r~tha>ds, ::st in ortant of those
weeC the size of the xrous, and the £ja of the rouso The

peltets ac s. r .sin , one oup were found to var in nu .ber
fro,- one to rarer two, hundred. pel ets wereo four times

earlsg as otheov. > detos-,nation of a-e fro-, the

m~o fftuzr conten~t of' theJ *ets was8 very untre lablo :wil

in all it domed apparent that *ensue throu h tho acc u

lutlo! ,-.o pellets on the kreor, s rc<-rvo was a jphymic~al
impossibility In tlhe winter season, No census by )0114t

~rucount alone was at tem.ted, It must be mentionedo
+aw+ vor, that the Reserve is very heterogeneous ae far as

cover t vr~os are o onerzned i~ an area whore o over ty e a

are fatly ho oconous the condit ions rnition ed here r iiht

not oxiat, and Oensei that %.h e1.tgromii -ounts riit-41

Innn-r . explore tba rTiito of

csneu~ thr'oe ,l the aoc r-ulation of frosh clear sin two

ty-_,,s of :'4ots "Fero estab'iisho-' on the -:oserva. ,. BrloW



idate 13.

o l1 worn rbth1an t~o the cncert&td beiSng&z ea in, the btl~ ow'smp dur In.? thLe wintar. The
ix horZs o utt Srtho i eilar to this one =roent on
tho ei eO8rve alors Indicate tha~t a t~.gs r rbei of
4* r: ".,e 7rsent.
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- Uate 14.

4t.ntqwr ellwt qrours in gncasy rt eadow nour
odgw of biu~ awrp. e , sa ~ oU2f uIn tVA .region
rrnti .visibles for Thcrij pear3d 0 f tirq. In
tht tl siach crouro aro. as fl OOUB that
contusio t is unavota&ble in emirte ade gor

Plate iS9

Anter pele rou" in the vodo '
Cas is )r$al tr ifcltt pt

tups Suchd
ae eclfl

' . N - - t .
tf:'# 4V -y . I " . , . 1. .' .d: Y y rf -7 . i"t. . ~

r. ': , p.. +: i ' . :t "} ' ' " . N .X' ' S c ' . 1 t. r r +
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wa't the liritin, factor in the u&e 01 those i)lots, ade-*

quate data ea which to base conclusions could nmt be baa.

Yive plots were laid out five chair4S squaro (45 acres)

and all fresh sig(;n :resent vas tallIe d 24 hours after each
fresh snow. -The of thoese 4lots was located in each of the

fol.oawi nv tres: graetilJand, tanr& iswar.0, bardwox±, and
! arshlanc1, In add6ition one plIot was p1aced In an acetone

sdo tha~t It contalned equal portions of eachi o! the above

mentlaoned t~r -cs. It waes theut t that the al~ loft br a

Iknown nrber of d&Gur in twenty-four hours after a frah

anow on the Jesereve rt'h,*ftb used as a ulde to )opulaton

densities on other areas. - hsthe results or the four

counts ndo oan the :>)lotsar &rts nsrted in ?"able Ill.*

Certainly there is a oduse for such plots in deterr-iln

the use of dif;Zeront cover tycae by dent' at .. 'fevent inter-

vats tht'ou bpout the winter,

:gn the other study of do,.r A."n by use of

plots, transects of one-ohalf chain plots (ad ja cent as In

dominoes laid in " :'ovr) were run throu-h vario~us cover types,

fill beds, pellet g7rou_'s, and tracks found on eacah plot were

recor}ded. It was found that the nwtrie of pellet r rowia.4

an'T beds wias nogl 114be but that tho nirbe:)r of tracks soa

intercep sted, was quite hi. Uc :1re is another useful tool,

in dioor rmovrents ritudies, and poon.iblyT in census work. One
advanrtage of plots of tie ty _e is that the results so

obtained can be subjected to statistical ana lyass Only

two counts We~t; nade in this rtnner, so flo cor,,aricon of

oa? th e data was s:ado.



peer sir.n iaceuzuated on the two and one.'balf ao:e

GUMple plots in ditferont Oover t-y )ee on the ~og

flesorve, twentywil'our hours ailtor each% trackirt snow,

with a known number of 28 deter per socti on.

Uu ter of

B 5g uAp .[3OW

Itarahlan d 19-

1:.wrdwoodos 10-

COv-posi to 12..
(all 4 tepes)

r f

JW

14- O0- 1.

7- ?.- 0

G" w Ja

36-.10-12
44o.- 1

7-. 3-P 1

13-- 1- 2l

31- O0- 2
21..4- 6

3- 7-.

** Th first nuiber in each -series designates unmbor
of tracks, the second nuwber of bods, and the
tldrU the nwa bt' of peIllat roups



It wa or ,iialy 2 laniod ir, this study to

try a bait spot oput as an index rnothod of census, but the

rre occuronce of tracking snow was &robtive. The method
of cnsus as a'ropoaed by the author was to put out bait that

would bepalatable to the deer, ad would attract themi, then

to count the tre,,*ks of the deer around nobi bait sot. A10pies

or corn were the :nro;osod baits, .rund the bait a ringc In

the snow would be branhed out in the tvenirr of? the sot

fol).owed by a track count in the early rsornirv; %, holise baits
iiero to ho set out ztt intervals of onem*haltt or onze-*ourth

ratile over the entire area Counts at salt-licks wore tried

and dicarded by !'Artlett (04)



ira a totl anlysi s of the dta col lec ted in this study

certain facts becomo apparent oan the in'Avidual door comns
=#ttaods and on the problem of coneuing dloer in eeal. In

this disesion the individual methods ill be rovined in

regard to accr acy and valuo in consue woark, followd by a

theoreticeal explanations of the variance of the methods in

accuray based on the biology of th species.

Te direct '.riv census : sthod whein ex's;.tatd by a

suf ic icntly largeo c7rcn,- of ax;.'erionoed r-en was found to

be the list accuurate, buit alao the trost ex,.onstve, of the

:1he consus tharow 'h ;ovments shows trnat )rcr=iso for
use in uocunute census works It Is also relatively incx-

ponsive ussnl Lo iared to the drive z~ethod#

dhe trap)in$, masrking, and release vithi later rocaptu re

consus nethod was not tried onthe deoserve but is 2onorally

cons idered to be mathez tioa lly sound it tho variable of

selectivity in trag', ura be elirinated.

The strip cruise retho. &esed on e2.rlckanon' s technique

(1Q40 ) w as to 2 to be U 4PO l hlo for u s e ofl & sm all Sner 
;: d w r 7 l 

lGo b n o .u t

the eztren=4e Alvd usale for only U1i -oct extensive po tulation

survey work where the other nethods of census are not

ferasible in use.

Census throu, Jt deor sitL WaOD no0 in1veatigateG(a adeq 'u4tely



In th~is stuay. P811 et group counts, however, were not
fouvd to be applicable in a noglon of such dverse, cover

tree* as the Geore Ite-jrye, especially in the winter

season. C es thvough fresh aotmlation of door sign

is a possibility to be further explored, !"alt spot counts

may be a et:.pie nethod of irelative ;)olulation. density do-
termination,

Th. outstan& r7 fallac in the denr census nethode

considered, then, was to be found in the methods bgase on

s ich tin of do r by one or twvo xtn. , .1 such methods were

found to beureliable. The reabon C"ot the failure of

these rethods nay be Lo (A. di in the basic technique followed

in coductin, the census. The observer aimply trios to

count the deer with thte advanta.o In thotr favor. }Jo is
u:alln withs them at their lovol which ho is no t bioloc4-w

cally equipped to do. Rho deer have a ;;roat ctdvantace In

Mbility.@ Thley ear hear and crnll tuch bettor thanan

observer, am& a ,)robiably optically detect notion at

least as well,~ Other factors too are in favor of the

deer. They '.o not have to m~ove about 4urinv , the census

a~s does the observer; rather, they oar: skculk In heavy

escape cover an rcnin pe..1rfectl-y sntrtir'nless. lndoubtodly

any doar sling, away Cro?; th obsorvor wise iie 2hs aboorver

has certain factors in hios favor, but in ces 'arisen they

are of tinor it .,ortanco. '#4n has !roater ower of reasmn 3~

than door, and is thus able to anticipate ymany of their



ioverionte. lie is also probably sutperior In the soeso of
color )joroe, tion. In any sw:saary of theoo a dvanta: es and

diea dvaxnt&{: -. , howevor, It must be stated that the deer
has a ,rreater chance of *sospnn; the observer unsec :tf , under

favorable oirourancec1 than the oberver has or se.4ng

the door. "a is thus at a disadvan tagea f zon the very be-

Thex~re iz one ot'ner factor ;'11tcb contr4'bute even moe

to the erratic rez.tlts obtained by thet oonnurs methods

ti-an does the <Aisadvunt aje in observation. Thil s factor

Is the -,novemontn of &oer. nor ure definite'ly known to

be sporadic in their novernents fromt day to day and from
season to season. qt0 d not !;now onoujh about these

aovemnts, however, to ,:redict the behavior of the anial

While wc are in the fild on any r-ivenj day in as definite

onou h minrer to bo of value In census wer%,. if co,-;f

ficionts of oorc'elati'-n couild be set txi btvte -,weatIv r,

Thlytol o -y o!" the ant.al, and all Mflear factors influencing
Ailt rnovon),nta, wo could olli±nacte much of ah variance In
the rosults of those ±rndez census vmthinda. ttyuch factors

will have to be deterrd~ned if furthe )iroer In census

work ie to be made with those meothods, a difficult task

tdecad.

ueh work r'rins to be done on adevelopin relivable

techntjtiea to asertaina:a poulat ion rdensities throu,-h door

sign.4 1(athodo ~as'. o:l the accunulation of sln ares lo,-ical

and show wrmiso of sucess in this line. It. Go:flE that



the creatnet progr~ess could he maode in studies ooncernitM

fresi sign rer than old stw.'n The ezwvironent shove a

rntrkable ability to absorb at , rather quickly after it
is to prc*d. Pn"rckcs lost only a few days at wnst. .;nr

peltet rout p are bY° no moans as stable as sott es be ieve d.
% the 'Ieservo sona9 mallet -roI s in tall1 grace and loaves

worvt obociirod 'red 'tly he thasdtw of the ice in the
A,, swaz,;a with the enicei-pont pisctppoarance off the large

aouulations of )ellet ryrou')s on it is the erf'ect oxanpie

aof ti czondition.

in thb e sor 's meth1od dosij,,d for total aeni~ration,

we aontt deal tbiwarily with the ani~talw alones. Th fastors

of nioility and~ variations tn behavior -w .t be olfr t~td.

In the direct .' ivo throut; the use of r~asft-anpower th-T

Is aceo li sed. It ttes it tle x1 .oin the drIve how fast
the door can 'niove, and little in how -wll they can gce or

hear Nor 'oev It rnxttiAz' w hat the inclinat ion af theo dar
to to rove on the -cq of the ensus. 'Te nothod alone

f ores the det,.r to r--:ove in suchl a tiay that they can be
counted, .6 eCons us through noents sinailatty -ivesa the

advantra a in consOuS to the ceonsua takers rather than to
the deo 1 n thxis Yzsthaod the deer 4jP :, forced to rove about,

and th is alcono isub jects them to a count or taliy. Con--

aideration, howover, tuet beS fAvon to tocpo ra by ant.i nw,-

tative tyos.s 1oee thrmu: b the iziyrovowents ag sated

a-.%Ur In this ?a20~pr it Sersthat tbr-,ugh further dovelolo,

rent of tii oernaus throwh-t rovemeanto nsethod, accuracy cant

be had In doer census work to a high den'eor without the



hi ,h ezi,.ense hevetororo assumed nesear y,

One ft;;al p-oint slvulJ be considered in the develop--

went of deor census 7r othods.# That is in the use of )-achinos

in census work to out down the cost of ox,. oenive manpower.

We are no lonter in the *t 2.* of hand tillin of the soil

or In strictly tiamal ltbor in industry. :aohir~es have

boon used In census work with notable successe, osy ecially

thle airplane. Aerial observation in the census throw-h

miovertwnts reduced the cost of the census conel derably, and

:rePatly facil~itated1 the method. Undoubte ly other uses of

nachines to eliminate ma$-reanpower can) be devised as u I

hxurthe' retinoenent of the deer oonaus technique ruat

ooothIr U h the tollowiiwT' cha.. :AlB 1) twOs of meth ods

deasgned to tyive the advuta~e in ons-as to the observers

and not to the aimal, 2) dorIvatton of further rochanical

s jeanas to eliminate costly taf.*20w0V, and 5) in the exten-

sive index rethods of doternininz --opula ion densitles

tbru-muh deor sign bry the quantitative anal7ysia of fresh
si n on y. These channels wvill load -to bet~ or census

o tb.dB Lor the whitseailod dozr.



1rearly all of the ground~ censu~s motho da for the
whitetr led deer applicable under winter oonditions wre
tried in this study coa&ted on the Colonel vdin ~

,"aeo le serve of te Univoreit of 7ichi--any. Ae *on-
diitions were not favorable for u thorough study of all
netiods :fie to tho lislit winter weather ecditions, and
~ii tat l nes on the length of tILe of study, all oxiv tl f
o..thoda could not be tried,

1. Th-o direct drive census was found to be the reot
uncut'&te zmete-od and was used as a control for the evalu-
atior . of all. the oth4or noth'ods. hi'e drive* usin.-,, 54 men,
eras also the L ,ost cosztly of the census moth de triod.e

:. h-e census~ throug i overrints method was found to
md~hbit ?'Ood aecuracy with mruch lae cost then the direct
drivo. :bhis met-hod Is nvin deor census work,.

.ht strip c'tdae enaus, and all othor sight

index ;tsodwer - xtrov!ely variable in resulta. vi.0
dently thoy are unsati sfa c tory for ,nopulat jon onur' rat ions
on etal ar;4e szons~

4. (,ensue throu'-i door sign could ivt be invosti-

sated c&(1quaItoly duo to th* li.,-lt winter Conditions. It
was foiun(I that :reatest prot,,1se through use of sig~n in

the det erm laaation of' population densities is contained

in studios of a quantitative nature i nvolvin, th Sao acuirm-
lation oftfen deer sirn.
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5. Thit spot counts, and cenats through trapping,

rnar kdn, , and release with later roaptune, wer F not
tried on the Rervys4

'. ho fallacy III accurwacy off the st~por is$

census and sigtt index methods is boat attributed to

the fact that those methods diarnot +corr oensate for the

biolonloial factors of the spaecies. These factors present

unourr,,ountcbla variables in thoese oe sus methods. 4''t is
unwise to rattrut.- to census door by methods wich allow

then, a bilo 'loal advarta-.- in escaping attention. Usable

consus toohnIques must give the advantag~e in ensu s to the

observers,

7. Thirovene in total enmeration census work

coo~r to bo ,at 7erorAsiv- in the 6irection or the census.

throut movotesns idea, or in eo -phase of it. Consus

wark can also be greatly Taclitat! throut the use of

machines to oltzminato costly nanpow rp
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