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I \TIWDlCTI( i,\' 

TIll.' Ullit<'d Sta[('!:i is WOl'killg its I'allg(' lallds to tht' lilllit to obtain 
til(' gl'Pl1tl'St possible pl'oduetioll of IlH'nl, kntlll'r, ulld wool for war, 

At the Sli III (' tim(', ho\\"('\'('I', [ht' PI'('sidf'll[ has said: 
It i~ nf!ccssnry in wal'l ill 1(' t \J ('l)n~PI'\'(' our naillral re;.;ourl'(':'; and kl'ep in rcpair 

0111' natiollal plnnt. \Ye cannol llfrord \\'ll!'((' or dCl"lructioll, for WI' Illust contimlC' 
to Ihink of I ht' good of fllt \"'(' )!;(,Il('l'lll i()n~ of Allleriellll~, 

I Submit!"" for IHlhlicntioll Jllne 1l)·I'!, 
!! '1'11(1 nuthors e..o.;J)l'cinll)~ wllul, to rl1lll1k E. ~\. GoldllHlIl t $('nior hit>logist., I~'ish nnd \rildlift.~ Hl'r\'ic(', for 

hls nssistanc(' in Uw fit'ld \I,"ork liml J'(',"it'\\" Ilnd helpful !Hlg:l!~st ions in t}t(' pn'parntiull of thl' manuscript. 
)<"'or Uwir n'view nlld slJp;g:rstions for tlw impron'lIwllt of the lHnlltlseript till' Iluthors also wnnt to express 
iLPpr~cilltioll to 11, I" ShlllltZ. ('hiN, division of wll,llifl"IIII1IlIl~emellt; Olell :\litchell, wildlif(' IIIl1nU~l'ment, 
Heg-ion 0; 1\·1 . .A. ]\fnttoon. nssist !lilt r('gionnl forcst(~r. H~~ion i (nil of till' Forest S(\r\"ic('); St.nlll('y p" Young, 
s('nior hiol()~ist., I"ish anti \Vildlifc S(lrvicC'; nntl IUellard Gerstell, chh'f, dh~isiol1 of resmuch, P(ltl11sylvnnin 
Gume. Commission. '1'0 nandnl .McCuin, now wildlife stnlTmnn on th(l .AIl(lghctly Nntionnl Forest.. g:oc..'i 
{'redlt for clenllillg the skulls collected nnd for tukin~ most of ttw photogrnphs illustrntillg use of the dentnl 
formul(w... 

'l'hullks lire due lhe 'l\Icnsurcml'nlS Sectioll of the Brunch of n~seurch, Forest. Sen-ie('. [or gem'rously 
fllrnishin!! t.hc IIcL'Cssnry conqllltutiunaluill in nnalyzillg the dutil, III pnrticulnr, Iho nuthurs urc grateful 
to 111 is.' M nriull SandlJlI1irc, formerly of the Olliee of Illformalioll, tJniled Rlnl!'s Dcpurtmcnt of Agriculture, 
nor, only for help in this COlllll'l'tiol1 hut nl50 for lIseful null st itnulntinp; Sll!!g,t~stion$. on thcnn'tienilloillt~. 
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Full production tiH'reforl' should go lw.nd in hflnd with rallge protec­
tion and eonsr["vfllin' millHlgc'll1rnt. but 'while' mllch pmgress has bren 
made jn t1u' proppr ulili:wlion of thl' rang(' by li\'('s(oek, the present 
rpsponsihilit~, for I1HlJ1flging deer lll'rds fans 011 dl'pl('ted staffs, flnd it 
is I'ssential that only th(' minimum \\'ork I"(·quired for good malwg('­
ment Ill' underlnkPn. This publication pn's('n1s thl' ("('suits of a long 
seri('s of n1C'flsuJ"('mC'llls nnd dl'serihes fI simplifiC'd nH'lhod which would 
sn n~ an iml11el1s(' amollnt of pfToi·t 011 HlP part of mn.nag(,ll1C'nL l1lPn. 

Lin'slock opC'rntors, ill addilion to tlH'ir ObS('ITations of grnzing 
llrc'a::, nrC' nh](' to C'iH'('k rang<' and animn.! productivity b}T illl lIumhC'r 
of young nud th(' wl'ights nnc! pric('s obtaiJ1C'd nt the mnrkc'L Sim­
ilndy', hig-gnnH' m:l.llng('rs hln'(' lOllg h('('n ('on(,(,rJlpd wilh the tlC'tl'r­
millniion of n l11('thod whieh w(lldd r('ndil.,' rl'\'pal 1I1(, ngl' ('lassc's find 
quality of thl' IH'r(]". To thi" ('1](1, YnriOUR w()J'kl'rs hn"(' ('oll('ell'd 
informntion 011 OIH' or mort' dllll'nC'lprs, slJeh :IS \\·pight. 1Il1ill'r (kn'lop­
men t, nnd hotly nWlI"III'('nH'n ts. All hough t IIl's(' in n'slign tors hn n' 
dc'n'lop('d SOI11(' guiding prill('ipl(,,,, lll('l'I: ;;till I'l'mninc'd {It(' probkm 
of tpsling 1111 mt'thod;; 011 n. common sHmpl(,. 'l'ht' study r('port('(l 
!t(,I'(' 1IIld('rlook lo ('ompn ('(. l!tp ,,(,\'pnti llH'l hods n!HI t !tl'ough sln I is! ien1 
nnnly"is to cld('rmilH' whi('h \\'11" tlw most ("(·Iinbl<'. 

Til(' \\'ork \\"a" lH'glln 011 t h(' AIJ<.ghc'J1Y Xa.lionnl Fo('('st in 1'>('nn­
syh·nn~(\. 1)('(':1.11,,(' 10(,'nl !t1l1ll{'I'" ('olll(:lldpd lhnt thc' el('PI' w('n' gplting 
"mnl1c'l'. OnI' n :'i-y('nl' pel'iod, 1 n:1ii- 8\), n 1ll1\SS of dntn. wns ohtninpcl 
or1 till' whilp-luiled 'd('('1' !tt'rd. r('('ol'd" lwing tnkC'n on 1,787 rlppr and 
ineiudillg four alltlc'r mPHSIIJ'('l1wnl,,: Spn'nd. ('irC'uIllf('r('IlC'(, of mnill 
henm. length of liw'''. nlld 11111I11H'r of tinl's. '1'11(' hody IlH'nSlll'('Ill('nts 
Ink{'n W(·;·(' loln] I!'ngth, 1!'lIglh of tnil, and 11'1I!!lh oj' hinel foot. In 
additioll, drpss('d w(:ighl \\'lls I'I'('ord,'d, nnd ngc' wns dclprmint'c\ h:,-­
lkntnl dt'n'lopllH'nt nnd condition. 

The slntisti{'n1 lUllIlvsis l'l'n'ltil'd lhnl lh(' 1('Jlglh of hind fool wns 
Iht' most d{'si rnb1(, 1\1('nSUI'('Il1l'nt. Ll cn n hI' rradilY nnd nc('u ratc+,· 
Inkpll, I1nd Oil' ngl' ('nil llll'n Iw dc·t('rminl'd by sinqlh- rd('l'pnC'(' lo 'n 
('hart. .From lhat illfOl'll1nlion, the gnIlw milllngC'I' enll rapidly n.p­
praisr the condition of llH' hNt!, sinc(', COIllhiJ1l'd wilh s('x tlPlrrminn­
Lion. h(' will han tI\(' ngp e1n",,('s find Uwir I'I'!nti\'c physicnl qtJn.lily·. 

TIll' simplifi('d n1('t hod 11('I'(\ill n'pol'tc'd nppCllrs sufrici(,Iltl~ a(,Cllrat(' 
for prn('Llcabh\ d('('r-III'nl mnnng(,l1ll'nt· in mnlly 10cnliti('s, nnd (,\'PI'Y 
('(rod has bt'1'11 rnnt!(, tllt'rdore to mnk(\ it nnlilnhh' ,hIring lll(' WilT 

pt'l'iod wlH'1l it if' s(,l'iollsl:'-'lwt'tI('d lo pl'I'n'nt possiblt' wnstc:of Hnimal 
nnd pln.nt n'soul'(,t's (fig. ]). 

Ii'ort'st: rilllgp n'sollr('Ps within Ih(' Inst gl'lH'rnlion bun· yipldpd fln 
in(,(,pnsing ('('elf) of dN'r nnd t'lk, thrl'!' I)('i'ng mol'(' d('pr no~\' in somr 
nr('ns !hiln flL :1.(1)' prp\'iously known tinH'. On til(' llHtionnl forl'sls 
ltlon(', which eontfl.in n,hout n lhinl of l!t(' Xnlion's dppr, Jl1O(,(' lhnn 81 
million pounds of dJ't'ss('(1 Y{'nisoll ('nil 1)1' llHlT('slpd 1I111Iunll:,-' without 
cl('('J'pnsi ng the br('C'd i ng herds. Th is is l'q ui\'n IPII t to IIll' annllld 
PI'Oclllclioll of ciltllt, nlld cnh'ps 011 faJ'ms in thc' Statl's of )'lnil1(', N('w 
.f(·rsC'y, nnd ])(,Inwnr('. 

Sir;t'P i l is cl('n I' !lIH t 11ll' wa r win Illlltt·rin11" red uc(' control by 
hUllling--lh(' Illost u"dl1l Ilwlhod of ('()(]lrolling'Uu' fll'pr h(,J'ds~-il I$: 
highly c1t'sirnhl(' thn'! ('xpnnding gnnl(' populations 1)(' n.ppmis('(\ so 
thnl Stn!.!' gllJ1W dppnrlnH'I1ts m.ny tnk(, wllnt('\'pr Helion is lH't'l'SSIlI'Y. 

COIl trol by llllturp-·lIH·Ough sln ITtl lion, d iSPHSP, ll1Hl kill by pr('cin­
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• 

• 

lmy nnilllnls -is wllsldul of 1I)('nt nnd 1 ('I\.t hl'r supplips tllH!. ('an pro­

• 
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}'H;nll'; I.~·~ Tt i~ lI('e('g~lLry fur f 11P d('er-hprd mUIlIt!!;l'r f 0 haY(' a n'll:'tJllttl>ly 
fl('Clirnte ('llP('k 011 thl' iJll'n'a,;,,:, :Llld rOlldilioll of the Hnimab. 

ddl' for Ill:lll," ('i,"ili:lll alld war Ill'l'cls, Oh,"iollSh", lllanai.!:l'I\Jl'llI is 
II ('c('sS:lI'V, thi' truilitiollul h('li('f that dl'<'I' nnd ('Ii, roam 'on'l' \,:lS{ 
:11'('115 hil\'ill~ 1>('('11 displ'on,d dUl'ing n'('{'llt ,nnl'S h,\" tnggillg lllld OU1C'1' 
studi!'s which hn\"(' I'(,,'p:dt'd. thnt illdi"idunl nllimals nnd hel'ds in­
Mindinl," lintit th(lil' s(':II'('11 for fooll to th(, ~('npl,:t.llocnliti('s ill whid, 
III('Y W{,I'(, horn. ThllS, (,,'('ll b('fol'(' Hn.t lIn"s l'plentll'Ss PI'O(,l'SS('S 
tnk(' dj't'ct, hig gant(' Inu.," d :Imngl' sltI'lI hs, yOlln~ tn'('s, nlHl otlwr 
brows(' plallts to u poillt wh('I'(' ilnimnl-mudt' <1(,SI'l'ts n'sult, :\'lId fillall,'­
,\"ill ('Ompdl' 1'01' tIll' I':lngp 1ll,t'dl'd by donll'sti(' li\"('8to('k. 

~\IOI't'O\,(,I', most of tJl(' plnllts bl'owst'd b.,' cll'{'1' al'(' (liJlielllt to 
I'('-l'stnhlish :lIld ure slo\\" ill. gl'owth, 1'0 tJwl they hllYt' b(,(,11(lJl('(' 

<1('])1('1 I'd , n'stol'lI.l ion of 11i(' good hunting IIsso('int(,ll with tltem 
1)('('on1l's UII {'XIH'IISi\'(', long-tilll(', und It'diolls PI'O('PSI'. It is thC' IIdC'­
qllnh" :n\ limi('(I, ntlt'lltion nnd ('un' that (':111 1)(' ginll within till' 
II('Xt f(,\\' s('nsons \\'hie/t will ol"'iu\(' laU'I' ('osll," nnd dislH'artl'ning
('OI'l'('(,l,iol1 011 ('ritieul nrl'ns. 

TUE DEER HERD Ai\.!) RA;\GE CO\I)IT101\5 

TIIP 1'('3ltlts of nIP work )'t'pol'trd in tltis bldlt'tin l'('/lc'l'l to some 
d('gl'('l) til(' ('onditiOIl of both tht' dN'r llt'1'{1 unci the :11'('11. 

Thc' AlkglH'IlY N:I t iOllal Fon'st is 10(,Il.t('d in nOl't ItwC'stl'l'n PC'lIl1syl­
Ynnitl lind 11Ils n. gross :1.1'(':1 of sont(' 740,000 nerl'S, with n, npt n.l'cn, of 
some 500,000 ncl't's of Gon'I'IIIllt'III-oWII{'d I:md. '!'ltc' topography is 
rolling nlld hilly, thc' :dtitudl' nlrying from IIPPl'oximn.tC'ly 1,000 to 
2,000 f<.'et :lho\'(' spall'v('!. '1'1)(' fon'st is mud!' \'(·ry fI('(!('ssiblc' hy SOI11(, 

700 mil'S of FPtIPrnl, St:II(', nlld fOJ'pst /tighwIIYs, ano miles of fOl'C'st 
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foot trails, und wC'll 0"('1' 500 miles of gas linC's, oil piPl' linC's, nlld 
telephone and pOWCl' lilH's. 1Iorc than 40,000 pl'ople reside within 
the forest boundary. A fC'\\- Jive on farms, but thC' mujority milkc 
their homes in nUl1lNOUS small towns und eonununitics when' tlH'.Y 
arc actively engaged in some one of" L1w mn ny industrial establish­
ments, such as sawmills, fUl'llitul'(' factol'il's, glass plnnts, tanneries, 
and wood-distillation plants, or in somC' phusc of thc petroleum indus­
try, as the fOl'('st contains thOUSiLllds of oil and gas wells. 

White pine, hemlock, and. hardwoods originully covered the m·C'u. 
Eu.rly logging operations took the white pine, thC'1l til(' hemlock, and 
later til(' hardwoods. At the present tim(' 4:3.5 pl'l'cC'nt of the timber 
on the Govprnment-owned lund fulls in t]ll' 0-20-yeur age duss, 40.i'i 
percent in the 21-40-year age class, and 11 IJl'I'cent in the 41-80-yel1r 
age clnss. A total of 84 percent is in the younf;pl' agp eiasses (0-40 
yeurs). Prior to GOYN'nl1lellt OWlll'l'silip, a good part of the total acre­
age, especially in the soutlwl'n half of the fOl'l'st had been bUl'Jled ovel' 
severu! times. 'rhe covel' on such al'ens consists of poorer timbe!' 
sIwcies, principuUy l1SIWll (P(J]ml718 il'em1llo'ides and P. f/ra,ndidentata) 
il.nd pill chel'I'Y (P1'1,l.l/.ns p('.n8ylva,nicn) with it gl'ound coyer of bracken • 
fern, golrlrllrod, mosses, lycopodium, and grassl's. Thousllnds of lLcrC's 
Oil the fon'st su pporL SCiLllty growth of these speci('s (figs. ~ and 3). 
TIl<' cut-over lLreliS thaL ha.ve not I)('en too sl'verelv burll{'d would 
nOI'Illully ('0111(' bu('k to good stllnds of lumiwoods. " Excessiyp dec!' 
browsing interrupts the natul'itl sllceession of fOl'l'sL ('over und mny 
hnvC' a detl'imC'ntal etred on the· I'<;,slllting 8tand. 

The forest type is {'ommonly kllown ns tilt· "nol'thc1'l1 hnnlwood" 
and va.ries in composition, but the dHLl'uct('ristic species are: 13e('('h 
(F'aY11.8 g?'Gnd~yoli(l), ydlow bireh (Hetnla l~JiI'(l), hlnek birch (Betula 
lenta), und Ruga.!' ma.ple (.leer· 811cclWTl/.m.). ?\[ixcd with these priueipnl 
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FIGllUI'; 2.-Willter. Typical grO'Nt:h (Ilspcn alld pin cherry) 011 th!' AU('gheny 
ForC'st a.fter rcpC'at{'(1 bllrns. It. is low in winter carrying capacity for dC(,l". • 

http:P1'1,l.l/.ns
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I'H;l'RE 3,- Early spring, This picllll'l' fihows t.ypical older growl h (mostly pin 
('herr~- bllt :'OI11C a,;pcn) nftrr rpppul('d blll'lls, 11 i~ low in I'lllT.\'illg capacity 
for depr, 

::;pt'eies fIrc: HInck ehel'1'Y (Pl''lf.I/UB sel'ut'irw) , whitl' ush (ii'ra;{:imls 
americal/a) onks ((/lJ.e~·clls sp,), yC'llowpoplnr (Li'riodf'ndton tulipije7'(I,), 
cucumbt'l' (J[u[Jllolia (/cumi'llata), Amerienn basswood (Tilia. ame7"i­
cana), lliekOlY (Cul'yu sp,), soft JlI11,pl(' (AceI' ,/"ubl'1un) , black tupelo 
(XlISS(L 8yitaticrL), nnd rim (Clm.1t8 sp.). Th(· following species arc 
also found: 'YMer lll'ceh (C'al'jJ?'n118 crLl'olin:ia 11 ((.) , alder Vlln11S sp,), 
scn'i('cbcl'l'Y (llmela.lIchil'l' canaden.ws), snssnJrus (Sassajl'U8 officinale), 
striped maple (.I('e1' peIl811/nan ic1Un) , yiblU11um (T'ibw'nnm sp.), 
dogwood (COr7IUS sp.), ironwood (hophoJ1Jbenm) (O,<;fl'!I(I, t'{rgininll,a), 
llnd witch-hfl.7.el (I1f.llnamelis ?'il'yinia,'I!a,). 

Vnl'ious mixtures of the nhoye species Ol'ClIl', depending upon site, 
On nlL' highel' ridges tht'l'C' exists It subtype ('ol1tnining higher pCl'­
(,C'l1tnges of oak, h1Ckt)l'~T, nnd blnd~ tllj)!'lo. Cill'slnut, ]>1'ior to the 
blight, ,nlS ('ommon in this suiJtyP(·. Sprouts from old stumps still 
pC'l'sist ho t nrc u.nllunlly bligh ted hn('k, 

TIl(' ('stimn tN! d('('l' populn timl on till' fOl'e~l dUl'illg lilt, ]wl'iod of 
tliC' study i!" showlI in tn,bLc 1. 

In DC"(,PllIlwr 1\);18, PC'JIllSyI vllnin hnd II State-wide 1111 tlerless deer 
hunting St'HSon of G dnys, nnd some 24,000 animnls were ki.lled on the 
AlleghellY FOl'rs!. This bC'n,yy kill, ]IO\H'Y('l', did not t'qlllli the ILlIlHW.1 

TAll!.}] 1.- TIl(' l'still/all'll size of U,I' del'/' herd on lil(' Allt·yheny Notiollal Forest (It 
Ihl' do,,<l' oj the hllnting .~I'llson by !I('nr.~ jor Ihl' :i-year period 198/j···8.9 
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increase for the 2 1H'('\'ious yen!'s, which dpltlollstratps lill' diffieult.v of 
controlling eXLI'l'lllcly lwH\'Y d('('J' populations h~" hunting. III H);37 
the l1\Tl'age 1'01' the forest \\'as 1 tiN'r to ('\'pry ] 7 H('I'l'S, und 011 aTPtlS of 
heavy cOJlccntrn,tioH, pnl'til'ularly in Ihe sou thpl'll pmt of the forest, 
it wns estimlttcd ihn t t11P1'(1 was I deC'!' to ('HI'Y ii or 6 HCI'('S, The 1)('st 
estimatc for proper stoc-king of thl' fol'(,s\ rnllg(' is probn,hly 1 c\Pl'I' for 
every 40 to 50 ncres, 01' n. total of SOI1W 15,000 dPl'l'. "\rith Hll un'ragp 
popuintion of 1 dl'pr to l'n'"y 18 uen's for tbe lust 5 years imd pXc('ssi \'(' 
populations prior to tlln t timp, it is probn.ble thn t t.hp 11('I'd should hl' 
I'educed to nt lpnst 10,000 mlimn,ls ill order to p(,l'Iuit 110rIllllll'l'('oH'ry 
of food nnd eon' ... plnnts. 1'1Ip n,H'rn.gc nren, 011 the fOI'pst shows lI, 
definite deer lille iLnd such species as hemlock, soft maple, rhodod(,l1-
eh'oLl, burel, dovil's-wulkingstiek, and sumn,c lUL\'c ill mallY pinel'S 
becn killed out by oVl'I'hrowsing (fig. 4). 

Sincp 1!):18, 011 II good PHI'\. or lhe foresL tIll' c\('l'r linn' ('OIlSlIIIWd 
lheil' supply or SUllmwl' rood PlIriy nad hnvp 1H'g'1I1l to PHt tlH'il' ",illl('I' 
food bcfol'l' til(' nonnnllinll'. This lIns I'('sldI L'd ill rnthl'l' hN\\'V \\'int!'1' 
Joss C\'Pll dlll';lIg lI1ild \\'int!'l's, slIth us .I 9:JIi-:fi nnd I n:ri-·;j'k. Tit!' 
1"'0 slI('('('ssiVl' l;1I1kri('ss r\co(·r-llllllling Sl'HSOIIS (I!):~X lIlId 11);39) g'I'pntl,\' 
r('du('l'el tllL' IH'l'd in tIll' sOUtiU'l'1I pHI'l or thp fOI'P8t, but at Lire ('\05(' or • 
nl!' 19:m 8('ttROII, lIrel'l' 1'('IIIUill!'1\ 1I10l'l' ell'l'l' lhnn LllL' dpplPtt'd ptl\'il'oll­
lllcnt ('ould (,HIT.\' nllt! I'('co\'('r. Hilll'I' 1!):18, n. rnpitl in(,I'PHs£' in tht' 
nortlu'l'Il h('rd lrllS 1>('1'11 n'I'Y P\'i<l('lIt, :IlId in 1\):in it was ('S(,illlllt!'d 
thnt Ulis hL'rd wus rnpidly lIj)prourhillg litt' 19:17 p('nk or till' soutlH'1'II 
heI'd (fin a\'('rng<' of 'I dl'PI' 10 ('\'('1'.\' 17 :)('I'PS :Iu(l 1 to (,\"PI'Y i'i-{) :H'I'L'S 

Oll e0l1('('1I11'ilIion nn'Hs). 
RdOl'L'sln tion Oil thollsallds or :I('I'('S of IlllrIH,<I-O\'PI' IHIlt! 011 tll(' 

Allrgh('n~'Fol'p<;1 lUI"; bpL'1I IIInI l'l'iHlIy nfl\'C'll,d by d('('1' browsing, \\'hidl 
oeelll'S prilll'ipnlly dUl'illg' Ill!' winler mOlltil'>. D('('I' dmnug<, on plnn­
tfllions I'lIl1S ns llig'h ns \l.t 1)(,I'('pnl.~ 

• 
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F'mulun 4.' "-HplIllock hl':lYily browscd by dl'cl'. Th(' "e1l'PI' lilli''' i~ n~l'y p\'icl('llt. 
'I VA~ KOUT, .A. c~ DEJo:U A:\J) IL\HHlT 1).\.)IAOIo: STP1JY-·-AJ.l.gnIlJo:;-':Y :\.\TIOX.H. "'(UtES'!,. ~I'hird Anllual 

Progn'ss I{,'port .. U. "" Fon'st St"'V.. H I'P. lila., rcnpnhlislH'Il.] • 
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7 COXD1TlOX OF \VH1TI~-TAlLED DE~:R HELlOS 

• The plnnting of wildlife food specics to allc\'iate thc food shortngo 
\\-as unsucccssful because the decr ute the plnnts ulmost us fust us they 
wcre pluntccL. A rcduction in tho number of deer must preccde nny 
plan to rehubili tate the elwil'onmen tOIl the Allegheny Nationnl FOl't'st, 

":inters in the nrert nrc cold. with un awrngp Hllnual sno\d'ull of 
about 50 inchps, hut ordinarily thc sno,,' does not lilY deep in LIt(, 
woods, Decr do noL /Cyunl up" ns LIH'Y do farther north, but during.' 
se\'cl'C cold ,ventlU'l' nnd dcep snow, sueh as o(,t:ul'l'cd ill Hl:{:;-:Hi. they 
C'oncClltmte on th(, un'as }ll'o\-iding 111(' b('st shrltl'\,. prineipnily in 
hl'mloC'k reproduction, rhododl'll<lnm, fllld laurel thickl'ls, At such 
times Lht',Y try (0 subsist on tlll'Se spe('ies tlnd hundn~ds of thl'lll dic 
from mnlnulrit.ion (Jig. (5), Loss('s o('('ur principilily HllIong 1he 
,,'Ollllg('J' ngl' clnsses. ('spl't'inll,\' fn \\'m, IH'l'iln ps lH~('n USl' they ennnot 
\,('uch ns high as the oltit'I' llllilllnis. 

During 1!);38 nose nies mnti(' Lheil' npIH'Ul'all('(' 1'01' the first time; 
milny unimnls w('n' infcsted und lllan), "il'll. In )O;m, \\'hcll the 1I0S(' 
fly (Ccpha:llomia sp,) apprnl'('c[ in !'pizo()t,i(~ )Jro])ol't ious. n. high ])('['­
(,C!ltngl' of Lhe hcrd \\'as hndlT inf('sted fIll<1 thollsands died. In the 
middle of the following SUll1l11l'l'. thosc that slIl'yincl \\'en' in pitifully 
pOOl' condition, for, as predietl':I, naturc Jilllllly lutd 1akpn a hnnd ill 
nn drort to billnncp tIl(' de('r lIt'rd nnd s:)xt' Ow ('ll\'il'Onnwllt. 

Excl ud ing hoth IlIHIl' ilUd fcmale fawlls. ns oJ Dl'('CIIl hp[' :n, .I !):37, 
Lht' sex l'atio (afLl'r the hUlIlillp: >!('IIS01l) \\'ns npproximn!ply I mill!' to 
I) 1'(,111 nIl'S, Distributioll \\~ns U[I('\'l'n. and In' aetunl ('Olin! 011 SOllll' 

of tli(' ccnsus ill'('flS. the \'atio \\'[lS round to Ill: as hi!!,'h ns 1 1II111l' to :~()
fl'rnu]('s, ' 

During llll' 1!J;17 hunting S(':Ison, hl111U'I'S ('ollJll1olllyn'poI'lpd s('('ing 
from 5(1 to 7:') dell'S in 1 dny nnd not II singll' hu!'!" 'I'lIl' huek law has 

'c. '. 
F 320526 

FI(1l'1m 5.- .1)(-('1' d('ad from lllulllllt:ritioll, tIl<' J'('HlIlt of 1t rOlilililled diet on 
h('lllloek hro",:'(', :'Iltl'('h .I 0;30, ,\lh'gll('IIY .;\ntiollnl FOl'esl, 

• 



been in efl'ecL on (.he n.I'C'il for sOl11e :)2 )-pal'S, tllIL'ing- whi('h tillH' onl~-
4 nnth'l'lrss deel'-hul1lil1~ Sl':1S011S (2 to (j da)'s ('neh) hn.\'1' bec'll lipId, 
Thl'sl' an tIcrll'sS dePI'-hul1til1~ Sl'nso.1lS ]1I1.\'e nh\-n)'s h('ell strongly pro­
tested by S])Ort8mp11 thl'oughout the Rtntl' (6),4 As PeJlnsyhrnnin'~ 
oppn sellson on legnl mnlt' deer (mnlt' cll'C'I' ,,-i tll two 01.' mOl'p points t () 
on(' nn UPI') (,Ollll'S :1 t the l'nd of tlH' rutting S(,(lSIJIl, it SI'(,II1S that eH'1l 
th£' nnnunl killing of nn ('XII'C'Ill!'I)' high 1Wl'l'('l1ln~(' of Ipg-Itl 111f1k <I('C')' 
does not mnll'I'inlly dN'I'('IISC' Ow hl'('('riing pO[('I1(i:liil.)', 

TEGIIKIQCE A:\D FIELD won J\. 
PEHSO"'XI~L AND SEASO~S 

The dn!n whieh Jollo", W('I'(' ('OIh-ell'lI dUl'ing- fin' hUllting seaSOI1S 
(19:35 10 193f)) b)r till' following l)(,I'SOI1I1I'I oj' Ill(' Forcst Sl'rvic{' nn<l 
the Fish nncl Wildlifl' SI'ITiC'l': J9;35 nml 1!1::l(i- BIlITY C, Park find 
,Tohn P('nl'(,l" FOI'C'st SI'ITieC'; 1 f):3i'·--Bul'l'Y C, Pal'k llli(] ThC'oclol'c C, 
Fl'nmow, FOI'l'St SC'l'yi('(" IIlld E, A, Goldmnn, Ti'ish nnd \Vilcllifp SrIT­
ict'; If):3R nnd jO:N Bnl'l'~' (', PHrk and Hnndnl ~r('Cnin, FOI't'st 
SI'ITicl'. 

En('h YPll I' llt(' 111l':lS:.ll'l'llll'l1ls \\'l'I'(' la kl'l1 hy two tWO-lllal.l lipId 
pftl'til's, 'En('\t pnrl)' consisted of a qllnlifil'd wlldlif(' l<'dUli('inn who 
took tltl' l11l'nSlll'em(,llls, nnd 011(' nssisinnt to help handle th(' ('lU'C'IlSS(,S, 
Although mol'l' ('ostl~', this pl'o('('dm'e nssu]'p() n higlll'1' dl'~l'ee of ulli­
fOl'lnily nne! nCC'lIl'n('~' thnn \\-ould h:w(\ lwell possibll' by othl'], mf'nn~. 
'1'he obj(,(,tiyf' of 111(' slndy I'('quil'l'd nC'('ul'ute dni,n on n. good ('I'OSS 
s('dion of I.h(' h('l'(1. R(,n'l'nl thousnnd d('('1' ('ould hnvl' bl't'n llWnRlIl'pd 
nnnunlly if' illw<l 1)('('n n(h-isnhh, 10 us(' llntl'n.inl'd Pl'I'SOIlIlP1. 

En('h of I.he pig-hi mnnagP111l'llt 1ll1ils (Sl'(, f1'ontispi('('C' 1I111p) wa,: 
('on'I'(>(1 by enl', All (ll'l']' found Oil ('(II'S nml nt. ('nmpR nlollg Ihl' 1'O:ld:: 
Wl'1'(' wl'igh('d awl .mPHsu]'('d. No s('ketion whntso(',-pl' (,llt(,I'('d into 
the Rnmpll'; tIt(' d('{'1' \H'l'(' tnkl'1l ill Ih(' o]'(!(ol' found, Th(, \\-ol'k, ll()\\,­
en'l', ,,'flS plnnn('(1 l'n('h )-PI1I' so ns to olll.nill insofal' liS possihll' nn 
(,(J11:11 numb('1' of wl'ighls :lnd ll1('HSUl'('llwrlfs in ('nell llli1l111gPIl1pnt unit 
in proportion to the siz(' of' th(' nrt'il. 

~rl'nslIl'{'n1('nls \\'l'1'(, tnkpn on H Lolnl of 1,787 wltitl'-tnil(,d dl'l'I'. 
Th{' llul11lH'1' nlld R(,X of lhos!' tnk(,l1 during (':1('11 or Ih(' fiyC' hunlin!!: 
srnsons nl'l' g-iY!'llill tnlll(' 2,' , 

TABI," 2. -.~\Tl(/IIIJ{'r fllld ,~(',r 0/ {fgrJ/ dr,,/, ('~'{/lIIil(('d t/llri'll(1 /hl' "lIlI/illg ,~""SIJlI" 0/ 
i.9iJri8{) 

lIullling 5('OSOO ~f 

• I \lail I 1~~ \l:lli' I. I\l:~7_3~T~~~~_ i ;1l:l!I' ~ 

:\ral" 
Fl'Jnnll.~ 
Fawns (mnlll anti fl'mnh'l. 

I X'lIm/it" " :\"'umbcr ~ ;,V'nmhcr !J.Yumber I. ..YullliJrr 
2·1-1 !!(i:~ 1 3UO. ~ .. _ :!5n 
I:!II . ; I 1!11 : 12·' . 
~H J i 1 1-1;, 72 i 

~\'t1I11IJ'r 
I. (Jt;;\ 

·11-' 

Totol :lOO: 
_" ~_~____...__ ~~___._._,_____________ -r>< ________ '­ ...... ____________ 

I 1)('[',210 14, irH'111si\'I'. 
:: nN'. 1 to 12. inc'hu;jy('. 
:i XI)\~. ~O 10 'I)(I('~ II, in(')1l:-iw'. 

f :"\ov.:!s Hi ON'.. :1, irwlush"(' (fUIl!t'rlt'ss dl't'r (mlr), 
\1>('(', J In 15, indus,,'I' fnrHll'rh'ss ill ~ (,(HIIlO,'!'. 'i)I'C. H nnd ),"": . 

"'\'1'1.1,11 \1 !';·\Sl'H E~I E~TS 

AntlC'I' IlH'aSUI'l'lIll'llts \\'('1'(' tak('l1 ill ;1('('01'<1:111('(' wilh ;·hp XI'\\' Yo!'k 
Zoolog-ical RO('iply SI nIId:l nls ({iJ as follows: 

• 




9 rOKDITfOX OF \\'HlTE-T.-\ILED IJEIDH HEHDB 

(il'('n t('st spn'lld, llH'llSlll'l'd hpl Wl'l'1l ]ll'I'pCIHiiculu 1'5 aL ext 1'('111(' width 
of un tIel's aL right u ngh's to thl' ('C'n tl'I' line of lll<' sk ull. 

Circum [C']'cnc'(' of mu i n bl'lUn, Ln kpn midw:))' l){'lI"C'('1l th(' \ins:Ii snng 
und tIl(' fil'st fod\. 

TotnllpngLh of Hutl(,I', tukl'1l in llU' illsir/l' ('mn' or tllp Hlltlpl' 1'1'0111 
bnsn] sling to tip of lol1g('sJ prollg, 

Antl('1' LilH's W{'J'(' Ilot ('ollnt('ct 1I1l1!,ss !.lIPY ]lI'otl'lI{lPrl lltl(,llSI, I illeh 
\2.;)4 ('ilL). 

Bony \1 E \SCHE\lE:-iTS 

Bod)' Illl'USlIl'l'IlH'IlLs "-l'l'l' tnk('Jl lIJHIl'1' tlt{' P{'l'sol1nl slIlH'n'ISI{l11 of 
I':. A. Goldmnll flS follows: 

Totnlh'llgth, LIte disblllep fl'om th(' tip or tlll' 1l0S(' to tll{' Plld of 
till' lnil n'rl('\)rn(' (not illcllldiug tenninnl Ilnil's of tail). Thc' lIn­
skinned nnimnl wns In id. 011 its silk wi LIt tlt{' lwnd l'xtpnd('r\ fonnml 
so thnt the 110S(' wns brought into as l1l'nl'l)' n sLl'night linc "'iLlt th!' 
hnek ns possihlC', IItt' (:qwliu{' hl'illg pnssl'd fl'(llIl Uw pnd of thp nosp 
on'I' the top of [lip ]1(,t1<1 din'ell)' to th!' top of tIl(' shoulders, and along 
til(' baC'kbolH' to tIl(' ('IHI of 111(' bOII{'s ill UIl' tnil (not nlong C'Ul'\'ntUI'e 
0[' lleC'k 01' side of hotly), 

Hind foot, I1H'HSllJ'(:d from the hock lit!'!'l or nnkl(, joinl) to (ip of 
tht' hind hoof or longest ('In,,- (fig. (j). 

F 407956 

FIG unE 5.-Typicul AlIegh('ny Xat iOllal ForeRt- lllall' dl'l'r bngg<'c\ during the 
1939 hunting Rl'UROn, sho\\'inl! (cl'ld:l'r) hind foot 1l1('USIII·PIlll'nt.. 

• 
·JS::!7~4~4::!~-2 



10 TECHX.lCAL B"CLLE'rIX 8·l0. L ;-;. DEPT. O.F AGHlCUJ.JfURE 

Tn iI, l1U'nSlI1'elHcnt wns mnde or tll(' length or thl' ta.il v(,l'tl'hrnl' 
(not ends of hnil'si. \yhen tlH' Lnil ,vns held sLrnight OJ' bent 11pWnl'd 
nt, right anglps to thp hnek, 

.\Jl l11('ilStll'l'IIH'J1t,S "'('re tnk(lll in (,PlltiIllC[('rs, 

WEIGHT 

Tht, wpighls tn,j,l'n WI'\'(' of dl'PSSl'd t':tI'L'ass('s (\'is(,PI'a r('ll1o\'pd I, 


All (igun's Oil liy(' weight giH'1I 

ill nl111un.l Pl'ogl'('SS l'ppo!'t<; 

\\'Pl'e ('omputpd by tlsillg \\'. T, 

HOl'Il:lduy's fOl'llluln (7): 


TIl(' dl'('f;H('(1 \\'('ight; Iwillg gi\'('II, 
in pounds, add to it five' ('i pll('l'::< , 
diviri(' by 7R(j12, nlld th(' r('slJit will 
b(' lhf' liv(' \\'('igilt, ill pounds. 

In the field, liV{' weights W(,I'l' 

('omputcd hy dividing t;l1(' 
dl'l'ss('d w{'ight by fOUl' and 
adding lhis figul'e to 1IH' 
dl'('sspd weight, sin(,(, ObSCI'YH­ • 
t ions l)l'on'd the weight of 
l'n tl'ails lo Ill' Hppl'oxill1tl.tel~­
OIw-fiftll of t,h{' Ii\"(' wpight 
(fig. 7), • 

"'eights WPl'(' Luk(,11 "'itb 
t('stl'd iel' s('al{'s with n. w{'igh­
illg ('n,IW('it.y of ~oo pounds. 
A tnlly of ('slimn.LC'c\ weights 
mnde 'in I !l:~i) inciieat{'d lhn!. 
th{' tl.Y{,J':lge hUllt(,I' OYl'l'{'sti­
rnn.ted the' w('igh t of fawIIs 25 
pounds nile! of kglll malt's 50 
poullds (lig, R). In ImHi 
nllot.\J('I' tnlly of hUIIlers' 
,n'ig\)ts 1'01' thi'il' kills discios('d 
('slimak" J':lIlgillg j'1'om 1() 
poullds IIIHlelw('ight 10 ID 

poullds OYl'I'w('ighL, whiel! 
FWPI(Io; 7.·~·AiJ()\·('-a\·('I'llg(' lllatlll'!' lIIal!' ('knl'ly ind ien ips Lh!' 

F ",07957 

ill:H't'lI ­


riPPl' (5,!ii-Y('1l1' age' eln;;;;} with dl'('~,,('d I'n('~" of hlllll('l'-pslirnnt.('(\ 

\\'('ight of !5!i pOllnds :tlld n. \'{,I'Y lal'/,(£, w('igllls, Thl' weighillg (,1'l'WS

;;('( of Illlth'I':<. Thp nll( h·1' "!)I'l,:td was 
 fou;ld fhnt I'xpl'l'i('n~'e illl­;i3 <'Ill .. ril'l'lIlllfr'I'C'IH'l' of lIlaill IWlIIl1 .I 0 
('Ill., :l.lld I('ngl h of. nllt 1pl' (i0 ('III. pl'()Yl'd tl\('il' I'stinHtL('s, hut 

(hpy W('I'(, IW,'PI' Yl'IY ('OIlSiSI­
Pill n fnet·, thnt nll('st.::; the Illll'('\inbilily or'all l'stirnatcd wei'ghti:l.

'hH' mnjol'it,\, of tilt, llllirnnis w(,l'~' "dn'ssl'd," tmd tl1<' dl'ess('d 
w('ighl (\-is('('J'lI l'l'llHl\'('d) \\,:IS ohtnill(,d, hill OJ'(C'lI til(' lin'!', ltmgs, 
nml hl'nl't J'('mninl'd ill til!' C'nn'I\SS, 

It WfiS (\('«(,l'Il1ill(,(\ fl'olll an n\'('mgf> of :I l1UIlII)(,I' of ndun.l w('igllts 
I hnt th(' w(light of tll<, lin!', lUllgs, nlld 1H':I1'1 ('((ll:Ils npproximll(d~· 
olw-fifth of (hI' totnl \\'('ight of the' I'll tl':1 ils, f11H1 this nrnollnt \\'n·s 

• 




11 CO::\DlTIOX OF WHiTE-TAILED DEER HERDS 

F' 402536­

Flf:nn: K '1'11(' lW('r:l!(l' hllll\l'J' '!!;('II('rally O\('J'l's(:lIlal('d Ill(' w('i!(li( (If til(' d('('r 
11f' 1J1'01I!(ht ill by fmlll 2;; If) ,iO I'(IIIIHI,; OJ' 1II0l'(', 

111101"('<1 ",h('11 it wn~ I\('('('ss:lr,)" to ('omptlfr. dJ'('ss('d wpigltt. (8('0 
tn bll' :~,) 

,A IlfJWllm'tl i ~ Allownm't!! for Ih'l'r, i' 
l)r~ssrd \\(·iJ!ht in pounds t fnr th'!'r.

11I11~S, nlld if 

lillngs, fllld 
hrarl. Ii Iwurt 

-...__. ! - pm~-lJd.'~~
Fo'mll" IIhll lo~IJU ~ 11 " liD to 1:10 , 

Wli 10 ISo .
HI d80 to W!I I;litO 10 lIi5 11 'I L('s5 thull .~O ,iHill" H!I 
li t 

"-----""......-.'---­

TI'('('S, trophy 1':1l'ks, f't(~., WOI'(' Ilot nlwnys l'Oll\'('lIicnl, nnd UI('I'O­

1'01'(' :l tripod similar to tllnl used 011 lln aut01l1obill' \\']'('('1\:01' wns huilt 
011 t1I('lwd of f1, piek-ll p trude TIlt' {.ripo(L (\xt(,lId('d I)('yond lind 
high ('lIollgh abo\'(, tll(' lnwk body Lo HIlow n. dC'l'r (,fln'uss to swing 
1'1'('(' of 111<, gl'oulld, pl'o\'idf'd it \\'as pro}wl'ly slllllg. By lIsing a. 
qW11'tt'r-illch rope nbout :;; f('d· long ('Ild~ {it'd togdll('1' fOl'ming n. 
loop), (]Pl'I' (,IIl'CflSSCS \\'('1'1' slllng fls ~hown ill lig-lIn' H. 

• 
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• 


F 408302 

F[(lUHI~ 9, Tripod 011 pick-np lrllck Rhowillg met.hod of slillgillg (lel'r carcass 011 
;;CI1I('1', Thp loop W:L>< placl'd ahcnd of OllC' [rollt foot· and wpH buck on till' 
I'ump, thpl'f'11r IH'p\'elltillg Ill!' "lilll-( [1'0111 comillg IUI-(pth('r ill thc' Cl'Iltf'r as 
Ollro ropc', 

SIZE OF S,UIPLE 

TIlt' llumbl'I' of h'gul d('1'1' wC'ighl'd ('OllljHII'NI to the kill for lIll' ii-yl'al' 
pel'iod is gi \'l'll in tnbl" 4, It indieu 1<'8 that till' sample is large ('nough 
to Iw l'l'PI'('s(,lltativl' of f'Oll(iitiollS 1'01' the (,Illir!' arpa., TIll' AllPghel1Y 
Forest wus di\Tidl'd illio c'ight. mano.gl'ITIl'Ilt. ullits bused UpOIl distri­
bution of thl' d('l'1' h('I'd (Sl'C' fl'Ontispiece map), The ('ensus fig-ures used 
1'01' c\etl'I'milling distl'ibution wPI'e obtnined by a sl'ri('s of gnuw drives 
I'l'prl'st'ntillg a I-POI'CI'1I1 snmpl(~ of the gross tln'a of the fOl'l'st 5 (8), 
III ord('f' to obtn.ill till' I)('st possi.ble I'l'PI'l'sl'lItntin' sump](', weighing 
crews eov{,l'ed each mn lIilgl'nWll L uni (, thoroughly, n nd obtailH'd, 1n­
sofaI' as possi~?k, lUI l'(pml PI'OPOI'l,iOlllltl' I1Ulll\Wr oJ 'weights nnd 
mensul'l'll1l'nts III pnch 011(', 

Fipld obsl'l'vn.tions Oil hun!.l'I' {'oncent.mtion::> during the ,i yelU's 
(U)35- aU) I'('vl'uh'd thut. "huntpr distribution" on r('\nti\'ply smoll 
lu'ons lags 1 yl'ur Iwhind dl'pr-bl'l'd distribution w.iH'n the <It'or l;t'nl hus 
been substllntin.1ly 1't'elueNI hy hunting, Hunters llatul'Ully l.'t'turn to 

,'PAIIK, TlAlIlI\' C, (;Hn: IHO"Eg, '\I,I.~:r.lI ~:!,/\' NAT10!'/.\I. ~'OllF.ST, l035-3fl, 15 Pfl" ilIus, 19:W, [('lI' 
puhlished,] • 
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• TAHLJ-: -l.--;\'ulllber of II'gal deer Il·c/ghed cOli/pared to A'ill/or rJ-!lI'1!1' 1}(,l'iod, /lJ.-J!;··8lJ 

~nUlph' 
w('h.~hcd and 

IlltlnSureri 

's"uflIIJt\r ~VtJ.mln'r jJn('('TlI. 
I·I,SIKI ·Ias !!.\lli 
4. :lOO ~wa fl. 1·1 
;i, if"' :l()O 5.:10 

2·1.IKIO a:14 l.:m 
462 .1. ill 

I, i87 :!.Oi...~: j--~.:j~: ;:::: -_..,. 
lurn.S Whl'I'l' thl'Y PI'l'viOlisly hHY(1 1>('('11 Sll(·(·(lssful. Hnd till'il' SU('('('S8 

l'nt1('('8 others to til(' snmp 1I.I·pas the following S('IIS011. 

During till' pcriod eoYen'd by this study, thl' hunting ('(fort 'NUS 1110]'(' 

intrnsc on the soutl1C'1'I1 hn.lf of the fOl'('sL (mllllngf'll1C'nt units ri, 6, 7, 
and 8), but the hunting eHod within mn.nngpn1!'lli ullits WlIS fairly 
('yenly distl'ibutNl. 'rn.blp 5 shows til(l Illlmbf'I' of hllnters nlld thpir 
kill during th(' pl'riod of tlH' st.udy. The figuJ'(ls wl're obtained from 
nn netunl tn.lly mnd(1 hv 1111m('l'OliS ('ontnct stntions loeatl'd HL thr 
mnin l'ntrn.necs to thl' j\lleglH'IlY ~Iltionnl FMC'st during til!' o1>l'n 
c1(1el' 8('nson8. 

T,IRI,I': 5.--XulI/bcl' of IIIIIIiI'I'8 l/Ild Iheil' "ill :fOI' 1M ij !!('({1'.~ 19/J/j- dtl 

Huc(·...'sfulYNlr 	 IIUlll,'\·sII Kill hUIlt.ers 
" 

I
I 

, ..Ynmber Pt!rC(Jllt
X/lIII/I" 'I 

!OaG .. 1,:lOO '·1Il,0I)0 	 ro.S 
la.1i 

l035 . .#_ J.1.S()(1 \ 1:1:1.000 1 	 11.1 

W:li 	
3.12. noo " 11r.IS. ~nm: I I il.OOO :la.li 

W3G 'iO,OOO i I~t f,1/,;.00 1 
[os,aoo . am. 000 I 1Ii.3 

I 

I Season ror h'gnl mnle nud untIl'rless dePf. 

!! S(~llSOII for lognl mule deer OJll~#. 

3 Sl'nson for lcgnl mnle dpcr only. 

• S('flSOll lor It'gnl flllUllrlt'ss del'r onl),. 

'Sensoll for Il'gnl mUle Imel nntl('rlt'ss <I(>('r ill 2 ('Olllllies. 


AgC' WfiS tukPll by dl'Jltnl JOl'mula ns follows (I) II (fig. 10): 
Age!) mont.hs . 

The middle p:1ir of ineisol';; lllwe been replacr(\ hy ]JI'l'I11anent ineiHorH, alld 
remainder of mci;;ors nnd premolarR are lIdlk teeth. 1<'1I'l.,!" molar Iii wr11 c\c\'rloped 
alld Uw ::;eeond partially erupted. 

Agc 18 to 21 lllonthR (considercd as 1%-YI'lLl' age elass)-­

o 0 :3 2
Dental forllluia 4()~ 

Incisors all haY(' bel'1l replaced by perlll!tlll'llt, t,edh. Prelllolars fir(' all lllilk 
teeth, but lIluch WOI'll. First ILnd sl'cond molnrs arr flilly clP\'eloped, bllt tlHl 
third molar may be oilly partially oruptrd. 

• 
• nUSH, \Y. ~r. D~:NTITIOX Of' ~II'I.K IlE~:J1 (OIlOCOII.Et·!' m:.1Il0Xl·sl. Y{·II'''''.IOIl(' Xatiollllll'llrk. 2 I1p.

iIIus. 1932. (Vnpllhlislll'd.) 
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" 00::$81)C'1:Lallol'lIlllla Tl133 

Permanent dl'lItitioli iK cOlllplf'le. l1idges of Ole' (!11 tUlH,1 al'(! S!IHI'!l and well 
above dentine. 

Age 07 to 103 months (con"id('I'l'd as 5!~ YCI1I'S to O!f )"(':11':;)--

Ridge':> of llll! el11111lCI aTe no IOllgel' sharp, and rise' only sl ightl~' alld gmd lIally 
above tht: dentine. 

Age J Iii lJIonths pIllS (conKitl!'l'ed as (J)f yean' plu,.;)-

The cl'owns of the prclIloJ[Ll'S and lIlolars risc (lilly about (Jnc-l'i:dl1,h of :III ill('h 
abovc the gums. The grindillg slIrfaces arc worn pr(l('tieall,l' HlIl(Juth with nn 
appreciable ridgcs of enamel remaining. 

~\ges of dccr from n to :30 months may be ciL,tCl'millPd with H l'<'HSOll­

able degree of n.ccurllC'Y by the dentnt formula. ".\t about :30 months 
there is complete PCl'l1l1tllCnt dentition aTtpr wbidt time the age l1lust 
be determined by the liPgree of wen,r on tllC gr.inding SUl'Jn.('C's of the 
dentition. This mny he a, "nriablc Ju.etOl' dcpl'ndillg upon the type 
of food eatell, etc. To obtain accurate information on ages uho\"(' 
30 months, it would be lIctt'SSfl,/·.V to mnkp H, ('ollC'etioll of skulls of 

o 0 3 3 UPPER JAW 

4 033 LOWER JA.W 


o 

CANINE 

INCISORS ~ 

FIGUHE lO.-Diagmmnmtical explallatioll of the dell tal formula of mature deeI'. 
The dental fOl'IllUlu ~ivcs the lIumber of teeth Oil olll~' one sidl' of both the 
lower and upper ju.\\'; the totul numher of teeth equall< twicp thl' Iltllllher shown 
in thc form1lla. 

• 
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known agt' classes. Such a colk-dinn would. JI('ceHsitntl' fawn lngging 
and would require 1l1tLll:V yt';1rR to ('ompldc. P(,lHling tbl' ('ol1pdion 
of sllch data the grouping of c/('C'r into ilrond ;lg(' dURst's, such ns 
gin'n her(' in , was C'Ollsitien'd to IJ(' sulli('i('ntly ;I('ClIra[(' for the j)m­
poses of this work, 

J]mn5yer, itwHS rl'nlizetl thnt if the d;l(n Wen' to lJe of tiny sei('ntific 
,-altH', the field work must 1)(' dOll(' by l'eliulJk, tC'e1J1lil'nlly trailH'd 
illdi\-idunls. A high degree of uniformity \I'US olJ(nilll'd ill spite of 
ttdverH(' field conditions. InH])('dion of (he t(,('th of froz('n CUI'('ass('s 
wns made possiblC' by thl' lise of Illl ordinul',\- RCn'\\' drin'r for prying 
OPPIl the lips, and:r. slIlnll po('kC'lllashligbL \-('ry fp\\' d('('l' \\'('n' found 
to be in the n~~-y('nl'-1llId-o\-C'r class; tli('l'l'foL'(', olily lour nge classes 
w(,re used in compiling till' dnhL, 0 mO!lth::;. II:, Y('Hrs. :21~ to ·:P~ yC'urs, 
alld :jl~ y('n.rs ami O\-Pl' (figs. 11. 1:2, 1:3, 1-1, Lj, 10) . 

• 

• 
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• 


F "'01005. 407966, 40796f. 

FI<:U1m 11. A, TOJl of hkull, \HHH'Y protrusiolll' IJrlll~ the' first yeani' Ilntlel''': 
"hliltonl<," of a "blltton huck" JIIalr dl'('r, of the !)-IIHlIILh age cln.~~ (jneIlI(]c'", 
all fall'lls). 13, Bottolll of "kldl. C. III"ide :lilt! oll!:sidp of the 101l'('r jaw sho\\,­
in~ thl'!'(' Pl'l'lilOllir milk ('pth. thl' firtit 1II0lar \\,cll-rIi'\'('I0!lpr!, and (he "econe! 
IlIO!:'1' partially Nup(pd. The:<!' !In.'lIlolal's IIlId molars lin' nil lIlilk (·(·t h :lIId 
:Irc IlI\leh hllWIlPr than tIll' ])('rIllHlw)J( IH'I'molal's all,l lIIolul's ;;holl'll in figuI'P.'­
13 nncl 14. 

• 
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F' 407958 "07962. 407963. 401959, 407969 

FlGUln; 12,- -A, Hl'ad of a typical ;;pikl' iJuck, of the J }~-YI':U' Ilg-e cla,~,;; fl, upper 
jaw of skull; C, 10\\'('1' jail', In thl' lower jaw the illl'i::,on; are all permal1l'lIt. 
teet.h while the premolars and molars arc all milk t('l'Ih, llluch worn, Thl' 
third molar is not. e'ntirply thrOllg-h, bllt f he jawbone' i:-; 1lI1H:h more elongated 
than in figure ) 1; D and E sholl' tIll' upper and 1011'('1' jail''; of the :;kull of lUI 
ul1usuallylllrgc l}:!-year-old, four-point; buck, III the IlPlwr jail' thc permanent 
prlmlO!ars arc pU:;hing out bdlilld llIu(~h-worn milk it-dh: the ~{'cond premolar 
WIL'l so slightly attach('d that it was lost ill Cll'llllilig fhp Rkull, !(,!l\'ing thn 
per.tllllnPllt second pl'l'llIolnr phlinly \'isihl(', In t hl' IOWI'\' jaw, f.Iw permanent 
PI'l'lllohm; arl' pushing out the milk iedh, 

• 
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• 


F ~07970. 407972, 407971 

FIGURE l3.-Il, TIt(' eomplcte set of permanent prl'lIIolnm and molars of a typical 
doc deer of the 2~- to 4)1:!-year age cluss. 13, and C, The oul:sidl' and thl' inside of 
th" lower jaw, respect,ivciy, show ;;harp ridgl'S of I'lItllud WCllllbo,"1' til(' rl/:ontine. 
1,1)1' t{'l'th being long and only slightly worn. 

• 
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• 

F .10795"5. ·'0790.:0. "0190-4 

• 
FII;CRI': 14.,,-.I)cnlul formula IIsed in a~e dctermination. ,-I. H.'ad of a t,\'()icIlI 

JIIat.ure male deer of the iil,~-year-(llus age clu:<s showing e\'l'llly de\'cloped 
antlers, 5 poin1s on Pilch side. lJ, Upper ja\\' of the skull. C, Luwer jaw. I'll(' 
riclgps of Cllultwll1l'P nO 101lg(,f shurp and risp only slightly llnd ~radulllly above 
the dcutine. The teeth are milch worn lllld an' only aiJollt half a:< lligh above 
the gum linl' a:-: t hORC showll in fignre 1 :~, 

• 
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• 


F 407973 

FIG!;HI, 15.-Upppr jaw of til(' skull of un old, mature doe of the 9~-yellr-plus • 
agl' class. The crowns of til(' pn'molars rise only !'lightly above the gums, and 
til(' grinding I>llrfut'('s are \1'01'11 prnetically smooth \l'ith no appreciable ridg('s of 
enaJlJ('1 I'f'llIaining. 

• 


Flnum: \fi.----CompnmLi\'[' sizp of the "kllllli sho\l'JI in figurPH 12 alld 1·1. .. t. 
H('ad "hO\l'1I in figure 12, A, n. C. 13, ][f'ad sho\l'n in figure 12, I) and E. 
C, )(e'ad shown in figure 14. 

• 
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SUBSPECIES OF WJIITE·TAILED DEER 

The Gnme Commission of the Commonwt'lllth of Pennsyh-nnia kept 
no record of the location of deer plants during the enrly period of re­
stocking. It appears certain that at lenst pm·t of the deer stocked on 
the Allegheny National Fores t camc from ~fichigan and a few muy 
have come from New York. There is little Teliable information to 
support the belief that any of the animals cnme fTom States farther 
south than northern Virginia nnd W'cst Virginia.7 The lack of definite 
information ns to the origin of the deer herd made it llecessary to 
determine the subspecies of whitc-tniled decr existing on thc forest 
before comparisons of weight n,nd menSlll'cIlH'nls could be mnde. 'rhe 
Fish and Wildlife Sel'vicc nssigned K A. Ooldmnn, sc'niol' biologist, to 
the project, Itnd he work('d wi th the fie'lt! ('ro\\'s d tiring tlll' 1O:3i' seasoJl. 
':\Ir. GoldnuUl'S report B slates: 

The deer vary in the' depth of color lone in all of thl' .\lIt'~heny Xational Forest 
units, some being distinctly lawny, while othC'rs arc grayl'r in the same winter 
pelage, but these differcnces fire within the usual runge of individual variation in 
the subspecies. Compari::;on of lIleaSurPIIlPllt::; from the eight forest units by Ilge 
classes reveals onl v differences aHribul able to indiddual variation. The conclusion 
is therefore rcached that all of Lhe depr on the forest arc r('fcrable to a single sub­
spccies. No spccimens were obtuinable for actual comparison, but the data takcn 
point to indentificfition as the northern rael', or slIbspccips, of flw Virginia white­
tailcd c1cpr (OdoroilclI.~ vlt'yinianlls Iwrca/isJ. Typical borealis is from .Maine, but 
animal!' from as fur west as ;\lichigan do nut :lppl'ar to bc apprcciably rJiff('f('nL 

STATISTICAL TECIL\H)LE 

Definitions of tlw statistical tl'!'IIlS [IS well as detniled descriptions 
of techniques used ill the nnalysis will Ill' expl'C'ssed in algebruic form. 
11'1'0m these it should be possible to cithl'I' check the analyses made 01' 
toapply the techniques to (lata of It simill1l' nature. 

The description of the ficld technique indicates that no perso11111 
hins entered into the sekclion of the dce!' on which lIleasurements were 
taken. Hence, the procedure used fulfilled the fllndnmentul require­
ments fOI' randomness, and the snmplcs lI1ay be considcred I'Undolll. 
On this nssumption, the stntisticnl theory nnd deductions therefrom 
n.dapted to random snmplillg ure considc['('d to he l1.pplicn,blc to these 
data. 

FHEQUENCY DISTlIlHlJl'I03'i AND Cunn;s 

.:\[('l1surements of nny single chnl'Hctel' mndp on individwtls Litken at 
rnndom from n. popllln,tiolllu'e known to diHer itmong themseh'es, uncI 
hence in their original 1'01'111 will appeal' ns a mnss of unorglluized fig­
ures. For example, in 1930, 1937, and J9;~O, dressed weight; WIIS 

recorded on 452 mature mnle deeI'. enclt yenl"s record being in n, 
rnndom ol'del' insofar ns mngniLude of weight WitS concel'lled. 'fhes(' 
datu must be condensed nnd prl's('nted in nn orderly 111111111CI' before 
theil' signiticance is npptll'ent. 

Rearrnnging them, reading in Ul(' order of size lI.nel lhol'eby gi\-ing 
the entire range of weights, would help sOIlH'wlmt but would Hot bt' 
sufficient. Since it would not llccessarily be important to know Pilch 
individual deer weight corl'ect to the pound, th(\ wholt, rnnge of w('ights 
may be divided into It numlwr of subl'llngcs of equal size. Th(\ 

7 nUn", F. J. TUF. "'UJTl-;-TAILfo:n DJ.;,,;n 01-' TJlK rl l:;(i,\11 :\ATIOS.U. G~\~n! I'JU:Sfo:n\'f':, XOltTIl {\\HOI.rs.\. 
L·. S. F(}r,~~t Sen-•• South. nc~ion. 2·19 "".• illllS, W:!S. [['roresse"., 

5 OOl.IlM.O:. E. A. m:.:1t IN'·t:~TI(1.ITION~ os .1I.I,t:Gllt::n· :<.ITIOX.II, FOil EST... Pl'. 19:17. It'npni>lished.1 
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frequency of individuals-in tIlls case, deer~in ench subrange milT 
then be recorded. Such 11 record or table is caUed a frequency dis­
tribution; the subnmge is the clnss interval, and the midpoint of 
class interval is one-half the sum of the two limits of that interval. 

Diagrams may be of considerable value as an aid in grasping the 
meaning of the frequency distributions. It was found most, conven­
ient in this study to use frequency polygons. Along the horizontal 
base line, a scale representing the equal class intervals was laid off. 
The vertical scale, expressed in percent, represented the proportion 
of the total number of items (deer) whose measurements (dressed 
weight) fell within a. class interval. The percent of the total number 
of items occurring ill each class interval was computed. The per­
cents were then measured vertically at thc midpoint or center of the 
class intervals on t.he base lines. These successive points were con­
nected with straight lines, going one interval below the lowest class 
for wmch there was a count and one point above the highest class. 

The first step in the organization and analysis of quantitative data, 
sllch as tlu1t collected on this project, would be the formation of 
Ilppropriate frequency distributions. The lwxt step would be the 
computation of numerical constants which would most nearly describe 
the character being measured. In the spction which follows, methods 
for computing the two most useful, mean average a.nd the standard 
deviation, will be giwn. The first measures tIll' central tendency 
of the distribution around which the yalue of the items cluster, and 
the second is a lllenSU1"e of thc "scat.tpr" about this central ynlue. 

MEAN AND STANnARD DEVIATION 

If Xl, X2, •.•.. XN be the individual mellsurements of a particular 
cha1"llcter on a sample of N deer, then the arithmetic mean (or average) 
will be the sum of the individun.l items divided by the number 

. TI' - ).\ +X2+ ... +;1:.v . j I• of Items. 1l1.t IS, x = lv or W1"1t':PI1 l110re sunp y 

(1) 

The best mPIlSUl'(' of tlw dispersion 01' spread of the individual items 
ill the sample is the stnmhtrddeyiation, which is the square root of the 
variance. In turn, the Ya,riance is the sum of the squares of the 
oeyiations of the individual items from the ll.ritJmletic mean divided 
by the number of itpms less Olle. Exprpsspd algebrn.ically, variancp 

"(:r-x)2 . J:t:.(X-X)2
bl'c()m!'ss=-l\~_1. llndth('stn.ndllrdt1(,YiHti()n,.~=-y ~V-l . 

. t) r) (~.i')~ ,"J~'It eRn be shown that ~(.r-.f)-= ~.l'-- -'!\" where ~,l;2=J:-1 +:1'"2+ 
X2n nnd :t:.x as ill (1) abov!'. 

Henel', for enSl' of complilillioll, tIll' fOI'I1lIJi:t rOt' 8 11111Y h(' writtell 

(2) 

• 


• 

• 

• 
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Consider tho dressed woight::; on the sample in 1938 of 10 female 
deer, ng<,d 1%~yen,rs, from tho northern district, The mean is 

'= 7!)-l-Rl +R8+8:l+72+70+8~_+~1:3+_?,t +~11 =01 'J
.l. 10 <, ,­

8=7,8 

The St.udent t test hns been extended to determine whether two 
samples may 1,(' regarded as belonging to the same population (3). 

If XI, :r2, ••• XNI and X'I X' 2 ••• X' N2 be two samples, the means Will 

be fOIllHl as in formula 1. The varinnce is estinmted by pooling the 
~llms of sq lIftl'PS from t h(\ two sampl('s, 

J r "C -)"-1- .... ( I -I)"}7'~ I 'jI.! _.)l~ ,r-x - I - ,3: -:r ­
:'1,;'2 ­

- -'~N1. 1 '2d t_X-:l; 1\T 
fl.1) '--- 1\T L 1\T (4)

8 1.\ 1-,lv2 

the degr<'l's of freedom for entering the t table to estimate tJw signif­
icance of the difference in the two means will be n= NI +N2-2. 

Example: Compare sample above dressed weight of 1}~-yenl'-old 
females, norl,hern dist.rid, ] !)::38, wit.h south(\l'll dr'pr of sn.me Sf'X, age, 
find yl'l1J'. 

Henc(', t=O.!)4. 'With n=l!) {,he clUlllCC is somewhat betLt'r thun 4 ill 
10 thnt the (\ifl'crellc(' ('ould be explnin('d by random sampling. 

A~ALYSIS OF Y,\HIANCE 

The hnsic treatment of the technique known ns the nnalysis of 
variance was developed by R. A. 1!Jsher (3). Stlt.ted briefly, if two or 
more !,'TOUpS of factors ilre causing varifttion in a set of measurements, 
then iti is possible to separate the varinnce nscrihahle to one group of 
causes from the vnriance nscribable to other groups. A rigid test of 
t,he relative importance of such causes nmy then be made to which 
probabilities are nssignable. For these data-considering Ilge as a 
possible causl;' of vl1l'iation-t.he numb('r of items (d('(,I') varies from 
age to age. The algebraic identity expressing the fnct that the sum 
of squnrcs of the deviations of all the values of x from their general 
means x, may he broken up into two pmts, the first roprcsenting the 
sum of squl1r('s of the dcvin.tion~ of the mr.nns of the age groups from 
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the general mean. (lflch multiplied by the lIullll)('r ill thn.t age group; 
while the second is the sum of squll1'es of tltp de\'iiLLions of the ohser­
vation on each deer from Lhe monn of its age group. 

With p designating a purtieular nge group. I1p the nUllllwr of 1I('er 
in that group, nne! xp its meun of n. purticulnr ehnructer. OWIl 

~(;J;_X)2=~lIp(XJI-X)2+ ~~(.1:-xp)2 (.5) 

Consi(h'ring dn'ss('d weight on th(' male deer for which then' Wl'J'(' 

four uge c1usses, the computuUons fOt· the nnnlysis of \,ltl'iunce in 
(It'csscd weight will be showlI in two purts, vnrinlH'p due to nge lind 
variance within ngp. Th{, l'lltio of Lhest\ two YnritlnCes will he n 
test of the rdntive' importnllc(' of ng(' ill the (irpssed weight of deer 
(table 6). 

L(·t the numl)('l' of uge groups 1)(' h:, l't'pl't's('nted hy I, II, III, IY, 
k=4, 1/1=105, 1/11=140, 71111=440, '11[\,=225, the totnl .N=910. 

The degree of freedom for the between-ngt's sums of squarps will 
be one less thnn 1,11(' number 01' nge groups, k-l=:i. 

The de6'1'el'S of freedom within nge groups ",j]) he the pooled d('gn'e';' 
of freedom within ench nge; that is, 104+]89+439+224=906. 

A ('heck, hcn', is that the b(·twt'PIl nll(l within degree'S of freedolll 
<;ltould ndd to one l!'ss lihnn the lotnl J1umht'r of itpllls. 
•• ••• <) (, (~.t)~
Usmg the' Hlpntlty g'l\r en under (2) abo\'(' for ~(.~·-x)-=~.l'-- N 

the computations for the sums of squares become' simple nrithm(,tic, 
tabulated in table 7. 

The analysis of vnl'innce Lnhle (tnble 8) is l'endily nUlde lip from 
these tabulations. The" total" is taken directl v' from the last eolu1I1n 
last line, 673,318.46; the" within" is the slim of (he folll'; the "between" 
will he the difl'ereIH'(~ of these two, 01' it. may he found clil'Pctly h~­
sllbtrncting the tot,nl ('oIT('ction fnctor from lh!' sum of the f01l1' 

(~.1')2
correction factors. The e:qll'ession is called tit(' COITl'ctioll

1/ 
fnctoI'. 

TAB 1,1;; 6.-The gcncml fo),m (~r the allaly.~£s of variallct'; thr /'(Ilia of the Iict.wcrcll- and 
w£lhil/-{/(lc Vari{/III"'S pr(}l!idc.~ {/ t('.~t of the 'importonc(' of (lge 'in the dTl:.~sl;'d lccight 
of rlrer 

])P{!fl'I"$ o( CnYl'dOIJl; 8um or squllrt.lo;; 

1.-1 ~nJlitt-il! 

...~~('~l1:.-_!l=_..\~_~-!! 	 I ~!:tI-i.rJ .1':
Within lI~l" ~Y-l -~~:p 

1'ABU;; 7.-'1'{/bll/(ltio1/. showing coml'lIII1Noll.~ for the 811111.~ of SII'I1I/'(',~; for drt'.~s,?d 
weight, 2:x (mel ~x 2 (lrc 1'0 III piit'd fro 1/1 the inllividlUl/ iI/·II/.~ (I,q 'in ('1f/1111 i(/ns (I) II 1/.£1 (2) 

I 
[!l'rn 	 ~ 


I, en III\)111hs) 


Numher lUi 1·11) 2:?5 QIO 
:Ex li,7nc..INI 1:1.:lR:I.OII fil.·I:i:.m :111, 2,,s.IXI 100, R02. (MI 
!:x' :UH, 4-IX. IKI I. !..ttl5, i:?:t, t"' 1i,1():!,ti:,m.()(J ",122. '1IH.lMI II, S:lU, :UX). (~) 

Hi" 

(XI)' ;nn,OSO.:1I 1,2711. :110. ~I 11,017. :111.·12 ·I,lIl1n,I~Ir..~'1 I I, lIi;i.(l,~l.;i"
7I p 

X(.r-iF Ill, ,1II:t 7\1 na.!\2:l.r).i) fia,:~US. Iii fi7:{!:US, ·fh 

• 

• 

• 


• 
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COKDl'fION OF WHITE-l'A[LED DEER HEHDS 25 
TAR1,1, S,-Analysis of variance made 11.]) from datn in table 7 

.~-----.--.--- -------_.---- -~ - -- -- -_. ----
I I)rgrrr~ or I SI1I11 or I\I . , J;SOUf('(' of "nrinHC(' , 'fn'cdoJll ,;qtJnr~s· enll -square 

-----~---- _ -.-~.~. ------.........---~......,..--...;.- --,-~-~"----.-+--"~-"- "._4~_· ___ ,_·~ --....."...­---- 1-· -." 

Hl'tWPl'l1 n~l'.S I a I m!l,!l2;i.2i I IIi!!, 11-12. !HI, i·1 
Within ngrs . L ____ von W:I"I!);J, w; __1~.-,1~6 

'I'olnl _ !lO!I Hi:l, aI~.·W 

Thr slim or sqllnl'('s dh'i(\('d hy lhp t'Ol.TNiPOlldillg <lpgn't's or 1'1'(,P­

. I },. II' t' ] (j9,!J42 I' I I(om1 gIYl'S t 1(' llWUJI SqUHrc', ! IS 1(' I'n 10 Ii-\O.4!)(i W Ill' I NIUII S 

941,74. Tnblt's of F \'n.lups for IH'I'(jIH'lll pl'obabilil)' Il,\,{,Ii:i IIl'l' 1I\'nil­
nbl(' (4, T(lble F), Ellil'l'ing this (ubl(', with nl , nlwn.ys thpllll'g(II'IIH'1I1l 
~qunl'r, cqunl to 3 lllHl n~, [he 1('55, !lOG, Wl' find thaI, [lit' Inl'gcsL F, 
which is .still mUII,\T tinws smnllrr (hnn OUI' P, is aL t111~ 0,1 pel'('PlIl 
IPn'1; I hn tis, lh(,I'(' ii:i ] ('hnll('l' i III ,000 (hl! l so In I'g!' fI, I'll [io could 
1)(' nttl'ibulpd lo ralldom sampling'. Thus, 1'01' nil pl'n('(i(,lti PUl'pos(';.;, 
il may wilh ('crlninly bp f;nid thnt ngl' dot,S influ('I1('P Ih(' <il'l'i:isl'd 
wpight of fl <1('('1', 

TEi:i'l' OF TilE 1';FFII:m,\CY OF A SI'iGLE CII\Il\CTEIl FOil CL\SSIFYI:\,G 
r",mnUF,\I, DEEIl IIY '\(;1': 

Ll'l :1'p l, X;IIr, ,1'"J/l, ,f/l1\' Iw thl' nH'HIlS "01' thl' ('harnetl'l' II 1'01' lilt' 
foul' age' ('inss!';.;, and Sp \)(' til!' i:i[alldllrd dl'\'iatioll compull'd 1'1'0111 lI11' 
poo[l,ti-within SUIIIS 01' i:iqUIIJ'('i:i, 'I'll(' sllllldt]1'(1 !Il'\'inliolli:i 1'01' pac" 
('hnmi'tl'I' nr(' gin'" ill tnbles 14 allti I :i, For drl'i:isl't\ \\'llig"!, \Ii:illig 
all mnl(' (\N'I', 

;1.\ "",- ;)4.:34 ,rIll 1 I !i.\l-I 

.rrr::"C fl.'i .•i\l .rl \'-- 1:3'1..1 ~ 


'rill' probn bi Ii I ips ('OIT!'SPOIHI illg 10 lhl'i:i(' n I'l' O. I ~, (U:~, II lid n.:) I (.1,1). 
'I'''(,S(' ill'(' llll' pl'llillibilitil's of lIlI oh:,wl'ntlioll fallillg olltsitil' Ihp I'lIllg(' 
-,r 10 l,r, Ihllt ii:i, both lnils of lIll' 1I0l'IllUi l'III,\,,('; IIlld i:iilll'l' W(' :11'(' 
illt!'I'l'i:ilpd 'ollly ill OIl(' tnil of till' ('UI'Vl' III :I (illll', (In I'i I is di\'idl'd 
hy~, 'l'hl' r(:slIHillg \'lIlups ilf'(' OJ)(i, o,~ I, IIlld o.~(). 'I'll!' dWI1<'I' is 
Ii to JOO Lhilt a \I-monlh-old d('l'I' will Ill' ('lnssifil'<1 lIS II J1"-\"(,:l1'-0Id 
nnilllul, OJ.' lhat n ll:i-,Vpnr-old d('PI' will h!' pu! ill lh!' n-IlH;I~{h e1ni:is; 
21 oul of JOO thnl n. J I~-)'l'nl'-()Id tiPI'1' will hl' clllssifipd ns n. 2~~- to 4 12­
year-old, 01' lhp oldl'1' 1II1imnis will hl' ('n\Jl'd IJ;-Yl'1I1'-olds; IIlld 2(j 
out of 100 of thl' 21~_ (0 4:~-,Vl':lI'-old dl'('r will I>p dnss(ld ns o\'('l'mllt\lJ'(', 
01' UHLt pl'oportioll or !hl' oldl'sl (\(1('1' will "(' ('\lIssifil'd ni:i till' ll('xL 
youngpl', Hl'IJ('P, ~II(' fill:ll Jll'ol>llhili(i(ls I'llI' mii:i('iui:isifying hy ngo 
gl'OUpS on lhl' baslf> of dl'l'si:il'd w(light IIlolll' III"(' (l.OG, 0.27, 0.47, 
n.nd O,2G. 
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DISCRIMINANT FUNCTION, A CO~IPOUND OF Two OR MORE CHARACTERS 
AS A CRITERION FOR CLASSIFYING DEER BY AGE (3) 

(a) Algebtaic expr-ession oj procedur-c used. 
If a lineal' function of the several deer measurements showing the 

most distinct chnnge with age be represented by the expression 

Y=A\XI+ A2X2+ ... +AIl.l'p, (6) 

then the coefIiciellLs AI, A2 •.• Ap 
are tbe solution of the equatiol1s 

Al [x/J +A2[XIX2]-j­ + Ap[XlXP] =131 

Al [XIX2] +Az[xlJ + +Ap[X2Xp] =Bz 

AAxIXP] +A2[J;~Xp] + +AAx/J =13p 

where [xq:l:pl is a !:limplified scheme for writing the pooled sums of 
squares and of products for the age classes. The sums of squares 
and cross-pl'Oducts set forth in }i'isher's article 29 (3) for the standard 
regression equation might hn,Ye been used instead, for the resulting 
('oeflicients would have been proportional to the X's above, but since 
a preci!:le study of variances within groups was wflnted, these values 
ll,lready compiled were utilized. 

The B's are the regressions of the men.ns of the pn.rticuln.r measure­
ment on age, thn.t is, 

IV 

~(XJl'l-XP) (a.-1 -a) 
.4=1 (7) 

It was llecessn.ry to n.ssign values to the n.ge elements, aA occ1ll'ring in 
the e:.\.l)ressions for the B's. The logarithms of the numbers I, 2, 3,4 
seemed appropl'in.te for this, since the means of each of the chn.racters 
plotted agn.inst these ga.yo l:urves which were reasol1!1bly linen.r in 
nature. Therefore, 

(LI=O.OOO, an=O.30l03, am=0.477121, n.1lc! alv=O.G020GO 

The st!LndanL dc'vin.Lion, (Tv, of the diseriminllnt function will he 

(T= /A1Bd-AZB2+ ... +ApB~ 
v -V N-ZJ-k-/-l (8) 

where pis, of courso, the number of clu1l'acters making up the dis­
eriminallt fUllction n.ud k Lire number of nge groups. 'rhe stn.ndard 
el'l'or for the A'S is: 

(9) 

and to test its precision: 

(10) 

• 

• 

• 


• 
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CONDITION OF 'WHITE-TAILED DEER HERDS 27 

(b) Procedure applied to data for female deer. 
The data on the female deer will be used to illustrate this method 

when all three characters measured were included. Hence, 
p=3, k=4, and N=425 

If from table 19 we copy the pooled SUlns of squares and products 
for the left-hand side of the equations; and, for the right-hand, unity 
is substituted for each of the B's and 0 for the others, the solution::; 
obtained constitute the reciprocal matrix of muIt.ipliers, 

35,814.95329AIl + Hi,960.17128AJ2+3,288.332836 AJ3= 1,0,0 
33,459. 76905 AJ~+2,382.619283 AI3=0, 1,0 

1,494.238007AJ3=0,0,1 

where All =Cll, CJ2, CJ3 
AJ2=C12, C22, C23 

AJ3=CJ3, C23, C3:l 
This is the standurd proceclme outlined by Fishcl' in his u,l'ticle 29 

(8). 
Solving the tlm,'e sets of equations, we have the matrix of multipliers 

reciprocal to the sum of squares and products within ages (table 9). 
'While these arc the c valucs from which the A'S und thcir standu,rd 

de\Tiations are derived, the tlnee B's must be computed first. As 
previously stated, the assumption is mude: 

I II III IV 
a=O.OOOOO 0.301 0.477 0.602 then a=0.345 

and (a-C)-0.345 -0.044 0.132 0.257 

TABL)] 9.-c values from which the )I.'s and their standard deviations are derived 

Item IDressed weight II engtb 01 hody I J.cngth 01 hind• , loot 

.-.])rCSS~d weight______ ..• -.-. "> ••• -'-. ._ •• _.1' 0'O'41753i8g021=~===I' .-.--------------­].ength ofbody______ ....... __ ._...........___ , -.0'1049390540 0.01.10230366.J4 ________ •__ •____ __ 
Length ul hind looL _____ • ____ •_____ •_______ •____ • -.0'0558628210 -.0'2785008400 0.O'8579809081J 

'rhe denominators of the expression for the B's us in forJlluln, (7) 
m'e constant, 2':(aA-a)2 and equul to 

(-0.345)2+ (0.044)2+ (0.132)2+ (0.257)2=0.204434 

The numerators arc Lhe summation of the products of en-a) and Lho 
corresponding meall of the elml"!1ctor. These means arc given in 
table 20. Hence 
HI (dressed weight) = [( -0.345X51.225225) +(-0.044X79.851852) 

+ (0.132 X!)0.600000) +(0.257:'(98.815385)]/0.204434 
B2 (length of body) =[(-0.345X 138.347748) +(-0.044X157.0833333) 

+ (0.132 X 161.328462) + (0.257X168.600769)]/0.204434 
Likewise Ba (lengLh of hind fooL) is computed, 
Simplifying 

BI =79.089436 
B2=48.837969 
Ba= 9.638495 

http:0.01.10230366.J4


28 'rECHNICAL BULLE(l'IN 8'10, U. S. DEPT. O.b' AGlnCUVrURE 

Following tll(' standard method, lhe A ('opfljcic'nts IIrc calculated by 
substituting in these forlUulns: 

A[ =B[cll +B"Cl~+B3CI;j 
A~=]JICld-B2C2~+B;jC2;l 
A:l=BICla+B~C2d- Raca;! 

AI = (7!).OSn4ali) (O.OI'117i):37~D) -I- (48.S:mlOH) (-0,0" I64m3!)!);,))
+(!).li;~84Q5) (-0.O·1055S6:!S:!)

Likewise A2 find Aa fire computed 
Thus AI=O.OOlSG45!:J88 

A2=0.000:39182!)4 
Aa=O.OOl 7222777 

Thell Y =0.00186460,1'1 +O,OOO:3H1S:1,l'rl- 0.001 722:!S,ta (ll) 

Th(, stfindilrd devia liOIl. or tliis I'unctioll is 110\\' ('olll]Jull'd by
l'ol'll1uln (8). 

CT1J= 

(0.00 I i'i(j·151li'ii'i)(70,Oi'ifJ4:{(j) +(ooo:{\) I i'i2!l4)(4Ki'i:m)(j0) +(0,00 I i227i7)(n.u:ls4!J5)
/, 	 4~-3-4+,l 

0"J/=0.020010'1 

Fsing IT), nnd ('II, C22, C3:l Wl' lind in lhl' 
\ 

lIsuul WHY, forlllula, (9), thc 
standnnl crror of caeh A('odficil'lli:, n.nd. tl'st, its significnn('c in the 
dcr~ved discriminn.n t Junetion by formula (10). 

IT,\[ =O,020!H04 .•/0.04417!,):3789 =0.000 I:3512 
ITx~ = 0,0209] 04 ../0, O"402:HJ:iG(i = 0.000 1 32(:i:3 
ITX!l = 0.02091 04../i).(laS579SlHHlS = O,OOOG 124H 

'1'1 t 0.0018G4(j =]'380 
. len 1 0.00013512 .', 


_ 0.OOOan18:i __ .) .. 

t2 	 -O.OOO];32{\:)-~.9d 


_ O.O~~ 7228 =<) 01 

i3 - 0.0000 124fJ ~,O 

DI'CSSL'd weight, indieni('d by fthus by I'ar t hl' IlWjlll' influl'llcl' ill 
i nd kH t ing ng(' or riP('I'. 'rhl'i Il(iU{'n('(' of' tit(' ollH'l' 1\\'0 dUll'adol's is 
quill'IH'gligiblP ill tll(' pn'S('Il('(' of dn'ss!'d wpigitt. 

'1'0 d('ll'l'milll' [lil' offi('i('n('y of this JUllction in ('stimnLillg deN' 
HW', it is Hl'('PSSHI'Y to lind its Jlll'ltll. Yl1iu(' for (,H('it ItgP, This is done 
by substitliling Ul(' mean ,r's in (II). For [ht' Q-months' group: 

Yr= (0.0018G46) (51.22;')2) + (O,OOO:ifllS:3) (1 :38.:3477)
+ (OOl/32a) (41.40:31) 

Similarly, Yll=O.2S00S, 1"1II=O,:3J 1fiD, 1"rv=0.;3:3204 

To simplil'y ill(' \\'ork of ('omputing the discriminant fUlietiollS 1'01' n, 
scries of d('pl' 111(':1SIU'('S, 011(' ('o('ffieiPllt may be lllk('n as tinily nnt! the 
others nd.illsted neC'ord ingly by d ividiilg by thal ('o('flieiNlt. .For 
pxnmplC', dividl' ('Heh or [il(' ('opffi('ipnls in (11) by litl' It'nglh of body 
figure, 0.0003918:3, and Lh(' II('\\' ('XPI'('ssion will be 

• 

• 


• 

Y' =4.7587:1'r+,1'2+4,3955;1'3 

• 
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• The same procedure is now used as for the single ynriable case as 
in til(' tC'st of the C'fI-ieielluy of n, sillgle dumu:tel' for cln.ssifying ill­
cliviclun.l deer by nge' p. 25. 

~(TL 

->" \. - 1-," 

One-hall' 01' the probabilitil's ('OIT(,SPOlldillg to tht's(' llrl' (l.Oti, 
0.:30 and 0.:31, nlld tlll' prohnbilil ips of misc'lnssif,"illg H. cI('('r usillg this 
discriminallt function ItS Ill(' t"rilt'rioll nl"(' 0.00,' 0.:30, (un, lllld~O.:3J. 
(c) Omis8ioll oj (l c/w/"uc/(/"f/"o/ll (l d(l'ire!/ rlisail/(;I/(/l/lfllllct;OIl. 

• 
It is d(lsiruhltl to Illnke ("olllj):II'nbll' t(lsts of dis('riminHllt fUlletiolls 

which contain fewl'r Ihn,lt till' I1lnximum 111unl)('r o[ ("lIm'nei('rs, pnr­
ticlllad.y to omit ("harnet('rs w.itos(I X':; nl'(' :;itown 10 1)(' of Iii (1(1 impor­
lnlle(' u,t"l'ol'tiing to 1"i:;lI('r's nrtieil' :?!l.l (,:J). A 11('\\' l'-mn trix i:; e:li("u­
In.ted IIsillg Ihc' forllluin 

\\"11('1'('" i:; tilP ('hnmet('r to h(1 omitted. ('olllputnliolls :11"(' most t'nsily 
('u,rri('d out if this is (,XPI'('S:5('<I ill frn('(ional form 

COllsider omittillg .I'a, lIll' 1(lllglh of body, ill our ('X:I III pit'. TII('n 

Suhstituting vnllll's from OllI" C-Ill.1Irix: 

• 
, W.O '·1l7 :"):m,mo:?) (O.O'.t()~:)():3(i!l..j.4) - (- 0.O'IO-lO:1!Hl.i·H) f 

c II'~ . (j.()'.IO~:~():Hi(H-± - ~- "-.. -----------­

("II -'-O.O':{:37J-l7(j~(j7 

'rhe' Ill'\\" ("-mutrix is: 
() .O';{;{ 714 7 (i~G7 

-0.0'5:37 ;')9470f;O O.O:l7 ;,)4%~!Hi 10 

FJ'om this point till' method is thp Snllll', as in Ihp thn'l'-dlllJ'uder 
ensl'. 'l'hl' ["('suUs n.PP(':l[" along \\'itlt t.llose of (Jtitc'l' ('ombinations in 
table 21. 

Cd) Factor (".fO( ralllcill{J discrilllill(lIltJ"llctiolls. 

whC'l"l' the' slopl' of thtl fUlldion is ::::'X/jH" 
For th(, female (If-pl' with lhn'(' Jl1(,llsur('l1lt'nls fOl'l1lin~ :11.(' compound 
functioll (01' d isc["iminal i ng ng<' 

U_ (O.OOlS(i4(i) ({O.OSI) +- (O.OOO;3!llSa) (48$~S) + ((~O~l ~:?"~:~) ~~:{):~8;j) 

• 
- O.O:?O\ll 
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TIlls computation is simplified if it is noted that the lllunerator is the 
same as that for the variance of the function 

U=8.76 
(e) 	Procedure in application oj discriminant /unction to a series oj deer 

measurements. 
(1) Compute the fUllction r for each deer by substituting its meus­

mements in the derived discriminant function. 
(2) Substitute the propcr nwnn valups from La,ble 20 t.o computc 

YI, Yn , YIII, Y rv 

1 YIl - Yr Ym- Yn d Y1V - Ym(3) F · 
111( --- I .- an
222 

(4) Thpll the limits for the age classes nre: 

I]' -.l~ -j YlI-1\.Age c ass .: 'I - --;)-' 

·· 	-}T +Ym-YIIUpper 1UTIlt-- JI ')' ­ • 
Age class II: 

1lIlU"t- J" Y11-Y1o\\'er .]--- "-"L . ~, 

etc. 
Applying the discl'iminunt function derived for the tIu'ee measure­

ments on the female deer to the same data from which it was derived, 

Y-4.7587xl+X2+4.3955x3, 

gives age group mnges with the corresponding actual counts as 
shown in table 10. . 

Here 4 percent wpre wrongly classified in age I, 33 percent in II, 
57 percent in III, nnd 32 percent in IV. Our corrpsponding theoretica.l 
probabilities were 0.06, 0.36, 0.61, und 0.31 percent, a slight oYer­
estimate of error in the first three ugps. It is, of course, true that 
this particular test would not be conclusi\To si11(,(, the cluJ!t Were tlte 
sumo for the derinttion of the formula and tho Lest of it. • 

'L\DU} 1O.~-Agc grOllp 1'(lI!gcs and actual counts 

AgoclllSS­
'J'hcorctlcnl ng~, groups bnsril on}' ~-... . - ...-.----,--.--- .... -.-- •.­

1 	 II l[ • 11 [ 1\'I -----_._-_ .....__.. ,-------~--- --- .. -.- - -- ---.-. 
: NUII/· I Per· INu.m'jl N/LIIl'I' 'N/I.//I' I Per·Per· Per· 
'.,' ber cwl ber cpnl ber COlli ber 'I cent82104 and above ...... ,. . I 0 0 I! 1.9 35 26.9 8!1 flS,5 

700.5 to 821.3._ ........ __ . __ . .. 0 0 15 27.S 56 43,1 3U 23,1 

O.Sl,ltoiOOA..... __ ......... , ..... ,. 4 3.U ant (){i.i 3S 29,2 11 8,5 

651.0 and below.......... ; 107 00.4 2 I a. i I .7 0 0
1 


ActuIt) CQllect~t1 ., . 
 r 1~IJ ......~_.54 i:~.'--··I~I==-:[~~oE:~.~ 
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CONDI'l'ION OF WHITE-TAILED DEER HERDS 

STATISTICAL ANALYSIS Ol~ DATA 

As previously stated the l'eason for analyzing the dP'Jr measure­
ments-age, body, and antler-was to find, if possible, iiti efficient crite­
rion for age determination which would be independent of the dental 
formula,. 'rhere can now be discussed the results of applying the 
methods of analyses outlined in the section on sia,tistical lprhniqut', 
pp. 21 to 30, to these data with this purposp in milHL 

EXTENT' OF DATA 

The number of animals f1'om which Lhe IHlrticulnl" data were ob­
tained is shown in tahle 11. Age was not obtained for t.he 438 deer 
weighed and measured in 1935. 

TADLB 11.-Number of animals incl1Uled in determining the re7ation of agl' to weight. 
body. a lid (lniler measurements 

Sex nnd year 

E~mal(': 
J938 ••• 

1939•._•.... 


Tolal femall'S 

.Mnlc: 
1936 •••• '.' .••.•.. 

1937.......... _•...•• 

1\r.18••••••••..••••••.•••••. __ • 
19:\9 ................... "'." 


'1'olal males ....... _.•.•• _ 


On the female deer, the Uu'cc chm'aeters measured in both 1938 
and 1939 were dressed weight, ;1'\; length of body, ~'2; and length of 

. hind foot, l'3. Length of tall was measured in 1938, but not repeated 
on the 1939 deer, since an analysis showed no difference in this 
mcasuremen t by age classes. 

FoUl' antler measurements wel'e takcn on the male deer; spread of 
antler, X4; circumference of main beam, X5; length of antlcl', X6; and 
number of points, X7' Of the tlu'ee body measurements, (h'essed 
weight was taken on all the male deer, while length of body find length 
of hind fooL wore not measured on the 1936 drer and on somc of the 
1937 decr. Of the 502 deer (males), for which meaSUl'ements of all 
seven characters were available, 105, 64, 179, and 154 were in classes 
I, II, III, and IV, Tespectively. 

Throughout the analysis, the order of these characters has, for 
convenience, remained unchanged and with the same subscripts as 
given in the preceding paragraphs. 
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'TAllLE 13.-Frcql1C'1lcy distribution of male dur by body meaSUremellts within aile {lrollp,s {19S6,J937, 1938 (9111011llts o·lIly).1939)-Conli'/l.l/.cd C/.:l 
~ 

--------.~-.-- "'----' .. 
Sprend of antlcrs 	 Circumference of mnin bOllrn I,ongth of antlers "umhor of points I-';

-------""-- -----.--.-~-----------.---. --_. ------	 t"J 
, 	 lllI'd .5'., :lIridpoilll: 	 MidPoint lH 

21Ildl?oint of clnss 1) ,; 2JH~:l 	 l' .~ . 2Yrl!:i 5;~ 2) :i-l) 2' 5)Ai I" I POUl: J'2 2) ';-IH! 5~~
),enrs yenrs \"enrs+ I .of clll~!' i Y(lnrs years yenrf+ of elMs )'onrs "cnrs ycnrs+ of class W'lf' "enrs "cnrs+mferyn] • Intcrnll 	 interval Inton'II]' •J • 	 J JI	

t i o 

~ 
(I' (',!' (3) (.1) (5l (U) (7) (8) (9) flO) (ll) 

l 

I (12) I (13) 
• 

j (J.l) (15) 1 (16) 	 ~ 
t-l---····-·---------_·--:-_·'··---·--,-----·------·-·-'-1·-..----:---·-·-·l~-·---

Cwli· I Cent,·, CeI'li· I 	 t::l 
Cenlimtlers Nllmber N'umber NUlI/b(T' ~lCf!T$ ,NI/mlla, ,Y/lmber I Number ~lCl!r~ NtLmber: Numb" Number! mtt!" I Number. XlIlIIUf!' ! iYllmber. o 

1.. 4n.... .. I '. 3 • O_.·ln.... ...•. '"'''' 111..10.... .. ...•. . 3 j )S ~C.a.45 . ••• <0 ....... .. 	 31 11 . 45•••• -. ~ . 14 • 57.45.... ·1 0.45........ 121' 30 

GO.45 .............. . 	 a \ 10.45.... ·._ 12 I .l-\ 52.45.... 3 0, S.45.... i 2 103 (\7

57.45..._........ . .. ~ .. ~ fI' D. 45-. .... " ~n\ 5047.·15__ .... ' 11 ~6, 7.·15........ 1 2' 65 50 ~ 
1
5-1.45............. . .. 2 15· h.·IS.... : 2 105 ! 50 42. ·15._.. .. 2<; 49 i 6.·15••. ) 11 : li91 18 Z
51.45............. . 3 19 i 7.·15.... ii H(2) 34 37.45...... fl7 53 5.45•••• 1 1U' 67 22 

4S. 45............ .. IS; 37, 6.45.... :l~ 09: 15 32.45.... 4 147 40 ·U5•••• : 25 i Gil I CJ:l 

45.45.............. . 30 1 3.S. 5.-15..... 5(1 . 40 I 1 27.45.... II 120 32 1I 3.·15.... ; 27 :1I ~ 

42.45._ ......_..... .. 47 '13·1. 45._•. ' :ll . 2 . 22.45.... ·IS 50 )0, 2.45.... 42 1.5 o 

39.45....._•••••.••.. ,..... ·10 2!l' ~'''15.... · 3 17.4.1.... -III IS .........1 1,45_... lli I " •. 

30.45...__........ . :~ . 

33.45.............. . .j' 	 ;:1 

30.45............. . lJ 
 ij; __ '!. ~1:::< " :::r::: '}.It:: 11 i::::::-: '::c::: H: ' icc::
27.45____ ... M 19 	 V'
....... _~~., 


24.45 ............ .. 24 

21.45 ............. . 28 	 I:) 


I , __ ....... _ .. ~ ..
18.45................ . 28 ! a· • ~ •• ~ _ 	 t"J 

15.45..••••.••.• J() ]2 !~_~ ~ __ >- __ i> ...... _ ~ 	 "d 
12.45............. . 5.1. 1'-.. . 
 ~ 

0.45.............. . J 

6.·15................ · 	 1--­::_-/": -:::;i::ii!::--:::I--:-i:_~i;I;;_ ._. _ o
3.45. 5' ":1 


'rolnL....... -_..· J.lO :--:t52~. 140 452 ---;;;---·i~I~I----;;O'---.--H-OI~I----:;;;;j >­

~, __~_'__..", 	 _ •___..-~____ L j _~, f! '.,.1 , _ o 

::tl 
6 

q 

~ 
q 
::tl 
l':l 
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35 

CO~IPAIUSON OF MEASURE~IENTS BY DISTRlCT AND YEAR 

On the basis of year and distl'ict, the deer mefisllred full into 12 
categories within sex find age. Eight of thcse were for the males and 
four for the females. 

The initial step in the orgfinizaLioll find analysis of the dfi.la WfiS 
to form frequency distributions of eneh chamcter within sevcrn1 cate­
gories. 'rabIes 12 and 13 give those for combined years find districts. 
Figures Ii, 18, and 19 are the corresponding l'l'equency polygons 0\' 
curves. 

PERCENT 

.Or---~'----'-----'-----r-----r----'-----'-----~----r----' 

30 - ­

• 20 

355 375 395 415 435 455 475 495 515 

LENGTH OF HIND FOOT rCeot,mete'$) 

30r-----,_-----r-----.----~------r_----,_-----T----~----_. 

10 

o 
'075 1175 1275 1375 1475 1575 1675 177 5 1875 1975 

LENGTH OF BODY (CeoumetersJ 

30 ~--~~ ----.~-. ,. --~ ­• 
20 
r- "'/1\ h 1--\/' 
-~ 

. // \ ..... ~ ......... 

,.;;~.,./." ( //\r.><'.'>'\ i ... \ ' . 

/ ", II / " \ ...... , "-
L:::7 0:::-- .... \ o .-/./ -.....~... t-- ---

, 

t-'.:.-,... 
275 375 475 575 675 775 875 975 1075 12751\7 5 

DRESSED WEIGHT (Pounds) 

(AGE GROUPS J 
-------·9 Monfhs ----I~Yeors ---- 2~ -4~ Years ------·....·5tveors 

li'IOUIm 17.--Fn:qU('lH:y cllr\'(~s of body meaSlIrell1('nts of the flalllple felllale decr 
wi(.hin fi!-(e groups for 193R find J939. 

• 
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PERCENT 
30r-----.-----._----._----.---­

20 

40~ 4~5 445 465 48.5 505 525 545 565 
LENGTH OF HIND FOOT (CentImeters) 

30r----,----._--~----._--~----._--_,----~--~----~----r_--~ 

tOr----+~--+---_+---~~--~ • 
t275 1375 147; 1575 1675 2075 2175 2275 2375 

~£rJ(,IH OF BODY [Cenllmelers) 

30 -,---,----,----r""'"--.-~r-·-,----T 

\... I 
! 
i 

20 "-:--+~+r- :-j----+--+-+..-+-­

40 50 60 70 &0 90 100 110 120 130 140 150 160 170 180 190 

DRESSED WEIGHT (Pounds) • 
(~,·,f GRCI'PSl 

_._.-.-.- 9 Months ------ ;~.t2 Years - - - 2 r2"4~2. Years ................ 5Yz Years 


FWl'H1') IRo 1<'I'l'qlll'Jl('Y (·lIn·(',. (If hlldy 1I](·a:<lIJ'{'lIl('III,. of titp ;.:llIlplp Ilialr' d('('1' 
lI'ilitin :lW' ).(I'OllP~ fol' l!JaH, IOai, I!):{S, :lnd 11);3!) ((o:m <l:llil fOI'!) Illuntits-old 
ollly). 

• 




COKDITlOX OF WHITE-TAILED DEEH HEHDS 3i 

• Tables 14 ancl 15 give the number of deer, the arithmetic mean 
(average), and standul'd deviation of each meusuremenL hy age groups 
within these subclusses. The llumlwr of deer range from 2 to ns mnny 
ns 105. 

T.~ Hl,E 14.-11Jco/l. (orallll!:) and s/and(lrd deviallolt 0/ IIIcaSllrClllcnls 0/ /emole dcer 
by ill'al", di.~tricl (l71d aile cl(/.s.~es 

, 
Dressed weight :Lcngth of hotly Length of hind I Length of wi!

foot , 
---------------. ----.~,---Deer 

YI~nrt distrirt, nnd ngt' rlns.':' in ;-ttuluf· Shmd· Stond-: Stand­
(IJ snmple ,\leul! (lg~j~l_ .\ h'll U , d~~.jlll- .\lt1jllI 1 tI~~~illi. : ~Jel1n d~~i~l. 

tion , tion tion tion 

(0) (7) 

H13~ 
...YUIII" 

i 
i Cenii· CrIl';· ('<"Ii- ('filii· Ce"Ii- f Centi­

:-."urthern district: her PUUlub/ JJ{lIU1d.~: 'flirters mcler,~ meier.v melcr.' melers f mete.r.'t
I-IJ months___ _ 

f 

• 
''', 4~.S Ii. ,I 1:1;'.0 ~.·I i ·11.(; 1.7! 21.6; 2.H 

lI-lt~ yl'llrs___ _ I!!. 1 • ·Iti. 2 L S j ~2. 2 i 1. {I
U[-2!"i-!!,. yellrs _ _ . ,\g I t~:~ I ~:~ I :~t~ 10.7 I .16.0; 1.7. 2:1.3 2.(1 

50 l HI.. 10.21 IG7.0 11.5 .17.5j 1.9 I 2:1.I1 2.6~OlltJ~~-;;~~~S~;i~~~ find, o\~cr ·1 
_0< 'J-9 months, 34" 5O.n lI.a I I:tH.O ~.3 , 40.G i 2.5 \ 21.7 2.9 

J[--H.z YCllrs 11 77,,1 W.O, 154.2 11.4 i 44. 9 ; I•• : 24. Ii 3. I 
II[-~J--l-JJ~ ycars._~ ... _1 11K),:! ~.O ' 45.0 I 1.8 I 23.8 ::.9 
I\""-5!~ years nnd O\·('f I ~~ I I'~~: ~ ~:g I J!)S.fl .~. U ·17.·1 I I.S I 2,1.2 I 4.3 

\1039 I 
Xorthern distriet: 

I-IJ months __ 15 I ,'.1 1·111. ,; Il.·11 ,11.5 1.·152.11 II 157. I ·15.Sn-l~~ yellrs. _ -:1 ;7, {I 7.2 S.U I ') 
IIl-2J+4M yenrs ._ _ _ WI ua.1 lI.ll W4.0 11.1 -Ii. I 2.0 
1V-5)", yenrs Ilud Ol'er ~~ 

1
. 101.1 10. II 170.5 S.U ·I7.a 2.2 

I'outhern district: 
-I I 

5,i.·j I 'I~.~ : tt11-9 months _•• ~I I S.S J.lO.1l 7.. 0
1[-1)1 years ____ . J.l1 Sa.5 15[1.·1 S.4 4.1. , 1.00.51.I U-2Yrl)~ YCllrs _. 17 I 7,0 If)~.f) 5. ~ 4•• 0 I.ti 
IV-5~i year.s nnd o\·pr I.~ 102.21 0.;) ~ J70.2 6.1; i ,17.8 1. I

!l3. " 

! 

• 

• 




00 

TAHI,g 15.-:\fcal/. (average) and s/alldard dcviation oj II/C(l.SUrclllwts oj male dcer by year, district, lind age cla.~scs 
-----;-.------- ..-"~~---~ 

Body mellSuremcnts Antler measuromonts 

Dressed weight • --"--. >-3I 1--------- ----.--...".----
~ 

tolDcerin Length oi bouy Length oi hind I,cnglh oi tail Sprellu oiantlcr Circu,?iCl"enL'O J..cllgth oiantlcr Nun!bcr of l.l. sam. . ioot of lIlam beam POintsYt'Ul', dist riel, nnd Ug'I1 elHSs 
1110 "'--,-.-- -------, ------.- ------- - ------- ------ ­ ~ ..... 

~\[clln ani de· II Monn I' ani de· Mcan anI de· ~[ean aru de· :'[ean anI de· 1\[enn I,ml de· Menn nrd lIe· Mean aru de· l.l
Slaml· i i Stand· IStamI· Stand· Stand· I Stnnd· Stand· Stand· 

>yintjon viation \'iatlon yiation viatlon vintion \'lation vlatlon t"' 
(11 (2) \:11 (4) ,(5) (6) (i)' (8) (9) (10) (11) (12) (13) (H) (15) (16) (Ii) (18) ttl 

_1_- '... __ ._ __f __ -,."..--_ c:: 
t"'1936 I1vum. Cenli· j~ellli.l-~enli. - Cenli· CeIlli· Centi· ··cenli. Cenli· --;;::'t~- Cellli· ~enti. Centi· Centi· t'CelIli'l:\ orthcrn .I islrict: POllllfiSI meter.' meters meters 'j meter3 meter& meter& mttu3 melus meter.. metu& meters meter& meier8 metenbtr POltl/d'l" .~ __ ......... _ ••.••.•• 23.3 ~.G 5.9 0.0 21.6 5.0 4.1 1.7 

n-2!~-4.li years 86 IIS.n 16.8 i J , ......... __ •• " •• - 33.7 8.1 7.i I.-l 32.0 8.2 6.1 2.0 
IIl-5J!i+ yenrs 33 133.7 15.S t.. 42.2 0.5 9.3 1.5 -11.2 9.5 8.1 2.0 

'1-I!~ years ." 25 9\1.5 10.S " 

. ..l ...... Z 
Southern district: 00l-l:,..J years ~ 2 103.51 tl.4 .. 1· ......... "··"··"·"·"·"--lli.H 2.5 4.8 .4 16.3 1.8 2.0 () ...


II-2}A.r-!}'i ycars 1051 113. I 13. B • ..... "" ........ ".. ........ 2O.S i.S 7.2 1.2 28.9 0.4 5.7 2.0 o 

III-5n+ years". 12. HI.6! 17. I I : ..."....... "......1......... 1 0.9 I.i 7.9 1.9
45.1, 9.5 41.6 9.6 

1937 
"' ,, j I 1 

~ 
:-\orthern district: f 

l-In years .• " 97.0 r 9.4 ' 169.41' 8.5 I.S 24.41 2.5 23.4 5.4 5. i I .S 21.5132 ' 48.0 4.6 3.9 1.6 
""I V'120.0 13.4 170.2 10.3 ~9.6 1.5 25.4 3.6 34.0 i.3 7.5 1.3 32.6 6.9 6.4 1.8 

I11-5H+ years ! t; I 136. i I 16.0 185.5 12.5 50.0 1.5 21i.8 I 3.7 42.7 6.5 S.9 1.5 39.0 6.1 i.7 U
II-2J<i-4!~ yenrs . 

oSouthern dislrict: I j t'11.3l-I)li years ... .... ! 11I.S I 9. "11Ii5. 7 , 12.:1 46.5 3.0 25.7i 2.1 19.3 4.7 5.6i .8 Ii..; 1 1.81 3.0, "t)
JI-2){,...jH yellrs 71 J 115. I 1:1.·1 184.9' 7.7 ..0." I. fi 25.7 :1.2 :11."1 6. I i.21 I. I 28. i Ii. 5 5.9 i 1.8 ..., 
HI-5;,,;+ years 22 136. !l 17. 6 ~'OO... 15.,1 51.4 I .9, 27.9 

t' 

3.7 ·11.2 3.·1 S.8 I. r. 37.2 • .1. Ii 7.7 , 1.1 
t10:38 t ! t ! I I i I o , 'T]I ' '. I I I'-':orthcrn district: 

omonths..... ;12 I ·11l.1 ;,.6'1136.4 i i.1 ,. 41. Ii >I.~ I .. ··)····....t..··· ........ ··· ..·i· .... ···-!-·· "'1'" ... . 
C"l


21.1 .1.8-1-'Southern dislrict: 'I' 

.19 months•••. "' 37 1 54 ... 9,2 140.2 I 8 • 41. 7 
1.1 22.4 3.1 ·.. ·•• ..(··..··T······ ...............·1···..····,·· .T····..·· ::0 


1030 C3 
Northern district: c:: 

- ,I I 
J I .,': I t"'1-0 months .... 0.1 143.0 j s.21 4:1. a 

>-3II-In ycars:•.•• " 94.557. U I II. 6 169.4 j 9.0 47.8 , :: i .::::::1,':"::: ""i7:6r--ii :i' ..Ti·j···· 2:5' "15.41'''" 'iO:ll'I''''£ii'\:::::':: 
IU-2!h-1H years 118.2 II. 0 li7.31 H.9 49.5 1.8 ....... ,••. __ ••• 34.6\ 5.4 7.5l 1.0 32.0 5.0 6.4 •••••• c:: 

IV-5!-f+ years .. 82 132.1 15.1 182.8 9.1 50.1 2.1 ...... ,.......: 40.8, 6.9 i 8.-; 1.2 39.0, U,S i.6 -- ". 

Southern district: 1 1 
l-Omonths...... 61.6 I 6.2 

~I ~ 
43.0 .i.9 140.31 

II-In years". '" ~~ I 1:1. a 166.7 8.0 47. i I :: g -::':::I~::: :·:··l··i-i:il·!· .. ··.~.i;+··.i:5"\""' "i:2' ooii 6'\"' ii~0'\'" 2~6'1' '::::.:.: 
IIl-2J<~n ycnrL ·19 I I~f:~ I 10.5 180.2 7.3 49. !l 1.5 ........... " :tl.9! .1.:1, i.5 I 1.11 I :11.6 r.. i 6.11. 

I":-5JH years "~ 30 132.8 I 12.5 180.8 101 f~l. 6 , 2:0~, •.:.:.J:::.".: ... ·11.3 5.i, n.1 2:~.~'~ 2·...!_ .._~O.:.:. •.;.-' ­-- ......--~........ ~.-~-~~~ --.-.~--.---

• • 
. 

• • 
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CONDITION OF WHITE-TAILED DEER HERDS 39 

'rhe standard deviation indicates the spread or variation of the 
individual items which make up the mean or a,'erage. In a normal 
distribution, two-thirds of the items will fall within the range of the 
mean plus and minus the standard deyiation. Formulas (1) and (2), 
p. 22 indicate the procedure for calculating mean and standard devia­
tion. From these figures it is at once evident that, except for the 
length of tail, there is a consistent trend upward within the subgroups 
in the means of the characters measured with an increase in age. 
Comparable sabgroups for males and females are present only in the 
9-month animals in 1938 nnd all ages in 1939. Except for the !:I-month 
ages, the menn values for males nrc, in e,-ery case, lnrger than the 
females. 

E. A. Goldman, in his report, states that white-t.uiled deer reach 
full maturity nt about 5 years. Between 70 nnd 80 percent of the 
deer mensurcd were immature (table 23) and the majority of those in 
the mature class were probably between 5}f and 6% years old. If a 
higher percentage of the animals had been older, making data on the 
91f-years-plus age class available, the upward trend in these calculfl­
tions might have leveled off at the 5}~-year age cll1ss. 

There does not seem to be any definite trend in the amount of 
variation, either by vellrs or district, except possibly slightly more 
variation in the northem l1utlers than the southern ones within the 
same year and age group. This substantiates the tentative conclusion 
mnde after 3 years of work (9), that, the deer herd would be reduced 
by some natural cause before any definite genetic herd deterioration 
occurred. Further discussion of this point will be found in the section 
on the application of results and use of datn, pp. 47 to 57. 

Table 16 should be studied in cOlmection with these group mell,ns, 
as it records a precise test of the difference in group means average as 
computed by use of formula 4. 

If there is considerable variation in the individual items within 
a population, the means from two random samples from this popula­
tion might differ considerably. Hence, in order to judge whether or 
not two sllmples mll,y be considered as coming from the same popula­
tion, it is necessary to take into consideration the individual variations 
within those two samples. If the means differ significantly, the sam­
ples cannot be said to be from tbe same population. In the example 
giyen in the discussion of st;atistical technique, pp. 21 to 30, t=0.94 
for a comparison of dressed weight between the 1938 northem and 
southern frmale derr O~ years old. P lies between 0.4 I1nd 0.5. This 
means npproximll,tely in 4 out of 10 cnses It t of tltis size might be due 
to mndom sampling only. Roughly, we might sny that t should be 
at least 2.5 if a real difference exists between the two groups. 

Since the population wns much denser in the southern district thnn 
in the northern district, the two were annlyzed separately and com­
pared to see if differences might be sif;{nificant. Of the 63 comparisons 
between nOl-thern and southern males (table 16, columns 2, 3, 4), 
17 had t values large enough to be considered IlS significant. In 7 of 
these, the southern animals had the Im'ger means. Only 2 of the 24 
comparisons of femnle northern and southern deer (columns 11 and 
12) were high enough to be significnnt; in 1 the southern average was 
larger, in the ot,her the northern WIlS lll,rger. At least one t vnlue 
above the limit would be expected, eyen if all were from the snme 
population, ,dJ{'J] IlS mllny IlS 24 sllmplrs wrre tllk('t1. It is concluded, 
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TABLE 16.-"Values of t in test 1 of dlJJcrcnces in characters measured between 
districts and years within age grOltp.~ for '//Iale and female deer 

Mliles }'emales 

Character and age :-<orl,h vs. North vs·1Igroup South 193G-37 W3G-3n 1937-39 South 19:18-39 

" !:--,--,.--.--!--...,---- ­
\ 1936 lO:!ilm:l!l North'SOUlh North'SouthlNorth South 1938 1939 North'south 

{lJ I (2) (3) (4) (5) I (U) (7) (8) (9) (10) (11) (12) (13) (14) 

Dre~~J~lo~·U:~~~t:. I'~~22.J: -.-,'\'--- --.. -, --- 1. 15 0.97 3.99"4.84 '·1.83 2.75 
IHyellrs••", , n.512.:I·' .55 0.92 I.(i!} 0.70,0.97 .SO 1.72 .\/4 2.31 1.40 2.85 
2~-4Hyears .. , j 2.22 2.\12 .·17 1.031 .98 .05, I.SI 1.05 .97 .6U .11 3.00 2.42 
5H yellrs and over 1. 40 .05 . 18 _83 .7:1 . ,18 1. 84 1. 61 . US 2.98 .33 3.89 • 52 

I.ength 01 hody: ! 
9 months......... ' ... ' 1.91 2.51 '" ... ' ... '3.08' 3.68 1.51 .18 ].93 .93 
I~ yellrs .. , ...... , .,' .!1I .98. .... .,' .01 .oa .58 .76 .05 1.47 
2H-4H YCllrs ••• ,.. ", 2. [,0 I. 81 '" ',' ., 1. 05 2.67 .40 9fi 2.27 .94 
5~ years and over. ... :1.3:1:1.38.. I .).) 3.01 .76 •II 1.56 .69 

Len~th 01 hind loot! 
o months....... '" '.17 1.20 ':I.6S 24.60 2.01 2.06 .29 3.18 

111Y,;,~rs.......... 1.84 .2'JI .3:! 1.40 ].74 .. 42IJI .5U U;:l

272-172 years.. __ ..85 1.20,.. ' , .54 1. 44 2.69 2.r.s 3.77 
5~yearsllndover'I' • __ 3.00 1.20 ,.' ..... ..... ..... .30 1.27 .30 .71i .:l2 .79 

Sprelld 01 antler: 
IHyears......... 1.r.O :1.45 .71 .04 .47 2.25 .71 2.1:1 4.30 .......... , ........ . 
2J,j!-I~ ......... f :l.fl6 a.20 •(i7 .04 1. 48 .71 3.33 .2:1 2.28 ...... .... .. •• '''.'' 
5~yearsandover. .92 .95 .34 .23 2.20 .88 1.81 1.50 .06, ... ' •• , ......e... 

CirCUJ:~~~~I~CC 01 main, 

IHyears..........!1.75 .4\1 .72 . IIi! 1.41 :1.:17 .6:1 3.:14 4.14 ...... .......... .e 

2J,j!-4Hyears..... 2.7(1 1.56 .13 .881 .211 .8:1 1.42 .02 1.59 ......... . 
5~ yenrs and over. .5.1 .74 1. ~~I .115 1.:13 1.92 1.21 .82 1.44.. -... ...... . .. . 

Length 01 antler: I 
1~ yenrs...... _ 1. 48 :1. r~i 1. II .04 .:17 2.64 1.88 2.9:1 3.77 
2~-4H years.. 2.88 4.211 . ali .52 .211 .01 2.47 .68 2.59 
5~yearsnn(\ovcr. 1.05 1.24 .\18 1.01, .82 1.3!1 .45 .07 .(IU .. •.............. 

Kumher 01 points: I 
J~ycars........ 1.72 2.70[ .02 .:10 1.11 2.66 1.:11 2.55 1.:19 

2~-IHyenrs..... 1.S21.81111.89 1.00: .f" .753.901.21 a.:12 -/ 

5~ years and over. :I. 12 • 1:1 1. 30 I. 0:\1 :1.33 1.36 2.115 .75 .1i9 ! .. 


-___..• 1., 


't =Student test to delennine whether t.WO sUlllplcs b"long to the Sllllle p,/"ulation. 

, U~18 dlltu instelld 01 1937. 


therefore, that no untoward bias would be introduced if districts as 
well us years were combined within sex and age groups in muking 
the analysis to determinc the relationship betw('en nge und chal'Ucters 
measured. 

'rhe t values, when comparing 193{i and 1937 shown in table 16, 
columns 5 and 6, arc consistently lower than 2.5, the limit for a real 
difl'm·ence. Th('l'e is more vu,rin.tion when the 1939 antler figures are 
compared with 1930 und 1937, table 16, columns 7-10. The signifi­
cunt vulues of t were fOl' the 1}6-ycul' animals. The 1939 antler meas­
urements WCl'e consistently smallm' for this nge than those in the 
carlier years. FOI' thc other two nges, as shown in columns 2 and 3, 
the differences were quite ermtic, not alwnys occurring in the same 
direction. 

I,ENGTU OF TAl1. 

The Icn~Ul of the tail is of little or no vnlue for discriminating the 
nge of wlute-tailed dcer. III \.937, Ilmgth of tail wus measured on 
142 deer; in 1938 this mensurement, wus taken on ull deC/' in the study, 
but WitS discontinued in 1939 becitusc it wus not significant,. The 
menns lind stn.ndnl'(\ deviations of these nppenr in tllhles 14 und 15 
(columns 9 und 10). 

• 

• 


• 
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For the 9-month animals, the mean of the females was slightly 
larger than the males in the northern district. The reverse was true 
in the southern district. As indicated in table 17, the only t large 
enough to give any evidenee of a real difference was 2.53, and there 
the younger deer had the largor mean. In 7 of the 12 comparisons, 
the mean of the younger was the larger of the 2. 

T ABI.E 17.-ResllUs of the t. test when used in comparing 81lcCI'ssivtJ age groups 
for tile £la/a. (JvU'iiable on length of ta,a 

-.--.-..---------.~ 
t v!lluos for the comparison indicated 

Districts 
male \'5 11 lHOll 15 ! .i'_-)cnr \s. vs r.J4_Y(lnromonths I" II " , 12~HH'YI~n--:I I" 
fem'nl~' VB. J~!!-year I 2~-!!-4~2·ycnr a'r;;{O\'I'~ 

• __ ~~_______ ~~ _ _1~__~~__1___~~ __ 
I ,

1037 
Northern..... . J 0 ,,- ! 1 W' 
Southern__. .. ! ..... __ .. o:iJi I 1:\;7 

1038 I 
Northern ______ ..• ____ . __ ...... 1.01 ,\. !.I I I. 21 1.21Southern. ____ •______ •_____ .. 
____________~_.._.-_.,,:...I____0._0_8.:.......__-_-_"-1-'1,___ .n.~2__.._ .. ~:41 


Another test was made on the] 937 data which substantiated the 
results of the t test. The slims of squares of the deviations in tail 
lengths was broken down into two portions, that due to age and that 
within ages, and the F, or l'fl,tio test of the mean squares applied (table 
18). A discussion of the method used is given in the section on alUl­
lytical procedure, p. 24. 

For age to be considered as a significant factor in tail length, F 
should be at least as large as the F at the 5 percent level. This would 
mean a chance of 1 in 20 that so large a difl'erence would be due to 
random sampling. In neither the northern nor southern district 
was the F value large cnough for significance. Thcse F's are sur­
prisingly insignificant in size when compared to the F's for all the 
other characters in the analysis to follow combining the data for di~-
11'ict and ycar. 

TADl.]" 18.- ])e/cT1I/1'nalhm oj F, 01' ?'alia tcst of dcm:a.lions hL tailieng/lls 
....~.-----.~~--- -.--..,...--------

Source of \'arinncll I' n('~rccs of I~[ s(, Jo' I j.' at 5 
___________._____ freedolll • can Inar~ __._~_.:!.-p-cr-cc-'n-t-Ic-n-'l 

Northern district: 
net.wecn ages, .... _., ~~~~.~_ ......... __ _~ __ ~M 2 3l.liU 2w 57 :l.10 
Within ages ........... _...._____•. 8fi 12.3:; .. -•. ____ •.•. __ ...... __ .... 

88 •___ •_____.. __ •__ ._........
SOl1th~~:t:li:~;i~:~" . ...... .-----.. '--1 

Jletwcenages . ____ . _______ .. -- ..... _____ 21 2·1.40 2,54 :l.ln 
Within ag('s ---.... -- •. _--. -- -- ."••--. - .. ____50_____11_.6_2+._._--_._._--_"_._•.,1••_._._--_--_._--_--. 

'['otal.. ---.... -- ..• --.---. _.... --._ .• ----1 52 1..... _________ ... -....... --- .--..- .. -----. 


DE'l'EUl\IINATION OF TilE EFFEC'I'lVENESS 0.1<' EACH CUAUAC'l'EIl 1'011 

DIS'l'INGUISlIlNG THE AGE OF A DEEIt 

The fllct thllt for these datil, all years and districts within each 
sex and age group might be combined without introducing untoward 
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bias, made samples for each age class sufficiently large t.o assure 
confidence in the results. The grouped frequency distributions for 
each charactl!l' appear in tables 12 and 13, Figures 17 and 18 show 
the corresponding actual probability curves (percent of total in each 
class int~rval). The method for making frequency distributions and 
curves was outlined in the first part of the section on analytical pro­
cedures, pp. 21-22. 

These curves should be examined along with table 19 which gives 
the analysis of variance for each character measured, the mean square 
due to difference between age groups, and that within age groups. In 
each case, the first named mean square is considerably larger than the 
second. Their ratio, called F, ranges in value in table 19 from 218.99 
to 941.73. To be significant at the 0.1 percent level-that is, a 1 to 
1,000 chance that so large a difference might be due to random 
sampling and not to differences in age levels-the largest F (which 
depends somewhat on the degrees of freedom involved) is only 7.20. 
Since the smallest F was more than 200, there is no doubt that each 
of these seven characters does vary with age. 

TA'S [,m 1g.-An(lI1fN-i.~ of voria:nce by age groups for male and/emole deer, 1936 to 1,989, 
incl1lsive 

lIIALE 

I I ji'yslueI I . 
Character and source of IUegreesofi Sum of 

variation ; freedom I squares ?fe"n square I~1~aV~~~~~ I At 0.1 
Ol>S('fvcd pI'reent 

: I le.~1 
-------:-.•.. - _.__ . -.--- ..-'....-- -'.. - .---------- ­

1Jrc&sed weight:
Between ngcs ____ ~_~.~~_. :1 509825. ~7 IWO, 9·12 

'Within ages ...... ___ ..•. nOli 16340;\. Hi 180.450059 : .:::: -. 
__ !l11~:~. 

, 

L-...~~~~ 
------_·_(----------1------------·-----

TotaL.__ ........_....... , 909, 070318.·16 ................ 1:1.·133 ........._......... . 


Ll'J)p"thuIbody; i=~l == 
Between ages........ __ -- "'1 3 I 15008(\.-11 50,021 __ ........ 5·18.9:1 .5.50 
Within ages .......... _ ..... i . 498 I. 45387.22 01. 1:18900 ." ...... ~..I...:.:....:.:..~. 

'I'otn!. ..............__ .: ,iOI I 1{15-17:\.63 ................ 9.5467 ... -- i _.... __ 

L~ngth of hind fOot: :====1' ==i­

Bt't\\~t'cnnges .. _.,........ ~-l a 474f'.liU l,,1j82.d2 _,._ .. __ ~_,_ ,19.1<lj71 ,).51.1 

Within nges............ , .jus I 158a.llo5G 3.1020819 ............ " .., 


Totnl.......... . ....I ..-50l! 0337.5250 ......_......... 1.i87 -.-.----~_..__. 
'.;:::::-..;;;.,! == 

RprcacJ "f nnUer: iI 
TI.'twccn ages......... "" ,oo~ :!00m.'8·;~9 20, 2!9. q .......... 40·!' 27 I 7.21) 

Withinnges •• __ ...........1.• _"'__'___ ,,0.010058 ...-- .... ~I~_'~_ 


'I'otaL..... __ ............ : 80·' 80552.40 ................ 7.072 ... , __ . 
Circumference of main b~am; ==I 

J3etw~en ages.......... ".' 2 !loS. DOSS 57U.0-10 _........ _ 223.00 7,20 

Within ages........ •"', 802 1279.9212 1. 59.j0l1; ... ''' __ 1-===____ ....'. 


TotaL... ...:_~. 801 I"~ 2438.02 .... __ ., __ ... L2r'131~::::::::.::::.: 
Length of antler: 

BetwI'cn ages.... __ ..... 2[ ·!OI().J.15 ! 20,052. I ..... .... ~:j7. ·I.'i 7.20 
Withillages..... .. 802 36702.2-1 ,15.838201 .......... •.. ....... . 

'J'otul ......... ..... __ .i-~·"lili4 71l80G.;J8 I....,......... 6. 7707" ~-.-~I-:-:--·-..-
Number of points; I=! I . I ,. i 

Between ages ............... ' 2\ )805.0013 902.500Hii .",.". 307.001 7.20 
Within ages ..__....____ ...•• '_._~~:_2;~5.2..:..~~._-~.•!~1~:1025 ::"~=:":':'I':':'::':":'::_::"':':=::':' 

'rota!..................... ; 804 i 4157,5UOI I'" . 1. 7127 I· ........ -j- ...... .. 


• 


• 

• 
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TABLE 19.-Analysis of variance by age groups for male andfemale deer, 1936 to 1939, 

inclusive-Continued 

FEMALE 

Dressed weight: t 
Between ages_______________ a 151626.73 50,542 1__________ 594. II 5.50
Withinagcs___ .. ____________ 421 35814.95 85.071148 _________ . ____________ •. ______ 

---·I-----I·-----!I---------
TotaL _________________~-- ==4=24=1===18=74=4=1.=6=8=1,'=_== =_==_=_'=_='_=1==9=.=22=4 __________ ~ 

Length of body:
Between ages_. ______ .______ 3 58548.(i8 HI,lil6 24.1.56 5. 50 
Within ages ____ . ____________ ~___ __ _____ ._-_-_ ____33_4_59_."_,7+ 79_-_4"_diS_8_6_ .-_-__ •. _->_- . 

1TotaL____________________ -124 92008.45 ___ . _______ ._. 8.9151 

Length of hind foot.: 
Between ages______ ________ • :j 2231. 71 777.24 _ 218.99 5 •• 'j() 

WithIn ages--.'-- .. ---'-'---l__~_~~ __ :J.M92596 _....:.:..:.: .:.:.::.:.:..:. _____ 

__~~taL~-.~~=~::=--::j __ 424 ___ :J8~._~~______ -~___1~884.---~.•_:J---~-~-.-

The within sums of squares were pooled by age groups. Fo]' this 
to be a valid procedure. the age-group variance must be considered 
equal. Reference is made to the standa.rd deviations in ta.bles 14 and 
15 and to figures 17 nnd IS. ,\Vhile there was some vnriation, partic­
ularly for dressed weight, it was not believed sufficient to cause any 
disturbance in results. The mean square resulting from the pooled 
within sum of squares yields the best estima.te of the variance. The 
square root of this is the standard deviation, indicuted in table 19. 

SINGLE CHAHACTEH 

Although table 19 shows that the several characters vnry materially 
,,-ith age, it does not giye the answer to the question of how much of 
nn ('ITOI' might be made if the age of the individual deer was bnsed 011 

nny one or more of these chnracters. If a deer were always nn average 
nnimnl, it would be possible to give its age group accurately. Thc,c,e 
menn valucs of each chameter for each age group appeur in table 20. 
The frequency distributions (tables 12 nnd 13, figures 17 nnd 18) and 
the standard deviations (table 19) indicate considera.ble ,rariation in 
mcnsurements for the deer in allY one nge group. The standard devi.a­
tion for each is found ill table 19; i. e., for dressed weight of males it 
is 13.433, etc. The aecurnc,\T of nge predictions when using a. single 
measurement was based on these standard deviations (sec p. 46). 

TABLE 20.-Means (average) of the .•everal ch(/racler,~ "II/ensllred in the It age gro(t7)s 

IFor tho sample of mAle and fmnnlo deer lIs~d in the nnal.l·sIsl 

Agl~ clus..~ 

Sex nnd bod)' c"urude'r j~-- - -,- --;----- '--f--- "--
I to Irlonths)l II (I t,{ "cars) In (2\1--H1 n- (5J,-!)'eur~ 

; ,- J rears) I and ol'or) 

-.----•.-.---- -. "-'-lllltll)O-r.. -- ---105-; -. . 0·' --1",9 I 
~Inlcs._._._._ •• __ .""_ 15·1 

.rt Dressed weight... _ pounds _ M. :J.\2SnO ' 05. :mOG25 118.5G·17':..l I 1:J5.ooH-l94 
:(7 Length of body.. . ..centitttNers. _ 140. 888mS ~ 107. iMOSS I ill. !IOO._"lO r 187.o·I()<Je9 
Xl Length or hind foot _. ___ . _.do ·12. 27:l:l35 i 47.548438 49.60,)28 I 50.322078 
xdlprcadofantler___ _ . _.... _do --. ' __ '_"' __ ' __1 Ii. 9734:18 34.22~340 II 41.510200 
T' Circumference or rnnin beum. .do.. __ .__ . _ 'I. 83!1O(i;l 7_ 5:IOI.OS ! S.075325 
x, Length or antler •.. 110 Iii. 878125 31. 7S0185 3U. (l:J!KHO 
77 Points.,,~~ .... ~ __ .. ~. number -I 2.n:i7f100 (j.51~~ HjG , i. i207iU 

F~IlI11les _______ ••. _____ ... ._ ._do._•• - -'--lii'l 5·' i~1O 1 I:JO 
Xt Dressed wcighL.. __... _ _•. (JOllnrls. 51. 22522f. 70.851852 90.600000 j 98.815:lSG 
.n Length or body _____ ...•centimett·t'S.. I:JS.347748 157.08:J3:J:1 1U1.3284fi2 1 WS.r.907fiil 
I, Length or hind fool.-. .. _. ____ ._. __ . do __ • ·11. 46:1()(j3 45.1l59259 4(). 128462 I H.452:108 
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The procedure is straightforward. One-half the difference in the 
means (table 20) for two consecutive age clnsses is divided by th(, 
standard deyiation. :Frorn table I, Fisher and Yates Statistical 
Tables (4,) the yaiue of P corresponding to the preceding quotient x 
is found. Since this is the probability of an observa.tion falling out­
side the range -x to +x, and the interest is in one tail of the CUlTe, 
one-haH of P mn.y be taken for the chance of n. deer falling above 0)' 

below the midpoint between age groups-n.boye the smn.lIer n.ge class 
or below the largcr one when judged by one mellsuremcnt. For til(' 
second a.nd third age group, the total probability of making a misbtkc 
will be the sum of two proba.bilities. For example, the cl!n.nce of 
mnking It mistnke in classifying It n~-yea.r decI" will be the probabilit~T 
of its being elnsscd in the 9-month group, plus the probn.bility it will 
be put in thc 212-4,1~-ycnT a.ge group. 

In tn.ble 21, il,PP(ljU' the resulting probn.bilities for ('lIch ehn.racter 
measured. esing all 4 nge groups for mllles, if drcsscd weight alone 
were us(,d, till'rc' would be 6 chances out of 100 of putting n. 9-mollth 
deer in the 11

2-yellr clnss, .27 of misclllssifying n 1)~-year deer, 47 
for the 2;~-4h-yellr dcer, lIud 26 for the oyernge nnimnls-llot a ver~' 
precise I~stimate, but the best of til(' :3 body men.surements. 

Since 9-month old deN do not hltve n.ntlers, illduding thl'm whell 
using antler mcnsUJ'ements would seem to distort the pieture. III 
the first section of table 21 they !tn.ve been omitted. Number of 
points eontinue poor, but now ll'ngth and spreHd of n.ntler n.re both 
better measuJ'Ps than eircllmference of mnin beam, with length 
slightly better. Columns 10 and 18, which will be illterpreted In.tc'r, 
give 1m o"cr-all eyalllation of the sen~ral probn.biliti('s. The hnger 
this figure, the better is the cbar/teter it repres(,lLts. 

",7ith female deer, dressed weight, although Ul(, probabilities nrc 
too hjgh to be sn.tisflwtory, is much better thfllL ('ith('r of the other 
two chnrneters. 

CIHll'OLTNI)!'; OF TWO OH ~IOHE CJlAHACTEHS FOil t)ETElOllNA1'ION OF AGE 

pJ'climinn.ry tests were mnde in 01'(1<'1' to selcet thoRe c}mrnct('rs 
which would seem to yield the most d('sirn hie fllnetion, n.nd it seeTlwd 
desimble to lise ns few as possible. Sine(' all tlw ehnmcters nre 
illfiupneed by nge, tablr 19, n.nd the nssocintion b(·t wN'n chnrncters is 
considcrllbh', thell the srl(,etion should be on the bnsis of the greutest 
independent ynrilttion. This would be II. combilllltion of those which 
have the gren.test iufluence on nU others nnd th(' Oll(,S which hn.ve the 
least nssocintion with the others. In th(' cnse of the mule nnillJnls, 
length of antler seemed to hnye it e1os('1' relationship to tbe other 
measurements, while length of hind foot wns the most independent. 
Howeyer, it wns thought worth whilc~-for tIl(' purpose of comparison 
nnd possible prneticn.ble use of tbe analysis-to present the results 
from n. series of different combinn.tions of chnrne\ers, some of which 
were not the most promising, as shown in tn ble 21. Since the 
9-mOll tit animn,ls were nnth'r!ess, lwo sepanl te fllIn lyses \\'('re mn.de of 
the mule deer--one c0Il1IH1.J'n.ble to lhl' f('l11al(' d('('r illeiuding all nge 
groups, but considering only the (111'('(' body nH'11SUl'('m(,llts; whill' in 
the othcl', thc O-monLh old nil imlll" alld t II(' ill f1uPIH'e of n.Ll charnctt'l's 
rxcept number of points '\\'('1'(' ('xtllllinl'(/; tll(' In.ttel' eharnetcr was 
omitted becflllse pn'lilnillfll'.\' test" Illld shown it to hc of liltle ynlue . 
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'rhc sln tisticid d('tnils of the procedure followed in compu ting the 
discriminnnt fUllction, finding its standn.rd deviation, test of the 
cilnrneters representcd, nnd an over-nIl evnlllil.tion of its effC'etivI'nC'ss 
nrc described in the section on n.nalyticnl procC'dul'e p, 2(;, '1'he 
probabilities for misclnssifying d('('1' of the cLifl'eJ'('nt nge classes, based 
on ench disc1'iminnnt Junction consi<LPrC'd will be fOllnd in tn.bll' 21. 

l~TEHPHETATION OF TlII, Se)J)IAH¥ J'IGliHES 

Tabh' 21, in whirh lin' nssl'mblNl [ht' slIllunnr,'- figurl's for nil. 
uppl'nisnl of tILe effiri('ncy of tILl' single ('hnrn.et('l's nnd tlwir s('V('nd 
eombinntions 1'01' (ktC'rmining age of dN'I', is muti<' up of two ma.jor 
pnrls, The first lwlf of tit(' tabl{' gin's tI\(' l'l'slIlts from datu for Uw 
thT('e upper age cluss('s of muks, [hos!' dePt' with tlntlC'I's, bnsed on 39i' 
animals; while the' s('('ond huH is fl'om datn. in w]li('h :111 fonr age clnSS('S 
were ]'epl'esent('(l, .5()2 mule nlld 425 Jt'lllnlp dC'l'I', Animals in tlw 
9-month class, bf'ing :1l1tl('rlC'ss, \\'('1'(, lIot ilwlud('d beenusC' they would 
hu.n distorted tILl' results 1'dl(lding tIll' inflllell('e of antlers, 

Colmnns 7 to 9, nnd 14 to Ii' ill'('\he probnbilitiC's for misclussifying 
de{'l' by nge groups ,,-h<'n particulnr chu1'acter combi nn,1.ions nrc used, 
For eXlUnple, when the thl'l'(1 body lllellSlll'('m('nts ilT(' used, th('I'(' fire 
7 chances out of ] 00 of misdnssifyillg f('mnlt, (ker 9 months old, :38 
out of 100 for Ji:i-yefll' n.nimals, (;3 out of 100 for 2)~-'yem' animals, and 
:i2'out of 100 1'01' mntlll'e clc'PI', Thc smallcr the pl'obabilit~v, tIlt'1110I'(' 
precise are the age detel'minntions, Columns 10 :md 18, with h('fl.cling 
U js the ratio of tllP slope' to the stimtlal'(L dt'yintion of' the function, 
It is un over-all mensure of' tll(' dl't'cti ,-el1('SS of the fun('lion, The 
larger the tT, the }wHel' it discl'iminaU's ug(', 

A cfLrpful study of table 21 lends to tl1t' following ('onelllsions: 
From It strietly stntistien I stund (10inl, no single 11leusuJ'('ment 01' 

combination of lllen.SUI'Pllle'nts dis(,l'illl.inutc·s nge with any high dpgl't't' 
of precision for the middle uges, Of the body lHC'llSuJ'('I1H'nts, dJ'('ssecl 
weight is better lhnn ('ithf'l' of tIL(' Otll('1' two; adding one' or both of the 
length J1l.f'l1SU1'('nu'nts do('s not impl'o\-e the pl't'cision of estimate 
})('l'(,pptihly, 'I'h(,I'(' is .IlO difficulty in. detC'l'mining tht' ng(1 of thc 9_ 
month old group, 

Any 011(' of !Ill' nnllrl' 111l'nSUl'emt'llts, exct'pt Ilumber of points, is 
beU('!' than dl'ess('(l wpighl. In tiL(' lhl't'('-ngf' annlysis, the Irngth of 
Hntlel' is the })('st single IlWHSlll'e, C'ombinn,tions of two Ilntl('l' mens­
urt'ments gin' betteI" t'stimn[t's Lhnn one nIOlH', the sprl'ud nnd It'l1gth 
of f1nl!(,1' beillg the besL; hut inC'l'l'flSing the IlttInbt'l' of mensul'ements 
ovel' two does not improyc thl' (lslimnte, A slightly I)PUN' compound 
of two is 011(' body Ilnd 011(' nnU('1' ('hn.I'uctN, pl'del'tl bl,Y length 01' 

spI'cnd 01' unLkf', The U for the' comhination, length of hind foot n.nd 
length of nullel', would seem to bl' liS dl'ecLiv(' ns u, C'ompound in 
whi('h dn'ss['(] w('ighL wus tll(l body Jl1('nSUI'PIll('nt s('leded, 

The hest ('omb'ination of thl'('(: is length of hind foot, spl'end of 
antlel's, find lc·ngth of mlile'I', ~o ndvfintngl' is guinNI by including 
th(' ci l'('m11 f(lI'('I1('(', In (iPnling with th(1 mat un' de('l', the elWI1CC of 
misclassifying is only slightly ll'sS Wht'll II compound is llscd instC'lld 
of filly one single· nH'USUl'('men t, Tht' gn'ILtt'st impl'ov('men t of tl\(' 
('ompound diselimilll1l1t l'ul1dion onl' the singlt' chul'uct('1' is in the two 
middle' ngl' groups or mal(· d('('I', 
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TABI.E) 21.-Prob(1./)illiws oJ mi.~claRsiJ!lin(1 111011' noll f<,male rlpl?r JIJI" '/Inriol/., com­
bill(llions of c/wl'(lc/crs alld j"(llio il"sl oJ function 
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• 
47 

TIll' stn.tisticlll illHtlysis shows thn.t th('l'e is a gl'eat denl of illdi\'itlU:1l 
yuriu,tion ill ('Itch age gl'OUp. T]l('sC dlttil are belic\'('(1 to IH' npplieabll' 
to the AlleghellY ~ntionlll FOrt'sL dl'l'l' herd, but tlll',\' will not '\.pp1Y 
to nU white-tailed dl'l'l' of OlL' subspl'cil'S (Odocoileu8 vil'{jin'iaIl1l8 blil'~­
aiis). Howeyer, tht' method out/inNI in the s(,ction on the applicu,tion 
of results, pp. 47 to 57, for obtaining tll(']WCI'SSflI'Y dntn, fOt, p1'a<'tienbl(' 
(/e'el' miluagNlwl1t is be1ie\'('(1 app1ienh/(' to allY hpl'd of tlll' sanl(' sub­
species and pI'obub1y to nIl subspl'cil's of Vil'gillia whitt'-tnih'([ tI P!' 1', 

III selecting tht' Iwst, dUIl'1lt.:tl'l' for dl'iI'I'millillg ngl', 01(' Pl'obHb1e 
'H(,(,Ul'iW}T whidl (':Ill l)(' obtaim't/. lIlIdl'l' fiplel ('ol)(litioIlS and the 
att('ntiallt lIoologi(':d 1':I<'lOI'S, as WI'll. ns tIl!' Ill:ltJI!'rnnli(,lli pl'('cisiol1 
ll1ust bc eOllsiti.I'I't'(1. Tll('s!' point8 an' ('o\'pl'pc! ill SOIlI<' dl'lail ill tIll' 
next section, 

AP]).LICAT[()\ OF RESLLTS '\~D l SE OF DAT·\ 1\ 

PHACTI.C\ BI.E DEEB-IIEB D \1.\ \AGE\I E\T 


nood dpl'l'-]I('l'd nl:lll:tg('IIH'nt 1'l'(jllil'('S :1 kflowl('dge or Ul(' distrihu­
tion of the hcrd by agp group::;, 1"01' su('h PI':tC'\i(,fll (l11l'POS('S. a single 
1I}('nsurernent is 1'('('1)111111('11(1('(1011 UtI' hnsis of llll' I't'stllts or lIt!' c/('tnil('d 
:lIIalysis of th(' <in,l n. 

Jt 'would Iw 1H 'pft'f':l.hl(· to sd('el a IIH':tSIIl'('Il11'lIl tIlnl is ('n8.\' to obl:till 
alld, OIl(' t11i1t is lIot 1ik('l." to 1)(' sld>j(,(,t lo ('Xl'('ssi\'(' :llIllll:l! nll'iatioll, 
This ('hoi('(' of n sillgll' lIH'n::HII'('Il1l'llt i8 importallt IwC'tl.tls(' tlll' hHSi::; 
for ('nietli:l.tioll (n!!:l' :llIri 011(' 1Il('USUI'('/1Il'II11 '\\,ill Ill' ('ol/l'c(pd 1'01' olliv 
Olll' n'latin'l", slI1;tll SHlllPlP 1'01' n, singl\.' Yl'al', D:lt:l l'ol/Pl'll'd 0\'('1' ':t, 
period of as long :I.S ;:; .'"<':Irs C'iirninni('s tIll' sigllifi('nlle(' of :11l1lu:d 
fhwtuation as shown ff'OlIl tIll' 1'('sulls of t,his sllld\', 

It is ('onsie/l'rNI 1ll'('('ssnIT to dl'tI'I'milll' 111(' I':lilgl' of 1III':l8UI'('1l1P1l1 
for {'ach ng(' group I'll/' the' '(/('('1' hCl'd OJ' 10(':11 iI.", I)('(':luse nil Hllnlysis 
of datil, ('!'Om othl'l' I(walit il''; 011 OW S:IIII(' SlibSPI'('il's of witiU'-lniIPd 
de('r illdicnt('s thn t nl/ JlH'aStll'elll('lIts IlIH\' Ill' t1llifOI'IlIh- 1:11'12:1'1' 01' 
smaller, This fad dol'S 1I0t SI'('111 to ('(I'l'(:t tlll' I'plnlin' ;1\'l't1I'~I('T or 
:tny 011(' rnenSt"'('nll~llt ns :lllilldicator of ag(', Fol' ('X:IIlIVI(', C;!lIU­
1:111(,'s heam-din.mctl'I.' ml'thod (I) 1'01' dl't(,l'minillg the' nge of whitp­
tnile<l decr in ~li('higall \\':lS ilpplil'd to AI/l'ghl'II.\' dl'pr, alld it W:lS 

found that the n,n'mgt' \\'hi [('-tn il('(/. <1(,(,1,' 011 llt(' AIl('g}\(,Il~v:'\ a t io[wl 
FOl'est of lilly gin'll nge dnss had antkl'S of a tllJllllll'r dillllll't('I' t.]\II1I 
the aVe'l'ngc whilt,-taill'd deC'1' of Ol!' SlIn1(' age in ~li(']Ligall. A 
('ompnrison of menSUI'('/1wnts fol' ('itch ag(' elflss fo]' both 1wrds, Il('COl'ti­
iug to the snme fOl'llluln, uSNl ill thp bl'am-dinnwte'1' method, show:; 
considl'l'ahlc unifol'mit", This fUl,thcl' substnlltiat('s UI(' 1'0nclUSloll 
thnt n, method for (i(otp;;lJIinillg age' can 1)(' \\'ol'ked out for nny group of 
dept' based on u. single II1cnSlll'C'll1l'nt thnt would. b(, stn.tistienlly il<l('­
fluil.te nnd would 1)(' npplieabl(', 1'01' nil pl'ndicablp PIII'POS(,S of maIHIgf'­
IIWllt, for del'l' fl'olll thnt loeality, but, would pl'ohably 110t Iw Ilpplicu.bll' 
to deN' from HllOthl'L' locality. For (Ixilmple, CllhllInne's method 
eouJd be used on the Allegheny heI'd, but first n seril'S of aetual 
lIleaSlll'Clllcnts of Allegheny deel' wouhl bl' [l('cessuI'Y in OI'tlPl' to 
('stablish the beam din.JIH'ter silles for ench nge group. 

An appmisnl of the IlwaSUl'emCllts 111k('li from n mUllngl'lUpnt stillld­
point during the course of this study will he foulld hl'lpflll in the 
selection of the IlWI1S11I'l'mellts most nppli~!lhll' to it gin'1l cOlldition 
(tu.blc 22), 
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1 Dotn for IOaft is not irwitHiet1 hrcHusc ngl\ was not tllk(ln~ Til(' ·Ia~ dN'r Wliig:hcd and measnred in JOa5 
woultllllllkc n ~rnncllotnl o[ 1,i'S7 Hnimals. 

, I ncJudll!-t 02-1 mn1~lS, 425 fl'mnl('s. 

AI'I'IIAISAL OF TNDI\'WCAL\lEASCIIE\IENTS 

DcP!' W(\ighls nnd JI1l'fiSUI'(\ments data without ag(' have very limited 
\'ilhH', bpC'll.us(' n1l mC'fISUrel1lents in('I'C'flsc \\rith ng(' up to n.t lenst 
Il1nturity (S(\(> tn,llks 20 find 22). If, for (\xnmpk, :1v(,I'ngeweights arc' 
kno\\-n, no dpfinite nssumpLion can be mn(\(' ns to the I"('nson for lin 
inel'('fISe or (lpl'I'Nls('in n\Tprngp w(·ighL If lh(' investigator c01l1d 
nS('('i'lnin thn.t Llw llll'nn (l1\'pl'ng('J ng(' for ('neh snmp\(' \\rns tlll' SflllH'. 
then n.gc· might 1)(> disl'('gnrd(,d, hut in this ('\'ent it wou1d Iw ('xl'(,p(l­
ingly ynlunble to kno\\' thp distl'il.nllion of ngl\ ('\n58(,5 in tlt(\ lwrd. 

• 
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• Tn hk 28 sho\\'8 the ]wl'cenj-,ngc of UlalurC' find immn tUl'e i1l1in1tlls for 
the Allegheny N ntiollid Forest by ycnl's bnsccl upon the dnbt C'oUceted. 
Approximntrly I;) pcn'cllt of the animals ,\'C' 1"(1 immnture' nnd the 
othC'l" 2:j Pe'I'C'C'llt \\,I'rc prohnhly not O\'C1' G,l~ y('I11"S old. During thc 
whole ;l-yenr ]lNiod, 20 nnimnls or less \\'cre found thnt could be 
dassNI in tll(\ Dh-:nnr-plus ngp ('lass. Tlwl'c is, ns would hc cxpcetecl, 
n subsbllltinl innl'fIsP in the llumbCT of mnturp d('(lr following nn 
nnth,r1l'ss del'l' hunting senson. "l1('n a high ]wl'('('ntag(' of the dcer 
ltC'rd is il1lmntul'l' Hllimnls, sportS1l1C'1l cannot cxped to bngmlmy good 
hf'nds. In HIH11yzing tht' dutn by mnnngl'l1lC'nt units, it ,,'ns I('nnwd 
that, gl'IH'l'a1I:'l', mon' mnture decr \\'l'I'C' founa in thC' ilrens lUlYing ill(' 
smnllc,;:;t lHlm})l'l' of (lL'('r. This is nttributC'tl to thc fact. thnt the 
gI'PutC'l" pnrt of th(' huntillg is dOll(' in tlt(' s('elions whl'rC' tlw dl'(ll" nrC;' 
11I0St, plpnliful, lhl'l'('h~' upsdling the nOrJ1wl progn'ssion of nge groups 

TAIII.I·: 2:3. P''}"('I'lIilt{l(' of 11/0/111'(' Itnd il/ll/w/IlI'C (tlli/ll(t1.~ b!lll(,lIr.~ 

.;\Inlun" IUllllntllJ"P 

Y""l' 
:!!;! to ·tt;,!.i l :! ye.nl's J~ 2 Yl'ur" TvmlYl'uro.; 

jJef('fllt }Jt'fCful /Jt'fCCJli }Jerccnl 
l'J:!1l 17. I i:!. :~ 1l1.:1 S2.H 
W37 2:tS 51.() ~5.2 76.2 
IU:W I ·1:1. X 41..~ II. ·1 ;i6. :! 
~ ypnr fl \'C'rnJW ~X.() ij5.11 17 () 72.0 
IO~S (withollt f"wlls) ·17. s ·IUi 111.·1 52.:! 
1!1:\, IfnwlI' iudud"d) . 27. )0., ~1.:1 U.:2 ~ 72.:! 

Frl11Hlp clC'pr \\'('i~lI(lf1 und HWlhlll"t·d durillJ! 111(1 W:W:-('U;';OIl \\ tOn' not irH'll1th,d I!l'C'HO:-<1' nw ';('U!'Otl on 
~IUlIt'rl('ss dC'pr wn~ nOI rorp~t~'\·idl'. 

,:: Inrhulp:-: 21.7 ppn'(lUI [pU1alt' :11l·l !.!(lIJ('f('(·lll mulp rllWJ1~, 

IlHI.'SSEIl "EIGIIT 

'rbI' \':lrintion ill \\Pig-Itl of lPg-HI Ill:li(' a'JId fl'Ill:l1e <it'PI'. t'x('cpllng 
1':I\\'ns (lnbk 24), is <it'fillitt'l.\' inflIWIIl't'<i by tll(' p<'rcC'lltagl' of :lllinlllis 
ill the 01(\('1' agt' class. Fol' I'x:1lnpl(" lite \\"('igltt of IPglIl IIIHIt' (\e('1'
.i umped 1'1'0111 I J (j pouHds ill 19:~1 to J21 poullds ill. ] n:3!l following fill 

nntc'rlt'SS dcer It unt ing 5C':IS011. Tht' n'uson for this iH('l'(':1Sl' is J'l'adi1y 
t'xplnillNI by tn.bln 2~3, which "ltows that in 19:~n, lIC'nriy 44 perccut of 
Ihe kill Wfl.S ilia lun' tit'('r. This is pnH'tieully dou i)lt' lht' percell tuge 
01' mature deer for 10:31. 'rhe same lhing is Ii'll(' for thl' ft'mnle deer 
for 1.he years 10:38 and l!):~U, the weights being 02 and oa pounds; 11ud 
tbe pe]'('C'ntnge of JIIl1tu]'P Hnimnls, 41.~ nnd 4:3.8, l'l'spt'('tively. COJll­
p:n'ed to tlte 19:-3G lI\T(,l'flgl' weight of HI pOllnds find 11.4])('l'(·Pllt Il1nluJ'(' 
Hllimnls. 

. •.'.'. --'"-'1''' .._,--_ •. ­

10:1;; : lOall i lOa7 : 10:18 1930 

-....---·'-:~"-'-~--f~··~-·----·-:-·'----!-----
j)ouud.'f }JOlluti.'t I POllnds ; Pounds. 1 ,PullIIllir 

Mnli! II~ 117 I I(j i . ' 121 
Felllnl!.! .. ~ .. 

S7 I' : 02 I va1:' ·1,­i\fnlc fnwlls I , '!,~. ;?_ ! ~9
Female fnwns 1 0(, ,. . 00 I 5-1 

• , Up to 9 1II0llths • 
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..:\ comparison of wpight b~' X(':lI'::;, :IS ~ho\\'n jn table,s tG and ~:2, 
indiefl,tes thnt HI lIlU nl nlrintioll. ill w('ight of 1'('111(11(' dt'l'T ill til(' snme 
flg(' e1nss 1'('fic'cls food eOllditions, The t test (t:1bl(' Hi) shows thnt tht' 
!ludc' wC'ights nn' not Sigllifl(,lI11tly diffl'J'('llt b~' ,\'c'nrs, This is pl'Ohnhl,Y 
h(,(,lIus(' lill w('ighls \rl'l'l' tnk('n dllrillg thl' hUlIting S(,flSOlI, ",hil'h fol­
lows 1'ut. 1Iowl'\'('I', til(' fl'mnlc' \\'i'ights a1'(, \'PI','- significant, the' \\"{'ighl 
of fl'l11:ill's Iwillg t Iwl'('/'o]'(' n hl'Ul'1' iwlt's of ('l1\'ironmplllnl comlitiom: 
tllIln til(' w('irrhl of mnlf's wI1(I11 \\'('ighls HI'I' tnkl'!l following lhc' rlltlim!' 
Sl':1.801l, "In tnbll' 22, lhl' wpighls fen' fpll1nll' dC'('f' in nll fOtlr ngp e1f1SS(:S 
111'(' ('onsistl'lltly higlll'l' if I l!l:~n flullf in ]O:)i-:, The ]\);10 Sf'nson (spl'ing, 

I­
'(I-~-- "1--­

t- i 
?( ~---'".--+. 

~ 

45 65 85 ,os 125 '45 

:;,RCUMFERENCf OF Mill1\! BEAM ie.ohme!e,s) 

·:r-El~-Ef]~-L-l--_l

~ ~j ~ ~ 12~ '85 245 305 365 425 485 ""145 60-5 665 

SPRt AD OF ANTLERS (Centimeters) 

(AGE GROUPS), , 
-- i~ YearS -- 2z-4'2 Y€lors ----- 5~Yeors 

1.'J(;t'ln; l!l, Fl'l'qlll'lI(')' (,111'\'('1' uf untl('1' .1IH'a;<IIJ'('IIH'nt" of thl' ~nlllpl(' IlIal!' rI!'f'1' 
within lIl1:(' P;I'CIlIP" fol' I03n, Waf, alld Il):m. • 



COXD1TJOX OF WHITE-TAILED DEEH FH:HDS :")1 

• SUlllmer, lind full) WlIS ill I I'xeell('ni food-crop ~'('nl', nnd J!J;~~ WIIS H, 

pOOl' food-c!'op yefl.!'. 
TIH'I"l' is sOlllr ('01Tl'lu.tion ;)('l\\"pell weight and al'l"(,S lwr del'r as 

was illciien,ted in the report baspd Oil :3 y<'al"s' \\'OI"k (,9); buL thl' tl.lw.lysis 
of Ii v('fl.],s' cintn. shows thilt this is influpn(,pd I1lOJ"(' by agl' thnll hy food 
conditions. (Sl'l' F ie'st in tabIl' 10 nnd Il1pnn y:ilup ill lidJIl' 20.) .. 

It is Yl'l)' ('\'jell'lll from 11\(.' (il\(lings pll'Sl'ntl'd JWl'eill that Hnrag(' 
\\"(·ight nimH' is 1I0t n. tl'U(' ilHli('nlol' of the pllysi('nl ('ollditioll of a 
dt't'r 11l'1·11. 1 1 O\\'(·\'('r, with thl' ndditioH of ag(' and. SI'S, it pl"(J\"ielps a 
\"('1')," good indi(,tltor of physiea I eOlldi lion of til(' h('1"(1. 

On til{' bnsis oJ lh(' stntislienl mllllysis ill thl' s<'dioll Oil statistieai 
ann}ysis of datil, pp. :n to 47. drl'SSl'li w(,ight is 011(' of thl' I)t'st single 
body 1llf'fIStll'I'l11('nts for dis('I"i!11illntillg :Igl'. :t/t hougll til(' difrl'!'l'lH'C' ill 
pn'(:ision bel\n'Pll :lIly two of tll(' !111';ISU;'PIlWllls, (:X('l'pt II'1Igth of tnil 
lind llumber of points, is too SIl1:1II to 1)[' ('OIlSl'qlwlllial, insofnr as its 
prnet len I :1 pplicnlioll to dl'('r-hl'l"d !11allHgl'lll('1I t is ('0 I I,('prll l'd .\\'pigh­
ing fI Inrg(' llul1ll)('r or dl'('1" (':I,l'l'aSSps is a I"lIt hl'!' ('os(I." ullde!'takillg, 
:1l1c1 unifol"m Ot· ('Ollsistl'lIt l'l'slIit;,; m'p usu:dh' difli('lilt to oht:lin 1)('('f1l1s(' 
of thl' \'f1Ti:ltion in lhl' \\'ily (':\I"(':lSSl';'; :lTl' ill'('sSl'd oul. For l'X:IIII pl(·, 
Oll thl' AIlt·glH'IlY F01"('sl "OllW IIIIIllpl"S left ill tll(, hparl, lungs, :llld lin'l', 
while ot Iwn: took tlH'llI out, :I 1\(1 s{ill olhl'l';'; took till' Ii \'('1' :lncl Id! the 
hC'Hl'l :lncl lungs. Cllle,SS ('nt'll (,:I1T:lSS is ('xtlrninl·d lllld till' proPPl" 
:I11o\\'nlH'eis mar/l', the r('sult willllot 1)(' Yl'IT :I('('IIl':I(l'. 

Jt hilS I)('('n thought b.\' SOIHP that YOII';lgPI' IllliJluils l':lttl'll Ilion' 
1'(':1(}il\,. tllllll oldl'1' aniJll:tis, hut litt' n.nl":t!!:(' gain in \n'i~hl or till' 
fl'IHal(· dPl'I' lluring a good food yl':!1' on-I' :I.' PO;)I' food Y(':II' (I\):1l)-:39, 
tfLhl(' :2:2) WfI,S fi pOllnds fol' 0-1110Ilt.11 old (11'l'I'; :{ pOllllds fOl" 1J~-'yl'a,1' 
old r/(.(.I'; 4 pou1l(ls for 21~_ 10 cI J~-yt'nl' 01(1 (1('(.1'; :Ind. -4 pounds 1'01' L1H' 
Iil~_:yp:l1' n,nd old('t, dl'l·r. TIIl'r" is, thl'r('/'ol'l', :IPIHll"{'nLiy lillll' (lif­
1<"'('11('1' ill til(' fntt<'lling :Ibilily of IlIatUI'{, alia illlJlWtlU'(' :I Ili 1lI:1 Is. 
Tilt' \\'pigJI t of 1'n \\,11"; b~)f'J1 follll\\'illg h:l I'd win( (,I'S \\':lS l'ollsitipmhly 
I('ss thnll Ihos(' horn following nOl'mal willtl'l's. 

'1'1](' dirr(,I'Pllc{' in till' hphn.\,ior of wl'if.dIL lIl:lQ,lIitutil's in lll:lll'''; :lnd 
I'Pllwl('s isiIlU'J'(·still!!'. TIll' fl'lllall's ;'(,l'lIl ti) IItt:lill 11I1\(lIl'ih- ill 
\\'('igill :It :lIl (·/trli(·I· :I'gp tll:ln do tIll' II1:1Il'S. Th(· (list illdioll I)('l\\'('('ll 
thl" two "PPPI'-:lgl' gJ'()UP"; is lIot SO JlIl1l'k(·d n,s ill til(' IlInlt·". 

1.";;:\'(;'1"" OF IIOIIY 

This ('1i:lr:l('lpl' ",us 1I0t lhl' Ill'~t. ~lnti~Li('nl iltllil':I(or or II~I'. PHil 

though I\()ologieully il i" :L \'pry slnbl(' 1lH':lSUl'l'lIll'lIt 1)('(':lUs(' 'it is not 
infllll'ltt('d by tNIlI}()J'lIry eh:lJ\g:l's ill lill' physic:!1 (,Ollllilioll of the 
h('rd. Tn tlH' Ii('lei work, howl'\,('r, it WI1S fOUlIll thaL thl' I)()~ilion of 
Ihl' }](':ld I1nd neek nfrl'ct('d tll(' lotnl-IPngth llH'flSIlI'l'lIl(,lll mfLi('rjnll.\'. 
For this 1'('I1S011, it is noL lite i>l'st JlH'aStll'PIIIl'nt to seipcl 1'01" flgP 
delC'rminH,(ions. '1'11[\ pxt n'llH' nll"in,bilil'~ in lrngtil of body mfL.V 1)(' 
pn.I"li:lIl.v nltrihu!t'd to (ill' (lillil'ultyill lakillg t lip lIH'lIS11I'(,l11pnt.. 

LE'IGTII OP II I "ill FOOT 

Thc' n.nalysis shU\n·d. this elwJ'lV'((,I' t.o 1)[' lil(' most iIHll'IH'IHll'nL 
mNlsul'('lIlpnL of :ill; :lild sinec' all ('llHl"lIl'lpI"s an' illllll(,IICptl by age and 
til£' nssoeinJioll In'( \\'('('11 ('hll,l':1.('(.('I":; is (,Ollsitil'I'nbl(', ",Olll(' ('Ollsidl'l'ntion 
5110111<1 1)(' ginll to till' dtnr:\'('('I' hll\'ing (it[' ~n·:tl[·st illdl'pl'n<ient 

• 
\"flrintion, ('sl)('('inll," ir n sill~d(' IlIC'Hsun'1I1l'1I1 is us('(l as II bnsis 1'01" ngc 
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determination. ZoologicalLy, the hillel-foot lU(,flSUl'C'Ill('l1t is as stubl(' 
us the lC'l1gth of body fWel itis an rusy mCil,Slll"NnCn t to tuke. It cun 1)(' 
taken rcudily by nlly OIH', with fl high degree of ('onsistl'nt nccurnc)', 
the chl1J]ce for errOl" bC'ing C'xtl"C'l1wly slight. It is not nfl'pctNl by Ow 
condition of the cal"cnss and could be taken nccurtl,tely ('yen on ([('cny('(l 
CIU"cassps, and aHer the hod.\T had elisintegrn.tpd considembly. 

------------~---------, 
FEMALE 

2f) === l~'~ 
-- ­ 2h'4l<z Yea,~ 
._•••••••.•. 'ly'!YearS 

,., 
// " 

,/ 
/ 

-_I 

" 
-, 

.. - .. - 2~'4~ n 5~ yeal$_/ ... _ """,".0_,-------'-- ­ _ ........ -":.~::::.-:~~,~.. 

40 

20 

o 
33~:; 3545 5545 

FWI'IlE 20.-Tt'frqllrnry ClIl'\'O of (I1r lell/4tlt of (he hind-foof- JllrI1SlIf(,Ill('llts of the 
;:;ulIJplc Illnlo c1r(,I" for 11137 and 1038, and femal(' c1eef fOf J1138, by II!!:!, grollp:.', 

LENGTH OF TAIL 

This ehUl'Hetc'I' is similaI' to thl' lltnnbeI' of poillts, It wus such n 
poor incliclItoI' of ngc thnt it -was not inciud('d lIt thC' finnlcomputntions, 

A~T('EII )1 EASt'IIE)1 ENTS 

'1'11(' ('omplltn,tiulIs foI' tllis gI'OllP of derI' iIldicflled that iLli :Lntler 
elw,I'Uctt'I'S, (lX('ppt til!' Illlllti)('I' of points, W('I'(, goodirulicn,tors of ag<.'. 
S~atisti<.'fllly, til(' (III'P(, l1It':1SlII'('Illf'IltS, eircumfcrC'nc(' uf main I)pum, 
Il'ngtit of ltIllkI', and SPI'l'flCi of ilIlt1('I', W('I'P of ftlmost eqvnl yaluc, 
length of nntiPl' Iwing thc' bt'st single ml'(lSU1'('1JH'nt. Zoologically, nil 
antll'1' ChaI'ilctl'I'S HI'I' Vl'I',Y sPllsitiYe to Lhc' physical eondilioll of tlH' 
nnimnl (2), A stud,Y of thp sLiltistical nllnlysis by yt'UI'S shows n, gl'C'nL 
([pul of YHTintion ill nntl<'I' 1ll1'nSlll'('Il1l'nts. FoI' l'xn,mplL', Hl(' 193fJ 
nntiC'I' n)('nSUl'('mC'nts W('I'{' consisLf'Iltly smnllpr than thosl' of pn'violls 
YPlU's foI' til<' J l~-.vea I' ol(l elnss, III tlw oth('1' two ngf' groups, tltp 
vnriaLion Wl\.S VPI'Y l'I'I'Iltic. 1I0t nlwn.,vs occurI'illg iI' the SfLllle direction 
(lable 22), The m('aSUI'C'IlH'IlIs 1'01' Llil' pntiI'l' 5-yellr pl'1'iod IIvC'l'ugl'd 
lip YC'IT well. This mll~,r or lIlay not hitvp IWl'n n. l'oineicil'llc(" but it 
is very ('viclellt I'1'0III [,he ['('suIts of this work tha.t nU !tlltlpr dlll.l'flctPl's 
urC' scnsiti,'c to challges in (ht' physicnl vigoI' of thl' illdi"illul11 nllimnl 
and the herd, 

PIIOI'OSI'" !\I ETIIOU 1'011 1\(;1'; DETEIOIIl"ATIO:X 

To sport,SIll('II. the trophy (antleI') is u1l impOl'tulI t, bu t; the gnmc 
mn,l1ag('1' is intpI'csted in finding the most lH'acticflblc find l'C'liilble 
guide to the cOl!ditioIl of tlw 11('1'<1 so thn,t h(' ('un mnnnge it to produce 

• 
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• anllUiLlly a rclnlively high percentnge of good trophies. He is in­
terested in obtaining the essential information n,bout a deer herd with 
it minimum expenditure of time and money. By using the procedure 
outlined herein, this becomes possible fiS the following cnn be fiS­
C'el'tained: 

1. Percentage of mature and immature animal,; (del'!' in ('lIch ltW' elalis). 
2. Physical vigor of animals. 
3. Sex ratio of mature and immature animals . 
•1. Distribution of hunter;: and kill. 

.'i. AnnHal increase. 

6. Percentage of adult dol'S producing fall·nR. This can be ddcf'lllillt'd by ob­

tuilllng number of lactating f('nlltlc~ as the 1l1alllllUHY glands of animals that, have 
Huckled young during the currl'nl. .I·par contHin lI)ilk aH IlItp Uti December. The 
lilze of the glands i;; also a good indicatiun. 

7. }Jerccntagc of dl'cl'p:lse> for CHell ~('x and age> clm;~ thl'Ough hllnting effort. 

SinC'c the collection of data is lIS11fi]]Y limited to deer bu,gged during 
open s('ason, the type of St'llS0n limits the extent uneL \'nlue of the datiL 
('ollectrd. For rxu.mplr, on the Allrglwny X utionl11 Forest the sex 
ratio of mntlll'r nnimnls ('ould not he obtainrd ver.y n(·turn,tely from 
th(' snmplc w('ighed and mens1Il'ed dUl'ing thr 5-),('n1' period covered 
hy this study, beC'nuse tlH' sensons foJ' hunting antlerl('ss deN wel'(' 
shoJ'teJ' thlln seasons foJ' legal mall' deCl'. It is possible to obtain all 
of the information (it(,ll1s 1 to 7), pJ'o\-ided til(' open hunting season 
is for both sexes and ull ages dUJ'ing the sumo period, OJ' the equivalent 
of equul hunting pressul'e' for both sex('s unci ull ages. 

The proposNL procedurc is mude up of two distinct pllfises, both of 
which. inyoh-(' sampling of thr lwJ'd und('r manngement. The first one 
is the d('termination of the range of the measurement. fol' each ugr 
gl'Oup nnd the second is thl' us(' of thes(' slundnrds in classifying decl'. 
Both must he' bl1sed on adequatc smnpling. In the first phnse, in 
addition to the selected mrnSlIl'f'lI1cnt unci sex, the age of eHch deer 
mllst 1)(' prrl'isely ddCJ'minNl, although nftPrwnrd this is omitted. 

A. 	 The sl'l'l'raZ steps for (/(tel'millillg the aye [frau]) 'I'(IJl{JI'8 the first year 
(11'1' as follows: 

8tfjl 1.- -Obtn.in sex, ng(', nnd on(' 1l1l'nslIl'PIIlC'nt 011 n,n ndef/Ufite 
:5ampl(' of tIl(' d('rl' h(,I'<I. 

Step ,2. ·Tf'st thl' adequHey of till' dn.tu foJ' this 1I1('lho<l by pl'cparing 
fn'C[tH'l1lT d istl'i bu tions unci drawing the l'l'StJl Ling pl'obn,bili t~7 turn's. 
The pl'oC'('(lllJ'e' for this lllls nll'cnd~7 lwell d('sCl'ib('d, pp. 21-22. 

Stl']) S.-Compute th!.' 111('nn (Iwel'flge) of the selected 1ll('nSUI'(,1l1ent 
for endl of tlil' agc einsses within ruch sex. This will bl' the SUlll of the 
mCnSUl'ClllC'nts diyi<i('d by the ntllnb('r in the group. 

Step ,}.-~H('t up the I'ungc fol' eneh age group. This will be based 
011 ol1r-hnJf the dif)'c'I'(,I1(,(, bdween the Jl1('UI1S of two Sut('('ssive age 
groups. Howe\"('I', it mlly bl' best to shift the tiJ('ol'et ielll rnnges some­
what to put thrlll in line with th(' vnlues rend f!'OlIl the gl'Hphs. 

Step 5.- -Following the tl'chnique ontlinrd, pp. 4:3 to 47, thc }>I'ob­
nbility of miselnssif~ring fl, del'l' 011 thr basis of these mnges mlly be 
exactly dct('rminl'd. These should be ('ompnt('(l Iol' each group. 

B. 	 esc of Gge-f/rolljJ limitN or ranges to lietfl'miJll agf diRtl'iblllion of 
(/('el' /t('l'd in .111t1l1'£' !ll'al's. 

Stl'Jll. -Obtllin Sl'X nnd till' 011(' ml'n~ul'Pfl1('J1t 011 ~ampl(' from till' 
d ('('I' 11('1'(1 uncI PI' 1I1n11 ngrfllf'n L 
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Step 2.-After the da.ta.lu1Yc bl'en sorted by sex, arrange the meas­
Ul'ements in ordcr of magllitudc and divide at those points determined 
under A for limits of the age groups. 

Step 3.-:Muke fl, count of deer within ellch sl'glllC'nt for tho ago dis­
tribution of deer in the sample. This will be an estimate of the pro­
portionate distribution of the deer population by ages. 

Theoretically such an estimate is at best Yery rough, us will be 
seen in a. study of the ('xlunple which fo]]ows. 

For the first phasl' of' lhe llwthod i l is l'ssential thn.t the sample for 
each nge group is ]'epresentative of the deer of tlw.l agl'. For sub­
srquent snmples it is 11.lso important that the sampling method, in 
nddition to this, insures an equn.lIy likely opporlunity for ull deer of 
whn.tl'ver age to be' selected, dependillg 011 their frequency of repre­
sc'ntation. The silmple' must be n cross sl'clion of the hNd by age 
dist.ribution ns "well ns within the ug(~ group. 

One oUlsttwding limitntion nffeeling thp IH'l'llrney of this method 
is that the gn'n.tPl' the diwl'sity in number withi1l the age group, the 
It'ss precisp fI.I'(' Ul(' }'esults. If aU age groups are equally rcpn'sented 
thm thl' ('stimnt('s wtIl be fnirly good; but whpJ'e two suec('ssive age 
groups difr('r wid(,Jy, thc' Ilumb('r in the larger group will be under­
('stimn.lt'd unkss till' nge group ill the othl'l' dircction is equally larger. 
This fn.ct should be tohn into a('('Olllltin ('vnlunting the results. 

C. 	 Illustration oj j1I'ocedllre, 
'fhl' succ,pssivc st('ps in til(l p]'o('edur0 jllst OUtIilll,d, using t.J1(' kngtll 

of hind fooL m('nSlll'l'l1l('l1i for both 1llil.h' and fl'mn.!l' deN, may be 
illustl'n{NL. TIt(, datn, for th(' l'Ilrlir'l' ),('UI'S, 19:37 lind 1938 for maks. 
nnd 19:38 for fel1lnh's, will 1)(' the bnsis for section A, tlll' setting lip 
of ngp-group l'Hllgl'S; lind (h(, Hl30 datn. will 1)(' uspd for section B, the 
npplien.tion of tllese rHnges to ('stimnle ngl' distribution. Fortullately, 
tltc' ng(' distribution of thl' J O;{O sHmple is known so thc' prl'('ision of 
this IlJ.l'lhod ('nn 1)(, lc'ste(l. l{l'i'pJ'I'ing to A, tll(' first part of th(' Pl'O­
POS('c\ llll'thod, find eonsidpl'ing til(' diltlt for mnle tlN'r: 

,'';''11']) J. Thl' 1n:Yi" nnd 1D38 (D months only) snmpks WC'I'lI ('ombillC'd-­
liS tltc' hllsifl for d(,t('rmining ngl'-group limitfl for mnle de('1'-~wjth thc 
ll11mbpJ' in (,:1l'11 group in thl' 01'<1('1' ofincJ'(':lsing ngl', 01' GO, 27, 72, 
:llHl 42, tlteSt' hl'ing UI(' onl)' mnle <ll'('J' of \\'llieh nll m('HSUl'('m('llts 
\\'PI'!' lllad!' in those' 1'('111'5. 

Sfc]! d. -Anflllging tit(' dl'('r \\'itJlin ('adl :lg'l' grOUl) ,ill Uw order of 
Illugllit ud" of lltl' l(,lIgtlt ofltind foot, Betllnl ('olln!s :11'(' Illude for £'n('lt 
('In;;s in\('l'nil sIJo\\'n' ill tnblp UL TIle' "I){'.J'(·pnt ('ilelt l'OUlIt is of Lh!' 
[o!:t! is (llPll ('OInplIt('(l. Tltt'sl' fJ·pqul'I1l·.v dislt·jhulions an' s!to\nl 
~1·n.phi('n.II.\~ ill figllrl' 1:-:. 'I'It(' midpoints of' tIl(' dnss in{('rvids WI'1'1' 

plotl!'d nlol)~ thl' busr· lil\(', {]\(' P(')'('(,lltS ('o)')'('spOllliillg to t1ll'sI' mid­
poillts 011 (Ill' nrti('ul uxis. SillC'(' :lg<' groups n [ nnd TY silO'" littlp 
difl'p),PIl('(', tJlPir ('olllbilll'd 	grnpll is n1so gin'lI 

SI{']) 3. ·'I'll£' 1111':111 fo)' PHdl :lg'(' g),oup W:\;:; JlI'xl (·olllpuled. 'l'hl')T 
w(,re: 

(/rou/J 	 .Jleau (ccntime/pr.'l) 
I 	 41. 7 
II 	 -17. 1 
III 	 -II). ii
Ir _ 	 fiO. ·1 

• 

• 

• 

• 
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• Step 4.-Thc computed upper limit for group I will be 41.7+ 
47.1-41.7 444 f II 4'"' + 49.5-47.1 483 f III-Z--= .'; . or group , 1.1 --2-.--. = .. ; or gl'Oup , 

49 ~+ 50.4-4_~:Q=4!) 9.n 2 ... , . 

Adjusting these figul'('s Lo be consistent with the gmph find fre­
quency distribution tnbl(', will yield tlH' estimate of tll<' l'Iwges: 

GrOlLp 	 !fUllY" (celltillll'ler.YI I ___ _ below ·14.9 
]1._ •. _._. 	 45.0-47. !)TIL. _____ _ 48. 0-50. 9IV________ ..... ___ . ______________________ . 

til. 0 	and lip 

It is very ovidcmt, that tIt(' two UP])(']' groups cannoL be s('gn'gn.ted 
,m.tisfn.ctorily on the basis of the hind-foot mcasm·eml'nt. The 
standard deviations, had tlwy bol'u eomputcd as snggestl'd l'arlier, 
\\'olIld hnve likewise indicated l,his. 

Combining the two age grOllps ill question nnd eompulillg lInw 
means find rnng<'s, procpcdillg as b('1'ol'(', yields: 

Group .\[eall (eenlimetas) 	 Rail!!' (cCII/imelu,,)
L _.__ _ 41. 7 _______ .___ _ _ below 44.!) 
II. __ _ _ _ _ _ _ _ _ _. _ _ ,17. 1 _______ . ___ _ _ 45. 0-47. 9 
ITI anellV_____ •. ____ ·19.9 ___________________ 48. 0 anelllp 

Step S.-How well the pstablished riUlg('s divide the original datu 
into Itge gronps mny 1)(' t('sted by n, stn;ndnrd procedure which will bl' 
outlinl'd ul1ejpr D. Also sillC'e the agl' information is availab}(' on the 
1939 clnta, wllich will h(' rnnked on th(, basis of till's!' limits, thn test 
will 1)(' mfide biN on how well thl' plwliet('d ('oinei([('s with till' 
actual. 

D. 	 ['se (dlhe age mn[les d"t"nnined 'Ilnr!fI' A to estimate (([Ie distribution 
oj 1939 dee!'. 

Step .t.-Length of hilld-foot menSlll'('I1Il'lIls 011 llll~ 2H2 mnlP d('erin 
the 1H39 snmpll'. 

Step 2.-Arrnngl' dalll ill order ofmngnitllde il11(l I1wkC' 1I ('ount 
within the l'nngl'S sptup und('1" A 1'01" the JOUI" gl'Oups. 

I II HI n" Tutul 
P!'edicte(L_.___ . ______ . ___ 32 ,Hi 128 ---"--8'(;- -292" 

Obs('['\'C'd ___________ • ______ . ao a7 .107 112 292 


How closely the pl'('(lictcd is in agl't'r!llent with the observed is judged 
. .) " (P1'edieted-Obs('l'v('d)~

by the clu-SCIUal'e ex-) test, wherc x-= 01. I --.-­)SPI've( . 
This is computed for pn.eh group and HummC'd. ILis ('kal' Owt the 
morc elose1y the pr!'dieted agrees with the observed, the smn.Ilcr 
'will x2 be. Entering n. £-tablp with 11 0]1(' less than Ow number of 
groups, n=3 for rOUI' gl"oups nnd n=2 1'01' three gt'OllPS, the prohnbility 
P corresponding to our computed x2 is 1'pnc1 (4, 'Tabl(' IV). This will 
be the clulIlce that so lnrgo a x2 lIlay be due to rnnd011l sampling. 
A small x 2 is assoeialrd with n,large probability, indicating n. good fit. 
..Any probability ]PSH tIII11I 0.10 (J elianee in10) will indicnte n. poor fit. 
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Now testing the agreement of the predicted distribution for the • 
foUl' age groups with the observed distribution, 

2= (36-32)2+ (46-37)2+ (128-107F+{~f~~-112)2 
X 36 37 107 112 

X2=0.444+2.189+4.121+6.036 

x2=12.789 

]for n=3, fl, X2 this large is associated with a probability less than 1 in 
100, this is P<O.Ol. This yery definitely indicn.tes a luck of agree­
ment. In other words, the proposed plan did not properly classif)T 
the deer into foul' age groups. 

It will be noted that the greater' pad of the discrepancy was in the 
two upper age groups, these two X2'S adding to more than 10. Oom­
bining these two groups fl, Dew X2 can be computed. The first two 
groups Temuin as before, although this is not necessa.rily true fOl" 
nge-class II. PredictNI arr 32, 46, and 214. Observed are 36, :37 .. 
n.nd 219. x2=0.444+2.189+0.114=2.747. Now 11,=2 and Plies 
between 0.30 and 0.20, which indicates u. sntisfactory agreement of • 
predicted with the observed distribution of deer by ages. 
E. 	For the female dpP1' 1L.11.der A: 

Ste'p 1.--The HJ38 sample of 265 deer for which age and hind-foot 
measurt'ments were n.Yflilab]r consisted of 75 nnimnls in age-class 
I, 21 in II, 84 in III, nnd 85 in IV. 

Step 2.-111 table] 6 and figure 18 is showll the distribution of the 
animals on the hasis of length of hind foot. 

Step 3.-The me'ans for the age groups nre: I, 41.2 cm.; II, 45.4 
em.; III. 45.6 em.; IV, 47.6 em. Since groups II and III have prac­
tically the same' mea.ns and. the curve's an' ypry dose together, the 
two n.re comhined. 'rhe rnngps will then he: I, below 43.5 cm.; II 
a.nd III, 43Ji to 46.5 em.; IV, 4H.H em. and up. The predicted age 
distribution of 11]1(' Hl39 deer on this hasis n.["p 34,51, and 75 as against 
ohsel"v('(1 ynlul's 36, 79, and 45. The' X2 yulne is 30.104 and Pless 
tha.n 0.0]. This indieat,ps ill1 l'xteemely pOOl' eonsistpney of results. 

Combining instead, tli(' two npper-ngl' groups (which sca.rcely 
sepms reasonnble on the basis of the' ('nrvl'S n]o11(', hut, which ot]l(']" 
information does :i ustif.v1 gives: 

nrOlI]) 	 .\1"'71 (cC'Iltim('/crs) NI/f/Yc (cef/time/ers) 
1~ __ ~ ___ ~ ______ ~ ______ 41.2____________ __ Below 44.0 

TT_~ ________________ ~ ___ 45.5 ________ ~ _______ 44.0-45.9 

lTTnlldIV__ ~ _______ ... _~ 46.5._~ ____ . ____ .. _ 46.0 and up 


Thr distrihution 01' the 160 dl'er in 1939 will no,,- he 34, :30, and 95 
ugn.inst :3H, 33, and !)1. Now x2=0..5HO und P lips hetwp(,l1 0.80 a.nd 
0.70, sufficiently inrgr for ('onsis(eHey. 

'rhis pl'ocl'd nrc WIIS likewis(' n.ppliN1 to thl' dre'sse'd weight, ll'llgth 
of hody, n.nd ll'ngth of antler (mll\rs). An npprnisn.l of the rl'snlts 
fol' males follows: 

1. Length of hinel fool, i~ rea:';onabl.\' ;;atisfaetorr wilh two upper-np;e Chtl"Rl'H 
combined; P 1irs bet.ween 0.30 [Llld 0.20. 

2. Drrs~cd weight was reasonably satisfactor.\- with four age groups; Plies 
i)('twi!cn 0.20 and 0.30. Combining the two upper-age' groups gaY(~ a bimodal 
eurvr, which is not. satisfactory. 

3. Lcngth of body is unaatisfactory. 

-I·. Lrngth of antler is reasonably SILt isfaclor.,-, as P lil':-; betWPcll 0.30 anel 0.20 . 


• 
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An l),ppril.isnl of thc rcsults with femilks shows: 
1. Length of hind fool; i" f'atisfaclory wlH'n 2:~-4};-y<,ur alld ij'2-year-plll" an' 

combined, for Plies betw<'en 0.80 and 0.70. 
2. Dressed weight i~ satisfactory when 2\~-.j ';-.'"<'lIr Ilnd 5.';-y<'nr-plll:; arC' 

<.'ombineci, for P lies bel weell 0.70 and 0.50. 
3. Length of body i,; ull;<uti:;factory. 

HCllce, for milks therc seems little choict' nmong dr('ss{'d wciCTilt, 
length of hilld foot, nnd h'ngth of nntler exccpt tbat h'ngth of l~il1d 
foot does not (WIer in the two upper-nge groups; for 1'('mll It's, l'itbe!' 
dressed weight or length of hind foot mlly be uscd, but only for dis­
(']'iminn.ting tlm'c nge groups-·-U months, 112 yen!'s, and 2.1~ yent's 
alld oyer. 

Becfiusc of lbp spl'NI and HCCUl'I1C,V with which lt~llgth of hilld foot 
mn,y be measured, it is t'PC'ommcn<ied as the most slttisfnctory to usc'. 
It is highly cksirn.hh' to ]un'c llS Inrge It snmplc as possibll', 250 to 
:300 deer s('eming to hI' HCCl'ptn.blc ns It milli111 U111. It is 1lOt ns ('ssen­
tia) that the inititd snmple be large ns i L is for thl' subsl'q lIl'1l1 ones, 
])I'o\'ided, of course, it is truly representative wiLbin each nge group. 
:\l'ither docs the si7.(' of thc nge groups ~hercin need to Iw ill PXHCt 
proportion to Uwil' 1'e])]'('scll ta tion in tIl(' population hom which the 
sample is drawn. The 1'('\"crse mllst bl' true for thl' later snmplcs. 
Th('I'e arc certnin perli1l('nt Jncts and limitatiolls in the' use of thi~ 
method. which should 1)(' pointed out a.lld emphnsizl'd. Stntistically, 
at Iwst, it would bc dnssified ns a rough approximatioll, but from 
the stnnd point of prnctiC'll hIe deer-lieI'd rllunngeillent, it ex('pl'{ls, 01' 

equals, in nCell1'HC,Y llll~' Imow11 prncticnble method of obtailling 1It'('('S­

~nry information Oil deer herds. Thc !lc('.urn.cy of the method is, how­
('\'er, mf~teriitlly limited by the nLi(,([Ullcy of the silmplillg both liS to si7.(, 
:mel represent!Ltivell(,ss. This is trUt' both for tho initial snmpk from 
which tbe age rl1nges :IT(' dcterminl'd and suhs('quellt snmplcs tu 
which thc rnnges Hn' nppli('(1. It is Ycry essl'lltial thn.l SUl'hSllbsl' ­
q llont SaIl! piing pl'o\,idl' distri bu 1 iOllS of Hge groups ('om paril.ble to 
those in tile populfltioll. The mol'(' m'arly t1w age groups l)('collH' thl' 
('qunl ill size, the mol'l' pl'ecis(' tit(, ('stimnt:e. Disparity in ng(' sizl's 
\I'ill, in gl'lleml, be UlHh'reslim:I.U'd. 

• 

A grl'lLt d{,l1.l of onre lIeNls to 1)(' tnk('H (0 illslll'(, IIC(,llI':lC,Y ill IllPHS­


Ilrl'ments in til(' lnst figure recorded . 

The impo!'tfLllCl' of It thOTough 1tI111.lysis of (hl' iniUal sample used 


in seLLing up tll(' Hgt'-grollp limits Cil.1l1lot be too strollgly emphilsi7.ed. 
Freq ueney dislri bulion:; of lIlt!HSUl'l'nwnts within l'Heh. ngp dllss 
should be made, curc beillg tuk('n to dlOOSl' the chlss intl'lTlds so 
thal the mOSL of thc nUIlllwrs \\'illU'nd to cluster nroulld the midpoints 
of these illtl'rvlIls. 'l'lll's(' distributions should bl' plot:tl'Cl ns in fig. 
18. Stn.ndnnl d('villtions should 1)(' ('omputed Imd till' significance of 
the diiTer<'1lces jn ll1l'n,l1S of successin~ nge groups ll'stl'd. Likcwisp, 

x2tIle t.est, I)S illustl'H tcd 11('I'ein, should be Illlule to ddermine how 
well the estimated limits will scgregate LIt(' ol'igillH.l snmple into age 
groups. The rcsults from such n.n nnnlysis will Serve us II basis for 
judging whethcr or not it will be worth while to titke the subsequellt 
years' sn.mples where only sex and sillgle mensuremellt fire J'('cordod. 
It would be fI, Wilsie of funds to eontinue further nfter the initinl 
snmple biLS been made, ul1l('ss it hns shown ites\[ un effecti,'c tool 
for segregnting de!'r into ng(' groups. Benel', Lh(' lleccssity for its 

• 
cnrly cH.l'cful evnluntiol1 . 
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CO:\"CLl'SJO\S 

During fin ('~)fu-;('et1lin Illlllti11~ s('n8om; lI!l3:i to In:{!! ill('lusin') 
011 th(' XUl'ghpllY ~ntion:ll Fore'st in Pl'llllsylnl11in, 1,78, <i('('1' \\'('ri, 
ll1c'nsu]'('d. Thl' m(,llSUrpll1pnts t:l.kp11 il1(~ludl'd dn'sH('d w('igitt. 
lellgth of I)()d~·. lc'ngth of tnil, I('ngtil of hind foot, eireulllf('r(,ll(,('-s of 
main b(,flll1. l('nglh of nn til'l', SI)1'('ud of 1111 tiprs, Illld 1llim hl'l' of poin Is. 

Pl'lwid('d tit(' Bnmpll' is ],l'pn'senlnlin.'. tip!'1' \\'('igitls and 1ll('i!Sll1'('­
111('11tS diltll ('11111,(, Ill'('nsollnhly }'('liubll' hasis 1'01' titl' df'l('l'minatioll 
of nnllllni iw'rC'llS('. 1H'1'el'ntng(' of Tl1atlll'(' n,nd imllllllul'(' animals (ng!' 
einssl's), Sl'X l'Iltio 01' Ill:!lUI'(' :md illlll1nllll'p allimals, PI'I'('('nlnge of 
adult do('s p1'o<iw'ing fawlls, distrihlltion of Iluntpl's and kill, and 1)('1'­
tpnlng(' of dPC'I'NIS(' 1'01' ('ach sex nn<i n.g!' elnss through hllHt ing dl'ol'L 

'rltp n('('unt<'," of such informatioll is <I('I)('n<l(''111 upon till' adequne,'­
o[ til(' snmpll' obtainpd, ~\n adNllIat(' snmpl(' should illeilldp n. good 
('I'OSS s('ction or tll(' h('rel, induding both s('x('s H11d all. ag(' eiassef., 
lak('n ulHi('1' ('qual hUllting pn'SSlIl'l'S, ]>1'('1'(,1'111)1.'" dUl'ing sensons open 
to t1u~ lilking of bOlh Sl'X('S fLlld :tll n~('s, 

Drl'l' w('igil ls nncirrll'HSlIl'(,llH'ltts data wi I hou t age han' limi l('d 
\'fIlLIP as n basis 1'01' dl'lermining fnets ('ssl'ntinl to good 1ll'l'd IllHlIflgl'-
IlH'Ilt. .\gP 1'01' dntn pl'('viously ('01 I e('t C'fi elln IH' d!'II'I'mille<i by folio\\'­
ing tlil' Illl'thod. ontlilH'ti 11(.'1'('ill, 

'1'1Il'l'(' is II gl'l'at \leal of indi\'idulll Yl11'illiion in wliite-laikd dp(,1' 
hut till' IlIPnSUI'C'll1('nls In.kPll~l'x('rpt ll'l'gtil of tnil :\,]td tlie nUll1b('l' 
of poillts~incl'efis('(1 with nge 1'01' tile foul' :Igl' ('Insses eonsid('I'l'd . 

.For nll prndi('nl>l(, purIH)Sl'S of good dl'l'1' 1ll111lIlg('IIIl'nt, II lI1l't1tocl 
hns h!'Nt proposNi for detel'lniJling nge which would 1)(' a su/li('il'nt.l.'" 
ne('UI'ute indi('atol' of' :lgl' ro' ~lnimnls from n pnl'ti('ulnr lo('nlily or 
herd for:1n incIPfinitl' pC'l'iod ,. IJflSpel 011 uny 011(' 01' nil' body nWIlSUl'r­
nwnts, rxc'ept Il'ngth 01' tnil fllld tin'ssP!! wpight. or ulltil suelL Limp 
:1S SOIll!' ('IU111~l' O('('uIT('d which nfl'('('!.t'd [Jt(' pliysielll ('ondition 01' 

the hl'rcl i r bnsl'eI on drpss('d wC'ight, 01' on it tty one of the nil ti('1' 
mNISUI'l'Ill!'nts ('xerpt Humher of points. DI'l'ss('eI \\'('ight, nncl nntkr 
1lH':lSIII'PIll('l1tS fll'!' sPllsitin' chm'net!'l's, which r('fll'('( to II eOl1sidl'l'fI.bll' 
dcgl'('(', the' ph~,'sieal ('ontiitioll of the h('l'eI nn(l t1H'refoJ'(', al'(' not 11:" 
stflhl(, ns body nWnSIII'('mellts fol' drtrl'minin~ flgl'. \\;eight nnd 
antkr tlll'HSUI'('!Hl'nts nl'(' good indicatol's of the ph~·si('nl cOl1llitioll 
of n. drel' hprd, 

Th(' w(,ight of f(,l11nl(' <1e('I' is n. bettl'1' indienlor of physienl condi­
t.ion tlw.n tlH' \\'('ight. of male dN'r \\']WIt weights nl'('. lakC'l1 flf'tl'1' till' 
l'utting S('l)son. 

AYt'mgr (l1'('ssc'<I \n'ight without age nnd s('x is not a [I'll{' indicatol' 
o( physical condition. 

Aetllnl genetiC' }wnl drt t'l'iomtion (bodYIII('nsuI'PlI1('n Is), so fn)' 
ns eould 1)(' nseel'tnined 1'1'0111 this study, does not OCClll' l)('fol'c nalurn'! 
hnlnnct'S ],p((u('(' the hl'rd to nOI'll1n!ey, 

Of Uip Il1PflSUI'('1l1('nts affording j:('linhle indict's of ngc', It'"gtlt of 
hind foot is prdl'IT('<I, Iwcnusc it is th(' Olll' thnt ('nn be tflkt-n with 
the gl'('ate'st, ac('urnc"r by nnyolll'.

By n.ppli('ntion of UI(' proeedul'(, outiillC'd hl'rpill, 1H'('('ssm'~' infol'­
mntion for good d('C'I'-lt('J'(] mnlHlg('rnent (,lin 1)(' o]'l.nil1<'d without 
(,H1T~Til1g on ('xhn.ustin' nncl ('XI)('nsin' <1('1'1' w<'iglting find m('ns\lrin~ 
Pl'Ojl'('[S. 

• 


• 

• 

• 
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