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Technical Bulletin No. 810 Plecerber 1942

|  UNLTED STATES
DEPARTMENT OF AGRICULTURE
©  WASHINGTON, P.C.

A Simplified Method For Determining the
Condition of White-Tailed Deer Herds

i Relation to Available Forage'

By Bawwy C. Pawx, In Charge, Wildlife Management, Region 7,
Forest Service, and Bisse B, Doy, Statisticion, Branch of Research,
Fuorest Serviec ?
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INTRODUETION

The United States is working its eange lands to the lmit to obtain
the greatest possible production of meat, teather, and wool for war.
At the same time, however, the President has said:

It is nacessary in warlime to conserve our natnral resourees and koep in repair
anr pational plani.  We cannel afford waste or destruetion, for we nuiat eonlinue
to think of the good of future geneeniions of Aniericans,

1 Subunitted {or pablicniion Juae 16932

* The authars espevinlly want 1o ihank £, 5. Goldiwn, senior biologist, Fish nnd Wildiife Servies, for
his assistance i 1he Reld werk and reviow and belpful suppestiong in the prepnration of the mrouseripi,
For thielr review wid snggestions for W {mgwovemene of tie mapuseript the authors alse want (o QXprNss
upirceiation Lo H. L Shande, chied, division of wildlife mmaapetoent: (ien Aftrehell, wildiife FTHEREE e
ltegion & M, AL Muitoon, assistant regional forester, Reglun 7 (all of the Forest Servier); Staatley [ Y,
senrtor biologist, Fish grd Wildlire Sorviee; nod Richurd Gerstell, ehief, division of resenreds, Poansyivania
Game Commission. Mo Randul MeCain, now wildiife stalfmonn on b Allegheny Natioml Borust, pons
;-roti!r!mr clenning the skalls collected and for imking most of Lo phistographs iHustrating use of the dental
nEmaine.

Thunks are dun ibe Mepsgroments Seetion of the ranel of Resenrch, Forest Sorvies, for peneranusly
furhishing e necessary catmitntionnl aid in snslyzing the datn, B partitalar, the anthors sre grateful
10 Miss Marion Sandoerire, (ornerly of the Odlice of {nformation, United Stales Brepariment of Apricuibare,
uot only for helbp in this connection b elso for gseiie! pod stimabting sumestions on eoretios) oinls,
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Pull production therefore should go hand in hand with range prolec-
tion and conservative management, but while much progress has been
made in the proper utilization of the range by livestock, the present
responsibility for managing deer berds falls on depleted stalls, and it
is egsential that only the minimum work required for good manage-
ment be undertaken.  This publication presents the results ol a long
series of measurements and deseribes a simplificd method whick would
save an immoense amonnt of offort on the part of management men.

Livestock operators. in addition to their obscervations of grazing
areas, are able fo ehock range and animal produetivily by the number
of voung and the weights and prices obtained at the market,  Sim-
ilarly, big-game managers have long heen concerned with the deler-
mination of a method which wonld readily roveal the age elasses and
auality of the hends. To this end, various workers have colleeted
information on one or more characters, such as weight, anller develop-
ment, and body measurements.  Allhough these investigniors have
doveloped some euiding prineiples, there sl remained the problem
of testing 2l methods on a common sample. The stwdy reported
bere undertook to compare (e several methods and through statistical
analysis Lo determine which was the most reliable,

The work was begun on the Allegheny Nationnl Forest in Penn-
svlvanis heeause loeal hunters contended that the deer were getting
smaller,  Over a 5avear period, 1035- 39, a mass of data was obtained
ot the white-tailed deer herd, records being taken on 1,787 deer and
including four antier measurcments: Spread. circumference of main
heam, length of tines, and number of tines.  The body measurements
taken were total leneth, lengtlt of tail, and length of hnd foot.  In
addition, dressed welght was recorded, and age was determined by
dental development and condifion.

The statistical analvsis revealed that the length of hind foot was
the most desirable measurement. LU enn be readily and aceurately
taken, and the age can then be determined by simple reference to a
chart. From that informalion, the game manager can rapidly ap-
praise the condition of the herd, since, combined with sex determina-
tion, he will have the age classes sid their relative physical quality.

The simplificd method herein reported appears sulliciently accurate
for practicable deer-herd management in many localifies, and every
effort has been made therefore Lo make it available duding the war
period when 1t ig seriously necded (o prevent possible waste of ammal
anel plant resources (fig, 1.

Forest range resources within the Inst generation have yielded an
incrensing crop of deer and elk, there being more deer now in some
areas than al any previously known fhne.  On the national forests
alane, which contain abont a thivd of the Nation’s deer, more than 31
million pounds of dressed venison can be harvested anmunlly without
decreasing the breeding herds. This is equivalent to the annnal
production of cattie and calves on farms in the States of Maine, New
Jersey, aud Delaware.

Since it is elear that the war will materially reduce control by
hunting - the most usefnl method of controlling the deer herds-——it is
highly desirable that expanding game populations be appraised so
thal State game departments may {ake whatever action is necessary.
Control by nalure--through slarvation, disense, and kil by preda-
torv nnimals —is wastelul of meat and leather supplies that can pro-
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COXDBITION OF WHITE-TAILED DEER HERDS

F 13503
Frovre 1. T1 s neeessiry for the deercherd nitnager too have a rensunahly
accurate check on the inereases and condition of the animals,

vide Tor nmany eivilian and war needs. Obvioushy. management i
necessary, the traditional beliel that deer and olk rowm over vast
areus having heen disproved during recent yoars by lagging and other
studies which have revesded that individunl animals and herds n-
stinetively linit their search for tood 1o (he general Toealities in which
they wore bhorn,  Thus, even belore nature's relentless Processes
tauke effeet, big game may damage shrubs, young trees, and other
hrowse plants to o point where animal-nade deserts result, and finally
will compete Tor the range nesded by domestic livestock,

Aorcover, most ol the plants browsed by deer wre difficult to
re-estabiish and are slow in growth, so thal onee they have been
depleted, restoration ol the wood hunting associated with them
hecomes an expensive, Jong-time, and (odios procvess. I is the ade-
quate, ¥el Hmited, attention and eare that ean be given within the
next few seasons which will obviate later costly and disheartening
correelion on eritical areas,

THE DEER HTERD AND RANGE CONDITIONS

The vezults of the work reported tn this bulletin rellect to soime
degree 1he condition of both the deer herd and the pres.

The Allegheny Nattonal Forest is loeated in nort hwestern Pennsyl-
vania and has a gross area of sote 740,000 acres. witle o net aren, of
some 500,000 acres of Government-owned land. The topography is
rolling and hilly, the altitude varying from approximat ely 1,000 Lo
2,000 feet above seaJevel. The forest is made very secessible by some
700 miies of Federal, State, and forest highwavs, 300 miles of forest
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footl trails, and well over 500 miles of gas lines, oil pipe lines, amd
telephione and power lines. Alore than 40,000 people reside within
the forest boundary. A tfew Dive on farms, hut the majority male
their Fomes in numerovs small towns and communities where they
are aetively engaged in some one of the many industrial establish-
ments, such s sawmills, furniture factories, glass plants, tanneries,
and wood-distillation pia nts Or it sOme phnsv of Ue publoivum indus-
try, as the forest contains thousamds of oil and gas wells.

White pine, hemiock, and hardwoods originally covered the area.
Early logging operations took the white pine, then the hemlock, and
Izter the hardwoods. At the present time 43.5 percent of the Limber
on the Government-owned land falls in the 0-20-year age class, 40.5
percent in the 21-40-yewr age class, and 11 pereent in the 41-80-year
age elass. A total of 84 percent is in the younger age classes (040
vears)., Prior to Government ownership, o good part of the total acre-
age, espeeially in the southern half of the forest had been burned over
severgl times, The cover on such arcas consisls of poorer timber
species, principally aspen (Popudus tremuloides and P. grondidentata)
and pin cherry (Prunus pensylvanica) with a ground cover of bracken
fern, goldenrod, mosses, Ivcopodium, and grasses. Thousands of acres
on the forest suppori, b(..‘l.!ll,y growth of these species (figs. ™ and 3).
The cut-over areas that have not been too severely burned would
normally come back to good stands of hardwoods. Excessive decr
hrowsing interrupts (he natural succession of forest cover and may
have a detrimental eflect on the resulting stand.

The forest Lype is conunonly known as Lhe “northern hardwond™
and varies in composition, hut the characteristic species are: Beech
{Fagus grandifolia), yellow birch (Betula {futea), black birelr (Befula
lenta), and sugar maple (ieer snecharum).  Nixed wills these principal

F Jvairs
Freune 2—Winter. Twypical growih (gspen and pin cherry) on the Allegheny
Forest after repeaded burns, 1t is low i winter carrying capacity for doer,
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Fravae 3.~ Hurly spring.  This pieture shows typiea] older growth (moslly pin

cherry ot =ome aspend after vepealed burns, s Jow in eaerving capuciy
for deer,

species are: Black cherry (Prunus seroting), white ash (Frasinus

wmericana), onks (fhuercus sp.), yellowpoplar (Liriodendron tulipifere),
cucumber (Magnolia acuminate), American basswood (Tilie ameri-
cana), hickory (Carya sp.}, soft maple (Aeer rubrom), black tupelo
(Nysaa syleatica), ,md elm (Chaus sp.). The following species are
also found: Water beech (Carpinus caroliniana), alder (llnus sp.),
serviceberry (hmelanchier canadensis), sassafras (Sessafras officinale),
striped maple (Acer pensyleanicum), ~viburnum  (1Vibwrnum spl),
dogwood {(Cornus sp.), ironwoed (hophormbeam) (Ostrya virginiana),
and witch-hazel (Tfamamelis »irginiana).

Various mixtures of the above species oveur, depending upoen site.
On the higher ridges there exists n subtype conlaining higher per-
centages of oak, hickory, and black tupelo.  Chestnut, prior to the
blight, was common in this sublype.  Sprouts from old stumps still
persist bal are annually blighted back.

The estimated deer population on the forest shuring Lthe period of
the study is shown in lable 1.

In December 1038, Pennsylvania had @ State-wide antlorless deer
huuting season of 6 days, wid some 24,000 animals were killed on the
Alleghieny Forest.  This heavy Kill, however, did not equal the sunual

Tanie b The estimated size of the decr herd on the Allegheny Notionad Forest ot
the close of the hunting season by years for the A-gear period 1935--3%
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mmerease for the 2 previous yewrs, which demonstrates the difficulty of
controlling exiremely heav'y deer populations by hunting.  In 1937
the nverage for the forest was § deer to overy 17 neres, and on nrens of
heavy concentration, particularly in the southern part of the forest,
it was estimated (hat there was 1 deer Lo v ery 5 or 6 acres.  The hest
estimate for proper stocking of the fowi:t range is probably 1 deer for
every 44 to 50 acres, or a [OL‘ll ol some 15, 000 deer.  With an av vrage
population of 1 deer Lo every 18 acres for Lho tast & years and excessive
populations prior to that time, it is probable that The herd should he
reduced Lo at least 10,000 animals in order to permit normul recovery
of food and cover plants. The average area on the lorest shows s
definite deer line and sueh species as ]wmlovk, soft, maple, rhododen-
dron, laure!, devil’s-walkingstick, and sumae have in many places
been killed out by everbrowsing (lig. 4).

Since 1938, on a good part of the forest the deer have consumel
Lheir supply of summner Inmi early and have begun to eat their winter
food before the normal time.  This has resulted in rather heavy winter
lToss oven during mild winters, such as 193637 wand 19372 3%, The
two sueeessive antlertess deer-hunting seasons (1938 aud 1939) greatly
recdluced the herd in he southern part of the ferest, hut at the close of
the 1950 season, there romained more deer than the depleted envivon-
ment conld carry and recover, Since 1938, a rapid merease in the
nortlern lierd has been very eviden(, and in 1939 it was estimated
that this herd was rapidly approacling the 1937 peak of the southern
lierd (an average of 1 deer to every 17 acres and 1 to every 5-6 aeres
ou concentralion arens).

Reforestation on thousands of aeres of burned-over fand on the
Alleglieny Forest has been materially atfeeted by deer browsing, which
aceurs principally during the winter monihs,  Deer damage on plan-
tations runs as high as 94 pereent ?

"

Frovne 4.- ~Hemloek heavily browsed by deer. The “deer line™ s very evident,

VAN NORT, A. (. DEER AXD RARKIT BAMAGE STUDY A1 LEGILENY XATIONAL Pousst, Third Al
Prowross Beport. UL H. Fourest Serv, S e M0 [Unpuodtished |
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The planting of wildlife food species to allevinte the lood shorlage
was unsuccessiul beeause the deer ate the plants almost us fast as they
were planted, A reduction in the number of deer must precede any
plan to rehabilitate the environment on the Alleghieny National Forest.

Winters in the area are cold with an average annual snowfall of
about 50 inches, but ordinarily the snow does not lay deep in e
woods.  Decr do not “yard up’” as they do farther north, but during
severe cold weather and deep snow, such as occurred in 1933-36, they
concentrate on the areas providing the best sheller, principally in
hemlock reproduction, rhododendron, and laurel thickets. At such
tines they try to subsist on these species and hundreds of them die
from malnutrittion (fig. 5).  Losses oceur principally among  the
vounger age classes, especially Tawne, perhaps because thev cannat
reach as lugh s the older animals,

During 1938 nose flics made their appearnnce for the first time;
many animals were infested and miany dicd. o 1934, when the nose
Ay (Cephenomia sp.) uppeared in epizootic proportious, a high per-
centage of the herd was badly infested and thousands dicd.  In the
middie of the following summer, those that survived were in pitifully
poeor condition, for, as predicted, nature finally had {aken o hand in
an_cffort fo balanee (he deer lierd and save the environment,

Excluding hoth male and female fawns, as of December 31, 1937,
the sex ratio (nlter the hunting season) was approximately 1 male (o
Il females.  Distribution was uneven, and by aetual connt on seme
of the census arcas, the ratio was found to be as high as 1 omale 1o 30
females.

During the 1937 hunting season. hnnters commonly reportod seeing
rom A0 lo 75 does in 1 day and not a single huck.  The buek law has

F A20536

Frovee d~ Deer dead froin malnctrition, the resall of & coutinued diet on
hemloek browse, March 1986, Alivscheny National! Forest
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Boen in effect on the area for some 32 vewrs, (uring wineh tme only
4 antlerless deer-hunting seasons (2 Lo 6 duvs cach) have been held.
These antlerless deer-hunbing seasons have alwaxs hoen strongly pro-
tested by sportsmen throughout the State {(8)°  As Pennsylvanin’s
open season on legal male door {male deer with 1wo or more points to
one antler) comess at the end of the rutting season, it secems that even
the annual killing of an extremely high percentage of legnl male deer
does not malerialty decrense the breeding potentinlity,

TECHNIQUE AND FIFLD WORK
PERSONNEL AND SEssoNs

Phe data which follow were colleeted duving five hunting scasons
{1835 to 1939) by the following personnel of (he Forest Serviee and
the Fish and Wildlife Service: 1935 and 1936 Barry C. Park and
John Pearce, Forest Service; 1837~ Bamry C. Park and Theodore
Fearnow, Farest Service, nndd B, A, Goldman, Fish and Wildlife Serv-
ice; 1038 and 1938 Bamy O Park and Randal MeCain, Forest
Serviee,

Eaeh year the meawmements were {anken by two Lwo-mnn field
parties.  Bach parly consisted of a qualified wildlife technician who
took the measuremonts, and one assistant to help handle the carensses,
Although maore costly, this procedure assured a higher degree of uni-
lormity and aceracey than would have heen possible by olther means,
The objeetive of the study roquired accurate data on u good eross
seclion of the herd. Several thousand deer could have been measured
annually if i had been mdvisable to use unbrained porsonnel

Each of the vight mansgemoent units (see frontispieee map) was
covered by ear. ATl deer found on enrs and at eamps tlong the roads
were weighed mud measured. No selection whatsoever entored into
the s‘lm}ﬂ(‘ the deer were taken o the order found.  The work, how-
Cver, wis plunm-d ench year so as to oblain insolar as poef-;lbh- an
equal pumber of weights and measurements in each management unit
mn proportion to the size of the aven.

Aeasuremenls were taken on a total of 1,787 white-tailed deer.
The number and sex of those {aken during ench of the five hunting
SOASONS e given in fable 2

Taret % - Number and gex of leged deev coamined duving o hunting seasons of

I‘H 3 :)"3
‘ Thunding senson Af -

Aoy of ey . } . S S

s F G 1 [T [ [Jrxb U b % Takai
Numisr i Numiler © Nunier |I Nuwber ‘ Numiher | Niemeher
Atale . 2] i U qun l | [ ] 1)
Feinaly . Ty - \ ) - 124 i
Fawns (e s fermabed [ : ' it TR oY
Totnl . . T8 | it s | 534 B LR

{
(RTINS LR Te II:: 3, inclusive {unlh-rh s5 et oniy).
S Tiee, 1o 1A, inelusiye darn erdess in 2 eotatios, Deel Band 17

! lhr\ .! !u l
2 e, 1t 12, i0p
WOV, a0 e, H lntiim\('.

ANTLEK M EASURBEMENTS

Antler megsorements were talien in accordanee with the New York
Zovlogicat Soriety Standards (/) as follows:

itadie abers 1o porentheses pefor bo fifeenUre eited, p. M.
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Greatest spread, mncasured between perpendiculars ol extrome width
of antlers ai right angles o the centor line of the skull.

Creumference of main beam, Laken midway between the hasal snag
and the first fork.

Total length of antler, taken in the inside corve of the antler from
basul shag to tip of fongest prong.

Autler tines were not counted unless they prolended s loast | inch
1254 em),

Bopy Mewsreevwssrs

Body ineasurements were taken undor the personal supervision of
FLAL Goldman as Tollows:

Total fength, the distanee (rony the tip of the nose to the end of
the (ail vertebrae (not including terminal hiairs of tail).  The un-
skinned animal was lakd on its stde with the hend extendeod forward
s thab the nose was brought into ns nearly a straight hne wilh the
back as possible, the tapeline being passed from Ui end of the nose
over the top of the head directly to the top of the shoulders, and along
the backbone to the end of the bones in the tail (nel along curvature
of neck or side of hody ),

tind Foot, mensured from the hock theel or ankde joint) to tip of
the hind hoof or longest claw (figr. 6).

F 807456
Frounre G.-—Typical Allegheny Nalional Forest male decr bagged during tie
1934 hunling =eason, showing {center) hingd foot measnromoent.
BB T N -
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Tail, measurement was made of the length ol the tail vertehrae
(not ends of hairs). when the tail was held straight or bent upward
ab right angles to the back.

AR measurements were talen in centimeters.

WEeicnT

The weights taken were of dressed carcusses  (viseera removed 1
Al ligures on live weight given
in annual  progress  reports
were computed by using W, T
Hornaday's formula (7):

The dressed weight bhoeing giveun,
in pounds. add to it five eiphers,
divirle by 78612, and the result will
be the live weight, in pounds,

In the field, live welghts were
compuled by dividing  the
dressed weight by fowr und
wlding  this  figure o (he
dressed weight, sinee observa-
tions proved the weight of
entrails Lo be nppraximately
one-filth of the live weight
(ligr. 7).

Woeirhls were  laken with
tested 1ce seales with a weigh-
ing capacity of 300 pounds.
A tally of estimated weights
made in 1935 indicated (hat
the avernge hunter overesti-
mated the weight of lrwns 25
pounds and of legal males 50
pounds  {ig, 8),  In 1936
another tally of hunters’
weighis for thelr kills disclosed
eslininbes  ranging  Trom 14
pounds  underweight  fo 73

rams  Pounds  overweight, which
Frevur 7. - Above-average  mature male  clearly indicates the innecu-
rlvqr] l-‘f}_E%—-_}i(::l—t' e tiln.-x':-:l ]\\'iih (II'(I‘SS(‘fl racy el hunter-estimnated

WeEnT D00 PO a0 8o overy ntyEe LTy + m I H T i

spf hnft ::11“[‘.:‘::.' The k’anth-r sprvdd \\'ﬁs }\ (‘I‘E‘lvh'_] .[ _l"" “\‘['.]:;}.]illg.‘ I(_‘\\s_—

33 emu. circumflerenee of main heam 10 e L I.H‘.-_ experienee - im

e, and lengih of antler GO e, proved  their estimates, but

they were never very congisi-
ent, a faek that allesks the unreliability of oll estimated weights,
The majority of the animals were “diessed,” aud  the dressed
welght (viscern removed) was obtained, bul often (he liver, lungs,
and Lieart remained in the enrenss.
It was determined from an average of a nunther of actual weights
that the weight of the Bver, lungs, and heart equals approximately
aone-fifth of the total weight of the entrails, and this amount was
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F 4538
Firivwr 8 - The average hunter geterally overestimaled the weight of the deer
he Lrotight i by Trom 25 1o 50 ponnds or more,

allowed when it was necessary 1o eompute dyessed weight.  (See
table 3.)

Tanie B (lowaners used fu compiding dressed weight of deer eareasses

.
MAdbawaney - A lbawinge
Yok diver, ) few biver,
. Imnes, aod | huens, oped
b dweart ] et

fovesseel wetel in pounds Presaid wedglit in poingds

v Paspids t' F Franmis
Indi ey WRHI - Y g e e o T
184 10 185 N K P OEG b oy . . 3
e I0G . 4 Less than &t . b

(LTI Fo0 B bt

i B
i :

Trees, trophy racks, ele., were nol abways convenient, and there-
fore a tripod similay Lo that used on an automobile wrecker was built
on the bed of a pick-up truck.  The tripod extendod beyonud and
bigh enough above the truck body to allow o deer carcass to swing
free of the ground, provided it was properly slung. By using
quarter-inch rope about 8 feet long (ends tinl (ogelhor forming a
loop), deer earcasses were shung as shown in figure 9.
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F Ipa3n

Favre 5 Iripod on pick-up trick showing method of slinging doeer carcass on
seales. The loap was placed ahend of one front fuet and well buek on the
rump, erehy prevenling the sling from coming loget her in the conder as
ane rope.

SizE OF SAMPLE

Phe number of tegal deer weighed compared Lo the Kill for the S-year
period is given in table 4. It indicates that the sample is large enough
to be represontative of condilions for the entive area.  The Allegheny
Forest was divided tnto cight management unils based upon distir-
bution of the deer herd iseo [ronlispicce map), The census figures used
for determining distribulion were obtained by a series of game drives
representing a I-pereent sumple of the gross area of the forest ® (8).
in order 1o obtain the besl possible representative sample, weighing
crews covered each mmnagement unil thoroughly, and obtained, in-
sofar ns possible, an cqual proportionate number of weights and
measyrements in each one,

Field observations on hunter concenbrations during the 5 years
(1935-39) revealed that “hunter distribution” on relatively small
aveas lags 1 your behind deer-herd distribution when the deer herd has
been substantindly reduced by hunting.  Hunters naturally return to

FPamw, TaRIY €. GAME DIIVES, ALLEGHENY NON0NAL FORERT, 1815-06. 13 pb., s, 1036, [Co-
puhlished |
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Tanik 4= Number of legal deer weighed compured fo kill Tov S-year period, 1035 39

- N 1 vy Fpiple
Year Lol IE.';IIII:‘H "C seelghed and | wiglied anel

menstired L mirnsLned
: Nemtber L Number | Precest
Lt . . e e oo i 1-h, StH1 nh LAY
WG R . . . 1 4, dIKk b 314
1087 ... . . - . . H o, T h a, 40
Wiss ... . . .o . . P 4, (R X 1.0
W L. e e e i . S §t, TRKN A1L50

B venr bedal or pverape, L. 0 L . . . BRasi ] 0 A7

arens where they previeusly have been successful, and their suceess
entices others {o the same arens the following season.

During the period covered by this study, the hunting efforl was more
intense on the southern hall of the forest {(manngement units 3, 6, 7,
and 8), but the hunting effort within management. units was fairly
evenly distributed,  Table 5 shows the number of hunters and their
kill during the period of the study. The figures were eblained from
an actual tally made by numerous contact stations loeatel at the
main cntrances {o the Allegheny Nuational Forest during (he open
deor spagons,

Tanue d-=Number of hunters apd their VIt for the 5 gears 1835 3n

. - sieeeesind
| .
Yoar Kill Huniers TS

Numher 1 Nuawther Y Percomt
14, 800 ] T,y
1.0 | KRN
5,70 3.2, I
. . ; YR 71,000
P . sl 30, Y |

Sevear LN OF pverigs . ) %, 300 i B, o

' Senson for legal male noid ondleeless deer,

2 Seagon for eznl male deer only.

¥ Bemson for legal male deer only,

 Seasnn for lepal notlerloss deer only,

& Spnson for legnt male nnd notlerless deer i 2 ergnties,

Aci

Age was taken by dental formula as follows (1) ¢ (Ae, 10):

Ape 9 months

0 3

03

The midedle pair of nelsors have been replaced by permanent ingisors, and

remainder of imeisors aud premolars are milk teelh.  First molar s well developed
and the second partially erupled,

Dentald formmla [:

Age 18 1o 21 months (considered as 1M-vear npe class)-—

) ) 0 a4 3 2
Txental formula I 0 33
Incisars all have been replaced by permanent teeth.  Premolars are all milk
leeth, but much worn.  Firsl and socond inolars are fully developed, but the
third melar may be only partially erupled.

8 tust, WAL DENTITION OF MULE BEER (ODOCRILEUS NEMNTS,  Yellnwstane National Uark. 2 pp.
iles. 1032, (Unpablished )
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Age 31 Lo 55 months {considered as 214 vears to 414 vears Iaclusive)
. 0 0 3 3
etal {oramle ToTE T
Permancat deolition is complele, Ridges of the enamal are shavp and well
above dentine.
Age 67 to 103 months (considersd ns 5!2 yvears to 94 years)--
. 0 0 3 3
Yenls . PO A S
Prendal formula T TR
Ridges of the enamel are no longer sharn, and rise only slighltly and gradualiy
above the denfine,
Age HE months plas {eonsidered as 978 vears plusi—
i 6 0 3 3
Oyental foremia s 4

The erowns of the premolars and wolars rvise ouly about one-cighth of an iueh
above the gums,  The grinding surfess are worn practicaliy smooth with no
appreciable ridges of enumel remaining,

Agoes of deer from 9 to 30 months may be determined with « reason-
able degree of accurscy by the dental formula, Ak about 30 monihs
Lhiere 1s complete permnnent dentition afver which tune (he age must
be determined by the degree of wear on thie grinding surfaces of the
dentition.  This may he a variable faclor depending upon the (ype
of food culen, cle. To obtain accurate information on ages above
30 months, 11 would be necessary to make a eollection of skulls of

O O 33 UPPER JAW
4 033 LOWER JAW

MGOLARS
CANINE

INCISORS

Frieopne 10—Dingramumadlical explasation of the deatal formuda of mature deer.
The dental lornula gives the number of fecth on only one side of both the
lower and upper jaw; the folal number of Leeth eguals twice Lhe number shown
in the formaula,
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known age classes.  Boch a collection would necessitate Tawn tagwing
and would require many years to complete.  Pending the eollection
of such data the grouping ol deer into broad age classos, sucll as
given herein, was cousilered to be sufficiently securate for the pur-
poses of this work.

Hoewever, it was realized that if the data were to be of any seientifie
value, the fiekl worke must be done by reliable, technieally trained
mdividuals. A high degree of uniformiiy was obtained in spite of
adverse field conditions.  Inspection of the teeth of froxen carcasses
wis marde possible by the nse of an ordinary serew driver for pryiong
open the Iips, and a siall pockel flashlicht,  Viry few deer were found
to be in the 9M-vear-and-over class; therefore, only four age clusses
were used in corupiing the date, 9 months, 'y years, 2% to 44 voars,
and 54 vears and over ifigs, 11012, 13, 14, 13, 16}
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FA0E5. JOTHEG, LO7EGE

Fiaore 11 4, Top of skull, Looey protrusions Denyg the first, years' antiers
“hutfons,” of a “hutton huck’ mate deer, of 1he 9-manth age eliss (ineludes
all fawnsy, A3, Bottom of skull. €, Inside and outside of (he lower jaw show-
ing three premwslar milk feell, the first molar well-doveloped, and the secand
molar parhinlly eropled. These pretolas and matars are all milk Geelln and
are pigh smaller than the permanent premolars wand molurs shown o Rgures
13 nnd 14,
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F &0TBSH 407962, 407553, 4073599, 4074980

Froune 12 A Head of w typical spike buek, of the 1 ¥-vear age class; B2, upper
jaw of skull; €, lower jaw, In the lower jaw the incizors are all permanent
teeth while the premolurs and molars are all milk teeth, mueh worn, The
third molar is not entirely through, it {he jawbone is neh wore efonpnted
than in figure 11; D and B show the upper and lower jaws of the sknll of an
unusually large 1 ¥-year-sld, four-point huek,  In the upper jaw the permanent
premolars are pushing out hebind mueli-worn mitk feeth; the second premoiar
was so slightly atlached that it was lost i cesning ihe skull, feaving the
permnent second presmoiar plainly visibie, T the wer jaw, the permanent
premolars are pushing out the milk teeth,

4527 e o
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F a07210, 07972, a0TF1

Figune 13.—A, The complele seb of permanent premolars and molars of a typiend

doc deer of the 24- Lo 4la-year age cless, B, and C, The ontside and the inside of

the: lower jaw, respeelively, show sharp ridges of ennwel well above the dentine,
the teeth being long and only slightly worn.
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F Ja0245%, 4070, 107354

Foivre 14.-—Dental formnla used in age determination. .4, Head of o {vpicnl

mabure male deer of Lhe dlM-year-plus age class showing cvenly developad

antlers, 5 points on cach side, 82, Upper jaw of the skull. (", Lower jaw. The

riclges of enamel are no lotger sharp and rise only slightly and pradually above

the dentine. The tecth are mueh worn and are only aboni hall as high above
the gum line as (hose shown in firure 13.
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Fab75871

Froeur 15.—Upper jaw of the skull of an old, malure doe of the 9)-year-plus
ape class. The erowns of 1he premolars rise only slightly above the gums, and
the grinding surfaces are worn practicaily smooth with no appreciable ridges of
onamel remnining,

[

Frguns 16~ Comparative size of the skulls shown in figures 12 and 14 A,

Head shown in fgure 12, A, /4, % B, Hoad shown in figure 12, 12 and £
C, Nead shown in figore 14,




COXNDITLON OF WHITE-TAILED DEER HERDS
SUBSPECIES OF WHITE-TAILED DEER

The Game Commission of the Commonwealth of Penusylvania kept
ne record of the locution of deer plants during the carly period of re-
stocking. It appears certain that at least part of the deer stocked on
the Allegheny National Forest eame from Michigan and o few may
have come from New York., There is little reliable information to
support the beliel that any of the animals came from States farther
south than northern Virginia and Wost Virginia.” The lack of definite
information as to the origin of the deer hierd made it necessary to
determine the subspeecies of white-tailed deer existing on the forest
before comparisons of weight and measurements could be made. The
Fish and Wildiife Service assigned E. A. Goldman, senior biologist, to
the project, and he worked with the field crews during the 1937 season.
Mr. Goldman's report & statoes:

The deer vary in the depth of color tone in all of the Allegheny National Forest
nuits, some being distinetly fawny, while others are graver in” the same winter
pelage, but these differenees are within the usual range of individual variation in
the subspecies.  Comparizon of measurcments from Lhe eight forest units hy nge
clagses reveuls only differenees attribulabie to individuasl variation.  The eonclision
is therefore reached that all of the devr on the forest are referable to & single sub-
speeies.  No specimens were oblainable for aetual comparison, but the data taken
point to indentifieation as Lhe northern raee, or siubspecies, of the Virginia white-
tailed deer (Oderodicus virginianus borealis). 'vpical bareafis iz from Aluine, but
animals from as far west as Michigan do not appear to be appreciably different,

STATISTICAL TECHNIQUE

Definitions of the stalistical terms as well as detailed deseriptions
of techniques used in the analysis will be expressed in algebraic form.
From these it should be possible Lo cither eheck the analyses mace or
Lo apply the techniques to data of o similar nature.

The description of the ficld fechnigue indicates that no personal
bias entered into the selection of the deer on which measurements were
taken. Hence, the procedure used fulfilled the fundamental require-
ments for randomuess, and the samples may be considered random,
On this assumption, the statistical theory and deductions therefrom
adapted to random sampling are considered Lo be applicable Lo these
lata.

FrEQuENcY Ihisrrisurioy anp CURVES

Measurements of any single character made on individuals taken ab
random from a population wre known to differ ainong themselves, and
hence in their original form will appear as a mass of unorganized fig-
ures. For example, in 1936, 1937, and 1939, dressed weight was
recorded on 452 mature male deer, ench yemr’s record being in a
random order insofur as magnitude of weight was concerned. These
data must be condensed and presented in an orderly manner before
their siguilicance 1s apparent.

Rearranging them, reading in the order of size und thereby gtving
the entire range of weights, would help somewhat but would not be
sufficient.  Since it would not necessarily be important to know each
individual deer weight correct to the pound, the whole range of weights
may be divided into a number of subranges of uqmﬁ size. The

T RUFF, F. 1. T W - 20 Y CTIE PISGAN NATIONAL GAME MEESERVE, NORTH CAROLINA.

L. & Forest Serv,, § . 218 ppb, i100es, 108, | Frocessed ]
FO0LRMAN, B A, DEERINVERTIOANONS ON ALLEGITENY NATIONAL FOREST, Tpp. 637, (U ngtiblished ]
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frequency of individuals—in this case, deer——in each subrange muay
then be recorded. Such a record or table is called a frequency dis-
tribution; the subrange is the class interval, and the midpoint of
class interval is onc-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 cqual 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 in cach class interval was computed. The per-
cents were then measured vertically at the midpoint or center of the
class intervals on the hase lines. These successive points were con-
nected with straight lines, going one interval below the lowest class
for which there was o count and one point above the highest class.

The first step in the organization and analysis of quantitative data,
such as that collected on this project, would be the formation of
appropriate frequency distributions, The next step would be the
computation of numerical constants which would most nearly describe
the character being measured. In the section which follows, methods
for computing the two most useful, mean average and the standard
deviation, will be given. The first menasures the central tendency
of the distribution around which the value of the items cluster, and
the second is & measure of the “seatter” about this central value,

MEeaN AnD STanparp DEVIATION

If =, 2 7y bo the individual measurements of a particular
character on a sample of N deer, then the arithmetic mean (or average)
will be the sum of the individual items divided by the number

i I o s

of items. Thal is, T == i or written. more simply
4

iz
.i-—N (1)
The best measure of the dispersion or spread of the individual items
in the sample is the standard deviation, whicl is the square root of the
variance. In turn, the variance is the sum of the squares of the
deviations of the individual items from the arithmetic mean divided
by the number of items less one.  Expressed algebraically, variance

={x—E)"
N—1

N—1

becomes = and the standard deviation, s=

AT
It can be shown that X(r—F)P=2s"— —{'-"~.'\?rj— where S2=r4 4144 ...

22, and Zz as in (1) sbove.

Henee, for ease of compulation, the formuly for & may be written

I
— N “\—F'—
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Consider the dressed weights on the sample in 1938 of 10 female
deer, aged 1Y wvears, from the northern district. The mean is
TSI+ 8R4BIHT2LT0LBI4O3ETIH01 _
10 -

o (8120 S
L0 66486650344

S Tl =y G

8=7.8
CovparisoN oF I'vo Meass

The Student ¢ test has been extended to determine whether two
samples may be regarded as belonging to the same population (3).

My, o, .z and2’ 2%y .. @'y, be two samples, the means will
be fouml as in formula 1. The variance is estimated by pooling the
sims of squares from the two samples,

.¢2:T.]—m{::(J"_’f):!';‘.\.:(:'f’—ﬂ_")u} ('3)

-"‘—:EJ 1 ..Ng

x
and ==
2

NN, @)

the degrees of freedom for entering the ¢ table to estimate the signif-
icance of the difference in the two means will be n= N, + No—2,

Example: Compare sample above dressed weight of 1}4-year-old
fcmln.]cs, northern district, 1938, with soutlern deer of same sex, age,
and vear,

T=81.2, &=774, N;=10, N,=.11
—0+_]]l—j551'(i+1i]2'541

s o s R1.20—77.36 /10 . 11
#ee 87 ARGHE, = - .
FA86316, f 9.350 \/101'-11

Henee, (=094, With =19 the chance is somewhat betier than 4 in
14 that the difference could be explained by random sampling,

ANALYSIS OF VARIANCE

‘The basic treatiment of the technique known as the anaiysis of
variance was developed by R. A. Fisher (3). Stated briefly, if two or
more groups of factors are causing variation in a set of measurements,
then it is possible to separate the variance ascribable to onc group of
causes from the variance ascribable to other groups. A rigid test of
the relative imporiance of such causes may then be made to which
probabilities are assignable. For these data—considering age as a
possible cause of variation—the number of items (deer) varies from
nge to age. The algehraic identity expressing the fact that the sum
of squares of the deviations of wll the values of x from their general
means £, may be broken up into two parts, the first representing the
sum of squares of the deviations of the means of the age groups from
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the general mean, each multiplied by the number in that age group;
while the second is the sum of squares of the deviations of the obser-
vation on ench deer from the mean of ils age group.

With p designaling a particular age group, n, the number of deer
in that group, and %, tts mean of & particulsy characler. then

S{z—E) ' =2n,(F,— EY+ 2 —5,)° {3)

Considering dressed weight on the male deer for which there were
four age classes, the computations for the analysis of variance in
dressed weight will be shown in two parts, varianee due Lo age and
varigner within age.  The ratio of these Ltwo variances will be a
test of the relative importance of age in the dressed weight of deer
{table G).

Let the number of age groups be &, represented by 1, 11, 111, IV,
k=4, ny=108, np=140, nyr=440, n,y=223, the tota]l N=910,

The degree of freedem for the hetween-ages sums of squares will
be one less than the number of age groups, kF—1=3.

The degrees of frecdom within age groups will be the pooled degrees
of freedom within each age; that is, 104 +130+4304224 =904,

A check, here, 15 that the between and within degrees of freedom
should add to one less than the (otal number of items.

Using the identity given under (2) above for Z—3)'=20"—
the computations for the sums of squares become simple arithmetic,
tabulated in table 7.

The analysis of variance table (table 8) is readily made up from
these tabulations, The*total’ is taken directly from the last column
last bine, 673,318.46; the *within’ is thie suin of the four; the “between’”
will he the difference of these two, or il may be found divectly by
subtracting the total correction factor from the sum of the four

. . {(>n2 . .
correction factors. The expression 5 s called the correction
factor,

Tanuk 6.—The general form af the analysis of varicuee; the ratio of the belweeen- and
within-age parigneess provides o test of the dmportonce of age in fhe dressed weight
of deer

Arsrge of virinee Urogrens of frecthonn | Sien of snurres
Hulwid apes [ | Nadia—in
. oSy == Nk NEir-Frigt
Withthn ses A | ’ I XE=ip}?

TavLe T—Tabwlation shewing vompulations for the sums af squares; for dressed

werght, 2z and 2z 2 are compiled from the Dudividual iems a8 by equations (1) and (2

! Ay ¢luss
hem i B ; ) o T
e P 2o n BV (31 3pnrs
1 3
U0 seeonsidasd (11 {11y vours) §11 yoarse Hiwl verd

. P P - J— e o meee -

MNumber [T He mey B

or 5, THH, i 34,88, IS | IR T A T 100, K022, ()

o SN, DI L, 6, L0, 00 18t wmn oo | e s o0, o

%‘r) WL OSLIEE p 3 DT | AT, B L e, iR 5T | 1L 1R DAL
n

Py ) 5,467, 68 1, 0L T REUELSY 5, B s 73,14, 10
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Tane B.—-sAnolysis of vorianee made up from date in lable 7

”“I—ronan suni of l e
l'rl'vtlmn sipnares l-“‘ﬂfl-"'lll.lrt

; .
i TG, 942, 1,71

Petsween ppes B L TN, ¢ :
K : I8t |

Within npes

Source of varisnoe I
I

Tatnl . . 'Jt}‘l (i?:!.:HH', i

The sum of squares divided hy the corresponding degrees of Teee-
169,942
180.4 50
941.74.  Tables of # values for perltinent probability levels are avail-
able (4, Table V). LEnfering this table, with #,, always the lavger mean
gquare, cqual to 3 and n., “The less, 906, we flind that the 1||v'u=L r,
which is still many {imes ‘-nmllm Thais our f, g al the 0.1 puunt
fevel; that s, there is | chanee in 1,000 that so Iarge o ratio could
he atiributed Lo mmlmn sampling. ’.[.‘hua, lor all practical purposes,
it may with certainty be said that age does influcnee the dressed
weight ol o deer,

dom gives the mean square. M is the ratie which equals

Tesr or e Brricievey or A Sesent Cranaerir ror CLASSIFYING
Fxpivinesn DiEER By A

Ll Fa, Toany Fprin Ty be the means for the chareter p for the
four age elasses, and s, be (he standard devintion computed from the
p()olul within sums ol squares. The standard devistions for each
character are given in tables 14 and 15, For dressed weight, using
all male deer,

AN-010

Foa e 116,04
Fry— 13448 S 138
Then
T4 -

1535, T du gy g5

R _J\‘ 2.\,(

0,653

The probabilifies corresponding to these ave 112,043, and 0,51 (4,11,
These are the probabilitics of an observation falling outside the range
—ur 1o -, thal is, both {ails of the normal curve; and sinee we are
mferesled only in one tail of the curve al o Gme, ecach s divided
by 2. The I(HRI]UI]“ values arve .06, 021, and 0,26, The chenee is
& fo 100 that a 9-month-old deer will he classified as a 1e-vear-old
animal, or that a 1! --\ car-old deer will be put in the 8-month elass;
21 oul of J{]O Lhat o De-vear-old deer will be classiliod as a 21- (0 4%.-
yvear-old, or the older animals will be ealled  [Havear-olds; aned 24
vut of 100 nl the 25+ 1o A L-year-old deer will be classed ns overmature,
or that proportion of the oldest deer will be elassified as the next.
vounger.  Henee, the final probabilities for misclassifying by age
groups on the basis of dressed weight alone are 0,06, (}"»‘.*, [}.4.«,
and 0.26.

dNZTHL 4
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Discriminant Funcrion, o Compounp oF Two or More CHARACTERS
4s A CrirerioN For CrassiFyiNG DEER BY Act (3)

{a) Algebraic expression of procedure used.

I a linear funciion of the seversl deer measurements showing the
most distinet change with age be represented by the expression

Y=Na+hat . .. A, (6)
then the coefficients A, N . . . A,
are the solution of the equalions
Mo Al L L N =B
Mzl Nl . +7\p[1'23p]=—b'2

Nl 7\2[3".'-"-';:]“1' et ?\;,[:1:;,2] :B.a

where [z;,] is o simplified scheme for writing the pooled sums of
squarcs and of products for the age classes. The sums of squares
and cross-produets set forth in Fisher’s article 29 (3) for the standard
regression equation might have been used instead, for the resulting
cocflicients would have been proportional to the s above, but sinee
n precise study of variances within groups was wanted, these values
uready compiled were utilized.

The B’s are the regressions of the means of the partieular measure-
ment on age, that is,

v
4?-‘._.:(93‘;:4—55::) (a.—a)
By== = v N
2 (a—a)?

=1

It was necessary to assign values Lo the age elements, %4 oceurring in
the expressions for the f’s.  The logarithms of the numbers 1, 2, 3, 4
scemed appropriate for this, since the means of cach of the characters
plotted against these gave curves which were reasonably linear in
nature.  Therefore,

== (1000, ¢y;==0.30103, ayn=0.477121, and a1v=0.642060

The standard deviation, g, of the diseriminant Mfunetion will be
 INBIFNBF L B, )
7= N—p—F-1

where p is, ol course, the number of characters making up the dis-
crimnant fimetion and £ the number of age groups. The standard
error for the Ns is:

on =T ®)
and to test its preecision:
M
= (10)
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(b)Y 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 sums of squares and producis
Jor the left-hand side of the equations; and, lor the right-hand, unity
is substituted for each of the B’s and 0 for the others, the solutions
obtained constitute the reciprocal matrix of multipliers,
35,814.95339%,+16,960.17128X,-3,288.8332836A,=1,0,0
33,450.76005x,,-+2,382,619283 h y==0,1,0
1,494.238007 A;;=0,0,1
where ln:(}]l, Ciay i3
Ma=¢1y, Oz, Cxg
Rhiz=843, Cas, Ca
This is the standard procedure oullined by Tisher in his article 29

Solving the three sels of equations, we have the matrix of multipliers
reciprocal to the sum of squares and produects within ages (table 9).

While these are the ¢ values from which the As and their standard
deviatlions are dervived, the three 5B’s must be computed first, As
previously stated, the assumplion is made:

I 17 hr iv

¢=0.00000  0.301 0477 0.602 then a=0.345
and (e—¢&)—0.345  —0.044 0.132 0.257

Tanrk 9-—c¢ vulues from which the N's and their slundord deviations are derived

Length of hind
oot

Tiem Diressed weight | Lenglh of hody

Toressed welighl oo i eeee e [ERTAE Sl vy 1 RIS [ RO
Lenglhofbody_ ... .. o0 ... = (B30 540 0. 054023036044
Tenpth of bindd (o0t - . e c e en emmmaaa| = . DIOBERG2S310 —, (H27E5008400 0. QIB5THSO0GUSH

The denominators of the expression for the B’s as in formula (7)
are constant, Z{ea—a)? and equal to

(—0.345)°+(0.044)°+ (0.132)2+ (0.257)?=0.204434

The numerators are the summation of the products of (e-a@) and the
corresponding mean of the character. These means are given in
table 20. Hence

By (dressed weight) = [(—0.345X51.225225) + (—0.044 X 70.851852)
=+ (0.132 X 90.600000) - (0.257 >298.815385)]/0.204434
B: (length of body) =[{—0.345X 138.347748) - (—0.044 3 157.0833333)
+(0.132 X 161.328462) -+ (0.257 X 168.600769)]/0.204434

Likewise By (length of hind foot) is compued,

Simplifying B,=79.089436
B,=—48.837969
By;= 9.638495
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Following the standard method, the X cocflicients nre calenlated by
substituting in these formulas:

A 231& L“‘_Bﬂf're - Fyey

Mo =13\t 104- Batoo+ Bsesy

M=L2 015 Bacog - Bty
substitubing

A =(79.088436) (0.0'41753789) {- (48.837861) (—0.0'1 64930965)
- (13.638495) (—0.0°05586282)
Likewise A, and A are computed
Thus »=0.0018645088
A=0.0003018204
=0.0017222777 "
Then ¥=0.00186460.,4-0.00030183.0,+ 000172228, (i)

The standard deviation of this funetion is now computed by
formuls (8).

a

M =
/(O,Gm BOE59RRNTO.OSG436) -+ (00035 1 820N(E8.837068) + (0.001 7227 77)0.633495)
Y 425 —B -4 k1

oy 0.0200104

—— 0 - N 13

Using oy amd en, cos, g5 we Tingd in the usual way, formwla (8), the
standuard error of cach A coeflicient, and test ils significance in the
derived discriminant Nunction by formula (10).

oy =0.0208104+/0.0%41753780=0.00013512

a3 ="0.0209104+/0.{H4 030366 = 0.00013263
733=0.0209104+/0.(°S5 7950998 == 0.0006 1241

__0.0018640
T 0.00013512
0.00039188 .
ly = —— .-‘:‘;-‘-.-;:“-‘--‘2.2,9")
0.00013263
_0.0017223
000861240

Dressed weigh(, tndicated by £ has by Inr the major influence in
nulicating age of deer. The influence of Ue other two charaeters is
guite negligible m the presence of dressed weight.

Fo determine the efficiency of this funclion in estimating deer
age, it 1s necessary to find its mean value for ench age.  This is done
by substitnting the mean 's in (1), VFor the 9-months’ group:

Y= (0.0018646) (51.2252) 4- (0.00039183) (138.3477
+ (0017223) (41.4631)

Then {, =13.80

t; 281

1y=022114
Stmilarly, Yu=0.28008, }in=0.31159, }1v=10.33204

To stmplify the work of computing the diseriminant functions for a
series of deer measures, one coefficient may be taken as unity and the
others adjusted aecordingly by dividing by thal coefliciont. For
example, divide cach of the coeflicients in (11) by the Tength of body
figure, 0.0003%183, and the new expression will be

1'”:4.?58?1';+1'9+‘£.39553'3
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Tlhe same procedure is now used as for the single variable case as

m the tost of Lhe efficiency of a single charaeter for c¢lassifying in-
dividual decr by age p. 25.

-==1.625H

Yi—dn
T

=T
}I]I )

ALARY

One-hall of the probabilitivs corresponding Lo these are 0,06,
0.30 and 031, and the peobahilities of miselassilving o deer using this
diseriminant funielion as the eriterion are 0.06, 0.36, 0.61, and {l al.
(€} Omission of a character from a devired diseriminenl funetion.

I is desirable (o make comparable fests of diseriminant funelions
which contain fewer than the masimum nomber of charneters, par-
ticulavly to omit charaeters whose Ns are shown {o be of Titile impor-
tance aecording to Fisher’s artiele 20,1 (3), A new e-mualrix is ealeu-
lated using the formula
oo e

Crel Ll
“rr
where #is tie eharacter to be omitted.  Computations are most easily
carricd oul il this is expressed in fraciional Torm
¢ Cot'ee = Crrlyr - (m
;-
Consider omitling oy, the length of body, in owe exannple. Then
. LR Rl E T

¢y — 7 7 et
£as

Substituting vaboes rom ouwr e-matrix:
o (LOMTTA37R002) (0.0M (230306044 — (—(} l)‘l(:—l‘l SHIH 14()!‘
Ca 0.04023036644
no- QON3THTGSGY
The new ¢/-matrix is:
0.07°337 1476867
—FH3TAHTR0  0,0%7 5495806 L0
From this point the method is the sanwe, as in the three-characler
ense. The resulls appear along with those of other combinations in
{uble 21.
() Facter U7 for ranking discriminent funetions.

: v oo g slope of the Tunetion
]3.\' dluf”“_tlnn L:‘;—_.__ I f e mmemm o e e

{13}

Gy
where the slope of the function is ZX,f5,
For tire Tomale deer with three mepsurements forming the compound
function for discriminating age
- {0.0018646) (79.080) - (0.00030183) (48.838) -+ (0.0017223) (0.1385)
b= 0.02061
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This compuiation is simplified if it is noted that the numerator is the
same as that for the variance of the function
U=8.76
(e} Procedure in applicetion of diseriminant function {o ¢ series of deer
MEASUTEINENLS,
(1) Compute the funciion 3" for each decr by substituting its meas-

urements in the derived diseriminant function,
(2) Substitule the proper mean values from table 20 fo compule

YIr I;]Ir YI]I; YIV
I‘ YI YII]’. l II: ﬂ.ﬂd 1-}'.Hv"'_--PII!.'

2 2 2

=

(3) Find

(4) Then the linits for the nge cinsses arc:

yll }__[

Age class 1:

Upper lumt.-—y".+ Ym YH

Ape class 1T; _ __
I T

Lower limit—Y,—

ete.

Applying the diseriminant function derived for the three measure-
ments on the female deer Lo the same data from which it was derived,
Y=4.7587x:-+x.4.3955x,,
gives age group ranges with the corresponding actual counts as

shown in table 10.

Here 4 percent were wrongly classified in age I, 33 pereent in 1T,
57 percent in 1, and 32 percent in IV, Qur corr ospf;m(lmﬂr theoretical
probabilitics were 0.06, 0.36, 0.61, and 0.31 percent, a slurht over-
estimate of error in the first three ages. It is, of course, True that
this particular test would not be conclusive since the dala were the
same for the derivation of the formula and the test of it.

TaBLE 1B.-—Age group ranges and acival counis

Actual collected ., . . . NI

! Ao class—
Theorclical age groups based an ¥ =0 - o s . - -
L i I | I 1 v
e | S T e e
v AN - ! Her- i Nt l Pere | Nuwm- | Her- | Num-1 Her-
Tober uogemd | ler ooemt ber eedt ber ; rest
8214 and sbove ... . i 0 I v I, Lo B MW il 68.3
THLAte B Ll L U U 15 M8 56 43,1 k1] Il
Gal.l o 7004, e -Ii 3.6 :El'ni I, 7 38 2.2 il 8.5
G510 and below___,_ . 107 ;G4 2 4.7 1 I T 0 1]
l_ [ o l . : 130 i I 130 I —
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STATISTICAL ANALYSIS OF DATA

As previously staled the reason for analyzing the drer measure-
ments—age, body, and antler—was to find, if possible, s eflicient crite-
rion for age determination which would be inidependent of the dental
formula. There can now be discussed the results of applying the
methods of analyses outlined in the section on sl:l.tisticai tochnique,
pp- 21 {e 30, te these data with this purpose in mind.

JXTENT oF DaTa

The number of animals from whiclh the particular data were ob-
tained 15 shown in table 11.  Age was not obtained for the 438 deer
weighed and measured in 1935,

Tanns 11— Number of animals ingluded in deternining the relotion of uge {o weight
body, and antler measuremenis

Age ol i

Sex ond yenr ! cpmig 1 letal

e I [ Oy 10 g ml- e e Poe

1| - soALE e A

(P months) YEars) ‘ 114 ¥uirs) , over) i

——— e — e Coee P ___,I_. N —— .._._.!' — i - - ,_...._.

Femaier P Number 0 Number | Nwmber © Number | N inder
L 3 ot [T 5 i

32 j i 5 160

Totel females — P : ) . o

Male;

et}
0
it

jia)

On the female deer, the three characters measured in both 1938
and 1939 were dressed weight, oy; length of body, ; and length of
hind foot, 25. Lengith of tail was measured in 1938, but not repeated
on the 1939 deer, since an analysis showed no difference in this
measurement by age classcs.

Four antler measurements were taken on the male deer; spread of
antler, 7y; circumference of main beam, 2;; length of antler, 7,; and
number of points, x,. Of the three body measurements, dressed
weight was taken on all the male deer, while length of bedy and length
of hind fooi were not measured on the 1936 deer and on some of the
1937 deer. Of the 502 deer (males), for which measurements of all
seven characters were available, 105, 64, 179, and 154 were in classes
I, II, 11T, and IV, respectively.

Throughout the analysis, the order of these characters has, for
convenienee, remained unchanged and with the same subscripts as
given in the preceding paragraplis.
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TasLe 13.~Frequency distribulion of male deér by body

Spread of antlers

Circumferenee of main beam

measurements within age groups (1986,1987, 1988 (9 months anly), 1939)— Conittnued

Length of antlers

%

Numbher of points

i

! b
: . Midpoeint; O gt . |Midpoint 2 araas v o (Midpoindi 540 gy gy 14
Midpoi s P Bl e o Mg 1 2y 81y 5 113 0 2lailg 1] T 1e o 20edld 514
y ?3:‘2:&‘%(’]“:5 E . vears+ 3 i?]rtgi}::ah | years Years  years+ i%rtgl"\‘fnbl . veors years - | vears+ i?ftglr’ﬁﬁ i yrars } Years | years+
: ; -‘ , ; | : i
m i W@ e O (10 an a2 a3 o0y b8 (e)
. ) i
. . i P . Centi- | Centi ; Cenii- ‘ !
Centimeters U Ntonber - Number. | Nuinber | {)ueter,s | Numdier N/mnl:e; y Number | mf‘lcr,\- Nuinber | Number { Number § mieters | Number © Number | Number
: : 2dbaa Ll : 3, 62,45.... [V PR SV B R0 I YRR S ; 3 18
2 14 | 674500 e 41 0.45.... —_— 12 30
...... 4 2 103 67
2 63 59
11 hitl 18
10 b7 22
25 I ]
A 31 6
42 15 1
i} ) B
3B, 48uncmemciminn & PO PO

B3 A Bummmenrinmnns s V
B0 et el

RTINS

140 |

i

Total. .

452

R

ve

AUALINOTYHY JO "IJAd 'S "N ‘0F8 NILLITING IVOINHOUL
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CoMpARISON OF MEASUREMENTS BY DIsTRICT AND YEAR

On the basis of year and district, the deer measured fall into 12
categories within sex and age. Eight of these were for thie males and
four for the females,

The initial step in the organization and analysis of the data was
to form frequency distributions of ench character within several eate-
gorics. ‘Tables 12 and 13 give those for combined years and districts.
Figures 17, 18, and 19 arc the corresponding Irequency polygons or
curves,

PERCENT
49

ars | azs | a58  a7s
LENGTH OF HIMD FOOT {Cantimeters)

ey ..T.'.:'_.jlng.. . Mo _1. JRp—
1275 5 1675
LEMGTH OF B0ODY {(Cennimeters)

.,
™

BTG 75 BYS ars 10T 5 nrs 1275
ORESSED WEIGHT{Founds)

{AGE GROUPS}
9Menths ——--——L%‘rear= ——-———2%*‘1%‘(!0!5 --------- S%Yenu

Figune 17, ~Fregueney curves of body mensirenienis of the sauple female deer
within age proups for 1938 and 1939,
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PEACENT
i 30

405 ” 505
LENGTH OF HIND FOOT {Cenlimeters)

- . T
g e —— -

1375 1475 573 LTt IF?5 Brh 1575 2075 2rs 2215  23¥5
“ENLTH OF BODY [entimeters)

|

; [t
100 HQ 20 120 MO 153 EQ (kg 180 150
DRESSED WEIGHT ([Pounds)

-

B0

va ' :
‘}/_. . .ok

fw b GRCUFSY
—-—r——— & Monihs iy Years —— —— — 2Y-aly Years --------- 5k Yeors

Figran 18, Frequeney curves of Dody measuremends of the sample male dece

within age group: for 136, 1037 LAY, nnd 1939 010938 data fur 9 monl be-old
aniy).
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Tables 14 and 15 give the number of deer, the arithmetic mean
(average), and standard deviation of each measurement by age groups
within these subclasses.  The number of deer range from 2 to as many
as 105.

Tanve 14 —Mean (ureroge) and standard deelation of measurements of female deer
by yetr, distriet ond uge rlosies

Length of hind

Drressed weight Laetusth of hody Tout

1
I Longth of tail

Puer N

Yuenr, district, and age cluss in \ Ftorut- Stnng- Stand- - Stant-
(1 sample o - arel soanl artl

. devine - MO0 pieine AP e A .
Untr - + tlon Lon tion

TR R FTI : P b @ U
: : . i .

Mo

1938 . . . : X
N : CQenti- ) Cendls o Cendi- Ceatic | Centi- T Centi-
Nourthera districts CPonads’ Poaads anelers ; mdders  melery o omelors o meters omelers
I—f months__. . .. B s Gl 18AD 4, cH.b - 7
IT—1% yeurs.... . ... 1.2 TN 15640 4 - 4.2 ]
L I—=2n=11y years ' 3., 1 N I Rl
1V —55 years and over ! i BT A 17 Vi ErA
Foulhern district: ; '
I—%mouths.._. . . . ¢ V 1380 5.4, HdlG
111 venrs B Tl ! a2 - 4.0 .
[1I—2la=114 years... ... U T 1) - 3 Al
IV--5's vears aned ovoer ! i i, 164, 3.4, :

1939

2 6s 3 s

Norllwery district:
-8 memths .
TL—124 yours . o
I =340 vears o . 1
IV —51s yours am! gver 1
Southern district:
1—9 months .
i1 yours. ... . .
TLI—=24e-q16 venrs
1V—5tg years anil over |




TasLe 15.—Mean {average) end standard deviation of measurements of malc deer by year, district, and age classes

8¢

- SN _.._E e .
- E i Body measurements Antler measurements

-+ Dressed weight
;Deerin 1 Length of body Lengtf!(l) ‘;)tf hind

Year, distriet, and e class - sam-!
Pl e e e 7
C ¢ Btand- ! Stand- Stand- Stand- Stand- Stand- Stand- Stand-
Mean . ard de- | Mean | ard de- ard de- | Mean | ard de- | Mean | ard de- | Mean ! ard de- | Mean | ard de- [ Mean | ard de-
i viation 1 viation viation viation viation viation viation viation

i ] “© & W () ) aoy fan b e oy | ooy | @} oae | an | a8

RIS [P - FNES

. . }936 Centi-| Centi- | Centi-} Centi~ | Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi- | Centi-| Centi-
Northern district; !
I—113 years... aobes } 10,81 . . 2.3 461 59 0.9 | 216 : 4.1
IT—214-414 years Latiea ] 861 1180 16,81 .01 g e . 33.7 8.1 7.7 | 32.0 3 8
- I11—5)%+ vears SE83 D 1T 15.8 1. B S . el 42.2 . 3 1L 4L.2 . 3
Southern district: ‘
I—1layears . ... ... 2% 1035 6.4 1. i . . e imemeas . . . 16.3
II—2ly-434 years ... .. 1 118.1 13. IS SR . : A L . 2.9
II—5¥54 years.,.. . . . 1416 17. ! . - » . 416
1937

Northern distriet: ! N

I--1% vears.... .. . . . 97.0

11214414 years. . .. 120.9

IIT—53+ years. . ... ... | E “136.7
Southern district: :

I—114 years. ...

II—215-4143 years

111315+ years

1038

Northern distriet:

9 months. ...
Southern district:

9 months......... .. .

1939

Northern district:
I-9months. ,. . .. .. ...
II—114 years_... ..
ITI—214—4}4 years .
IV—5l54- vears

Southern district:
I—9 months...
II—134 years.. ...
=24l years., ... ...
l\"—‘—fx,“ﬁ-i- years .. ...
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7 Number of
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Length of tail | Spread of antler

Y Num-
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The standard deviation indicates the spread or variation of the
individual items which make up the mean or average. In a normal
distribution, two-thirds of the items will fall within the range of the
mean plus and minus the standard deviation. Formulas (1) and (2),
P. 22 indicate the procedure for calculating mesn 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,
Comparsble subgroups for males and females are present only in the
9-month animals in 1938 and all ages in 1939. Except for the )-month
ages, the mean values for males are, in every case, larger than the
females.

E. A, Goldman, in his report, states that white-tailed deer reach
full maturity at about 5 years. Between 70 and 80 percent of the
deer measured were immature (table 23) and the majority of those in
the mature class were probably between 5% and 6} years old. If a
higher percentage of the animals had been older, making date on the
9}i-years-plus age class available, the upward trend in these caleuln-
tions might have leveled off at the 54-year age class.

There does not seem to be any definite trend in the amount of
variation, either by years or district, excopt possibly slightly more
variation in the northern antlers than the southern ones within the
same year and age group. 'This substantiates the tentative conclusion
made 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 data, pp. 47 to 57.

Table 16 should be studied in cotnection with these group means,
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 samples may be considered as coming from the same popula-
tion, it is necessary to take into consideration the individusal variations
within those two samples. If the means differ significantly, the sam-
ples cannot be seid to be from the same population. In the example
given in the discussion of statisticsl technique, pp. 21 to 30, £=0.04
for a comparison of dressed weight between the 1938 northern and
southern female deer 14 years old. P lies between 0.4 and 0.5. This
means approximately in 4 out of 10 cases & ¢ of this size might be due
to random sempling only. Roughly, we might say that ¢ should be
at least 2.5 if a real difference exists between the two groups.

Since the population was much denser in the southern district than
in the northern district, the two were analyzed separately and com-
pared lo see if differences might be significant.  Of the 63 comparisons
hetween northern and southern males (table 16, columns 2, 3, 4),
17 had ¢ values large enough to be considered as significant. In 7 of
these, the southern animals had the larger means.  Only 2 of the 24
comparisons of female northern and southern decr {columns 11 and
12} were high enough to be significant; in 1 the southern average was
larger, in the other the northern was larger. At least one ¢ value
above the limit would be expected, even I all were from the same
population, when as many as 24 samples were taken. It is concluded,
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TaBLE 16.—Values of ¢ in iestt of differences in characters meesured belween
districts and years within age groups for male and female deer
P

I Mules Femnles

Charscter and nge .
; North vs, Y - North vs, -
group South 19306-37 16030 ] South 193820

f

1937 a0 .\'urth‘SnuLh Norl!lISOuth North|South| 038 | 1830 [North South
EREORNORNCE NG RCENCN N RURRE () | (a4

, . ] . 1.72 L4
- A Lt N . . 05 L, . U7 LBy .
555 yehrs nmd ¢ . . . B | B . . R I N
Faostpth of body:
@ montis LpLel 2 N oot zoslvaeal b8l
i¥e yenrs, . . N . e s R . A58
2lg43 yours.... .| ...] 230 1 S . s ovnes] e 40
abg yearsand pvar b 1 LERY 80 Y . . L2 - T
Length of hind fout:
Owonths_..... .. ... |%. . . .. BUA 248 L1
134 yoars.. .. ... R Lt . . .. L . L
He-il4 years.. . ¢ . | .88 wenl o o 0 ] . . 09
514 years and over. i3 [t R SRR I . . .30
Spremid of antlar:
18 vears ... ... | L] 4G . M AT
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b

1 ¢ =Student test to delerinine whether two sampiss belong te Lhe same pojalation.
g dutn instend of 1A,

therefore, that no untoward bias would be introduced if districts as
well as years were combined within sex and age groups in making
the analysis to determine the relationship between age and characters
muenstred.

The ¢ values, when comparing 1936 and 1937 shown in table 16,
columns 5 and 6, are consistently lower thun 2.3, the limit for a real
difference. There is more variation when the 1938 antler figures are
compared with 1936 and 1937, table 16, columns 7-10. The signifi-
cant values of £ were Tor the 1%-year animals.  The 1939 antler meas-
urements were consistently smaller for this age than those in the
earlier years. For the other two ages, #s shown in columns 2 and 3,
the differences were quite crratic, not always oceurring in the same
direetion.

Lexcta oF Tan

The Jenglh of ihe tail is of Tittle or no value for discriminating the
age of white-tailed deer. In 1937, length of tail was measured on
142 deer;in 1938 this measurement was taken on all deer in the study,
but was discontimued in 1939 because it was not significant. The
means and standard deviations of these appear in tables 14 and 15
{columns 9 and 10}
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For the 9-month animals, the mean of the females was slightly
larger then the males in the northern district. The reverse was true
in the southern district. As indicated in table 17, the only ¢ large
enough to give any evidence of & real difference was 2.53, and there
the younger deer had the larger mean. In 7 of the 12 comparisons,
the mean of the younger was the larger of the 2,

TanrLe 17.—Resulls of the © lest when used fn comparing suceessive age groups
Jor the date availeble on length of toidl

¢ volues for the com parisva i teated

Distriets 0 mpnths

ke vy,
feunie

:
YT ARTTRN
] III]U{!“!S ' 13tyear vs. :{5 'EE’;Y(x?:
[T T [T VOvE, Dy
; Y8 NEyenr  d-gig-yens , st over

1937 .
MNorthorn_ ., A i U . (LR [N
Southern.... .. ... . e : (LA (B

1838 t
Northerd o ... cicmiea . I .80 .21
SoMhOEn . e L e 1 5 1A} .42

]

Another test was made on the 1937 data which substantiated the
results of the ¢ tesk. The sums of squares of the deviations in tail
lengths was broken down inlo two portions, that due to age and that
within ages, and the F, or ratio test of the mean squares applied (table
18). A discussion of the method used is given in the section on ana-
Iytical procedure, p. 24.

For age to be considered as a significant factor in tail length, F
should be at least as large as the # at the 5 percent level.  This would
mean a chance of 1 in 20 that so large o difference would be due to
random sampling. In neither the northern nor southern district
was the & value large enough for significance. These 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 dis-
irict and year.

Tanue 18— LDefermination of F, or yafie tost of deviations in tail lengths

Begrees of
frecibonm

Fatb b

Alenn sgunre pereent ievel

.
[}
Souree of vETinICe i
r

Northorn distriet:
Detweenapes .. . . ... ..
Withinages._ ...

B+

Southern distriet:
BOLWeEN BEUS o ionreiieaan . cmiicaaas
WiHIR RROS e e e cerrm e ae

T Y

.DETEBM!NAT}ON_ ofF TniE LErFFucnmviness oF Kacy CIIARACTER FOK
DPismincuisning THE AGE oF A DEER

The fach that for these data, all years and districts within cach
sex and age group might be combined without introducing untoward
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bias, made samples for esch age class sufficiently large to assure
confidence in the results. The grouped frequency distributions for
each charactur appear in tables 12 and 18, Figures 17 and 18 show
the corresponding actual probability curves (percent of total in each
clags interval). '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 13 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 m 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.

Tanne 19.—Analysis of veriance by oge groups for mole and jemale deer, 1938 to 1939,

Total..oooaa. ...,.__....-__i

inclustve
AMALE
! ! { F vaiue
: ! :
Charaeter and sniiree of TAdeprepsol  Sum el . Standerd
varintion {reedom ¢ squares Menn squnre devistion AbGd
i ! Qbserved {mrccxlzt
! J (g
- e .
Trrossed weight: : 1 |
Botween ages ... ... .. 3 AONE2A 2T 149, 142 cee eemea] LTS 5. 50
Withinages......o.. . . ..} {086 16244, 14 B0 450050 |, L Lo.. ... |
ot e e 000 1 OTENME.S | ...l 18.4%8 | ...
Length of bedy: a H
Hetween ares i 3 150085, 41 1] A P, 58,4 5.5
Wikliin nges. : 408 45387 22 Glosee0 L .. R
Toldlecoe eivnns eeel G I T T R BT (i el
Length of hind fapt: : } i
Vetween sges. . .o, L. L) B 1,082, 52 crmmmee- o HOAGT S it
Withio nges. - ........ ! Fiths 1583, §15566 3193680 . L] R
Totnl . _.... ....__]| Full W 8350 . .. 1.787 e
Eproadd of andler: !
Botwoen ages_ .. _._.1 s A3, 52 Wy
Within apes . S0z HOLIE 8PS AL OIGHIE [eaes o aafa..
Totadooes ol ceeeeimmae” LI 1 LT ORI 47 7: 0
Clreumivrence of main beam:
Belweeh 8g0s. oo .0 . Lo 2 1158, (098 5. D ceee eemsl 22305 LM
Withinages._ ., . [ 802 | 1o guie LEOSONT oo Lol .
Totaf. ... . . oo’ B 4438, G2 1. 2633 . R PR
Lenplh of gpiler; B . i .
Belween ngos. .- R 2 DX, 13 [ 20,852, ) R & T 1 ]
Wilkinages..... . . ... a2 TG 2y LI pch b T U . -
L P 0 I P I
Nunbor of ppints: ' i
Belwepn ages_ ..o ..o k3 1805, 003 902, RHOGG LG
Within ages_ ..o oo . sg2 2152, AEUR 2. | e 1f .
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TapLE 19.—Analysis of variance by age groups for male and female deer, 1936 {0 1939,
inclusive—Continued

FEMALE

Diressed weight: '
Delween ages b 15162673 | 50, 543
Within ages.....______.___.. i1 35814, 85 85. UT1148

424 187441, 68 | .. ...

Lonpth of body:
Befweeh 8Res. ..o, ... ... 3 GBB48. 68 | 10,515
Within ages......... R 4 33450, 77 0. 470886

H2008.43 |.... oL ..l . L.

Lebgth of hind foot:
Betweon sges..... .. .4 s I TR
Withleeges. . _.. . ....._ K 144, 3. Rantn

3845, 85 |

The within sums of squares were pooled by age groups. For this
to be a valid procedure. the age-group variance must be considered
equal. Reference is mude to the standard deviations in tables 14 and
15 and to figures 17 and 18. While there was some variation, partic-
ularly for dressed weight, it was not believed sufficient to cause any
disturbanece in results. The mean square resulling from the pooled
within sum of squares yields the best estimate of the variance. The
square root of this is the standard deviation, indicated in table 19.

SINGLE (CHARACTER

Although table 19 shows that the several characters vary materially
with sige, 1t does not give the enswer to the question of how much of
an crror might be made if the age of the individual deer was based on
any one or more of thesc characlers, If a deer were always an average
animsl, 16 would be possible to give its age group accurately. These
mean values of each character for each age group appear in table 20,
The [requency distributions {tables 12 and 13, figures 17 and 18) and
the standard deviations ((able 19) indicate considerable variation in
measurements for the deer in auy one age group.  The standard devia-
tion for cach is found in table 19; 1. e., for dressed weight of males it
is 13,433, ete. The accurney of age predictions when using & single
measurement was based on (hese sfandard deviations fsee p. 46).

TaBLE 20.Means (uverage) of the several chavaelers measured e the 4§ age gro wps

[For the sumple of imnle and femate deer used in the analysfs]
i
: At ohss

Sex nnd body chargeter

fhLao$1a < R,
j it mmlLi!b‘)_! 1L 112 years). I[l\-gi\;-‘é?h Ii [;Il((‘i}(;\:\i:(;i;rs

. nhinither . 105 Gl 154
£ Dressed weighl, | . L. L. poliuds SoRECRGH ¢ G5, 4925 ¥ 135, BHH91
L2 Length of body . ... . _eenlingiors. | 3 Se8 0 JHT.TSOSS L 187, 30000
nLlengthelhindfost ... . .. ... __de 1%, H A7, GERL3E . 28 | 30, 32N
z Bprend of aabier. R 1 [ S I 7. N 4. 50060
s Circumierence of main hogn tho _ U o4, B3N i .

s Length of antler. e e 15878125 |
I3 Voinls. . _.o.ooool. . . nineher ‘e - DANTHN
Fenwtles ooe oo ool L. L . tlol L. Hil &4
xy ddressed weight .. .. . poums., 51205295 7. BS54 3
rz Lenglhoof hody. - ... _.ceebtitneters 138, 347748 E57, 0533383 161, Bulafe IGS. COUTEs
I3 Lenghhrof hind fook.... . ... ___ e .. 41, SHI063 45, BHGEER 35, 128462 7. 452508
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‘The procedure is siraightforward. One-half the difference in the
menns (table 20) for two consccutive age classes is divided by the
standard deviation. From table I, Fisher and Yates Statistical
Tables {4,) the value of P corresponding to the preceding quotient z
is found. Sinee this is the probability of an observation falling out-
side the range —= to 4z, and the interest is in one tail of the curve,
one-haif of P may he taken for the chance of a deer fulling above or
below the midpomt between age groups—above the smaller age class
or below the larger one when judged by one measurement.  Ior the
secondd and third age group, the total probability of making a mistake
will be the sum of two probabilitics. For example, the chance of
making a mistake in classifying & 1X-year deer will be the prebability
of its being classed in the 9-month group, plus the probability it will
be put in the 244 %-year age group.

In table 21, appear the resulting probabilities for each character
measured. Using all 4 age groups for males, if dressed weight alone
were used, there would he 6 chunces out of 100 of pulting a §-month
deer in the I'wyear class, 27 of misclassifying a 1l-year deer, 47
for the 2—4l-year deer, and 26 for the overage animals—not & very
precise estimate, but the best of the 3 body messurements.

Sinece 9-month old deer do not have antlers, including them when
using antler messurements would scem to diztort the picture. In
the first section of Lable 21 they have Dbeen omilied. Number of
points conlinue poor, but now length and spread of antler are both
better measures than circumference of main bheam, with length
slightly better.  Colunims 10 and 18, which will be interpreted later,
give an over-all evalusiion of the several probabilities.  The larger
this ficure, the belier is the charaeler 1€ roprescunts.

With female deer, dressed weight, although the probabilities are
too high {o be satisfactory, is much better than either of the other
two characters, :

COMPOUNDS OF TWO O MORE CHARACTERS FOIt BETERMINATION OF AGE

Prelimingry tests were made in order fo seleet those characters
which would seem teo yield the most desirable Iunetion, and it seemned
desirable to use as few as possible. Since all the characlers are
influenced by age, table 19, and the associntion between characters is
considerable, then the selection should be on the basis of the greatest
imdependent variation. This would be a combination of those which
have Lhe greatest mfivence on all others and the ones which have the
least association with the others. In the case of the male animals,
length of antler seemed to have a closer relationship to the other
measurements, while length of hind foot was the most independent.
However, i was theught wortlh while-—lor the purpese of ecmparison
and possible practicable use of the analysis—to present the results
from a series of different combinations of characlers, some of which
were not the most promising, as shown im table 21, Sinee the
g9-month animals were antierless, Lwo separate analvses were made of
the male deer—one compmrable to the female deer ineluding all age
groups, but considering only the {hree body measurements; while In
the other, the g-month old animals and the influence of all characters
except number of poinls were examned; the Iatter character was
omitied beeause prelintinary tests had shown it to be of little value.
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The statistical details of the procedure followed in compuling Lthe
discriminant function, finding its standard deviation, test of the
characters represented, and an over-all evaluation of its eflectiveness
are_described in the section on analvtical procedure p. 26. The
probabilitics for misclassifying deer of the different age classes, based
on ench diseriminant function considered will be found in table 21,

IXTERPRETATION OF THE SUMMakY Flounss

Table 21, v which are assembled the summay fizures for an
appraisal of the eflicicncy of the single characters aned their several
combinations for determining age of deer, is made up of two mujor
parts.  The first half of the {abie gives the results from data for he
thiree upper age classes of males, those deer with antlers, based on 397
animals; while the second hall is from daia in whicl all four age classes
were represented, 502 male and 425 female deer. Animals in the
9-month class, being antlertess, were not included because they would
have distorted the results reflecting the influence of antlers.

Columms 7 {0 9, and 14 to 17 are the probabilitics lor misclassifying
deer by age groups when particular characier combinations are used.
For example, when the three body measurements are used, there are
7 chances out of 100 of misclassilying fomale deer 9 months olel, 38
out of 100 for 1':-ycar animals, 63 out of 100 for 2 %-yeur animals, atnd
32 out of 100 for mature deer. The stmaller the probability, the more
precise ave the age determinations.  Columns 10 and 18, with heading
(" 3s the ratio of the slope to the standard deviztion of the function,
It is an over-all measure of the effectivencss of the function. The
lavger the U] the better it diseriminates agre.

A carelul study of table 21 leads to the lollowing conclusions:

From & strictly statistical standpoint, no single measurement or
combination of measurements diseriminates nge with any high degree
ol precision for the middle ages.  Of the body teastirements, dressed
weight is hetter than either of the other two; adding one or bo(h of the
fength measuremenis does nol improve the procision of estimnte
pereeplibly. There is no difficulty in determining the age of the 9-
month old group.

Any one of (he antler measurements, exeepl numhber of points, is
better than dressed weight.  Tn the (hree-age analysis, the length af
antler is the best single measure.  Combinations of two antler meas-
urements give better estimates than one alone, the spread and length
of anticr being the best; bul inerensing the number of measuretnents
over two docs not improve the estimate. A slightly better compound
of two is one body and one antler character, preferably length or
spread of antler. The U for the combination, length of hind foot and
length of antler, would scem o be as effective as o compounel in
which dressed weight was the body measurement seleeted.,

The besti combination of three is length of hind foot, spread of
antlers, and length of antler.  No advantage is gained by including
the circumference.  In dealing with the mature deer, the chanee of
misclassifying is oniy slightly less when a compound is used instead
of any one single measurement.  The greatest improvement of the
compound diseriminant function over the single charaeter is in the lwo
middle age groups of mule decr,
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Tasue 21.—Probebiliiies of sisclussifuing male and Temaele deer for various com-
binations af charecters and ralio test of funclion
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The statistical analysis shows that there is a great deal of individual
varintion in each age group.  These data are helioved to be applicable
to the Allegheny National Forest deer herd, but they will not apply
to all white-tailed deer of the subspecies (Odocoilews pirginianus hore-
alis). However, the method outlined in the section on the application
ol results, pp. 47 to 37, for obtaining the necessary data for practieable
deer management is believed applicable 1o any Herd of (he same stiby-
species and probably to all subspecies of Virginia white-tniled decr,

T selecting the best character for determining age. the probable
wecurney which can be obtainal onder fiecl! conditions and the
attendant zoological fuctors, as well as the mathematien] precision
must be considered. These points are covered t some detail in (he
next seetion.

APPLICATION OF RESULLTS AND LSE OF DATA 1N
PRACTICABLE DEER-ITERD MANAGEMENT

Good deer-herd management requires knewledge of e distribu-
tion of the herd by age groups. For such practical purposes, . single
measuremient is recommended on the basis of the results of the detailod
analysis of the data,

1t would be preferable to seloet a mepsurenent that is casy to obin
and one that is not likely to be subject (o excessive annual variation,
This choice of a single measurcment s importam beeause (he basis
for raleudation tage and one mensurements will be colleeted Tor only
one relatively small sample for o single year. Data collected over i
period of as long ax 5 years eliminates e significance of
Nuetuwation as shown from the resulis of this study,

It is_considered necessiey to determine (e range of measurenen
for ench age group for the deer herd or loeality, beeause an analvsis
of data from other loealities on (he saime suhspecies of white-tailed
deer indicates that all measurements may be uniformiby Jarger or
smaller.  This faet does not scem to offedt the relative aceyuracy ol
any ene measurerment as an indicator of age.  For example, Cuha-
lane’s heam-dinmeter method (1) for determining the age of white-
tailed deer in Michigan was applicd to Adlegheny deer, and it was
found that the average white-tailed deer on the Allegheny National
Forest of any given age elass had antlers of o smallor dinimeter than
the avernge white-tailed deer of the same age n Michigan, A
comparison ol measurements for cach age class for hotly herds, acconl-
ing to the same formula used in the beam-diameier method, shows
considerable uniformity. This further substantistes the conclusion
that a method for determining age ean be worked out for any group of
decr based on a single measurement that would he stalislically wile-
quate and would be applicable, for all practicable purposes of nanage-
ment, Tor deer from that locality, but would probably not be applicable
to deer from another locality. For example, Cahalane's method
could be used on the Allegheny herd, but first a series of actual
measurements of Allegheny deer would be necessary in order 1o
cstablish the beam diameter sizes for each age group.

An appraisal of the measurements taken from a magttagement. stand-
point during the course of this study will he found helpful in the
selection of the measurcments most applicuble ta o given condition
{tuble 22),
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TarLt 22— Mean (nveroge) weights and measurements of sample deer by vge closses
{swmmary)
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Arrraisan oF Tanivipeal, MEASURMMENTS
AGE

Deor weights and measurements data withoub age have very Fimited
vulue, beenuse all messurements increase with age up lo at lenst
matur iy (see Lables 20 and 22). 1, for example, average weights are
known, no definite assumption cun be made as to the reason fer an
increase or decrease i avernge weight., I the investigntor could
ascorlain that the mean {aven Ij..{! age for cach sample was the same.
then age might be disregarded, but i this event il \\oulrl be exeeed-
ingly valuable (o know (e distribution of nge clasees in the herd.
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Table 23 shows e pereenfage of mature and immature animals for
the Allegheny Nutional Forest by vears based upon the data collected.
Approximately 75 percent of the animals were immature and the
other 25 pereent wore probably not over (¥ years old.  Dwring the
whole S-venr perind, 20 animals or less were found (hat could be
clussed in the 9vear-plus age class. There is, as would be expected,
a substantial inerease in the number of mature deer following an
antlerless deer hunting season.  When a high percentage of (he “deer
lierd is immature animals, sportsmen canniot expect 1o bng Many good
Lieads.  In analyzing the data by maunagement unifs, 1t was learned
that, generally, more matwre deer were found in the areas having the
stallest number of deer. This is attributed to the fact that the
greatev part of the hunting ig done n the sections where the deer are
mos! plentiful, thereby upsetling the normal progression of age groups

Tapiw 23, Prereenioge of meature and inmonolure animeals by years
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NDRESSEDR WEMHT

Phe variation in weight of legad male and Temale deer, excepling
fawns (table 240, s definitely influenced by the pereentage of animals
it the elder nge class. For example, the weight of legal made deer
Jumped from P16 pounds i T937 Lo 121 pounds i 1939 lollowing an
anterless deer huniing senson. The reason for (his inerease is readily
explamed by table 23, which shows that in 1939, nearly 44 pereent of
the Kill was mature deer. This is practicully dounle the pereentage
of mature deer for 1937, The same thing s (rue for the female deer
for the years 1938 and 1934, the weights being 92 and 93 pounds; and
the pereentage ol mature animals, 47.8 and 43.8, respectively, com-
pared to the 1936 average welght of 87 pouneds aned 174 poreent mature
animils,

Tanne 24 -~ dreerage (fressed) welght for legal deer, 1835-39
Yar
I)lq_.r e . ._-.._,..I e . I . .. .-_E——v-
WG MgT o 1y | 1039
._..,__._.J. i .

‘uumh H !’uumh - P ! Fonndx
17 : 12

Z : [

Male ]

Female . . 1 .

alnle fawnst . \ i . l
i 2

!
4
i
o

Female fawns ! L.

1 ['p to 9 wonths,
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A compurison of weight by venrs, as shown in fables 16 and 22,
mdicates that annual variation in weight of female doer in the same
age class relleets food conditions.  The ¢ test (table 16) shows that the
male weighis are not signifienntly difforent by vears,  This is probably
heeause all weights were taken during the hunting season. which fol-
fowsrut,  However, the female weights are very significant, the weight
of females being therefore a botier index of environmental conditions
than the weight of males when weights are taken following the rutling
season.  In table 220 ihe weights for femule deer in all four age classes
are consistently higher in 1930 than in 1038, The 1939 season, (spring,

e m —n

PERCENT
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Je5 275 325
LENCTR OF ANT.ER {fertmetprg?

TIRCUMFERENCE OF WAIN BEAM ‘Lentimelers)

TBs pas 308 385 azs | ags
%PREAD OF ANTLERS (Genlimeters)

{AGE GROUPS)
‘5 reqrs —— — 23 =4z Yrors ---=- 5% Years

Frgrws 10, Froqueney eorves of antler megstremenis of (he samiple male deor
wilhin fge gronps Tor 136, 1937, and 1034,
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summer, and fall) was an excellont food-crop voar, and 1938 was a
poor food-crop yuear.

There is some correlation helween weight and neres per deor as
was indicated m the report based on 3 years' work (2); bul the anatysis
of 5 years' datla shows that (his is influenced more by age than by food
conditions.  (See Fiest in table 19 and mean value in table 204.)

1t is very evident from the findings presented herein that average
weight alone is not o frue mdieator ol the phvsica!l condition of
deer herd. However, with the addition of age and sox, it provides a
very good imdicaior of physical condition of the herd.

On the basis of the statistienl smslysis in the section on statistienl
analysis of data, pp. 31 10 47, dressed weigh( is one of the best single
body measurements for diseriminating age, aithough the difference in
precision between any two of the measurements, excopt length of (ail
and number of points, is too sl Lo be conseguential, insolar as its
practical application to deer-herd management is concerned.  Weigh-
myg o large numbor of deer earcasses s o rather costly undertaking,
and uniform or consistent vesulls are nsually difficult Lo obtain beesuse
of the variation in the way carcasses are drossed oul.  For example,
on the Allegheny Forest some himters left in the heart, langs, and liver,
while others took them oul, and still sthers ook the liver and loft the
heart snd Tungs, Unless each enveass is examined and the proper
allowanee is made, the result will not be very accurate.

It bas been thought by some that younger aninmls [atten more
readily than older animals, bot e average guin in weight of the
femnle deer during a good Tood year over s poor Tood yvear (193838,
table 22} was 5 pounds for S-month old deer; 3 pomuls for Vii-vear
old deer; 4 pounds Tor 2% Lo 4ha-year old deer; and 4 pounds for the
S-vear and older deer. Theve is, thercfore, apparently little dil-
ference i the fatlening ability of mature and tmmabare animals,
The weight of fawns born following hard winters was considerably
less 1han those born {ollowing normal winters,

The dillerence in the behavior of weight magnitudes inomales and
females s dnteresting,  The females seem to abtain maturily in
weight nt an earlier age than do the males.  The distinetion between
the {we uppoer-age groups is not so marked as in the majes,

LENGTH 3 BODY

This character was not the best statistica! indicator of age. oyven
though zoologically it is a very stable megsurement beeause it is not
wiinenced by temporary changes i the physical condition of the
herd.  Tn the field work, however, it was found that the position of
the head and neek aflected the total-length measurcment materiaily.
For this reason, it is not the best measurement Lo seleel for age
determinations,  The extreme varizbility in length of body may be
partinlly attvibuted to the dithieuily in taking the measurement.

LENGTH 4 HIND FOOT

The analysis showed this eharacter 1o be the most wdependent
measurement of oll; and sinee all eharneters are wdluenced by age and
the association belwoeen eharacters is considerable, some consideration
should bo given 10 the character baving the greatest independent
variation, especially if a single messurciment is used as o hasis for age
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determination.  Zoologically, the hind-foot messuremoent is as stable
as the length of body and it is an easv ineasuremens bo taice. Tt can be
taken readily by any one, with a high degree of consistent aceuracy,
the chance for error being extremelv slight., Tt is not affected by the
condition of the carcass and could he taken accurately even on decayed
carcasses, and after the body had disintegrated considerably,

PERCEN™
0

FEMALE
-
— —— Ak
o0 1% Moo
—— — Zh-dd T
4 Teans
EERCE RN

-

3745 045 A4S 4313 "ISI!?IS 47 a5 A845 H4a5 5545
Ceantimplers

Frerur 20-—TFrequeney curve of the longlh of (he hind-foot mensureimoents of the
sample male deev for 1937 and 1938, and Temnle deer for 1938, by ape groups.

LEMGTH (OF TALL

This charncter is similnr to e number of points, 1t was such a
poot indicator of age that it was not ineluded in the final computations.

ANXTLER MEASUNLEMENTS

The computations for this group of deer indicated thai all antler
characlers, except the number of points, were good indieators of age.
Stntistically, the three measurements, circumference of main beam,
length of antler, and spread of antler, were of almost equnal value,
length of antler being the best single measurement.  Zoologicalty, ali
antler characlers are very sensitive Lo the physieal condition of the
animal (2). A study of the statistical analysis by years shows a great
deal of variation in antler measurements.  For example, the 1939
antler measurements were consistently smaller than those of previous
years for the Pd-vear old class, In the other two age groups, the
variabion was very errabic, not always occurring in the same direction
{table 22).  The measnrements for the entire 5-year period asveraged
up very well. This may or may not have been a coineidence, but it
is very evident from the resulls of this work that all antier charactors
are sensitive (o changes in the physical vigor of the ndiviiual animal
ntel the herd,

Prorosezn Mernon ron Ack DETERMINATION

To sportsmen. the trophy (antler) is all important, but the game
manager 18 Interested in finding the most practicable and veliable
guide Lo the condition of the herd so that he can manage it to produce
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annually a relatively high percentage of good trophies. Ile is in-
terested in obtaining the essential information about o deer herd with
a minimum expenditure of time and money. By using the procedure
outlined herein, this becomes possible as the following ean be as-
certained:

. Percentage of mature and Inmalure animals {deer in each wpe class),

. Physical vigor of animals.

3. Sex rotio of mature and inunature animals,

. Dstribution of hunters and kill,

3. Annual increase.

6. Percentage of adult docs producing fawns,  This can be determined by ob-
taimng number of lnctaling females as the manunary glands of animaks that have
suckled young during 1he current year contain wilk as late as December,  The
size of the glands is also a good indieatiun,

7. Percentage of decrease for eaclt sex and age elass through hunting effort,

Since the collection of data is usually limited to deer bagged during
open season, the type of season limits the extent nnd value of the data
colleeted.  For example, on the Allegheny National Forest the sex
ratio of mature animals could not be obtained very accurately from
the sample weighed and measured during the 3-year period covered
hy this siudy, Decause the seasons lor hunting antlerless decer were
shorter than scasons lor legal male deer. It is possible to obtain all
of the information (items 1 to 7), provided the open hunting scason
is for both sexes and all ages during the same period, or the equivalent,
of equal hunting pressure for both sexes and all ages.

‘The proposed procedure is made up of two distinel phases, both of
which involve sampling of the herd under management, The first one
15 the determination of the range of the measurement for each age
group and the second is the use of these standards in classifying deer.
Both must be based on adequate sampling. In the first phase, in
addition fo the selecled measurement and sex, the age of each deer
must be precisely determined, although alterward this is omitted.

A, The several steps for determining the age group ranges the first year
are as follows:

Step 1. ~Obtain sex, age, and one measuretuent on an adequate
sample of the deer herd,

Step 2. -Test the adequacy of the data for this method by preparing
frequeney distributions and drawing the resulling probability curves.
The procedure for this has already been deseribed, pp. 21-22.

Step 3. -Compufe the mean {average) of the selected measurement
for each of the age classes within each sex.  This will be the sum of the
measurements divided by the number in the group.

Step 4.-—Set up the range for each age group.  This will be based
on one-half the difference hotween the means of two successive age
groups. HMowever, it may be best to shift the theoretieal ranges some-
what to put them in line with the values read from the graphs.

Step 5. -Following the technique outlined, pp. 43 (o 47, the prob-
ability of misclassifying a deer on the basis of these ranges may be
exactly determined.  These should be computed for each group.

B. Use of age-group lirils or ranges to determing age distribution of
deer herd in futwre yeurs,

Step 1.--Obtain sex and the one measurement on sampie front the
deer herd under management.
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Step 2.-—After the data have been sorted by sex, arrange the meas-
uretnents in order of magnitude and divide at those points determined
under A for limits of the age groups.

Step 8.—Make o count of decr within cach segment for the age dis-
tribution of deer in the sample. This will be an estimate of the pro-
portionate distribution of the decr population by ages.

Theorctically such an estimate s at best very rough, as will be
sten in a study of the example which follows.

For the first, phase of the method it is essential that the sample for
each age group is representative of the deer of thal age. For sub-
sequent samples it is alse important that the sampling method, in
addition to this, insures an equally Hkely opportunity for alf decer of
whatever age to be selected, depending on their frequency of repre-
sentation,  The sample must be a cross section of the herd by age
distribution as well as within the age group.

One outstanding limitation aflecting the accuraey ol this method
15 that the greater the diversity in number within the age group, the
less precise are the results.  If all age groups are equally represented
then the estimates will be fairly good; but where two successive age
groups differ widely, the number in the larger group will he under-
cs{imated unless the age group in the othier direclion 1s equally larger,
This fact should be taken into aceount in evaluating the resulls.

C. Hllustration of procedure.

The suecessive steps in the proecdure just outlined, using the length
of hind fool measurcment for both male and female deer, may be
ilustrated.  The data for the earlier years, 1927 and 1938 Tor males,
and 1938 for females, will be the hasis for section A, the setting up
of age-group ranges; and the 1939 data will be used for seetion B, the
application ol these ranges Lo eslimate age distribution.  Fortunately,
the age distribution of the 1939 snmple is known so the precision of
this method can be tested.  Referring to A, the first part of (he pro-
posed method, and considering the data for male deer:

Step £ The 1937 and 1938 (9 months enly) samples were combined -
as e basis Tor determining age-group limits for male deer-—with the
number in each group in the order of increasing age, or 69, 27, 72,
andl 42 these being the onky male deer of which alt weasurements
woere made in those years,

Step 4. Arranging the deer within each age group in the order of
muagnittide of the Tengtl of hind foot, aetval counts are made for ench
class interval shown in table 13, The pereent each count is of the
total 1s then compuied,  These frequencey distributions are shown
creaphically i figure 180 The nudpoints of the class intervals were
plolted along the base line, the pereents corresponding (o these mid-
poinls on the vertical axis. Since age groups TH and TV show litile
difTerenee, their combined graph is also wiven

Step 3. <The mean for ench age group was next conputed.  They
woere:

(irau g fewn reemibmefrrs
1. . . . . 41,7
11 . . s - 4701
i .. . ) . . T 4 A
v . . . a0, 4
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Step 4.—The computed upper limit for group [ will be 41.74

gt ﬂ-—7~44 4; for group I, 47.1+ ii-—'}—-i—éi—]- =48.3; for group I11,

Ad}usting these figures to be consistent with the graph and frve-
quiency distribution {able, will vield the estimate of the ranges:
Group Hunge (eentimefers)
. below 4400
. . B e ee 45. 3-47. 9
b3 ] SO LTI as0-a0 9
IV il cieiae. .. BLO andup
it is very evident that the two upper groups eannot be segregaled
sutisfactorily on the basis of the hind-foot measurement. The
standard deviations, had they been computed as suggested eardier,
would have likewise indiented this.
Combining the two age groups in guesiion and compuling new
means and ranges, proceeding as before, yields:
firoup Mean {erafimelnrs) Tonnge (eentimefrrs)
... 41 woan helow 44,90
TT___.. R ¥ . 45. -47. 9
HTand IV.___ .. .0 a9.¢ 48. 0 and up

Step 5 —How well the established ranges divide the original data
into age groups may be tested by o standard procedure which will be
outhned under D0 Also sinee the age information is available on the
1639 dnla, which will be ranked on the basis of (hese limits, the test
will }i{- made later on how well the predicted coincides with the
actual,

D. Use of the age runges determined under A fo estimale age distribution
of 1989 deer.
Step 1.-—Lengtih of ind-foot measurements on the 202 minle deer in
the 1939 sample.
Step 2—Arrange datn in order of magnitwde and make w count
within the ranges set up under A for the four groups.
i Tl ITT IAY Tutai

Predicteta. o oo o L .. aal 6 12877 e6 T T age
Observed 36 37 107 12 202
How closely the predieted is in agreement with the observed is judeed
; 2 (Predicted—Observed)®
by the chi-square (x*) test, where x*= Obsorved
This 1s computed for cach group and summed. T s cleae that the
maore dosely the predicted agrees with the observed, the smaller
will x* be. Enilering a x* tablv witl: 2 ono loss than the number of
eroups, n=23 for i'mn groups ahd n——) {for three groups, the probability
P corvesponding 1c our <‘0mput0f! X! is read (4, Table IWy. This will
be the chnncc thﬂt so large a x® may be due to random sampling.
A small x® is associntoed with a large prohability, indicating s good fil.
Any probability less than 0,10 ( chanee in10) will indicate a poor fit.
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Now iesting the agreement of the predicted distribution fom
four age groups with the ebserved distribution,

.__(36—32)% | (46—37)%, (128—107)? | (86—112)"
X=tmy ot T ey s

x*=0.44442.18944.12146.036
x'=12.789

For n=3, a x* this large is associated with a probability less than 1 in
100, this is P<0.01. This very definitely indicates o Inck of agree-
ment. In other words, the proposed pian did not properly classify
the deer into four age groups.

It will be noted that the greater part of the discrepancy was in the
two upper age groups, these two x¥'s adding to more than 10. Com-
hining these two groups n new x* can be compuled. The first two
groups remain as before, although this is not neeessarily truc for
age-class II. Predicted are 32, 46, an¢d 214. Observed are 36, 37,
and 219, x*=0.44442.1804+0.114=2.747. Now n=2 and P lics
between $.30 and .20, which indicates a satisfactory agreement of
predicted with the ebserved distribution of deer by ages.

E. For the female deer under A:

Step 1.--The 1938 sample of 265 deer for which age and hind-foot
measurements were aveilable consisted of 75 animsls in age-class
T, 21 in II, 84 in ITI, and 85 in 1V,

Step 2.—In table 16 and figure 18 is shown the distribution of the
animais on the basis of Tength of hind foot.

Step 8.—The means for the age groups ave: I, 41.2 em.; II, 45.4
em.; IIL 45.6 em.; IV, 47.6 em.  Since groups LI and IIT have prac-
tically the same means and the curves are very close together, the
two are combined. The ranges will then be: 1, below 43.5 em.; H
and 111, 43.5 t0 46.5 em.; TV, 46.6 em, and up. The predicted age
distribution of the 1939 deer on this basis are 34, 51, and 75 as against
ohsorved values 36, 79, and 45. The y® value is 30.104 and P less
than 0.01. This indientes an extremely poor cousistency of results.

Cornbining mslead, the {wo apper-nge groups (which scorcely
seems reasonnble on the basis of the curves alone, but which other
infarmation does justify) gives:

Gronp Mean {cantimcters) funge (centimelerst
41,2, ... .. .. Below 44.0

435 .. _ . ... $4.0-459
Miand IV .. ... dBA oo .. ... . 400 and up

’I‘hv_ distribution of the 160 deer in 1939 will now be 34, 30, and 95
agninst 36, 33, and 91, Now x*=0.560 and I’ lies between 0.80 and
(.70, sufficiently large for consistency.

This procedure was likewise applicd to the dressed weight, length
of houy, and length of aniler (males). An appraisal of the resulis
for malos follows:

1. Leogih of hind fool ix rensouably satisfaciory wilh (wo upper-nge elasses
combined; 7 ties helwoeen 0.30 and 0.20,

2. Dressed weight was roasonably satisfaciory with Tour age groups: 2 lies
hetween .26 and 0,30, Combining the bwo upperapge groups gave a bimodal
curve, which is not satisfactory.

3. Length of body is unsatisfactory.

1. Tength of antler is reasonably salisfzelory, as 7 lies belween 0.30 and 0.20.
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An appraisal of the results with females shows:

1. Length of hind foot is saiisfactory when 2li—dli-vear and Sie-vear-plus are
combined, for P lice between 0.80 and .70,

2, Dressed weight s satisfactory whon 2li—4ii-vear and 5l-vear-plus are
comhined, for £ lies between 0.70 and .50,

3. Length of body is unsatisfactory.

Hence, for males there seems little choice among dressed weight.
length of hind foot, and Iength of antler except that length of hind
foot does net differ m the {wo upper-age groups; for females. cither
dressed weight or length of hind foot niny be used, but only for dis-
erviminating three age groups—-9 months, 1)y vears, and 2% vears
and over.

Beeause of e speed and aecuracy with whick length of hind foot
may be measured, il is recommended as the most salisfaclory to use.
1t 15 highly desirable to have as Inrge n sumple as possible, 250 to
300 deer seeming Lo be aceeptable as 2 minimum. It is ntot as essen-
tial that the iniliad sample be large as it is for the subsequerd ones,
provided, of course, it is truly representative within cach age group.
Neither dees the size of the age groups therein need to he in exuet
proportion to their representation in the population from which the
sample is drawn,  The reverse must be true for the later samples.
There are cortatm pertimend facts and hmitations in the use of this
tiethod which should be pointed out and emphasized.  Statistically,
ut best, it would be classified as a2 rough approximation, but from
the standpoint of practicable deer-herd management, it exceeds, or
equuls, in accuracy any known practicable method of obtaining neces-
zary information on deer herds.  The sccuracy of the method is, how-
ever, materially limited by the adequacy of the sumpling botl as Lo size
and representativeness.  This s true bolls for the inilial sninple from
which the age ranges ave determined and subsequent samples to
which the ranges are applicdd. 1t is very essential (hal such subse-
quent sampling provide distributions of age groups comparable to
those in the population. The more aearly the age groups become the
cqual it size, the more precise the estimate.  Disparity in ape sizes
will, in general, be undevestimated.

A great deal of care needs to be Laken (o insuze necuraey in meas-
urements in Lhe last figure recorded.

The importance of a thovough analysis of the intlial sample used
in selting up the age-group limits cannot be too strougly emphasized.
Froquency distributions ol measurements wilhin cach age class
should be made, care being taken to choose the class intervals so
that the most of the numbers will tend to cluster around the midpoints
of these intervals.  These distributions should Le plotled as in fig.
18, Standard devintions should be compnted and the significances of
the differences in nieans of suceessive sge groups tested.  Lilkewise,
the x? test, as iHlustrated herein, should be made to determine how
well Lhe estimated limits will segregate the original sample into age
eroups. The results from such an analvsis will serve as a basis for
judging whether or not it will be worth while to take the subsequent
years’ samples where only sex and single measurement are recorded.
It would be a waste ol funds Lo continue further after the initial
sample has been made, unless it has showt iteslf an cffective tool
for segregnfing deer info age groups. Hence, the necessity for its
carly careful evaluation.
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CONCLUSIONS

During five consceutive hunting seasons (1435 (o 1939 inclusive)
on Lhe Allegheny National Forest in Pennsyhvania, 1,787 deer were
measured.  The  measurements  laken mcluded  dressed weight.
fength of body, length of tail, length of hind fool, circumferences of
mam beam, lenglh ol antler, le{"ld of antlers, and number of poimts,

Provided the sample is representative, deer weights and moeasure-
menls data can be o reasonably veliable basis for the determination
ol anmual erease, percentage of mature and immature animnls {nge
classes), sex ratio of mature and mmature animals, pereenluge of
adult does producing Fawns, distribntion of unters and Kill, and per-

centage of decrease for eac i sex and age elass through hunting effort.

The accuraey of sueh information iy dependent upon the <1(it‘(|lm(\’
of the sample obtained. A adequate sample should inchwde n good
cross section of the herd, Including both sexes and all age classes,
taken under equal huuting pressures, prefernbly during seasons open
o the taking of both sexes and a2l ages.

D{‘L‘l. weights and measurements (ala without nge have limited
value as a basis for determining facts essential 10 good herd AT
ment. Agoe for dala previously collected can be determined by follow-
ing the Im-{hml outlined heren.

There is a great deal ol individual vartation in white-tniled deer
hut the measurements taken -except lerglh of tail and the number
of points--—mereased with age for the four age classes considered.

For all practicable purposes of good door management, 1 method
has been proposcd Tor determining nge which would be a sufficiently
aceurate indicator of age Jor animals from a particular locality or
herd Tor an indefintte period - pased on any one of the hody measure-
ments, except Ienglh of il and dressed weight, or unti} such time
as some change occurred which affecied the physical condition of
the herd if based on dressed weight, or on say one of the antler
measurements except number of points.  Dressed weight and anller
Ineasurements are sensifive characters, which reflect to a considerable
degree, the physical condition of the herd and therefore, are not as
stable as hody messurements for determining age.  Weight and
antler meassurements ave good indieators of the phlvsical condition
of a deer herd.

The weight of female deer is a betler indicator of physical condi-
tion than the weight of male deer when weightls are laken after the
rutting season.

Average dressed weight without age and sex is not a true indicator
of physical condition,

Actual genetic herd delerioration (hody measurements), so Tar
as could be ascertained from tlus study, does not occeur hefore nnlural
halances reduce the herd 1o normaley.

OF the measurements aflfording relinble indices of age, length of
hind fool is preferred, beeause 101s the one that can be taken with
the grealest accuracy by anyone,

By application of {he procedure outlined herein, necessary infor-
mation for good deer-herd management ean be obtained without
carryving on exhaustive and expensive deer weighing and measuring
projoecls,
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