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Effects of Genetics and Nutrition on Antler Development
and Body Size of White-tailed Deer
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ABSTRACT
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ihring, which Paaly weighis umid andler measucement: ieain beany spreal amd feogthe, boeal
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Tareds weinht amd amtler characieristios snd ol remain saan socecedimg, vears, (3 mosn et which
are spihe-antlered as searlmes bl oot Te spaboc-illered e Tater s, Tt wall contimoe e e
mleriar e i feabe-antlered solnts, amd §5) hady seeight and antler charelerisbs appair e b
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INTRODUCTION
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MUTRITION PHASE [
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wawr uld sers of antlersd the Tvac prodein greups of bucks receivod the proper ¥'a protcin dict o
pruhlems were eicouotered with The bigh protein eoation.

Fave doer woene manctaced on o bagh preotein 0107 a) vation doucng all 4 vears of the studs e o
conlred group TR graupy b 2roup af & deer woene manntinned on e Tews probao ration <duning
bl b wenrs ol the stude J1LLL pooapr, hew cver enly 2 deer remzined inthis proopoa the cnd ol ihe
Bl vear

Aowrup ol 3 deer were Bal e high protean divd dhrimy, ther e seae™s aetlee desve lispamen.
Tt e sileTiod o 1 Toss puoteicr emeon peean 1o dieir soeood ven™s anther grossth oo che g
el e et savdle sl Diwck Lo the Bk paadzag et and oo dhe Boutbe s e 1hes were saitched Back
T T Toww prodein Jdict 4111 1. groupsy,

Ao peonp ol 4 deer were notisy started an e oo pestein eation, This sroap s soaitched o
the hinly protein cation o their second svene's antler desvelapment, I the third sewr anlv 3 deer
rercabieed dond seere swoacleed Taeck w0 e e pradein raCion, Do the Bonthr s this sreup woas
sovbehed haek 190 the beeh peodetn ien QLTI groupd. Dgts e all deer in the T aml L3101
eris et =Mkl o Febrma preae Tostaller deve lopinentd ab cacT L,

The teal naraber of poimts § 25 mum i Length, hasal circomilerence. masiowam ingide spread
at e o T, maio bea Jenedhe, wotal antlee woeaght Ty weight aod a photowapl of each
ileer were recorded a1

Croeky prrelam analvss seee run an all Feed slupmenls alicr e Tirst sssr ol the sty e
menre aeceplithle prdcim lavelss ST high prstzin shipments tesied i eveess afthe 164 prateim evel
sl the Towe prorzin Feed tested a1 or sliphitly belaw the #'% level Ingredionts of the gk and Lo
e Beed ame sl o Fabale L
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Table 1. High (16%} and low (8%} protein diels used in Kerr Wildlife Management Area antler development studies

ngredients Low Prodein (8%) High Protein {16%) *
Face Hulls 5541 Ths o -
Preanut Hulls e 400 e
Cyround Ciats ks 000
Dwhypdrated Alfalfa heal 1040 Ths 1000 e
Corn beal T Ibs 4000 e
Ground Milo 440 s
Cottonseed hieal R 300 e
Soybean Meal (44%) 0 P
hMolases ooks —=0Zz0z00z0000@a—=
hasonex 5 Jbs 100 [
Bentonite 100 Ibs EXc ety
Vitamin/Trace bMineral Premiz 141 Ths 10 P
Trage Minecmls 50 lbs 50 fbs
A-emm.:,-'n:m 40 E g
5500 T R I

" Ration modified from Verme and Ullrey (1972)

Body Weights ( Tables 2-5, Fig. T)

Live body weights were not collected during the first vear (1975) of study but were collected
for the remaming 3 vears. Heaviest body weights were attamed from the HHHH group winle the
LLLL group exhibited the lightest body weights. The body weights of the 2 groups whose diets
were switched wvearly were intermediate between constant high (HHHH) and the constant low
{(LLLL) protein groups. Yearly average body weights of the switched groups showed a direct
relationship to their diets, with the high protem groups exhibiting heavier body weights than the low
prodein group within that same vear,

Antler Characteristics ( Tables 2-5, Figs, 2-)

There were no noticeable differences between the groups of deer at 1.3 vears of age. This
probably aftributed to the fact that the low protein groups of deer were receiving a 10, 5% protein diet
instead of the required 8% level.

The LHLH group exhibited the greatest antler development in all catepories at 2.5 vears of
age while the LLLL group exhibited the smallest measurements. The HHHH group exhibited the
seccond largest antler measurements in all categonies except inside mamn beam spread, where the
HLHL group surpassed them. The HLHL group exhibited the third largest antler measurements in
the remmning calegories.

The HLHL group exhibited superior measurements in main beam spread. main beam length
and antler weight for the 3.5-vear old age class, The LLLL group had the most number of points
while the LHLH group had the largest basal circumference.

The 2 remaming deer in the LHLH group exlibited supenor antler development m all antler
charactenistics while the 2 remaining deer in the LLLL group exhibited the poorest antler
development.

During the last 3 years of the study, the group of deer that were on the continuous high
protein ration (HHHH) was superior to the continuous low protein group (LLLL) i all
morphological characteristics. The 2 groups whose diets were alternately swiltched from year 1o yvear
exhibited intermediate morphological charactenistics with individual deer performance depending
upon the vearly diet. Deer in these groups responded to the quality of their diets. with some deer
while on the high protein ration exceeding deer in the HHHH group. This variabilitv among deer
would indicate some genetic influence on the ability to exhibit phenotypic characteristics. IF a deer

4
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Basal Circumference (mm)
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Figure 2. Average mam beam length for white-tailed deer fed o high (1) or low (L) protem diet continuously
or ahermately for 4 veurs
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45
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Age (Years)

Figure 3. Average basal circumference for white-tailed deer fed a high (H) or low (L) protein diet continuously
or alterrately for 4 vears



Tatal Antler Points

Total Antler Weight (g)
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Figure 4. Average Lol antler points For whate-tatled deer fed a hagh (H) or low (L) protem diet contimeusly o
altermately for 4 yeass,
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Flgure 5. Average total antler weight for white-tailed deer fed a hugh (HD) or low (L) protein diet continuously
or allemately for 4 vears
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Figure & Average main beam spread for while-taled deer fed a lngh (H) or low (L) proten digl continuously
or aliernately for 4 vears.
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1.5 25 35 45
Age (Years)

Figure 7. Average live body weight fior white-failed deer fied & hegh (H) or low (L) protein diet continuously or
alternately for 4 years.
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NUTRITION PHASE 11

A group of 16 bucks bom m 1973 were maintained on the 16% high protein diet {Table 1) ad
libitum to demonstrate the long term effect of good nutntion on antler development and body size.
Nine of these bucks were spike-anilered vearlmgs (1.5-years-old) and 7 were fork-antlered. Their
yearling antler status, spike- or fork-antlered, was used for groupmg m successive years. Antler
development and body weights of the spike-antlered group versus the fork-antlered group were
compared each year to determme if the spike-antlered group remained inferior to the fork-antlered
group in later years.

All bucks were captured during the lag 2 weeks of October and the first week of November
each yvear. The total number of pomts (=25 mm in length), bazal circomference, maximum inside
spread of the main beams, main beam lengths, total antler weight, body weight (1.5 and 2.5 years
were not recorded), and a photograph of each deer were recorded annually.

Throughout the 6-year study, the spike-antlered group was conzistently smaller in body size
and antler development than the fork-antlered group (Tables 7-9, Figs, 9-14). Antlers of the spike-
antlered group generally averaged approximately half the weight of the fork-antlered group within
each year. In all other measurements, the fork-anilered group also surpassed the spike-antlered
group throughout the 6-year study. One particular buck in the spike-antlered group never produced
more than 4 points.

These data do not support the old belief that spike bucks should be protected during the
hunting seazon with the idea that they will be the good quality bucks in future vears. Even though
some spike bucks develop into quality animals, on the average they will not in later years equal deer
that had forked antlers as vearlings (Fig. 8). Therefore, spike bucks should not receive differential
protection during the hunting season.

Figare B, Antlers of 3 Syearoldbucks, all of whidh received & 18% protein ration ad libfuw, The 3
anitlers (sbow &) are from budks that were fodeed-antlerad at 1.5 years of age. The 5 antlers (below) were
Erom bucks that were spike-antlered at 1.5 vears of ags 11
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Tahle . Average antler measurements and body weights of bucks classified as spike- or fork-antlered at 1.5 vears of

Main bdain
beam Basal Antler  beam Body
Sample  Ape lergth circumference Tuotal weight  spread weight
Group size  (years) (mm’ {mm} points (g) {mm} (Ibs)
Fork 7 2.5 Arrn f4.4 21 5952 36460
Epike ¥ 5 2873 s | 6.8 3390 2971 -
Fork 7 3.5 4180 8.1 =4 115328 46 1711
Spike 9 33 307 19 T2 673 382 164.2
Fork 7 4% 4362 1120 o4 1361.8 3380 1936
Spike 8 45 3500 ns0 74 6945 42110 1740
Fork 5 55 4308 1082 BE 12660 5241 1898
Gpike fi 55 359.7 5973 0 I 4454 1667
Fodk 5 6.5 4230 1033 a.0 12492 5080 1916
Spike 3 6.5 386.3 9.7 6.7 6763 3870 171.7
OSpike OFork

Main Beam Length (mm)

25

35

4.5
Age (Years)

55

6.5

age

Figure 9. Average main beam length for white-tatled deer that were classified as spike- or fork-antlered at 1.5

veirs of age
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O Spike O Fork

Basal Circumference (mm)

25 as 45 55 85
Age (Years)

Figure 10, Average basal circumference for white-tailed deer that wene classified as spike- or fork-antlered ot
1.5 years of age.

B Spike @ Fork

Total Antler Points

2.5 3.5 4.5 85 6.5
Age (Years)
Figure 11. Average total antler pomts for white-tmbed deer that were classiflied as spike- of fork-antlered at 1.5

yeurs of age
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B Spike O Fork

Antler weight (g)

25 as 45 5.5 6.5
Age (Years)

Figure 12. Average 1otal anther weight for white-tailed deer that were classified as spike- or fork-antlered at 1.5
years of age.

O Spike OFork

3 8 &

Main Beam Spread (mm)
3 6

3

25 3.5 4.5 3.5 6.5
Age (Years)

Figure 13. Average mun beam spread for white-tailed deer that were clasmified as spike- or fork-antlered at 1.5
vears of age.
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OSpike OFork

Live Body Weight (lbs)

2.5 3.5 4.5 5.5 6.5
Age (Years)

Figure 14, Average Ive body weight for whate-tmled deer that were clasified as spike- or fork-antlered ot 1.5
years of age

GENETIC PHASE

Six bucks that were born in 1973 and were spike-antlered as vearlings were bred to groups of
doe deer m 2/3-acre deer pen enclosures, The purpose was to produce a genctic line of deer known
as the “spike line”, Some of the doe fawns born from these matings were maintained in the pens
with their sire for a “back-cross™ mating for the purpose of concentrating the genes for antler
development in the female,

Six to B single male breeding pens were used each wear. Five to 7 does were placed with
each buck. All deer were individually marked, using color coded plastic ear tags (Harmel 1983),
All fewns were individually ear-tagped and tattooed at birth, and a card file pedigree record was
maintained, A pelleted 16% protein ration similar 1o the one described by Verme and Ullrey (1972)
was provided ad libitim (Table 1) to all deer involved mn the study.

All male fawns were weaned at 6 to & months of age and placed in a 4-acre enclosure.
During the last week of October and the first week of Movember of each year, the male deer were
weighed and their antlers removed to 1 to 2 cm above the base. Antler measurements taken at this
time included: total number of pomnis (~23 mm in length), maximum inside spread of main beams,
basal cwrcumference. mamn beam lengths, and total antler weight (Table 1), Photographs of each
deer were recorded annually.

As the study progressed, some of the original spike line sires died and 2 replacement sires
were added to the breeding pens.  These replacement =ires also had spike antlers as yearlings and
were F-1 sons of onginal sires.

In 1976, a large-bodied. 10-point, 3.5-year-old buck was noted in the pens. This deer had 6
antler poinis as a vearling and much of his genetic history was known, The decision was made to
add this deer to the study as a “fork line™ sire and compare his F-1 and back-cross offspring to those
sired by the spike brood bucks (spike line).

17
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Figure 15, The I deer on the right were usad as herd sires. The larper deer i3 "Big Charlia® and the smaller deer om the
nght is "Little Murph” B Charlie was used as the "fork hine™ sire and Lattle Murph was 1 of the B sires used i the
“gpika line ™ Both desr are the same ape

Sire #73068

This buck was bom in Kerr County, Texas and bottle-reared. He produced spike antlers as a
vearling and was used as a brood buck from November 15, 1974 until his death on February 17,
1978,

Sire #73064 — “Murph Jr.”

Murph Jr. was born on June 11, 1975 at the Kerr Wildlife Management Arca and was the son
of Little Murph (73069). He was fed the standard high protein diet and produced spike antlers as a
yearling. Murph Jr. produced a set of antlers at 2.5 vears which had 4 points and was similar in
conformation to his sire. He was used as a brood buck from October 26, 1977 until his death on July
18, 1980.

Sire #77037 — “Scrawny™

Scrowny was born July 14, 1977 and was a back-cross to Sire 73068, As a vearing,
Scrawny's antlers were 10mm and Smm in length and too short to remove without damaging s
skull. He was used as a brood buck beginning November 16, 1978,
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Sire #7305 — “Big Charlie™

Big Charlie (Fig . 16) was bom on June
18, 1973 in the Kerr Wildhfe Management
Area deer pens, and produced 6 points as a
vearling. At 3.5 years, Big Charlic had 10
points and weighed 211 Ibs, He was the son of
“A&M Charhe™ (Fig. 17), a buck which was
picked up as a fawn in Milam County, Texas
and reared mn the Texas A&M University deer
pens.  A&M Charlie had 8 points at 1.5, 2.5,
and 3.5 vears of age, When A&M Charlie died
at 3.5 vears of age, his ficld dressed weight was
176 Ibs. Big Charhie’s maternal grandfather,
“Ralhty™, (Fig. 18) originated in a captive herd in
Maverick County near Eagle Pass. Texas.
Salty was a large-bodied deer and grew large
sets of antlers while in captivity.

Individual measurements for these 9
sires at 1.5, 2.5, and 3.5 vears are shown in
Table 11.

e

Fipure 16. "Big Charlie," #73005, waa used as the "fork
line* sire, AL6.5 vears of age he weighed 216 [bs

» i "Saly” "B
Figure 17. "AL5 Charlie® (3.5 vears of age) was the (ather F_'E'“r_‘ 13‘__ Salty” was the rnn_lcmnl prandfuther ::-I'_ Big
of *Big Charlie.* He dicd at 3.5 years of age and his field- fonute,” AT e SRR SOreMtin Debwser (e
dressed weight was 176 [bs and "Big Charlie” in Fig 16
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Body Weight va. Tatal Antler Poinis
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Tabk 44. Average main beam spread at 1.5, 2.5, and 3.5 years of sge for 38 deer that were fork-antlered at 1.5 years

Average main beam spread (mmj

Antler pomis

N (1.5 vears) 1.5 years 2.5 years 3.5 years
I 4 22800 227 1M 35500
1 5 14200 29000 302.00
z & 241.50 35050 326.04)
3 T 183.47 281.00 334.00
24 3 24279 341 38 38050
4 ] 25350 3Imazs 39725
i 1] 230000 33950 331.00
1 13 27000 33900 30000
38 - 236.18 33624 3143z
HERITABILITY ESTIMATES

This  study  was nod designed 1o
estimate the heritability of body weight and
antler measurements,  The high correlations
between first- and  third-vear measurements
mdicate that these tramts are hghly hertable.
The phenotypic resemblance between father
and son. evident in the photographs (Figs 19-
200y, alzo indicate that these traits are highly
hentable. According to Falconer (1960):

In  experimental amd domesticaled
populations, the parenis are ofien a selected
group and conseguently the phenohpic
variance among the parents is less than that of
the population as o whole and less than that of
the affspring. The regression of offspring on
parents, however, {8 nol affected by the
selection of parents because the covariance is
rediced 1o the same extent as the varianee of
the parents, so that the slope aof the regression
ling is wnaltered Thus the regression of
affspring on one pareni is a valid measure of
Y2 h2), and that of offspring on mid-parent is
a valid measure of hi ).

Heritability estimates were calculated
using regression of oflspring on sire and are
shown in Table 45. These estimates have
very large standard errors due to small  Rayee 19, Sie #73041 a1 5.5 years produced 4 non-inbred and
numbers of individuals per sire and because 15 inbred oifspring, one of which is picured in Fig. 20, als at
there was no phenotypc selection for the 5.5 year ol age
male. This lack of selection in the female
segment of the breeding population would not reduce the phenotypic variance among progeny as
suggested by Faleoner when both parents were selected.
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Accordmg to Lush (1945):

In the striciest serse of the
word,  the guestion of whether a
chargoheristie & heveditary or
environmrental has no meaning,  Every
charactenstic i« bath hereditary mad
enviranmental, sice i 05 the end result
af a long chain of interactiony of e
genes  with each other, with the
cnvironmert and with the nbermediale
products at each stage of developrent
JiFig 21N, The gemes camnat develop
fhe chavacleristic wiless ey have the
proper ermvironment, and no asrewns of
alfenfion fo the oniromment will calise
the characteristic fo develop imless e
necessary genes ave present I either
The Rides  or the el aFe
changed the oharaclerisic thar resits
S thatr aferactions gy b L:':ﬂr:gé'd

The whole matter of whether a
charactenstic 15 heredifary  or
enviranmental, iFwe find i comeniend fo
sfatd i i dhat way, i3 @ guesiion of how
much of  the  varfalion  in that
charpclerisiic o thal  popilafion s
cawsed by differences o feredity and
frow muich 1z cowsed by differences in
ERVIFORRE,

Figure 20, A 5 5-vear-old mbred offspring sired by #73041.
Muote the amilarities in peints and antler confirmations. Both
aire and offspring were spike-antlered as yearlings.

Table 45, Heritability estimates, wsing regression of offspring on sire, for body weight and antler measurements for |5-,
2.5- and 3 S-vear-cld white-tailed deer.

Haritabalsty {standard arror

Trgit 1.5 year 25 year 3.5 year
WT - 038 (0.08) (.48 (00, 28)
MEBE Q800,520 052 (10265 OLAT {0,245
AW 1.41 {0,560 4l (12 (125 {11103
BC (L63 {0.52) 1AOE(0.34) (LB0{0.25Y
5P - 093 (0,300 (155 {11.58)
TF ve (1656 (0. 387 (1L 75 {11.365)
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CONCLUSIONS

Body weight and antler charactenistics (main beam spread and lengths, basal circumference, total

antler points, and weight) in white-tailed deer respond in direct proportions to the quality of their

diet,

2. Antler characteristics and body weight of white-tailed deer are hermtable characters and
influenced by both genetics and nutrition.

3, Yearling white-tailed deer with spike antlers are inferior to fork-antlered vearlings with regard to
body weight and antler charactenstics and will remam so m succeeding vears.

4. There is a positive correlation between body weight and total antler points in yearling deer.

5. Spike-antlered deer should not receive differential protection.

6, Most deer which are spike-antlered as vearlings will not be spike-antlered in later vears, but will

continue to be inferior to their fork-antlered cohorts.

Figure 21. Phenotypic charaeteristics such as antlers and body weight of white-tled deer are herable characters,
which are mitluenced by both penetics and rutrition and the interaction of the 2 factors
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Appendix 1
Fublivations Resulting From This Study
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