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INTRODUCTION

The white-tailed deer (Odocoileus virginianus, Boddaert) is one of

the most important big game animals in the United States. Land aréa for
ﬁunting is steadily decreasing, and huntiqg pressure is increasing
steédily. Throﬁghout much of its home range, ﬁhe white-tailed deérvis

the only big game animal pfesent in numbers large enough to support

intense hunting. Therefore, it appears likely that management of the
white-tailed deer will become more intensive iﬁ the future; at least

in areas where large huntabie populations of other big game anima1s

aré not present. - In order to wisely manage déer populations, the biologist
of the future will need a large amount of information in a uséble form.
More information concerning all facets of deer management‘is needed.

At present, iittle is known about the physioclogy of the white—tailed
deer. Nearly all managgment practicés are.direéted towards improving the
'qqality ?f entire populations, but the size, productivity, and well-béing
of individuai animals are governed bf the effects of the environment
~upon the individual animal. Tt would be of great advantage to‘thé
wwildiifé manager fo be able ﬁo predict the effects of each of his :‘
‘management practices'upon the physiology of individuél deer. Given this
predictive ability,‘a manager céUld select‘the specific management tools
‘Whichvwould allow him to most effectively.reaéh his goals for the total"
Apopulation,

Ver?jlittle research has been done.concerning the physioiogy of-tﬁe;
blood @f‘white—tailed deér; Blood anal?ses are often.used with humans,

laboratory animals, and domestic livestock to determine responées'to



various treatments or to serve as an indiéator of physicai condition.
Blood analyses Have seldom been used as a research technique with white-
tailed deer. Blood deﬁeriorates quicklyvafter deéth; and.blood samples
taken from hunter-killed deer are ﬁsually in a badly deteriorated
condition. Good refrigeration facilities are needed to pfeserve blood
collected in the field. in the past; many researchers have been unable
to preserve blood long enough for analyéis to Be ﬁadé because field
stofage facilities were unreliable. However, if the researchef is.
'properly equipped, blood samples are easily obtained,.easiiy analyzed,
and can be collected without harm to the animél° vBlood'samplés can be
taken from the same animal several times a year without seriously impair—
ing his health. - It appears that blood analysés may become an important
- research tool in the futuré.
- OBJECTIVES
A project‘waé designed to study the effects of season and diet
upon the Blood'physiology of white-tailed deer. 'Tﬁe specific‘objectives
of this study were:
(1) vTo determine:the effect of plane df nutrition and seasoﬁ
upon the serum lipids and serum proteins of white-tailed
_deer.‘g
(2) To.determine_if aﬁy relationship existsvbetween blood
components and the physical condition of whifeftailed deer.
(3) To determine if plane of nutrition caﬁ be prédicted by analysis

of serum lipids and proteins in captive white-tailed :deer.



- LITERATURE REVIEW

Several researchers (Matthews 1969; Fowlei et‘al. 1967;‘ang et al.
- 1965; and McEven et»al; 1957) héVe feported that capﬁi?e white-tailed -

&eer restrict food coﬁsumption at cgftain'timeé of the’yeér: Weight
blosses in captive deer closely paraliél’observea Qeight'losses”in
Wiid deer populations. Food consumptibn is-reétricted'during cerfain
periods regardless of the évgilability ofbfocd: Althqugh»Some W§rkers
'kLong et ai. 1965) have rep0rted'reducedvconsumption for shorf periodé
during the‘sﬁmmer, the most notable period of reduced'feeding‘occuré
during the fall andvﬁinter"(Fowler et al. 1967; ang et al. 1965;
Cowan and Long 1962; and McEwen et al.'1957); Reduéed consumption is
first noted at the beginning of the breeding season, and weight 1§sses
continue until early sPring,; Weight losses occur in Both seées, but |
geﬁerally bucks uﬁdergo the greatest losses.‘

Seasonal oscillations of groﬁth were‘repéfted fof both male and
femalé Columbian black—taiied deer, even thbugh é'uniform ration was
fed throughoutvthe year (Wood et al.'1§62)o

McEwen‘at al.'(1957) repbrted that protein levelsvés low asv7Z
were tolerated wiﬁhout ap?arent stress by céptive white-ta£led déer

~ during periods of reduced feeding,nguringbperiods of weigﬁt recovery
and ne& antler growth, however, at,leasf 17% prétein was required‘iﬁ
the ration fér maximum weigh; gains‘and éntler‘groﬁth.

| -Sekually mature deer .were found:to“requiré'leés food per unit‘.‘
body weight tq maintain themseivés in winter.than’sexuélly immature

deer (Fowler et al. 1967). Cowan and Long (1962) found that'slightly




lesé food was required for thréefyear—qld deerito gain Weight'nnan for
twq.year—old deef'tn.géin weightfaf an équal rate; A significant
increase in food consumptibn Withgage.nas alsn reported for deer fed‘a'
constant.iétion thrqughont fwbiwintérs (Long et ai; 1965): This could
be attributed‘to n>change.in enVirOnmenfal‘factors; nowever; becauée
the deer were not kept in avconsfant environment.

The level of food conénmption by white~tailed deer seems fo dépend
ﬁpon séverél factors including age;'sekual matnration; and'season.
.Therefore, the actual dietary requirement of an individuai animnl will
vary depénding upon an interaction beall these factors; thether the
variation in the nutritional fequirement of individual animals is
accompanied by changes in the éerum lipids or pfoteins has not been
renortedo | |

In a comparison of the‘chéminal ccmposition of rumen contents»from
white-tailed deer_coliected in six southeastérn states, Krkpatrickv‘
et al. (1969) réportedfsignificanﬁ‘seaéonal differences in crnde protein,
nitrogen-free extract, and dry matter for all_fbur'seasons. Crude
fiber content was significantly lower in_spfing and summer than in
fall and winter indicating a‘change in diet from easily digestible
plant parts to less digestible'fibrous parts of plants; |

Reéearcheré in Oregon reportea seasonal variationé in protein
_ content of plants preferred byfblack—tailed deer. Heaviest mortality
generally poinnided with thé neriods.of ldweétgprOtein nontént‘of
planfs,(Einarsen'1946). | |

Significantfseésonél variations.inbtotal serum‘proteins were'

-reported by'Matthews (1969)jin white-tailed deéf<fed'a ration of constant




”composition.“Significant differences were also found between months
sfor total serum;proceins of captive deer fed a ration fcrmulated to»
‘simuiate wild forégei"BecaUSe'data wcre available for only 6 mbnths'in'
fheilatter case, no seasonal trends were noted. No significant
differénces‘in the total serum proteiné were»fcund between sexcs in
either étudy group. |

No significant diffeiences in esterified\cholesterol.levéls in
- the serum were found in lactating dairy cows given a basal ration with
no added fat, cows given the same ration plus 6% tallow,.and cows
given the same ration with alsupplement.of 6 percent cottonseed oil.
Lactating dairy cows given a ration containing one pcrcenf roughage
had significantly higher levels of some speciiic cholestérol ectersi
than cows receiving 2.5 percent ronghage (Brown and Stull 1967);

In feeding trials with-Holstein’calves, Chandler et al. (1968)
Vcompared the effects of various rations on blood lipids and blood
proteins. Rations contained either 0,2, 4, 6, or 8 percentvcorn oil,
and either 0, 7, 14, 21, or 28 percent soy protein. After 18 weeks of
feeding, significant ration effects,nere found in'total serum proteins
and all the protein conétituents excépt alpha globulin. 'The effect
of dietary protein was found to be dependent‘upon thellével_cf cOfn
0il fed with the grentest‘changcé occnfring when high‘levéls of the
0oil were fed. Significant‘ration effects were found in all 11@1&
Vconstituents after 18 weeks of~féeding, and in all ccnstituénts exccpt
gdnolestercl-after 13 weeks of fceding. In‘bpth tests; blood lipidé,»
were highefrin calves fed mcaium—oilbrations'than"in calvesffed high-.

~oil rationms.




Helsoﬁ and Watkins (1967) compafed two groups of wethers giyen an
edequate diet plus a cottonseed.meal suppiement@' There.were no significant
differences in total serum proteins or any of the proteinrfractions
betweee sheep given the supplement daily and sheep given ehe supple-
ﬁent every sixth day. = The euthors‘alse foend no significant changes
ﬁith season.

Klosterman et al. (1950) reported, however, that serum albumin
‘ decreased eigpificantly‘in pregnant ewes on a low protein rétion, but
no significant changes occurred in globulins or total serum proteins.

A highiy significant positive correlation between successive years was
v‘fouﬁd for totalyserum,proteins and\serum globuliﬁs. vThis indicated
that the aibumin fraction was more likely to be affected by ration.

The total serum proteins concentration of captive white—eaiied
deer fed évration of either pure aspen browee or pure white cedar browse
declined steadily throughout the feeding trial, but there were no
éignificant differences in total serum‘proteins or in ‘any of ther
protein fractions between the two groups (Ullrey et al. 1964).

In further trials Withiwhite—tailed deer, Ullrey et al. (1968)
found'ﬁo significant differences in total serum proteins.or in any of
bﬁhe serdm protein fractiens»ﬁetﬁeen deer given a diet of white cedar
: browseiand deer fed excluéively’baléam fir browse. . Total eerum proteins
were greeeer at the end ef the trial than at the beginning for both
grbups.‘ | o

| Iﬁ feeding trials eomparing diets of either pure whife cedar browse
'f or pure jeck pine biowse? ﬁotal serum proteine of whiteftailed deer_

'increased signifiééﬁtly(in‘béth¢groups during the trial, but there



were no signifidaﬁt differences between tﬁe two groups (Ullrey et al.
1967). |

Mat thews (1969) found no correlétion Betwéen food consumption and:
- total plasma proteins in white-tailed deer fed a COmmércial ration of
constant composition.

Increases in gémma globulin and total serum proteins énd decreases -
in sefum albumin were reported for a captive male white—tailed deer with.
 chronic arthritus., A lactating doe decreased in tetal proﬁein'and
gaﬁma globulin during the lactation period (Sikes et al. 1969).

Total serum proteins of captive white~tailed does increased by
28 percent from day 1 to day 7 post partum, but relative proportions
of the'various fractions did not éhange significantly during the first
_ 3‘weeks éfter parturition. Fawns showed less Variability in total serum
proteins than their moﬁhers,~bﬁt the relative proporﬁions bf the protein
fractions varied considerably during the fifst 3 weeks following birth.
Alquin and beta globulin increased while alpha and gamma globulins
' decreased during the study (Youatt et al. 1965). |

It appears that serum lipids and serum proteins do not change
greatly in respdnse to diet over a fairly wide range of feeding. Most
: significant changes in the serum proteins or lipids occur invresponse‘
‘to an unusual situatibﬁ such as pregnancy, sevére &ietafy deficiency,
disease, or wide variations in feeding (as in Chandler's (1968) trials
ﬁhere protein-in the ration ranged‘from 0-28% and fat rangedkfrom 0-8%) .

The dietlofﬂwﬁite—tailed deer variesigreétly‘thfouéhout the,yeérL
Deer are seasénalvbreederé, and their sex glands ére.active oniy during

the breeding season. Because of the two factors mentioned above, it



WOuld,be‘expeétéd that endocrine activity (other thaﬁ that_bfﬁthe sex
glandsj would fluctuate greatly in deer. Hoffman and Robinson (1966)
reported seasonal fluctuations of sevéral indicétors of‘endocrine
activity in white~tailed deer. Seasonal trends were noted in pituitary
‘weight, adrenal weight, ad:eﬁalvzona glpmerulosa width, thyroid weight,
thyroid epithelial cell height, and thyroid colioid storage.

In work with captive deer in very poor céndiﬁion from malnﬁtrition,
Teiri et ai. (1958) could find no appareﬁt correlation between condition’>
and either'erythrocyte count, white céll count, or hemoglobin concen-
tration. Statistical tests could not be used beéause the:sample
siée was too small. | |

Blood samples taken during feeding trials with captive white;
‘tailed deer indicated that neither red cell counts, white cell counts,
‘hemoglbbin concéntration, paéked cell volume, non—protéin nitrogen -
concenfration, nor phosphorous concentration could be used as indicators
of the condition of the deer (Duvendeck 1962).

Red cell counts, hemoglobin concentration, and packed cell volume
;weré determined from blood samples collected from wild California deer.
No conclusive correlatioﬁ couldvbe fdund between any of these parameters
and the géneral health>and condition pf‘the individual énimél (Rosen and
'Bischoff11952).‘

| .It appears that such blood characteristics as red cell count, white‘
‘cell count, hemogiobin condentration, Packed>cell &Qlume, non-protein
“nitrogen concentration, and phbsphorous_concenLratiOn do not changé
vgreatly‘in white-tailed deer in résponse tb nutritional deficienéy_qrv

‘deteriorating condition. Neither serum lipids nor serum proteins have



been investigated in white-tailed deer to determine if any serum lipid
or protein fraction is affected significantly by either nutritional

- deficiency or deteriorating condition.




METHODS AND MATERIALS

Experimental Design

Wild deer were colleqtéd by members of the Southeastern Cooperétive
vWildlife Disease Study group duriﬁg’avstudy of parasitism in_southéasférn.
deer. Collections‘were made at A. P, Hili Militarvaéservation‘in
Vifginia, Ft. Stewart Military Réservation in Georgia, Forks Gamé
" Management Area in South Caroiina, and Cﬁoccolocco GameiManagement
Areé in Alabama. Deer Qere takén without regard to se#,'age, or siée.'
It was originally planned to'include areas from two other southeasfern
“stétes in the sémpling, butkthis proved to be impossible for political
reasons. Five deer were taken from each of the four sfudy éreaé
during each season for a total of 80 deer. Each deer wasAshot and a
blood.sample_was'faken ftom phe heart immediately after death. Blood
samples were cooled, allowed to clOt,’and centrifuged to obtain thef
sera. All blood sera samples wefe frozen for subsequent lipid and
protein analyses.

Blooa samples were taken from captive deer at Pennsylﬁania State
Univgrsity by forcibly restraining.the deer énd‘strappiﬁg them'to a
platform. These deer were being used in a nutrition experiment and
had réceived a ration‘éf‘known composition at three levels of feeding.
One group was fed adviibituﬁ; a secondvgroup réceiVed‘SO,percentFQf the
bamount consumed by the first; and a thifd group received 60 pe?centvof 
the‘amoﬁnt consumed by the fi%st. ‘These three‘diets were désignatéd
"lOO pefcent”ad 1i~bﬁ'.tum5 80 percent ad libitum, and éd~percentbad iibitum 
respeCtively. “ | |

~ Collection of blood sémplesvwas'scheduled‘fOr allffburvéeaSOHS5 but

;g i1QQg_;v :
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Sevegal deer aiéd during the Winter;vaﬁd it was considered'unwise to
‘disturb the replacements or the surviving deer. Therefore no winter
collection could_be'made;

The volﬁme»of serumvreceived in many cases was not sufficient to
alicw analysié of both sefﬁm lipids énd serum proteins; Due to this
limitation of sample volume;‘the'Serqm from captivé deer.was,analyzed
only for proteins. |

- 'Blood 'Serum Analyses

Lipids Analysis

Blood lipids were fractionated by thinjlayer chromatography.
Lipids were extracted from one milliliter‘aliquots of raw serum ﬁith
a mixture of 5 ml. petroleum ethér and 5 ml. ethyl ether. One ml. of
95'percent ethanol was mixed witﬁ the serum priqr to extraction.

'Two extractions were made on each sample using the ether mixture, and
a final extraction was carried out using 10 ml. of petroleuﬁ ether.
The clear liquid containing the dissélved lipids was decanted after
each extraction and saved.

The solution of dissolved lipids was evaporated tb dryness on a
steam bath under a hooded exhaust fan. A continuous stream of nitrogen
>gas was directed over the liquid during eyaporation; The nitrogen
- environment served to facilitate evaporation‘of the solvent, and to
prevent oxidation of the lipids by excluding oxygen during the heating
process. |

Aftér evaporation; the lipid reéidue was redissol&ed iﬁ O.Sbmiliiliter
(petrolgum ether.' Thié solﬁtion was spotfed on Uniplate pre—cOa;ed glass

 éhromatography plates supplied bynAnaltech, Inc. Six.samplefépbtszere
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- made oﬁ éééhvplate, and a sténdard,soluﬁiOn bf,known composition was |
spotted on each corner of the plate:v The neutral lipids standard
contained equal weights of cholesterbl; palﬁitié aﬁid; tripalmitin,
and choiesterol stearate, and the’éolar lipids standard contained eQual
weights of lysolecithin; lecithin,.phoSphatidyl—ethanolamine,'and
_cholesterol._vBotH standafds were dissolyed in chloroform.

Separation of the lipids was carried out using Gelman S1325 thin
'layet chromatogfaphy chambers,With'Gélman‘saturation pads. The upper
“trough of the chamber was filled with oven-dried dessicant crystals,

ahd the lower tréﬁgh was filled with the appropriate.solvent systém

'solution. Chambers were made completely airtight by sealing with mask-:
ing tape.

Neutral lipids were separated in arsolvent system composed of'150
.Parts petroleum ether, 30 partsvethyl ether, and 2 pérts aéetic‘aqid.

Polar lipids were sePérated in a solveﬁt syStem consisting bf 120
'vpérts chloroform, 80 parts methanol, and 20 parts distilled water. Prior
to separation of the polar lipids, the plates were placed %n the chambers
with a solvent systémvof pure chloroform aﬁd no saturation pads. The -
"vsolvent was allo&ed to run uqtil the néutral lipids wérevmdved to an 

area above the planned'éolvent front bf.the pblat lipids system.
All plates were dried in an oven at 60° - 75°C. until all traces

of solvenf had evaporated. Plaﬁes were éprayed with:a fing mist of 50

percenttsulfuric‘acid and plaéed in an oven at 188°beor 15 min. to'

- develop the's.'pots° | |

..PlateS’werelscanned with a:Photovolt denéiﬁométfy systém. A

'”'Photo?olt’Model‘524C Denéitometer, equipped with an automatic TLC stége, :
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%as connected to a Photovolt Model 520A Mhleipiier Photemeter:: Tﬁe :
photometef‘was,connected.to a fhotovolt Modelb42~B Variable Respdnse
Recorder. The recorder was connecéed‘to a»Photovelt Modei 49
~ Automatic Integrator. The’photomultiplier was set at 2 fof scanning
'TLC plates. This apparatus produced a chatrt of the varying amounts
‘of light passing through thedplate:» Use of the automatic integiatqr
allowed rapid calculation of the area under any pertionbofbthe curve.
Proportional concentrations of lipid constituents were calcula;ed
by comparing the area under that‘portion of the curve'repreeenting a
given constituent‘with'thebtotal area under the eurve;‘ Correctioﬁb
factors for each constituent were calculated By dividing the known
concentration of a constituent in the standard by the apﬁarent concentra-
tien as determined”ffom the plate. The area under each portion of the.
curve was multiplied by the aoproprlate correctlon factor before relatlve
concentrations were calculated. Neutral llpld and polar llDld constltuents
were calculated as percentage of the total lipids. The'propbrtion of
polar lipids in each sample Was.ealculated from the neutraidlipids plates
by using a correction factor calculated frombthe polar lipids standard_
dn those plates. This technique was demonsfrated to the author by- |
. Dr., P. T. Chandler, and Chandier's technique_was used witheut modificat-
ion;

Protein Analysis

Serum proteins-were separated by electrophoresis on cellulose
acetate strips. The *echnlque was descrlbed by Briere and Mull (1904)

»Some sllgkt modlflcatlons were mnecessary to adapt the technlque to the

equipment avallable, .Flveimlcrollter aliquots of raw serum were trans-



1%

ferred by micropipette to a Gélman serum applicatof; - The serum was
placed onFSepraphore III c§1lulose‘acetate Striﬁs‘using the'applicator

| to apply a uniform band acrosé'the'étrip. Strips Wefe p}aced in a
‘Beckmén Model R Electrbphoresis Cell fillea'to the propér level with |
buffer solution; Electrophoresis occurred for 90 miﬁ: at a conétant

| voltage of 210 V; Sﬁriﬁs were removed immediately from the'ceil_and
stained for 5 min. in Ponceau S»stain; Background stain waé removea

v by immersion for 2 min; in each of three trayé confaining 5% acetic
Aacid. Strips were mounted on glass plates and allowed to .dry completely.
Strips were immerséd'for 20 - 30 séc. in a 107 solution of acetic acid
in éﬁhanol. The strips became transparent as they dried.

Strips were left on the glass platesiaﬁdbﬁere scanned with the
same densitometry-équipment used to scan TLC plates; A greeﬁ 525:mﬁ
filter was used on the densitémeter, and the photomultiplier was set
at 1.

A Beckman duostat was used to regulate voltage during électro—
phpresis. A tris-barbitalQéodiumrbarbitél bﬁffér>solution (pH 8.8)'Was
used in the.electrophoresis cell, Striﬁs were soaked fof 10 min. in
: the buffer solution Béfore serum was applied. Reagents for ﬁixing.the
_bﬁffervsolution and thé Pohcea; S étainvwere obtained in pre—ﬁeasqred
packages from Gelman Inst?ument Compény'of Ann Arbor, Michigan;
Sepraphore.iil qellulose acetatg stripé wefe also obtained from Gelman

Instrument Company.



DATA ANALYSES

‘Wild Deer

Data cellected fromvwild deer were analyzed‘by computer using the
BMD-01V program described in the Biomedical Cemputer Programs manual
(Dixon 1967). BMD-01V is a packaged computer program developed by the
UCLA Medical Center. This program produces a table containing sample
size, mean, and standard deviation for each treatment group, and an
aﬁalysis of variance table with F ratios.

Data from all study areas were pooled for each season. No
statistical tests were made to determine if there were significant
differences between areas because the four study areas were sampled in
the same fixed eeduence during each season. Only one area was sampled
'eachbweek, and thus- there was a 4 to 5 Week'intervai between the
initial and final sample-collections for each season. Therefore, it
was probable that any differences between areas which might occur could
be due to seasonal changes. However, scatter diagrams of each blood
factor plotfea'against area indicated that no relationship existed
between any of the blood perametefs and the area from which the deer
were collected.

Data from all age classzs were also grouped together for the
analysis of seasonal variation. Scatter diagrams of blood parameters
plotted against age were made, and no felationship could be found
between age and ény of ‘the blood factors studied. Also only a few‘of’
the possible age.elasses were represented in any one season's sample,
and many of the possible age classes were not present at‘all in the
;tetalbsampie. ?herefore, it was iméossibie ﬁo make useful statistical
cquérisohs Betﬁeen:age‘elaSSES. |

15
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Statistical comparisons Between sexes were not made because there
were not enough bucks in the sample to allow meaninéful comparieons.

A multiple regression analyeis was also performed with the ‘data
collected from wild deer. The BMD-02R program described in Biomedical
'Computer Programs (Dixon 1967) Was used for‘this analysis. The BMD-02R
progreﬁ computes a seriee of multiple regression equations to describe

the data at hand. It consists of a series of steps, and at each step

a new variable is entered into the regression equation. The varieble
entered at any given step is that one which causes the greatest reduction
in the error sum of squares of the regression, and which is most highly
correlated with the dependent.variable assuming previoﬁsly selected
variables in the equation are held constant.

Body weight was seleeted'as the dependent variable, and the various
lipid fractionsjend protein fractions,vthe albumin/globuiin ratio, sex,
age, condition index, and season were independentvvariables. Because
season is‘a discreet variable, duﬁmy variables were used to indicate
season. bummy variables were used to overcome linear dependency which

‘would occur if season were represented by a single variable. Three
dummy variables were used to indicate season in thie enalysis.

Condition index was a subjective rating given to each deer by the
researchers who performed necropsy. Each deer was rated as being either
in poor, fair, good, or excellent condition. Condition index wae é
discreet variable witﬁ four classifications, and it was handled in the

~ same manner as eeason. Three dummy variables were ﬁsedbto indicate

condition.
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" Discreet variables such as season were handled by substituting
dummy variables in the following manner. ‘Both season and condition
index were discreet variables with four classifications, and both.

were represented by three dummy variables.

'Classification X1 Xy X3
1 a0 ,_;
2 0 +1 0
3 0 o0 +1
4 -1 -1 -1

Seasons 1isted in the order of spring, éummer,»fall, winter; and
condition was listed in the order poor, fair, gdod, and excellent..
The X's are listed in the thesis as Seasonl, Seasonz, etc.; the
'superscript of the variable cofresponds to the subscript of the dummy
variables used to represent it. | |

Captive Deer

Daté from captive deer were analyzed by the Virginia Polytechnic
Institute Statistics Laboratory. Means and standard deviations were
estimated by computer for each outcome group and for each treatment
grdup.v An outcome gfoup consisted of three deer of the same éex and
'épprbximately'equalbpre;tfial weights.‘ One ofrthe three deer Qés given
each of the three experimental diets. The'weekiy food éllotﬁent of the
~deer givén restricted diets (80% and 60% ad libitum) was calculated
from the previous week's'coﬁsumption by the unrestricted animal in

the same outcome.group. A treatment group consisted of all the animals

" fed a given experimental diet.
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Aﬁ analysié of variance table was prodﬁced for each.blood'factof
during‘each season, and F ratios wefe calculafed to determiﬁe if
significant differences existed between treatments. |

Data wére iﬁéomplete for the fall sampling_period, and analysié
was not attémpted with the fall'sampie. Aiso, becauseino samples were
taken during the winter, and because the fall sample waé not iarge
enough to be analyzed by this technique,’ﬁo comparisons betweeﬁ seasons
were made.

Serum lipids analyses were carried out with a limited number of
the blood samples from captive deer, bﬁt‘these data were not included
in the analysis because the sample»siée was too small.

Data from the captive déer were énalyzed with  the BMD-02R progrém.
‘Mean weekly food consumption prior to the collection of blood was chosen
for the dependent‘variable. Age, sex, body weight, séason, and the
serum protein fractions Were the independent variables. Season was
treated,thé same in this case as for the wild deer data, except that
only three seasons were considered. Only two dummy variables were used

to represent season.

Classification X1 : Eg
R 0
2 . o n
3 B

Seasons were listed in the order of spring, summer, and fall.
A second stepwise regression analysis with the BMD-02R prbgram was

performed with age, sex, season, and the serum protein fractions as the



19

independent variaﬁlés. Digestiﬁle pfdtein intake_per week per unit
metabolic size was calculated for each animal, and the mean weekly
intake over a two month period immediately prior to collection of the
blood sample wasbused as the independent variable; Body weight: was
not used as an indepéﬁdent Variable beqause‘metabolic size was determined
by the formula: | ‘
| Metaboiic_Size = (dey Weight in Kilograms)B/é.

The proportion of crude protein in the ration and thé digestibility
coefficient of the protein in the ration were obtained from Croyle
(1969), who used a nutritionaliy identical fation in deer nutrition

experiments at Pennsylvania State .University.



RESULTS

B e

' Wild Deer

A summarybof the data by éeason is gi&en in»Tables 1 and 2; ,These
tables contain the mean and the»standérd‘deviation in each season for
:each blood factor studied;'

Significaﬁt»seasonal differenceé were found fdr only three of the
blood parameters studied% Fatty acids’wefe significantly ﬁigher at the
0.01 1e§el(iﬁ sprihg and summer than in faiiland winter. Lecithins
were significantly lower in summer than in fall and winter. Alpha
globulims were s;gnificantly lower in spring than in summer; signifi-
cantly higher in summer than in fall; and significéhtly lower in fall
than in winter. In the latter two cases,vthe leve1 of‘significance
was 0.05.

Although F rgtiosfsuggested that significant differences were
approached in the cases éf.betavglobﬁliné,;triglycerides, cholesterol,
and polar lipids, significant seasonal diffefences were not found for‘
any of the remaining blood‘parameters,“

A_SpOt X was the namé given to an unknown cqmpound”whiéh wés'found‘
in the éerum-lipids analyses.of blood samples from wild deer. ‘Spot'X
~migrated to ' a poéition between'phosphatidyl—ethaholémine‘and chdlesterol
on polar 1ipids_plates, No fﬁrtﬁer ideptification'of the'compound wasf‘7
‘,attEmﬁted.

.'Aé-éhown in-Tablg‘B,'the first two variébles se1e¢ted by ﬁhe BMD-
02R program as most ihflﬁénfial'wéréidummy vafiéblesruséd £o indicgte

_ condition index. .Withaonly“the§e two’variables‘in the equation, the

"1201'_:
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" Table 2. Seasonal differences in the means and standérd deviations of

~Season

Spring
Summer

‘Fall

Winter

_PROTEIN FRACTIONS

(%)
Albumin
Mean "~ 63.6
S. D. 7.9
Mean 59.6
S. D. 8.5
Mean - 56.7
S. D. 12.6
Mean 59.1
S. D. 9.5

(%) (%)
Globulin Alpha G.
36.4 7.1%
7.9 3.1
40.6 9.1
8.4 3.6
43.3 7.62
12.6 3.2
40.9 9.7°
9.6 2.6

-
ww
hadh
= O

-
w &~
.
O =

a,b Means with different superscripts are significantly different

at the 0.05 level.



Table 3. Results of the mul
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tiple regréssion analysis of data from
80 wild deer. B '

Step

OV ooNOVULLES WN-

Variable_Added

Condition Indext

- Condition Index
- Age.

Season.1 .
Polar Lipids
Cholesterol
Lecithins

.Season2

Sex ,
Beta Globulin
Fatty Acids

Spot X

Neutral Lipids
Albumin '
Globulin
Alb./Glob. Ratio
Triglycerides |

Cholesterol Esters v
Phosphatidyl-ethanclamine
' Lysolecithins,»

Season3 _
Gamma Globulin
Alpha Globulin
Condition Index

Multiple
R R
0.4741 0.2248
0.5943 0.3532
0.6854 0.4698
0.7233 0.5232
0.7436 ¢.5529
0.7574 -0.5737
0.7651 0.5854
0.7682 0.5901
0.7705 0.5937
0.7725 0.5968
0.7736 0.5985
0.7740 0.5991
0.7743 0.5996
©0.7745 0.5998
0.7812 0.6103
0.7828 0.6128
0.7840 0.6146
0.7905 0.6249
0.7907 0.6252
0.7911 0.6258
0.7911 0.6259
0.7912 - 0.6259
0.7946 0.6314 -

0.7948

0.6317

. . 9
Increase in R

1 0.2248
0.1284
0.1166
0.0534
0.0297
0.0208
0.0117
0.0047
0.0036"
0.0031
0.0017
0.0006
0.0005
0.0003
0.0106
0.0026
0.0018
0.0103
0.0002
0.0007
0.0001
0.0001
0.0054

~0.0003
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mul&iple Rz {the.coefficient of;determinatiéﬁ)_wasVO.BS.

| One of the dummyvvariablesvrepresenting season>was the‘neXtv
variable entered in the engtion. The multipleR2 Was iﬁcreased to
0.52, an increase of 0.05 due.td the addition of the seéson ﬁariabie.

- Percent polar'iipids'was the hekt Véfiable sélecﬁed.‘ The multiple
R2 was increased 0.03 when polar lipids was added to théAéquation.v

Percent cholesterol was thé final §ariab1e;eﬁferéd'which ﬁaused‘a
significant decrease in the error sum.of squares when added to the
regression equatiocn. With siﬁ significant variables>in tﬁe_équation,
multiple Rz'was 0.57. " The regression equation for the data.frOm Wi}d
deer was:

+0.3%, = 0.4xg

+ 1.5%, + 326x .

2 3 4

y = 35.3 - 7;0xl'« 12.6x
where ‘rv o

y = body weight in kg.
x, = condition indéx; (dummy vériable)
Xy ="condition'index2 (dummy variabie);
x3k=Aage in years
xé‘% seasén; (dummy &ariabie)» |
X =1polar 1ipias (percentage of total 1ipids)

X = cholesterol (percentage of total lipids)

" Captive Deer -

A summary of the serum proteins data is given in Table 4.‘_NQ
significant differences between diet groups were found for amy of
the serum'pr@tein fractions. Significant differences between

outcome groups were found for beta
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Table 4. Differences in the means and standard deviation of serum

PROTEIN FRACTIONS

- ) @ @@

Diet " Albumin Globulin Alpha G.. Beta G. Gamma G.

Spring Collection :

100% Means 55.9 44,1 9.0 15.9 19.3
~ s. D. 13.1 13.1 2.9 8.2 6.7
807 Means 61.0  39.0 11.0. 13.7 14.4
© 5. D. 5.9 5.9 3.6 2.0 4.6
607 Means  58.9 4.2 10.0 15.6 15.6
s. n. . 4ob 4.4 1.2 4.1 5.8

Summer Collection

100% Means 54.8 45,2 12.1 15.2 15.6

S. D. 8.6 8.6 2.8 5.6 5.8

80%  Means 59.5 40.5 9.7 15.7 15.1

S. D. 14.9 . 14.9 3.4 5.2 7.4

607 Means 57.7 42.4 9.5 16.8 16.1

5. D. 17.8 17.8 2.2 7.3 9.7
Fall Collection P |

100%  Means 67.3 32.7 6.8 12.7 13.1

S. D. 8.5 8.5 3.3 1.3 4.4

80%  Means 58.5 41.6 12.4 12.3 16.8

s, D. 1.8 1.7 1.2 1.9 0.3

 60% Means 61,2 38. 8 10.9 13.2 14.7

3.2 3.2 1.0 2.6 2.

's. D.
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_ giobuliﬁs in summer; but'differeﬁCes bétween-diet groups were not
- significant. “
| fﬁé BMD%O2R multiple regréssion aﬁalyses were pérformed'bn the
data from captive deer;v In ;hevfirst; mean weékly dry maﬁterjiﬁtake '
over a 2 mbnth period §riorvt01blood collection was chosen. as the'dé—
pendent variable; | |

The first variable entered by the BMD-02R program was body

weight. With only one variable entered, R2

was 0;68:, This was highly
significant at the 0;005 level. |
| One of the dummy variables"répresénting season bf‘collecﬁién.was
the neit variable entered in thgveqﬁation; Mnltipie Rz‘increased
to 0,81 when the‘seasonvvariable wésvéntered.

After‘the first two variables had been entered;‘nﬁnevof fhe-
fémaining variébles causedva signifiéént decrease in the error sﬁm
of squares when added to the regression. The‘regression-equation of

dry matter intake on body weight and season for captive deer was:

987.1 + 210.4x; - 1549.8x

y
. 2
where -
y = mean weekly dry matter intake prior to sampling in grams
Xy = body weight in kg;
A S
X, = season (dummy variable)

A complete summaryvof'the results 6f tﬁis regféssioﬁvanalysis is given
in.Table 5,‘ - |

:The seéond multiﬁle regréssion anéiysis was'performed witﬁ,ﬁegn‘
) digestible:prdtein intake per unit metébolig size per week aéfthé._

'dependent vafiab1e; Only. one of the'iﬁdepéndgﬁt,variables caused a.
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Results from the multiple regression of mean weekly food

0.8398

' TableYS, .
: ' consumption of captive deer on 1l parameters.
: Multiple '
Step ~ Variable Added R R Increase in R
1  Weight 0.8274 0.6847 - 0.6847
2 Seasonl 0.9047 ‘0081847 0.1338
3 Alb./Glob. Ratio 0.9080 0.8245 0.0061
4.' Season? 0.9099 0.8279 0.0034
5  Sex 0.9118 0.8313 10.0070
6 Age 0.9156 0.8383 0.0011
7 Globulin 0.9162 0.8394 0.0002
8 Gamma Globulin  0.9163 $0.8395 0.0002
9 Albumin 0.9164 0.8397 0.0000
102 Globulin 0.9164

The eleventh parameter, alpha globulin, is not included in the
regression because the F ratio was too low for inclusion by the

BMD--02R program.
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: signifigant reduction of the error sum of squares when selepted By fhe
BMD-02R program. One of the dummy vériables'represenﬁing_seaSOn was

the onl&'signifiéant variable entefed in the regression equation. ‘The
coefficeint of determination for the regression was 0.27; The regression -

equation of digestible protein intake on season was:

y = 50.8 - 7.3x,
where |
y = grams'of mean-weekly digestible protein intake dufing
a 2 month period prior fo blcod collection
kl = season1 (dummy variable) |

A summary of the food consumption data for captive deer is given

in Table 6, and a complete summary of the digestible protein intake

N

analysis is given in Table 7.
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Table 6. Mean weekly'conSmetlon of dry matter'and dlgestible,

3/4 1 2 3

Diet ' Weight Weight Intake Intake”  DPI
Spring Collection v
1002  Means 48.2 18.3 9063.6 9851.0  1055.5
S. D. 6.8 1.9 2024.2  2983.2 319.4
80%  Means 43.1 16.8 6187.4  6143.4 658.0
S. D. 7.6 2.2 901.1 738.9 79.1
607  Means 38.6 15.5  4909.6 5553.4 597.6
S. D. 5.4 1.6 1026.6  1006.7 107.1
Summer Collectiph
1007 Means  53.1  19.7 10689.6  10411.9  1116.2
5. D. 7.2 2,0 1108.3 1233.9 132.2
80%  Means  43.1 16.8 7718.8 7428.8 795.6
S. D. 6.0 1.7 505.0 575.6 61.6
60%  Means 40.2 16.0 6510.5  6073.8 650.5
S. D. 4.8 1.5 832.2 722.0 77.3
Fall Collection
100%  Means - - 63.5  22.5 14352.8  13215.4  1415.4
S. D. 7.5 2.0 1813.6 1379.2 147.7
80%  Means 46.3 17.7 10271.3 ~ 9557.9  1023,6
S.D. 0.9 0.2 R et -t
607  Means  4l.2  16.2 9313.3  8558.4  916.6
o 7.4 2.2 1548.9 1770.1 189.6

S. D.

1 Mean weekly dry matter 1ntake 1n grams for one month priot to
sampllng. '

2 Mean weekly dry matter intake in grams for two months prior to
sampling.

3 Mean digeStible protein.idtakevin grams per week for thvmonths
prior to sampling : ' : L

4. No standard dev1at10ns glven because all observatlons were the
o same in these cells. :
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 Table 7. Results from the multiple regression analysis of mean weekly
digestible protein intake of 50 captive deer on 10 parameters.

. : v Multiple ‘2 ‘ 2

Step Variable Added R - R ~ Increase in R’
1 Season’ 0.5227  0.2732 o 0.2732
2 . Beta globulin 0.5473 0.2995 0;0263
3 Season? - 0.5685 0.3232 0.0237
4 Age ' ~0.5841 0.3411 : ' 0.0179
5 Sex ’ | 0.5896 0.3477 ' 0.0065
6 Alb./Glob. Ratio  0.5929 0.3515 0.0038
7 Albumin 0.6114 0.3738 0.0222
8 Ganma globulin 0.6191 0,3833 0.0096
% Alpha globulin  0.6192 0.3833 ' 0.0000

.~ a The tenth variable, total globulins, was not included in the
"~ regression because the F ratio was not high enough for inclusion
by the BMD-02R program. '




© DISCUSSION

Conceﬁtrations varied greétly among individual animéls for’all
of the ﬁlobd componenfs studied both in wild énd captive deer.}
Significant differences befweeniseasons were‘found for oﬁlybthrée (fatty
acids, 1e¢ithins, and a1pha>globu1in) bfvthé éiktéeﬁ/parametérs |
Studied invwild deer. Howevér'the F ratios for beta globulin,
cholestérol, triglycerides, and polar lifids Were‘oﬁly slightly below
the criticai 1évei. Significant seaéonal differences mightvhaVe been
fdund‘for these four serum fractions,if a 1argér number of blood
'sa@ples had been taken;

Some pdssiblé seésonal trends were observed for both serum lipids
-and éerum.proteins in wild deer (Tables 1 and 2). Be;é‘globulin,
vcholeéterol, ttiglyceridéé, and>polar lipids change‘in relation to
séason° This may be due to seasonal changes invdiet, or‘perhaps'tq
internél biological rﬁythms. Since-data are available f&r 6niy 1 year,
' no aefinite ;onélusidﬁé canvbe made Cpncerning seasonal changes in blood
- 1ipid and blood protein COncentrations; At 1eas£ 2 yearsréf study -
would be requireéd to determine if seasonal changes in blood
- composition in deef f&ilow;a pattern 6fvannuél cycles or fluctuate
vrandomly)' | |

'Fattybacid concentfations<were'significéntly highér in épringvand;
summef.than in fall and winter. “This differenCe be#wéen’hot and épld‘.
peribdéjcould be due to a change of diet beﬁween these. two periods;»
inlépfing'ana»summei, gréen fofbs,;graés, éﬁd greén leéves are a'-v
largeipgrt ofvthé diet,ofideefﬁ 'Mast,?dry~Vééé£g;ién,‘deédileaveé,"

~and woody twigs.arefévailéble in-fallvénd %inter; and’théSe form-é”'
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méjof pért of"ﬁhe-diét'(Kirkﬁatrick et:él;;1969). Kirkéatrick
‘etval. (1969) foﬁnd no significaht'differenées in crude fat concentra-
tidns of rumen contenﬁs among the seasons in his stqdies of séutheagtefn‘:
4dé¢r, but significant differences among seasons wére_found for crude
protéin, crude fiber, ahd nitroéen—free'ektracf.b Apparently,.then;
if the seasonal variation in fatty acids was due to seasonal chaﬁgesvin
diéﬁ, the diet effect is caused by eithef avchange in the composifioﬁ
,Qf’the fat in the diet or by a change in some‘dietafy'compbnent other'
than grude fat. |
Concentrations of lecithin in summer wefé significéntly different
than the amounts found in fall and winter. In generai,'lecithin'and :
fatty acids seem to be inVersely~reiated in these deerf ‘While fatty =
acidé were higher iﬁ‘spring and summér, 1écithins are lower at thié
ﬁime¢  This relatiohship was not significant,‘howevers and it is
possibly due to éhanée. Seasonal chénges iﬁ both leéithin and fatty
.vacias may be causéa by’changés in the chemicalvcom§OSition of the diet.
The féct that fatty acids andlleéitﬁinsvcdncentfatidnsvchangéd
significantly betﬁéen summer and fallbméy indicate a hérménal effe@t
due’to’the beginning of the,breeding season. 1Sex*hofmones*may éause
-increased femqval'of fatty acids froﬁ the blood and decréased rémovél
of lecithins, or the synthesesv§fvthese cdﬁﬁounds may be affected;
It_ié prdbaﬁlebfﬁat hormon31 effeéts-w6u1d differ betWéen:males ahd"'
~females éspecially’during ﬁhe breeding seaéoﬁ; It is prdbable‘thét_
the pbéervedVSeaSohél,difféfénceS'in éonéentratiﬁns‘ofithe»tWO’
,;Vcompoundsfin both 'sexes were caused Ey’an iﬁte;actiOﬁ of hﬁrmonalff‘ f

“and dietéry'changes;'
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Thé‘régular ldw—high—low-highvfluctuatioﬁ of éipﬁa.globuliﬁ , ‘
cannot be explained by-hdrmonal changes'during»the brgedingvseason._
A;Thelﬁhanges from lower values in spring and fall to ﬁigﬁerlvalueé“
in summer:and-Wiﬁtet were of similar magnitude;i LargeISeasQﬁal

changéé in the protein coﬁtent of‘fqﬁage piénts weré.reported’by.
Hundley-(l956). An endogénous,biological rhythm'may be responsible
for the changes. Because‘none of the otﬁer Serumbpfétein fractions
Weré affected; the'authdr believes'that the ObserVéd'chaﬁées'in
alpha globulin were'probably due to éhance: Tt seems reasonable
that changes in diet or hprﬁonal changes due to an endoéenous rhythm'
would affect thé other serum progein fractions as wéli as alpha
globulin.

The unknown coﬁpoﬁnd, Spot X; was found to a Varyingvdegree in
all of the blood samplés anaiyzéd for serum lipids. It was present in
all of the samplés-taken from captivevdeér on which 1ipias énalyses.
Weré performed, and in,all of the_sampies taken from_wil& deer. A
similar éompound is found inbcattle, and‘high levels of,the'lipid—like
substanCe-afe often‘asséciated_with'stressu(Chandier pers comm.). It
appeafs that Spot X1may be a:normal component of thebbldodﬁbf White—"
§ tailed deer. Whether the presence‘of Spot X results from the normélly
easil& éxcitable‘natﬁreléf'white—téiled.deef cannot be‘pdstﬁlated from
the'data at.hand.‘ Although the concentration of Spot X iﬁ the bléod
may'chénge‘invresponse fo Various stress situations, Spot X_does nét
_ ééem:té»bé a.veryxseﬁsifive indiﬁatof qf stress in White—tailed aeer.
In this study, the éoncentration*of Spot X'did notbchange Significaﬁtlj'

from season to season, although it is probable that the level of stress-
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‘to whiéh ﬁhe deef were subjected did change considerable during_the
study period,, It.is possible, howevér, that a wide nérmal’range Of
concentrafions of thié blood component,eﬁiéts in deer. A small sample
in which there was a large.amount of individual Qariation would result
-iﬁ a large stanaard deviation; and this would tend to.mask theléffects
of stress upon the concentration of Spot X; The éuthor does'feel;
however, that more work is justified to determine the identity of
Sﬁot X and the physiological role of the compound in whité;téiled'deer;

In captive deer, no signifiéant'differencés due to diet were found
for any of the serum protein fractions. The concentrations of the
various fractions varied over a wide'range; But'analysis'of variance
and scatter diagrams indicated tﬂat the va:iaﬁionﬂwas not due to

_ <

dief.' Significant variation within treatments was found for beta
globulins in the summer, but these differences indicate variation
due to individual différeﬁces rather than diet effects. In most animals
there is a,homeostatic mechanism which tends to maintain serum proteins
at a constant level unless fhe_animal‘is fed a nutritioﬁally inédequéte
diet which eventually produces a étate of severe malnutrition (Cowan
pers. comm.). These data suggest that suchva méchanism is present
in deér. No significant variation in the.factorg-studied was found
between deer fed ad libitum and deer restricted to 80 ﬁercentvand 60
percent of the émount'consuﬁed by the ad 1libitum gfoup.  If should be
noted, howéver, that the composition of the raﬁion’of all groﬁps was
the same, and only the level of consumption>was varied{'-Pbssibly.
significant treatment effects would have bgen féund if the,déer were
1  réétriéfed to a_dietvﬁhich was déficieﬁt in-sbme essehfialinutrient.

s
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v‘Cﬁandler etval. ti968) fed déify calvés a‘ratién varying'from‘o

to 28 percent in protein and determined the.concentrationé of sefﬁm.
protein fraction$ éf these animals By.electrophoresis;"Totél serum pro-
teins and some of the serum proteiﬁ.fractions were éignifiCaﬁtly affécted
Ey the ration. ‘Chandler's:tfials lasted for 18'week$; énd the ration
effects did not disappear; but dee: in this study‘were given'thev

. experimental'ration for at least 7 months before blood samples were
collected. That no significant diet'effects oﬁ serum proteins were
'fbund'in captive deer might be eﬁpiained by’aésuming'that the deer had
beéome adjusted to the diet over the long period of feeding, and any
ration effects could possibly have beén overcomeiby the homeostatic
mechanism of thé animalé; Since.the percentage protein content of

- the ration did not change between diet,groups;blarge diet effects ubon
thebserum proteins would not be expected. -

The regression eqﬁatibn for the relation of dry matter intake of
captive deer,'body weight; and geaSOn eéplained:Sl percent‘of the
'variatioﬁ when all significant vaiiabléé were -in the'equatioﬁ: The
fegression of digestible protein infake on season ekplained’only 277
_bf-the»totél variation. ‘Ndne of the sérumiprotein fractions significantly
improved the value‘bf the regression for prediction in either’case; and
these variables were not included ih-the equations.

The multiple regression equation for the déta from wild deer
t unld explain only 57 percent of the variation.when all’sigﬁificant
variables had been entered. Even if the leﬁelAOf sigﬁificange had
been reduced-from 95 percent. to 80 perpént,.less‘than,60 percent of -

the variation could be explained, and only one new variable was entered.
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of ail the serum lipid fractions éndvserum protein fractions studied
in wild deef; oﬁly polar lipids and cholesterol caused a éignificant
:eduction of the error Qf squares'when’added to the‘multiple ?eéression
equation. The selection of these two 1lipid fractions and lecithins;'
which was nét significant; prior. to selectibn of ény qf the'Sefum
érotein’fractions iﬁ the BMD-02R analysis (See Table 4) indieates
that’serum lipids are more closely related to diet in the'whité—féiléd
deer than serum proteins. While most of the serum proteins are..
synthesized by the body; a large proportion of the blood lipids are
either absorbed directly from the intes£ine_§r aré produéedﬁin the |
liver from absorbed 1ipids sooﬁ after feeding. TheTEfﬁreASerum
lipids,‘as eipected, were more closely related to diet fhén sérﬁm
prq;einé{

The condition index was a subjective measure of the general health
of the animal. Although it"waé 1arge1y a subjective‘measurément; condi-
tion index was determined after.necropsy by competent veterinarians
~ with extensive experience in working withywhite—tailed deer;_ Therefore
the condition index was as good a»measure.of the general health and
physical condition of thé énimél as could be obtained. vCondition
7inde§'was more closely related to body weight in the wild deer than
either either age,vsex, or any of the bloodxgerum c@mponents. This
substaﬁtiates the widely accepted opinioﬁ that condition is closely
;elated to nutrition in the white-tailed deer. Correlation matripes
produced by.the BMD-02R program show that condition was not highly
_correlatéd with any of the‘sérum pfoteinvfractibns or serum lipid

,fractions{v This supports the conclusion that there is a homeostétic
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mechanism in deef whiﬁh ﬁends fo ﬁaintain the cbncentrationé of serum
proteins and serum lipids at fairly constant levels,vregardlesé of tﬁe
condition 6f the animal; Although some of the deer in this study
’ Were.in poor condition,‘none was emaciéted or suffering from severe
bnutritional deprivation, It isip:obable that the'Composition of
the blood would change significantly if the animal was in eitremélY*
poor condition, but no data are available to test this assumption:

. Sex was not an important factor in any of the déta énalyses: None
‘of the blood components studied was correlated closely with sex, and
Qex was not correlated closely with body weight in the wild‘deer;
The addition of sex to the multiple regression eéuation for wild
deer did not significatly reduce‘the error sum of squares, Because
of the small numbers of males in the wild samples, analysis of ﬁariancé
- could not be used fo détermine whether significant differences'egisted
bereen sexés for any 6f the blood components. Se%'was one of‘thé
parameters usedvto select outcome‘groups in captiVe deer; and o
.thereforé norsex effects were tested. 'Matthews,(1969) found no °
significant differences in total serum proteins betweeﬁ sexes in two
groups of‘captive.deer;. Even though there-may be &ifferences iq the
level of nutrition'begwéen sexés, thése differéncés would probébl&
4 not be reflected in the.compositionbof thé»blood. More'work'is
needed to determinevif differenées exist between the éexes for any
pf the 1ipids or protéins of fhe blooa. If hormone léﬁélé‘significantly
affect thevconcentrations.of blood compohents,»large diffe:ences éhduld
ibe fduga.during tﬁe breeding season. fLargé &iffereﬁqes in‘food

consumption between sexes have been reported during the breeding season
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and any diet effeéts upon thé'bloodvcémponents should bé écéentuatéd
during'thié period= |

At this stage it does'nﬁt appear 1ike1y thatbanalyses of,serum~v
lipids and serum.proteins‘éaﬁ be uséa'alone to predict the'cbndition
or nutritional status of white-tailed deer. Neither serum lipids o
analyses nor serﬁﬁvproteins analyses,eﬁplainedvenngh of ‘the total
variation in,bodybweight or nutrifipnal status of white—tailed'deetrto
be uéefﬁl in pfedicting eitﬂer of ;hese two parameters;' |

However,»this author feels that more research inuthis aréa
is,justifie‘d° Large variations in foqd consumption:were-reported for
céﬁtive.deer, and these variations in fqod intake were generally
attributed to causes that would éffect deer in the'nétufal:state (Fowler‘
et al. 1967;vLong-et'al. 1965;,Cowan aﬁd Long 1962;.éﬁd McEwen et élj.
1957). Seasonal changes in‘theichémical composition oftrumen contents
of white-tailed deer were reborted by,KirkpatriCR‘etbal. (1969).
Seasonal fluctuations in varibﬁs-indicatqrs of endocrine‘activity‘haVe.
alsd,been foﬁnd in white-tailed deer.(Hoffmén and Robinson 1966); uIt
is highly improbable that none'of:these féctors has any effect-upon |
the cﬁmposition of the blcod of White-tai;ed deer, Both the endocrine -
function of an animal and the nutritional well-being of the animal are
intimately'related~t§ the blood. Eurther“reseéfch is needed to aetermiﬁe
- the effect of each diefary coﬁponeﬁt'ﬁponiblooa compositidn; thé effects‘
~of various cémbinations of digtary coﬁponents u?on eéch blood cbnétituent;
‘ and ﬁhe rélationéhip4of eéch blood constituent to thg physiology df‘the"
aniﬁal}: |

- This author believes that éven thcugh the results of his study are
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‘not a,éolid Baéié“forbprediction of condition or nutritionallstatus by
- blood analysis, this study héé provided ébme groundwofk uponbwhich
further research can build,‘ Thé’author aléo bélieves‘that with |

- further research to»éﬁswer~the‘questions réisediby this work;.blood
analyses will be usefﬁi résearch tools for deer biologists in‘

,Vfuture years.




SUMMARY

Eighty Blo@d serum Samples'colleéted ffoﬁ'wild deer in fbur.south—
eéstern states were analyzed'fbf serum lipids and serum proteins;
Fifty blood serum éamplés collected from captive deer on three’leveis
of diet were anélyzéd for serum proteiné..

Faﬁty acidsrﬁere significantly higher in spring aﬁdVSUmmer than
 in fall and wintér, and lecithin was significantiy lower in Summer
vthan.in fall‘and'winter. Alpha globﬁlihs changed'significantly in

all.foﬁr seasons!» No seasonalvanalyses werermade for tﬁé captive
‘deef, and there were no-significéﬁt differenCes'befWéen'diets fdr any
of the‘éerUmvproﬁein fractions.

In stepw1se multlple regre331on analyses; condltlon lndex, age,
season, percent polar lipids, and percent cholesterol were found to be
significantly related to body weight in wild déer. Body welght and
season were 51gn1f1cantly related to food consumptlon in captlve deer;
'and season was significantly related to digestible protein intake;

Several conclu31ons were postulated from this study:

(l) Seasonal differences in fatty ac1ds and lec1th1n concentrat-
vibns were probably'gauéed by'an.interaction of horménal andidietary
" changes associated ﬁithAthe change in»seéson. '

' (2) A homeoétatic mechéﬁiém isbpresent in white-tailea deer
whiéh resists chahges invthe éonéentrations:of serum,lipids and serum
proteins,v |

(3) Althqugh the general~condition of’deér‘is cibseiy related to

‘the nutritional status of the”animal, no're1ationship exists between

40
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either condition or nutrifional status and any.of the’se?ﬁm lipid
fractions or serum.protein fractigns;
(4) Neither serum lipids analyses nor serum proteins analyéeé 
can be used to predict thé:COnaition br ﬁhe‘nutritional:statué'of white—'
tailed deer. -
(5) Serum protein anélyses’cannot be used‘tovpredicﬁ‘food’coﬁsﬁmp~’

tion or digestible protein intake in white-tailed deer.
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- 'EFFECTS OF SEASON AND PLANE OF NUTRITION UPON SERUM LIPIDS
AND PROTEINS OF WHITE-TAILED DEER

by
THOMAS RANDALI, PORTERFIELD
ABSTRACT

‘Blood samples were collected from.éO wild deer in four areas of
the sdﬁtheéstern United States, and from 50 captive deer on three levels
of nutrition at Pennsylvania.State University.

Blood:lipids were fractionated byvﬁhin layer chromatography; serum
proteinsvwere Separatéd by electrophoresis on cellulose acetate strips;
and.?roportional concentrations of liﬁid and protein fratﬁions wéfe»
~determined by denéitometry. |

Significant differences between seasons were found for fatty écids,
lecithins, and alpha globulin invthe wild deer. No tests for seasonal
differences were made forvcaptive deex.

Three regression equations were<developed'toAdescribelthe’data.

The following equations were obtained by computer using the BMD-02R
.packaged program.

- 12.6X, + 1.5X

v = 35.3 - 7..OXl + 3.6X, + 0,3%_ - 0.4X

3 5 6

4

where:

‘body weight in kg. of wild deer

«
]

Xq= condition index1 {(a dummy variable)
X. = 'condition‘index2 (a dummy variabie)

. X3= age in yéérs



X,= seasont (a dummy variable)
Xe= polar lipids (percentage of total~lipids)

X_. cholesterol (percentage of total lipids)

6

The multiple Rz for the equation above was 0.57.

y = -987.1 +21Q,4Xl - 1549}{2
where:

mean‘weekly food intake by captive deer for a 2 month

~
i

period prior to blood collection. (grams dry matter intake)
X1= body weight in kg. of captive deer
X,= season1 (a dummy variable)

The multiple-R2 for the second regression was 0.81.

y = 50.8 = 7.3%;

where:

«
ii

mean weekly digestible protein intake in grams by captive
deer over a 2 month period prior to blood collection.

X= seasonl (a dummy variable).
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