BLOOD CHEMISTRY AS AN INDICATOR OF WUTRITTIONAL CONDITION
IN BIGRORN SHEEF

by: Darvll Hebert, Regional Wildllfe Biologist
Fish and WLldlife Branch., Nanalmo, B C,

INTRODUCT ION

Experimental animal physliology studies use basline values establigh=
ed with a control group to determing the sglgnificance of changes of a
particular phvaiological parmmecer. Dicod chemlstry stvdies in wildlife
biolegy have actempted to establish baseline walues In relation to many
uncontrolled variablex and to utilize relative differimces in values be-
tween sgeagons, habitat types and populations Eo assess animal condition
and population status,

The last ten years have witnessed a dramatic {ncrease in the vse of
blood chemistry to determine the taxononic, clinical, physical, phyeiolo-
gical and mucricional scatus of wild ungulates and carmivoreas (Cowan and
Johmaton 1962: Anderson gf al. 1972; Cowan anmd Bandy 19%69; Hoberc 1671;
Barrott and Chalmers 1977; Vaughen st al. 1973; Le Resche gt al. 1974;
Meterich 1970; Kitts et al, 1956; Franmmann and Thorne 1970; Skeen 19743
Weber 1973; Pearson and Halleran 1972; Seal et al. 1975, 1978a, 1978b;
Seal and Voskingom 1976; Eubanks et al, 1976). There has been a gradual
shift from asssssment of carrying capacity by vegetatlonm uwtllizaclion
studieg and change in population characteristics to that of establlshment
of nutritional status of wild populations, Le Resche et al. (1974),
suggests Ehat the trend in research has been toward amalyses of Indivi-
dual primary factors rather than of collective manifestations, In general,
current reésearch incorporates quantitative assessment of range and animal

mmbers with qualitacive aspects of range (crude protein (CF), crude
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fibra, gross energy (GE)) = animal (blood urea nitrogen (BUN), serum
inorganic phosphorus, hematoerit) relationships.

Dom¢stic animal licerature has documenced sany of chese relaction=
ghips, especially the clear relationship becween BUN and protein intake,
at levels of protein incake above maintenance (Lewis 1957; Hclntyre 1970;
Preston et al, 1965; Somers 1961; Mukhoty et al. 1965).

By comparison, cholesterol bageline values have been collected for
wild ungulactes (Le Resche et al. 1974; Seal et al. 1978b; Weber 1973),
bur few studies have decermined its relationship with nucritiomal or
energy status, Although Lo Resche of al, (1974), states that choleaterol
level reflects diet, dietary change, the state of nmen méetabolism and
appears to indicete a state of malmuirition, it can be altered by =ex;
age, season and the lewel of saturated fatty acids conmumed. Seal et al,
(1978b) suggests that cholesterol was only moderately affected by dietary
comporition in white-tailed deer fawns. Similarly, few atudies hawve
ut{lized hemoglobin or hematocrit to assess general nutritiomal statos
between populations, Karns and Seal (from Le Resche et al. 1974), indi-
cate that hemoglebin concentration in male Minnesota moowne declined ba-
tween ODotober and December, and Kick and Davie (1970) indicate a season-
al effect on hesoglobin and hematocrit in range cattle. Seal et al,
(1972); Found significantly lower hemoglobin and hematocrit levels in
white-talled deer between & moderate and high diet group., Ullrey gt al.
(1967) used isocaloric diets varying {n crude protein from 8-20 per cent
and found no differences in hemoglobin or hematocrit lewels between
groups, while Seal eg al. (1978b) found similar hematocrit levels and

higher hemoglobin lewvels for fawns on low protein diets between groups of
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white-railed deer fawms on low and high protein and energy diets,

The purpose of this paper is to explore the relationship between
BN, serum cholesterel, hematocric and hemoglobin and a host of murrition-
al measuremants conducted under controlled conditioms, at or below main-

Eanance,
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HETHOD AND MATERIALS

Twe groups of Rocky Mountaln bighorn sheep werc saintained on natural
rangeland diets In order to glmulate a migratory apd non-migracory sltva-
tion, The feeding regime and nutritional meagurements have been describ-
ed previcously (Hebert 1972, 1973). Serum samples were collected monthly
from September 1969 to May 1970 (Hebert 1972) and snalyzed (Hebert 1972,
Franzmann 1971) for an array of varisbles other than those reported (BUN,
hematocrit, hemoglobin, cholesteral) im chis paper. There were sight
serom sampling periods but only two complate mutritional trials in the
fall (1969) and two the following spring (1970). Scaled curves represen-
ting nutritional paramatars wera axtrapolated between the last fall crial
and the firat spring trial in order to obrain an estimate of each nurri-
tional parmmater for sach blood sampling period. Regression analysls

was used to eatablish the relationship between serum comatituents and

~ 367 -



putricional eeasurements, The initial relationship consisted of all
gampling dates from Octobar to May, The second compubter run eliminated
the last sampling date (high quality pelleted ration), while the third
computer run eliminated the first and last date for both groups. The
fourth and fifth computer run eliminated the fifth and lasc sampling
date and the Firat, Fifth and last sampling date, respectivelv., This
reduction in ssspling dates removed anabolic effects of the high qualicy
pelleted diet fed in May and resoved the effects of a multiple vitamin
supplement adsinistered in February. In addition, ir allowed by differ-
ence comparisons of lewvels of significance due to the affects of changes

in diet qualicy.

STUDY AREA
The putritional and blood chemiscry assessment were comducted In
bighorn sheep holding facilicies in the East Kootenay region of British

Calumbia (iebare 1973).

RESULTS

BUN

Blood urea nmitrogen values for a simulated migratory and nom-migratory
group of bighorn sheep changed from an average value of 14.6 mg/100 ml
during early fall to 24.2 mg/100 ml ln lace winter (Figure 1). During
the Ogtober 1| sampling period the migratory group was ingesting good
guality alpine forage (CF 11.59%) which produced a comparable BUN value
of 18.5 mg/100 ml. Conversely, the non=migratory group was ingesting a
submaintenance diet (CP 2-3%) which produced a low BUN value (8.8 mg /100
ml). During the period October 1 to April 14 both groups subsisted on

spubmaintenance diets contalning 2=-3% CP', These diets are reflected by
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an inerease in the BUN value from 6.5 mg/100 ml. to 26.2 mg/100 ml as
body catabolic processes provided nitrogen to the bloed, Subsequently,
the curves diverged during the spring period (May) az BUN became related
to protein intake rather than tissue protein when both groups were placed
on a high guality pelleced ration (217 CF) to simulate spring forage
growth., The 5 week poriod between the April and May sampling datos
coused the two groups to change at a different rate, from a catabollc
gtate in the production of BN to one related to CP intake, The migra-
tory group, beimg in better body condition (Hebert 1973), adjusted to the
[mproved diet more rapidly and incressed {ts BUN loval proportiomately,
The nen-migratory group was In poorer body condition and the Moy sumpling
point appeared to Indicate that the BUN level may mot complately reflect
the qualicy of the dict or that it was reflicting the generally poorer
conditlon of this group when recturned to a state of anabolimm. During
the February sampling perlod the animals were stressed for 5-CGOT value
maasuremenit and were on low quantitles of a multiple viatmin vhich may
have affected the BUN value, If this point Is removed (Figure 2), the
contribution of the body tissues to BUN values shows a continuous increase

from Decesber 29 = April 14 while the groups are opn submalntenance dlecs.

HEMATOCHIT AND HEMOGLOATN

During the sampling period, the migratory group (Figure 3) malntaln-
ed & higher level of both hematoceit (avecage 48,70) and hemoglobin
(average 18.7%) than did the nen-migratery group (38,5%1 + 13,9%, respect-
fwely)., The data did not Indicare seasonal trends for either variable
but did suggest that previous murritional differences did influence the

level while the twa groups were on submaintenance dlecs. Seal st al,
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{1972) obtained similar results with desr. Simi{larly, Fransmann (1972)
presented a highly algnificant (P = 0001) relationship betwesn POV and
condition in his model, and the positive ranking of PCV means with con-
ditien classes in the Duncan's sultiple range test suggast thar PCV
values are valid indicators of condition of bighorn sheep, Similarly,
Meacham et al. (1965) found that both hematocrit and hemoglobin ware
aignificantly lower for protein deficient bulls. In contrast, Ullrey st
al. (1967) used approximately isocalerie diets with erude protein comtents
of 8,13 and 20 per cent, but found no differencesa in hemoglobin or hemn-

tocrit levles between groups.

LHOLESTEROL

The change in cholesterel value does not appear to indicate any
spocific treond from fall to mpring (Filgure &4). However, the scdasonal
average for the migratery group was B6.6 my/100 ml while that for the
pon-migratory group vas only 72.5 /100 ml. The trend and the sctual
values indicated [n cthis study (a peak in che £all, deécline throughout
the winter and an increase prior to spring green up) are very similar to
that shown by Le Resche et al, (1974) for moose in Alaska. They suggest
that lower values in Minnesota mwoose (49-56 m=g/100 ml) may be atcribu-
table to differences in diet and rumen function, Serum cholestervl levels
obralned In this study were higher than those obtained by Seal et al.
(1978) for white-tailed deer fawns (41 - 60 mg/dl), Barrett and Chalmers
{1977) for antelope (37 = 58 mg/dl) and similar to those obtained by Seal
et al, (1978b) (67-90 mg/dl)} in adult white=tailed deer. Franzmamnn (1972)
chtained serum choleaterol valoes for bighorn sheep which varied from 71-

96 mg/100 ml due to varistions in excitabilicy,
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BUN - BUTRITEON

Seasonal blood urea nitrogen values wore related to nutritional
measurements shown inm Table 1 & 2 for both groups of sheep. Generally,
the number of significant relatiomships increased for both groups as
anabolic poincs were removed and submaintensnce diecs raflected catabolic
processes, Similarly, nitrogen rotained/gm of ingested nitrogen and
urinary protein/gm of ingested protein are specific Indimtors of mota-
bolic nitrogen, significant for both groups at p = .05 in 4 and 5 comput-
or runs, respectively. More general nutricfonal measureaents were slig-
pificant In only 1 or 2 computer runs: In addition, more mutricicnal
varlables (63 as compared to 41) were signlflcant (digestible proteln,
body weight, nltrogen retalned) for the non-migratory group due te its
extensive and more consistent period of catabelism. Although the signi-
flcance of the change In the mumber of significant nutrltional varlables
for each computer run Is diffloult to interpret without additional ex-
previmentation, it does appear to be related to the effects of the change-
over between apnabolism and catabolism, Removal of the effects of the
high quality diet (computer run 2) for the non-migratory group increases
the mmber of significant regressions from 3 to 15, However, removal
of the first and last (high quality diet) points reduces the mumber of
of significant regresaion from 15 to & due to the effects of the anabolic
point (5th point) produced by the multiple vitemin tonie, Removal of
the anabolic points (5th and laat) incresses the significant relation=-
ship from & to 1B, A slight Ffurther i(mprovésent ia provided by re-
moval of the first point which may be parcially influenced by the

change from anabolism to cataboliem, The migratory group, by comparison
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experienced changes from snabolism to catabelism within the total ssm-
pling period (points 2-5) tather than at either end, as shown by the
pon-mlgratory group, Thus, BUN was significantly related to the mutri-
tional variables when all anabolic points were included (computer rum 1)
or when they were exeluded (compurer run 5). Exclusion of a single or
2 of ) anabolle points (eomputer run 2, 3 and &) did nor improva the
level of significance, Sampling for BUN during a merabalic changeover
period may produce results vhich do nor adequately describe the comdi-
tlon of the animal or the popularion.

Preliminary data (Hebert 1973) indicates that fecal nicregen (per
eent crude protein in the feces) may be useful as an indicator of animal
condition or population productivicy. The potential of this nutritienal
parameter as an ind{cator of the status of the animal or population is
sugpestad by ita significant relationship with BUN in computer run 1 and
5 (p= . 002, = ,81; p= .05, r = .87, respeceivaly) for the migratory
group and computar Tun 5 for the non-migratory group (p = ,02, r = ,34),
These particular computer runa beat describe the nutrirional n:.ll:'l.l.u ef
the group as evidenced by the mumber of significant relationshipe (16
to 21).

Intarestingly, significant relationships were obtained with BW and
I!I.'H'” for the non-migratory group (4 of 5 computer tuns) which Le Reasche
ot al. (1974) suggest are celleccive manifestaclons of mucricional in-
take, Both BW and Eﬁl'“ wera significant for the migratory group in
computer run 5, vhich is the best nutritional description of this group.
Symilarly, BUN appears to describe both the protein and energy status of

the animal through a significgnt relationship wich the digescible procein

to enargy ratio. Thus, che best nutricional assessmencs of each group

=318 =



{computer um 1 and 5 for the sigratory group; v = .67 and computer runa
2, & and 5 for the non-migrarary group; r = ,79, .96, .96, respectively)
included this significant relatfionship.

Previously, Preston et al. (1965) and Somers (1961) demomstrated
that protein intake was significantly relared to BUN (expressed as CF
gm/ “_-;5- £ = 9% or as gm/day, v = ,97, respectively). This relation-
ghip was supperted hy the work of Lewis (1957) and Mclntyre (1970).
These studies utilized domestic animals and exprersed the relacionship
at sbove maintenance levels of CP intake. Similarly, resulcs from chis
study indicate a significant relationship between BUN and per cant CP
in the forage, protein intake in pu/day and protein intake/Kg EW for the
migratory group in computer vun | and 5 (r = .§%) and for tha nom-

migratory group inm computer vum 4 and 5 (r = .90 and .96, respuctively).

HEMATOGRIT, JEMOGLOBIN, CHOLESTEROL - NUTRITION

Hematocrit and hemoglobin do not show seasonal trends (Figure 3)
and are not significantly related at P = .05, to the seasured matritional
paramecers for elither group or uny computer run. Cholesterol was regress-
ed with 9 energy nutritional seaserements (gross energy and digestible
energy (DE)/day, /¥g BW and [Kg BW*77; 1DE, DE/gm of feed intake and DP
gn/day/DE meg, cal.) in on attempt to assess energy metaboligm of the
wintoring ungulate, There were mo significant relationships at the

lovel of P = 05,

The use of blood chemistry will allow an assessment of nutritiomal
condition and/or population productivity through seasonal comparison of

relative values, However, frequency of sempling necessary to guantify

geasonal périods an ani=al remains at each level of condition; Ls usually
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inadequate to pinpoint specific periods of change in animal growth or
metabolim (Figure 5). Thus, it is more imporcant to decermine the
length of time an animal or populacion sustains {cself ac submaintenance
levels, if asseasment of population produccivity is the desired goal than
it s to simply determing that they are at ll:lhllil'l'l:!'ﬂ.l.ﬂ:t levela, Con-
sequently, Che assessment of condition inm Figure 5 may be expressed as
FERIOD AT MAINTENANCE OR SUBMAINTEMANCE X COMDITTION LEVEL (BUN), Simi-
larly, the assessment of productivity of the population may be express-
ed ag: PERIOD OF ACTIVE CROMTH (CREERUP TO BIKTH) X LEVEL OF CROWTH OR
CONDITION (BUR) (FECAL H). Population preductivity may also be express-
ed as a response to; FERIOD AT MAINTERANCE OR SUBMAINTEMANCE X CONDITION
LEVEL (BUN) + PERIOD OF ACTIVE CROWTH X LEVEL OF CROWTH OR CONDITION
(DUN) (FECAL K}, or as a condition Indice of the growth period minus

the condition index of the maintenanmce period,

DISCUSSTON

Blood urea nitrogen has been uped as o valuable tool in the assess-
ment of above maintenance protein status of the domestie ungulate for
several years (Preston et al, 1965, Somers 1961). Only recently has it
been éxamined (Franmamn 1972, de Calesta gt al. 1977, Seal gt al. 1978a,
b) as an {ndicator of mutritional status of the wild ungulate. To date,
BUN has not been adequately related to the below maintensnce protein
stoatus of & wintering vagulate, Consequently, the BUN curve which 135 a
function of CP intake (Preston et al. 1965, Franzmann et al. 1972) at
aboye protein maintenance leviels may have similar BUN values to the BUN
curve at below protéin maintenance levels, This was not addressed by
Le Resche et al. (1974), Seal et al. (1978}, or Franzmann (1972) and de-

pending upon the fréquency of sampling within the populatlion may

produce similar “individual values from an Increasing or decreas-
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ing curve, since wild animals lack synchrony of declining physical con-
dition (d¢ Calesta 1977). It will be accessary to accurately decermine
the physical boundaries and parameters of the population to be sampled.
For the majority of varishlee, blood chemisery iz still at tha
acage of detormining bare line values in tha face of many uncomtrolled
field wvariables, In moat studies there are too fow semples to standars
dize for ape, mex, semsson, habitat,climato, and doclining forage qualicy,
In pome inntances (G0N, inorganie phosphorus, ealeium, ete,)} coartain
values have been related to erude indices of condicien but few studies
of wild animals have related blood chemistry to specific mutritional
measurements (de Calesta 1977). Currently, the majority of studies have
eoncentrated on comparing relative HUN (Franzmann 1972) or inorganic
phosphorus (Heberr 1972) walues between seaasons in their assessment of
change in nutritional status. If blood chemistry is to adeguately asscas
nucricional condicion or address tho varisbles of pepulation productivity,
recruicment or overwinter morcalicy, they must guantify tha time period
in addicion to the relative seascnal sssesmment. Thus, the seguence and
intensicy of sampling become imporcant criceria in the assessment of
macricional condition. Similarly, complemencary sampling progroms are
ipportant im discerning the ansabolic from the cacabolic BUR curve. For
exmople, fecal mitrogen can bo utilized to indicate whether an animal is
above or below the protein maintenance level. In addition, fecal nitro-
gen is a sensitive indicator of the change between submaintenance lovels
of winter forage and high quality spring forage. BUN alone or with fecal
nitrogen can be used to assess the relative differences hetwesn popula-
tiomz in the timing of dietary quality change or the relative magnitude

of the change. It is apparent from this study that frequoncy of sampling
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must recognize the timing of changes in dietary qualicy, the period at
maintenance or submaintenance and the period of previovs mutrition as
it influences the chamge batween anabolism and catabolism. The non-
migratory group began to change from a state of ansbolism to catabolism
around Detober 1, approximately 3 15 months ahead of che migratory
group. Although both groups received the same low qualicy diet during
this period, the previous superior mutrition of the migratery group
maintained their mutritional status. Similarlv, hemoglobin and hemato-
erit can be used to indicare mucricfonal differences between populations
or habitat typos (Fransmann 1972) but may not be as useful in the assess=
ment of relative magnitwde of difference or the assessment of the cime
poariod at mny particular level of conditiom. A detailed assessment of
nutritional comdition as it relaces to produccivity or winter morcality
will undoubtedly reguire a combination of methods cto achiove a sacisfac-
tory asEeRement.

The study of fat mecabolism (energy) in relation co blood consti=-
tuencs has received little study (Le Resche ot al, 1974). Coblentz (1975)
feplep that the chemical component used ln menagement should be correla-
ted to the quality of the solmals diet and be invelved wlth energy pro-
duction or storage. de Caleata et al. (1977) found that free fatty
acids changed during starvation, indicating that fat stores were mobili-
zed to offeet inadequate energy intake.

Coblentz (1975) and Le Reache et al,(1974) suggest that of the
1lipids, cholesteral may be the moat importamt Indicator of animal con-
dition while Le Reache et al., (1974) indicates that both cholestercl amnd
triglycerides are low in Cervids and that triglyecerides will probably

not ba uneful. In comtraat, Allem (1970) Indicates that triglycerides
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comprige 835 of the dietary 1ipids which enter the lacteals while choles-
terol, esters and free cholesterol comprize only Th. However, thias
study indicated non-significant relatfonships between cholesterol and
specific energy intake measurcments, although the scasonal curve and
actual values compare favourably with Le Resche et al. (1574) but diverge
from Coblentz (1973).

Recently, Secal gt gl. (1978b) showed a highly significant increase
{n nom-esterified fatty acid levels (NEFA) om low energy dieta and mup-
geats that they can serve as an indicator of emergy intake in deer,
Bimilarly, Scal and Hoskinsom (1978) found a 2-fold difference in senm
triglycerides betwesn 2 promghorn antelope populations differing in
nutritional status,

It appears that the anergy status of wild ungulate populations

should concentrate on NEFA and triglyvceride levels and abandon choles-

terol values,
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