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INTRODUCTION

In Nigeria, as in most countries, increased
production of protein, especially of animal origin, has
become a pressing problem, This is particularly
important in tropical countries, where such problems
are more numerocus and le.s eagily resolved than in
temperate countries, Tropical countries have special,
and often unique problems, limiting animal production:
adverse climatic factors and their interaction with
diseasej parasitesj and feed availability. Intensive
investigations into various aspects of these complex
interactions and their effects on productivity are
urgently required, Measurements of water content and
turnover are of interest apart frou their possible
relationship to body composition. GSome significance
in adaptation to tropical environmentis has been
ascrited to such measurements (Bianca et al., 19653
MacFarlane and Howard, 1966),

water metabolism in different species and breeds

of livestock and under different environmontal



conditions, has been investigated in many parts of the

world, but information related specifically to Nigeria

is lacking., The objective of this study was to fill

this gap.

The work described below was therefore

designed to investigate any environmentally = induced,

adaptive physiologic characteristics in water require-

ments and metabolism that may be present in cattle,

sheep and goate indigenous to the environs of Zaria,

Kaduna State, Nigeria., The specific objectives were

to investigate thes

Te

2

3

)-h

Seasonal variations in water metabolism in
penned indigenous cattle, sheep and goatsy
Seasonal variations in water metabolism

in grazing indigenous cattle, sheep and goatss
Influence of total water deprivation on water
metabolism in indigenous cattle, sheep and
goatsy and

Physiologic responsea of indigenous cattle,

sheep and goats to water deprivation,



CHAPTER 1

REVIEW OF THE LITERATURE



A, WATER METABOLISM IN MAMMALS

G Introduction

The distribution or survival of mammals ie a
function of both their genetic constitution and their
environment, Environment consists of those physical
and biotic variables which influence and program
animal behavior and physiclogic responses, The animal-
environment interaction represents an open thermodynamic
system, the animal body serving primarily for the flow-
through of energy and matter. An animal is thus at
the center of an ecosystem, affecting and being affected
by its enviromment, A major environmental variable
which governs the limits of any species is climate.
Climate constitutes the summation, in time and space,
of the average meteorological conditions in a given

mgion.

2e The water environment

Another important factor in the environment of



animals is water. The importance of water in the
environment of living things has been well-documented
(Henderson, 19133 Coker, 1938; Rubey, 1951; Sykes, 19553
Robinson, 1957; Platt, 1964). Water serves many
important functions in the physiologiec economy of
animals, As thé extracellular fluid, it constitutes
the internal environment, which Claude Bernard (1878)
termed "le milieu interieur", This internal environment
is maintained within narrow limits by an array of
regulatory mechanisms, which enable an animal to adapt
to a wide range of external conditions.

Water makes up to 55-65% of active protoplasm,
The physical and chemical properties of water make it
uniquely suited as an external or internal medium for
life, It has a high heat capacity, and is therefore
capable of transferring large amounts of heat., This
provides an immediate thermal buffer as the first line
of defense against damaging local increases in the
temperature of active tissuea, This helps to maintain
relatively uniform temperatures, an important regquire-
ment, especially in homeotherms, Water possesges a

high dielectric constant, which makes it an ideal



solvent and medium for molecules and ions that take
part in biochemical reactions in the body. In addition,
water is an obligatory chemical requirement for all
hydrolysing enzymes in the body.

Water and energy metabolism in mammals are inter—
dependent, and both are influenced by the animal's
immediate environment, Most arid and semi-arid tropical
environments are characterized by wide ranges of tempe-
rature, scanty and irregular precipitation, and poor
vegetation, which contribute to the slow growth rate
and poor productivity of animals in these regions.

The Sahelian vegetation zone possesses most of these
features, In such extreme. biotopes, only those animals
which possess  effective mechanisms that enable them
to adapt to such ecological niches, are abtle to survive,

Water requirement and its metabolism in farm
animals are governed by such factors as ambient
temperature, level of feed, age, body size, milk yield
and the degree of salinity of the water., Water intake,
at a given temperature, is related to the amount and
type of feed consumed, Steers on a high protein feed

consumed significantly more water than those on low



protein rations (Ritzman and Benedict, 19243 Sykes,
1955). Castle {1950) has also reported that the
amount of water consumed by grazing dairy cows was
pogitively correlated with the dry matter content of
the herbage, This relationship, however, is affected
by the water content of the feed, The higher the
water content of feed, the less the water requirement,
and cattle consuming succulent pastures have been
observed not to drink at all (Church et al, 1972),
Sheep and cattle tolerate moderate degrees of
salinity (less than 1% of their feed) but they will
increase their water intake when the salt concentration
in their diet increases (Wilson, 1966), Thus the
addition of salt to protein supplemente increasced water
consumption in cattle by as much as 22=-100% (MacIlvain,
1953; Riggs et al., 19535 Kelly et al., 1955). These
findings were supported by observations of Schmidte
Nielsen (1964) who reported that desert-adapted animals
increased the amount and frequency of drinking water
when they were forced to consume plants high in salt

content,.



In all homeotherms, food intake is negatively
correlated, and water intake positively correlated, with
the ambient temperature (Brobeck, 1948, 19603 Kibler
et al,, 1949)., The higher the temperature, the greater
the amount of water consumed, due partly, to the
increased need to dissipate heat by evaporation of
water from the skin surface in order to maintain normal
body temperature (Johnson et al., 19583 Chowdhruy and
Sadhu, 1961; Kamal et al,, 19623 Amakiri and Mordi,
1975).

Furthermore, high temperature and low relative
humidity increase water consumption in sheep and cattle
(Hoffman and Self, 19723 Olbrich et al., 19733
Bhattacharya and Hussain, 1974). Ka=mal (1965) con-
sidered these changes as evidence of physiologic and
nutritional adaptations in response to heat sireas,

With increasing environmental temperature above
the comfort zone, animals dissipate the greatest part
of their heat load through the most efficient system,
i.e., evaporative cooling, mainly through sweat (Kamal
et al,, 1962), Breed differences in sweating rates have

been observed in cattle (Johnson, 19703 Amakiri and



T.

Mordi, 1975). Bos indicus and other breeds evolved in
the tropics possess higher sweating rates than Bos
taurus breeds, especially at higher temperatures., This
is thought to be due to the greater activity of sweat

glands of tropical cattle (Jenkinson and Nay, 1973).

B, USE OF TRITIATED WATER (31120) IN STUDYING

WATER METABOLISM IN ANIMALS

Introduction

Hecognition of the growing need for simple but
dependable measurements of dynamic physiologic changes
in developing animals, and the availability of sensitive
tracer equipment and methodology, have contributed
greatly to development of techniques for differential
evaluation of body composition of animals without resort
to slaughter (Hansard, 1964). Farm animals are
especially adaptable to such studies because of their
economic importance and the large size of their major

metabolic pools.



Most studies of water metabolism in animals have
employed the principle of indicator dilution technique,
By this technique, it is theoretically possible to
measure the size of each body fluid compartment by
administering a marker substance which remains in only
one compartment, and then caleulating the volume of
distribution of the marker, Volume of distribution can
be calculated for any substance that can be injected,
provided its concentrations in bedy fluids and amounts
removed by excretion and metabolism can be accurately
measured, Although the principle invelved in such
measurements is relatively simple, some important
factors have to be considered, The material injected
must be non=toxic, must mix evenly throughout the
compartment being studied, and must have no inherent
effects on the distribution of water or other substances
in the body, In addition, it must be unchanged
during the mixing period and must be relatively easy to
measure,

Wellington et al. (1956) compared the estimation
of body water using antipyrine (AP) and by tissue

analysis, and found a correlation coefficient of 0.9L



between the two methods. In contrast to this, however,
Garret et al. (1959) made LS direct comparisons in
cattle between body water calculated from antipyrine and
from specific gravity methods, and found the results
too variable to be useful, A combination of antipyrine
and Neacetyl=l=amino-antipyrine (NAAP) was used to
estimate body water in sheep (Bensadoun et al., 1963).
NAAP is excreted slowly into the gastrointestinal tract
of sheep, and thus could be used only to estimate an
ingesta=free body composition, It was not reliable in
estimating body water in the intact animal, Deuterium,
labelled and stable pyrazolones, thiocyanates, and
numerous other substances have been employed in
egtimating body water, but none has been found to be
satisfactory "Vraybill et al., 19533 Reid et al., 1955
Wellington et al,, 1956; Garret et al., 1959).

Among markers that have been used to study water
metabolism, tritiated water (3H20) has been found to be
the most satisfactory. Since its discovery in 1939,
tritium has largely replaced other substances as the
marker of choice for studying water metabolism in

intact animals (Panaretto, 1963), Tritiated water

10
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appears to be handled essentially like normal water,
When injected in low concentrations, it fulfils most of

the requirements for an ideal marker (MacFarlane et al.,

1972).

2, Administration

Although 3H20 may be given by mouth, it is more
difficult to obtain quantitative injestion than by
parenteral administration. During efforts to get an
animal to drink or to administer the tracer via a
stomach tube, there may be struggling, rejection of
fiuid by the tongue or spillage of part of the dose,
One advantage of oral administration, however, is that,
if reasonable rumen samples can be obtained subsequently,
rumen volume and rate of passage of material from the
rumen can ba measured (MacFarlane et al., 1972).

Injection of 3H20 in sterile isotonic solution
(150 mM sodium chloride) is the most expeditious and
accurate approach, The tracer can be injected intra=
venously, intramuscularly, intraruminally or subcue

taneously. In addition to being the easiest way to



administer a guantitative dose, the inframuscﬁlar route
alsc gives a slightly slower rate of uptake compared to
the intravenous route. This means that the initial
plasma levels of the tracer are lower than thay would
be following intrawvenoum injection. #A8 & result, renal
losa, particularly in animals like cattle with  fast
urine flow, is less over equilibration time, The usual
losg through urine, feces, sweat and reapiratory water
output hefore equilibration is less than 1% of the

injected dose (MacFarlane et al., 1972).

3. Egqullibration

An important assumption underlying the tritium

dilution technique is that the injected tracer mixes

- instantly and uniformly with the body water pool, but

the time taken for equilibration to¢ occur is variable

and depends to a great extent on the specles. In none
ruminaents such as man, dog or pig, tracer water distri=
butes to extracellular, transcellular, and intracellu—

lar water spaces in one tb two hours (MacFarlane, 1968;

Ly

12



MacFarlane et al., 1969), This is also true for nconatal
lambs and calves, As the rumen develops, however, mixing
time increases because of the relatively large ruminal
volume which has to be equilibrated with tracer, msinly
through salivary flow. Transruminal passage contributes
only a small amount of water. When animals have good
palivary flow, and are well-hydrated, time for
equilibration in sheep and goats is five to six hours,
cattle seven to eight and camels eight to ten hours
{Stepankina and Tashenov, 1958; Morris et al., 1962
VMacFarlane and Howard, 1970), Reduction in salivary
flow as occure during dehydration, prolongs the
_equilibration time, Once equilibration has occurred,

. there is theoretically ne difference between the ratio

of tritium to protium in any of the body fluids at any

~ given time,

13



L. Caleculation

In steady state, body water behaves as a single
pool, in which injected tritium undergoes simple dilution
after mixing time, The concentrations of tritium in
blood samples taken after mixing time decrease
expornantially with time, and individual values fit
closely the linear regressicn calculated by the method
of least squares. The rate of disappearance of
merker is expressed aE a "half-life" value, T%, ie@e,
the time taken for the plasma activity to fall by S0%,
The mathematical equation that describes this
relationship jis: |

Y = a + bX, where Y = log of specific activity of

tritium
\ a = intercept (log)
‘ b = slope constant
X = time (day‘s) |

The Y intercept (or equilibration count rate) givea

the theovretical wvalue of specific activity at zmero time,
which should have been obtained if the injected

marker hed been digtributed instantly throughout the

pool, This velue can be ohtained by regreasion
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analysis and is used to calculate total body water (TBW)

as follows:

Total injected activity

Net count rate of "gtandard" x weight of tracer injected
Weight of "standard"

TBW (ml) _ Total injected activity
Equilibration count rate

TBW (% body wt,) _ TBW (kg) x 100
wt, of animal (kg) 1

The slope of the regression line (b), multiplied by 2,3
(to convert Briggsian to natural logarithm) represents
the rate of turnover of body water pool, (k).

The half-life and daily turnover of body water can

be calculated from the following relationships:

Ti (days) _ 0,693
k

Daily turnover (ml) = k x TBW

Anand, R.S., and H,R., Parker, Total body water and water
turnover in sheep. Am, J, Vet, Rea. 27:
899-902, 1966

Chase, G.D, and J.,L., Rabinowitz, In: Principles of
Radioisotope Methodology. 3rd ed., Burgess
Publishing Company, Minneapolis, p. 458, 1970.

Hansard, S.L, Total body water in farm animals. Am,
J. Physiol, 206: 1369-1372, 196L.
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5,5, Expressing water turnover

| Wﬁter turﬁover has been expressed in terms of
ml/kg/2l; hours but thie has two disadvantages:
(1) Body weight may contain various proportions of
fat or rumen content. It is, therefore, more relevant
to physiologic processes to express water turnover in
terms of ml/l of body water/2l houra,
{(2) The second disadvantage arises from the effects of
bedy size on functional processes, The empirical
relationship between size and energy turnover is given
ag masao'75 (Brody, 19L5; Kleiher, 1961), For water,
there is a different empirical relationship, namely,
nase”*"? (Richuond et el., 1962, MacParlane and Howard,
1970). For comparing the rate of water use by animals

of different sizes, this exponential provides s

useful baeeline,

- 5; . himitations of the technique

Although tritiated water has been considered to be ..

more reliable than most substances in studying water
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metabolism, the technique possesses some limitations:
exchange with protium, and differential rate of

equilibration,

Te Exchange of tritium with protium in the body

Total body water and tritiated water spaces are
usually equated, despite the fact that injected
tritium exchanges with labile protium in the body, thus
overestimating the extent cf dilution that would have
occurred, Although the amount of such exchange has
been estimated variously at 0,5=2% (Pinson and Langham,
19573 Panaretto and Till, 19633 Springell, 1968), the
exact magnitude of this factor is uncertain as it is
difficult to determine experimentally, The principal
source of labile ppotium is body protein (Springell,
1968), Other tissues such as fat and bone contain
little, if any, labile hydrogen. Humen contents on a
dry weight basis represent only a minor proporticn
of the body, Nevertheless, the hydrogen=tritium

exchange potential of the major ruminal components,



céilﬁiose éﬁd ﬁrotein of the flora, is similar tc that
of body protein (Lang and Mason, 1960). Although
exchange conditions are dependent on the nature of the
protein, model studies with insulin have found that,
under physiologic conditions, only about 1,5% of dry
protein by weight is available for exchange (Leach and

Springell, 1962),

8, Differential rate of equilibration

The tritium dilution technique assumes that, once
equilibration has occurred, the tracer water should be .

evenly mixed in all body fluids. 'This has been proved

not to be so (Robertshaw, 1975). Movement of water
inte fluid compartments follow ionic transfer and is
determined by the xelative blood flow, e.g. into
cartilage and bone, and by the presence of a taxie e.g.
the bloed-brain barrier., Eguilibration thus cccurs at

different rates in body tissues, As a result, body

water is likely to be underestimated, although the “ﬂh'-ﬂ

extent of such an error is small.

18



In apite of these limitations, the tritium dilution
technique is regarded generally as the most reliable
method for studying water metabolism in domestic
animals, MacFarlane and Howard (1966) achieved a high
degree of reproducibility of water content and turnover
between identical twin cattle using tritiated water, and
considered this to be good evidence for the validity of

the technique,

19
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CHAPTER II
SEASONAL VARIATIONS IN WATER METABOLISM IN PENNED
INDIGENOUS CATTLE, SHEEP AND GOATS IN

ZARIA, NIGERIA,



INTRODUCTION

Most tropical and sub-tropicel climates are charace—

terized by prolonged periods of high ambient temperatures,

irregular and scanty precipitation, and low guantity and
quality of available feed. Animals indigenous to such
unfavorable environments often have to contend with two
major physiologic problems: obtaining sufficient food
and water, and maintaining body temperature within
limite optimum for normal function, Such environments
may be responsible for decreased productivity either
indirectly by enhancing susceptibility to disease, or
directly by precipitating nutritional stress,

Within wild and domestic mammals, a range of
mechanisuns have evolved for adaptation of body
processes to cope with high ambient temperatures, These
adaptations vary from a high degree of control of body
temperature using much water, to a relatively labile
body temperature associated with thrifty and economical
water use,

Water metabolism in animals under defined environ-—
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mental conditions has been widely studied. There is,
among animals, a hierarchy of water turnover rates
(MacParlane et al., 1972), High rates of water turnover
are found in animals in the tropice such as water
buffaloes, Banteng, cattle, elands and pigs. 1n cattle,
the Hereford breed has the highest rate of water tumover
and also the highest content of body solids, while Zebu-
type animals use less water under similar conditions
(MacParlane et al., 1972), Rates of tumover are inter-
mediate in the donkey, low in sheep and goats, and lowest
in desert mamals like the camel (MacFarlane, 1968;
MacParlane and Howard, 1970; MacFarlane et al., 1972).
Kinetics of water metabolism in penned animals
have been studied by many workers, The biologic halfe
life of tritiated water in cattle was reported to be
3.5 days in both lactating and non~lactating cows, and
3.4 days in mature bulls (Black et al., 196L).
Aschbacher et al, (1965), however, obtained values of
2.9 and 3.1 days for two lactating, and 5.0 and 5,4 days
for two non-lactating cows, respectively. On the other
hand, Kamal (1975) compared data from lactating and

non=-lactating Red Danish cattle and water buffaloes,



and reported that the biologic halfwlife of injected
tritium was signifieantly longer in lactating than in
non~lactating animals.

The biologic half=life of tritisted water has also
been compared in twe groups of penned steérs mﬁintainad
on different planes of nutrition {Springell, 1968), In
a well-fed group, the half-life was shorter (2,4 daya)
during warmer monthsg, while it waé generally longer,
(6,1 days), and more constant, in undernourished steers,
Thig author observed that the bhiclogic helf-life of
tritium fépﬁrtedlwas dependent on the aéaéon and plane
of nutrition, |

The volume and rate of turnover of body water in
stall-fed animale have been documented, Kamal (1975)
found that total body water was significantly less in
lactating cows and water buffaloes, while the rates of-l 
' turnover were cdrrespondigly higher than in heifers,

In a series of comprehensive studies (Kamal and Seif,
1969; Kamal et al,, 1972), water content and turnover
rates were compared in camels, sheep, cattle and water  .

buffaloes, Their data revealed that total nody water, - -

oo gt



as per cent of body solids, was highest in water
buffaloes, followed by camels, sheep and cattle, Water
turnover, as per cent of body weight, however, did not
follow this order. Water buffalces and sheep were
similar in this respect, followed by cattle, while
camels were found to have the lowest turnover rate,

A knowledge of water metabolism of various species
and classes of herbivores in any environment is valuable
in assessing their adaptation to that environment,

Since no information is available on seasonal changes
in water metabolism in farm animals in Nigeria, this

study was designed to investigate such changes.,

MATERIALS AND METHODS

Experimental Animals

The experimental animals consisted of six adult,
clinically healthy, male Bunaji cattle, Yankassa sheep,
and Sokoto Red goats (Appendix 2, Fig, 1-3), The

cattle and sheep were obtained from the herd located at

3
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the Ahwadu Bello University Farm, while the goats were
purcheged loeally, All animuls were captrated and
precorditioned to the experimental environment for three
months, Water and feed were available ad libitum, and
the ncrmal maintenance ration conzisted of dry gamba
hay, groundnut cake and cotton seed. The animals were
examined routinely and treated for internal and |
external parasitesl. Two steers sustained fractures

and c¢ould not continue to be used, while ocne sheep

died of pneumonia.

Environment

The investigation was conducted at the University
Farm, located six kilometres from the main University
campus at Samaru, Zaria (Appendix 1), The animals were o
housed in individual pens under a common roof (Appendix
2, Wig, L), 'The cattle pens measured 1,8 x 3.7

metres, and the sheep or goat pen measured 1.8 x 1.8

lThiabenzole—Thiabendazole, Merck Sharp & Dohme Lid,
Hoddeston, U,8.,4., and Pfizona, Pfizer Products,
Ltd; P.M,.B, 111, Tkeja, Nigeris,
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metres., The pens were loﬁated adjacent to a crush and
weighing scales, where the steers were weighed and
blood and other samples - collected, after which

H they were returned to their individusl pens. The iriels
were conducted during three periode of the year:
March-April {(hot season), July-iugust (rainy season},
and December-January (cold season), Daily and monthly
metecrological data were obtained from the Institute

for Agricultural Research, Samaru (Appendix 3, Fig, 57).

Measurements

The animals were weighed daily for the duration
"of each trial, which lasted seven days. Daily rectal
temperatures were taken, Amounts of feed and water
consumed by each animal were measured daily as the net
difference in weight between full containers and the
weight of containers plus the balance of whatever
remained on the next day. The net amount of water
consumed by each animal was obtained by subtracting the

amount due to evaporation, which was egstimated as the



Iﬁvéf&ge difference in weight, within 2l hours, of two
gimilar containers placed inside the barn., Hemoglobin
(Hb), packed cell volume (PCV), total erythrocytes
(EBC) and total protein concentrations were determined
for the duration of each trial as described hy Coles
(1974). All measuremeni were performed at the same
relative time each day.

Water metabolism trials were Eonducted using
iritiated waterz. This had a specific activity of
g me/ml, Tritiated water, in sterile isotonic saline,
at the rate of 3 ml for cattle, and 1 ml for shesp or
goat, was injected intramuscularly using a 19=-gauge,
C—cm needle, The exact amount of tracer administered
was determined by carefully weighing the syringe
bafore and after injection. After the needle was
ingerted, a syringe containing the calculated amount
of tracer, plus a smwall air bubble, was attached and
the content carefully injected., The air bubble

wag Uugsed to force +the last dose of tracer

2Radiochemical Center, imersham, FEngland,



through the nesdle. The needle was withdrawn slowly
while pressure applied over the insertion pbint 1o
prevent any backflow of marker, The time of each
injection was rccorded.

Ten milliliters of bldod were collected from the
Jugular vein of each animal before administration of
tracer and daily for seven days thereafter. Disedium
salt of ethylene diamine tetrascetic acid (EDTA)

(0.8 mg/ml of blood) was used as the anticoagulant. The
time of blood collection from each animal was recorded.
Blood was centrifuged at 3500 rpm for 15 minutes and
the plasma decanted into test~tubes, One milliliter of
20% trichloroacetic acid (TICA) was added to one
milliliter of each supernatant to denature the proteins,
- the test tubes were then shaken in a shaker for one
minute, centrifuged for 10 minuter and the protein=free
supernatant removed, Samplices for counting were
prepared in counting bottles by mixing 0.25 ml of
deproteinised plasma with 4.0 ml of liquid

scintillatoz3 an? 6,0 ml of absolute ethanol, Samples

; 3PCSTM from Amersham Seale Coxp.
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were counted together with standards and blanks in a
well=type liquid scintillation counterk at hOC, for
five minutes, Rach sample was counted four timesa,
Standards were prepared by adding a carefully weighed
volume of the original stock sclution of tracer into
a two~litre volumetric flask and making up to mark
with distilled water. The solution was well-mixed and
one millilitre removed and treated as above, Blanks

were similarly prepared by treating pre-injsction

blood samples as described above,

’ Calcuiation

Mean count rates of the blanks were substracted
from the counts of both the sltandard and the wiknown
samples, This gave the mean net count rates which
were used for calculationz as described in Chapter I,.
Statistical analyses using analysis of variance and
gtudent t—-test were performed as described by Snedecor.

and Cochran (1973).

hﬁcaler Ratemeter SR 3, model NES503 No, 022, Nuclear
“dnterprises Limited, UK. 197,



RESULTS

wa£er iﬂtake by penned animalé is shown in Tatle
1 and Appendix L (Tables1-3). Intake in the three
B;;ecies, either as absolute (kg) or as relative |
(ml/xg or ml/kgp'az) value, ig significantly different
(P~ 0.01) between any two seasons, It was highest
during the hot season and lowest during the cold
geaaon. In any season, there was a hierarchy of wétér
intake, cattle consumed the largest amount, followed
by shée§ ang goats, respectively. In all species,
seasonal differences were most epparent when intake
was expressed as maaso'82.

Ceasonal variations in feed intake are presented

in Table 2 and Appendix 4 (Tables L~6), Amount of

feed consumed by each species was greatest {P¢ 0.01)

during the cold season, with goats conguming relative
more feed (P. 0,01),
o Water turnover by penned animals is presented in

Tables 3-5 and Appendix 5 (Tables 7-15), Seasonal

variations in total body water are shown in Table 3, - =

Significant differences (P« 0.05) in absolute total
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body water were observed between the hot and rainy
seasons in both sheep and goats. In all species, water
content tended to be highest during the hot season,
followed by the cold and rainy seasons, respectively,

In cattle, total body water as per cent body
weight was significantly higher (P< 0.05) in the hot
season than in either the rainy or the cold seascn,
while in sheep and goats, it was significantly higher
(P2 0,05) in the hot and cold seasons than in the rainy
season, Intra-species seasonal variations were also
observed between the hot and rainy seasons between
cattle on one hand, and sheep and goats on the other,
Total body water as per cent body weight was signifi-
cantly higher (P4 0,05) in cattle during either hot or
rainy season compared to sheep or goats.

Mean biolegic half-life of tritiated water and
pool turmover rates are presented in Table L, Species
and seasonal variations in biologic half=life were
observed., The half-life was shortest in all species
during the hot season, and longest during the cold

season, In any season, significant (P& 0.01) species
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variations were also observed, cattle having the
shortest half-life, followed by sheep and goats,
respectively,

Variations in pool turnover rates generally
followed an inverse relationship to half-life, In all
species, pool turnover rate was highest (P 0,01)
during the hot season, followed by the rainy and cold
seasons, respectively, Goats had the lowest (P< 0,01)
rate during the hot and rziny seasons and cattle the
highest, No significant difference was observed in
turnover rates between sheep and goats during the
cold season, but their turnover rates were significante
ly lower (P<0,01) than those obtained for cattle
during the same season,

Daily water turnover is shown in Table 5,
Significant (P<0,01) seasonal variations were
evident in the daily amount of water turned over by
cattle, Turnover was least during the cold season, and
largest during the hot seasoh. In either sheep or
goats, however, no significant differences were

observed between the cold and rainy seasons, but values



.duéihé these two sepsons were significantly lower
(P 0,05) compared to the hot seeson, In any 3esson,
significant differences {(P£ 0.01) were observed
between all species, Cattle turned over the largest
apount, and goats the least,

Dgta_on seagonal variations in hematologic
parameférs and in total protein concentrations are
presented in Table 6 and Appendix 6 (Tables 16~27).
Significant seasonal variations were not observed, but
in all species, values tended to de higher during the

rainy 5eaS0N.

DISCUSSION

Results of seasonal and species veriations in

water intake by penned animals parallel those previously

reported by several workers (Brobeck, 1948, 19603

Kibler et al., 19493 Johnson et al., 19583 Kamal et al,,

1962), The significent increase in water intake by T-UV’
all species during the hot season reflects the %

physiologic cost of maintaining homeokinesis with e

Lo



particular refersence to water metabolism. Water is

the most important means of regulating body temperature

when ambient temperature rises avove the body
temperature (Johnson et al,, 1958s Kamal et al., 1962
Hainsworth et al,, 1968}, Thus, at the ambient
temperatures occuring during the hot season in Zaria
(average air temperature 36.600),m0re water is
congumed by animals to replace thatl lost through
evaporative cooling,

Decrease in feed intake by all species during
fﬁe:hot geagon ig alac in agreeuwent with published
data (Ragsdale et al., 19h8s Brobeck, t9L3, 19603
Hemilton, 1963), Under stress, in this case thermal
atress, the major responsesa are directed towards ‘
maintaining the "constancy™ of body functions and
reducing the physiologic impact of the stress., Thus,
atl temperatures above the zone of thermoneutrality
i.@., upper critical temperature, feed inteke is
reduced, because of difficulty in heat dissipation,
gince any extra heat obtained from feed way embarrass

the system, resulting in hyperthermia (Bxobeck, 1960).

1y



During colder months (average air temperature 20,8°C),
however, when ambient temperature is lower than body
temperature, animals lose heat to the environment, and
physiologic emphases shift from dissipating to con=
serving heat (Schmidt-Nielsen, 196L4), Metabolic rate
rises, and feed intake is increased, The relatively
greater feed intake in goats and sheep compared to
cattle emphasises the effect of metabolic body size
(masso'?5) on functional processes, The influence of
temperature on both feed and water intake appears to
be central and is mediated by hypothalamic receptors
(Anand, 1961),

Water metabolism data obtained from this study
are similar to those already reported (Kraybill et al.,
19533 Anand, 19613 Till and Downes, 1962; Hansard,
196L43 MacFarlane, 19643 MacFarlane and Howard, 19663
Springell, 1968; Xamal et al., 1972). Lack of seascnal
variation in total body water observed in this study
differs from data previously published (MacFarlane and
Howard, 19663 Maloiy, 19703 Springell, 1968)., water

content of animals is influenced by factors such as



gpecies, age, sex, ambient temperature and plane of
nutrition, In the present study, ambient temperature
was an important contributory factor to the seasonal
pattern of total body water observed in the test animals,
It is well established that body water and body fat are
inversely related (Shumway et al,, 19563 Panaretto and
Till, 1963; Reid et al,, 1955; Cameron and Luick, 1972).
Temperature affects body fat content by decreasing feed
intake (Cameron and Luick, 1972), and therefore
decreasing the amount of fat that an animal lays down,
Seasonal variations in total body water observed in
these animals is, therefore, probably an indication of
peasonal variations in their relative fat contentj
animals putting on more fat and therefore having leas
water during the rainy season, when environmental
conditions of weather and nutrition are considered
more favorable, as indicated by generally higher
bloed valuee and total protein concentrations.

Seasonal and specjes variations in biologic half=-
life of tritium, pool turnover rate and daily water
turnover are in agreement with findings of several

workers working with penned animals (Till and Downes,

L3



19623 Black et al., 19643 Hansard, 196L; MacFarlane and
Howard, 19663 Springell, 1968). Water requirements
and its metabolism by these animals appear to be
greatly influenced by seagcnal changeg in environmental
conditions, such as temperature. The harsh conditions
prevailling during the hot season induces appropriate
shysiologic responses, which are reflected in the
kinetics of water metabolism in these animals, In
any season, goats required the least amount of water,
followed by sheep and then cattle, This is probably
indicative of the order of adaptation of these

animals to their native environment,

. SUMMAERY

Seasonal variatiéna 3J1watar and feed: intake and
in water metabolism were investigated in penned,
castrated male Bunaji cattle, Yankassa sheep and
Sokoto Red goats during the hot, rainy and cold seasons

. in the Samaru environment of Zaria, Nigeria. Water



metaboliam wae studicd using tritiated weter, Results
indicated that water intake by all species was strongly
influenced by seasonj the greatest intake ocourred
during the hot season, and the least during the cold
aecason, Catils consumed relatively more water than
the smaller ruminants, regardless of seasdn, and goate
consumed the least. Feed intake was more variable
and did not follow any pattern, In all animals,
however, the greatest intake occcurred during the cold
season, goats consuming relatively more, followed by
sheep and cattle, respectively.

Water metabolism varied with species and season.
Water content appeared to be strongly affected by
temperature and plane of nutrition. Data on biclogilc
half=life of tritiated water, pool turncver rats and
daily water turnover indicated that water requirement
cf all the animals was greatest during the hot season,
and in any season there existed a hierarchy of water
metabolism, cattle requiring the greatest amount of

“ water, followed by sheep and then goats.
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Table 1. Seasonal variations in water intake in penned
indigenous cattle, sheep and goats in Zaria,

Nigeria,
o/
Species Body Mean water intake/2l hours
weight

(ke (k) (mlfke)  (n1/ke®"52)

HOT SEASON
Cattle L 383,2 28.216.12/7h.1=17.h 215.8431.9
Sheep 5 Lk,.2 2.441.5 LB.6+13.5 108,0429,9
Goat 3 31.9 1.240.3 38,048,5  70.9+16,0
RAINY SEASON
Cattle 5 375k 1L.943.6  39.749.9  115.9+12.4
Sheep 5 36.9 1.440.5 36.6412.9 70.6412,5
Goat 6 28,2 0.640,3 20,1+10,0  31.449.8
COLD SEASON
Cattle 5 378.1 Te541.7 20.045.2 614 344,1
Sheep 5 40,0 Ouli40.2  9.946.2 18.643.9
Goat 6 30,6 04240,1  La643.9 9.143.2

1/ n is number of animals

2/ Mean 4 etandard deviation



Table 2. Seasonal variations in daily feed intake in
perned indigenous cattle, sheep and goats
in Zaria, Nigeria,
Species Mean feed intake/2l hours
ke 8/xe B
HOT SEASON
Cattle 5.941.57  1S.ighe2  68.0813.0
Sheep 0,840.2 17474645 L6 LBe2
Goat 0.8+0.2 23.0+8,8 58.6+13.2
RAINY SEASON
Cattle 564046 15,1451 66, 7+10.2
Sheep 0.8+0,L 21,348.7 52,L443.6
Goat 0.5¢041 19.047.1 L3.849.6
COLD SEASON
Cattle 9.840.6 2642447 114494101
Sheep 2.340.2 59+ 3+15.4 148, 7+21.8
Goat 2.440.2 T7e3+£19.3 181.7411.2

1/ n is number of animals

2/ Mean standard deviation

52



Table 3, Seasonal variations in total body water (TBW)
in penned indigenoue cattle, sheep and goats
in Zaria, Nigeria,

Species nl/ Total body watex
- kg % body weight
L HOT SEASON _ _
Cattle - oy 260.5111.2—2-/ 68.442.8 -
Sheop o 5 C 28.042.4 63.441.7
6 | 21.7+2.8 6L lix1.8

Goat

RAINY SEASON .
2L 230, 65.042,1

w o

Cattle
Sheep 5 . 22.8:2.6 61.841.2
Goat 6 . 17.3:2.9 61,2514
; |
| ~ COLD SEASON
Cattle - . § - 2lS.2426.h  64.841.6
Sheep .5 L 26,083.0 649140
Goat ‘ 6 : 19434243 634241,

1/ n is number of animals

2/ Mean 3 standard deviation



Table ;. Seascnal variaticna.in biologic half-life
of tritiated water(BH 0) and pool turnover
rates in penned indiggnous cattle, sheep and

goats in Zaria, Nigeria.

Species w/ 34,0 nale-1ife Pool tumover
rate (fraction/
(days) 2l hours)
HOT SEASON
Cattle L h.htpaég/ 0,16040,019
Sheep S Selit0.6 0.13Qip.015
Goat 5 6.840.L 0,10240,002
RAINY SEASON
Cattle 5 5¢30.3 0413140,008
Sheep 5 6.240.7 0411340,013
Goat 6 743+0,8 0.09640,010
COLD SEASON
Cattle 5 6.720.3 0.10340.005
Sheep 5 747408 0.091+0,008
Goat 6 8.140.8 0.08740.008

1/ n is number of animals

2/ Mean + standard deviation
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Table 5, Seasonal variations in daily body water turnover
in penned indigencus cattle, sheep and goats
in Zaria, Nigeria. - :

Species nl/ Water turnover/2L hours

kg n1 /icg 1 ficg”* 2
:N”f:_ : HOT SEASON

Cattle u.. h1-61ﬁ-9g/ 109.1413.4  317.6436.9

Sheep 5 3.640,5 81.8+8.9 161, 7£17.7

Goat 6 2.240,3 7T1.8413.7  129,320,2

RATNY SEABON

Cattle 5 32.043.4 85.3+3.5 250.2+413.2

Sheep 5 2.640,6 69,3493 125.7£13.6

Goat 6 1.740,.3 58,7+6.0 106,84+11,8

‘ COLD SEASON

Cattle S 25.3+2,5 67404341 194..1£9.8

Sheep 5 2423045 62.7:10.7 115.0+10,5

Goat é 1.7+40.2 5L.545.2 101.049.2

1/ n is number of animals

g/ Mean 4 standard deviation,
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Table 6, Seasonal variations in selected hematologic
parameters and total protein in penned
cattle, sheep and goats in Zaria, Nigeria,

Species nl/ PCY Hb HBC Total Protein
- 6
(5) (e/a1)  (x10°/m)  (&/a1)
HOT SEASON

Cattle L 33.513.52/ 9.3, 6,940,9  T.641.4
Sheep 5 36,042,6 8,541.,2  8.0¢1.2  7,141,2
Goat 6 30, 34+2.9 Tolg1el  9.310.9  7.241,2

RAINY SEASON
Cattle 5 39.043.1 10.8+41.3  7.940.7 8.140.9
Sheep 5 37.542.5 9.T+1.1  Bo740.8  7.841.0
Goat 6 344642,9 94340.9 10,141.1  Tult1.1

COLD SEASON
Cattle 5 36,243,2 10.940,9  7.34+0.8 8,041.3
Sheep 5 37+643.5 9¢5+1e5  94121.0  7.641,0
Goat 6 32,9+2.0 8.540.8  9.541.6 7458141

1/ n is number of animals

2/ Mean + standard deviation



CHAPTER ITI
SEASONAL VARTATIONS IN WATER METABOLISM IN GRAZING
INDIGENOUS CATTLE, SHEEP AND GOATS IN

ZARTA, NIGERIA,
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INTRODUCTION

Exact simulation of the natural environment
cannot be readily or successfully accomplished, thus
most studies concerning adaptation of animals to
particular environments are often carried out in mobile
or stationary climatic chambers, Under such laboratory
conditions, the effects of specific meteorological
variables can be identified and investigated and
results can be more reliably interpreted in terms of
caugse and effect. In relation to animal-environment
interaction, however, this procedure is artificial,
becauge in the environments in which most animals live,
a single factor is often affected by cne or more
related variable e.g, heat exposure may be associated
with high humidity.

Physiologic and other adaptations are best
studied in animals in their natural habitat. TUnder
such conditions, animals are exposed simultaneously to
all meteorological factors which define a particular

climate, These factors not only interact with one



another, but they are, singly or severally, constantly
changing, and these changes affect and modify physiologic
responses of animals, Measurements of content and
turnover of water in animals under grazing conditions

can thus be a useful approach to their physiological
ecology.

Water metabolism in grazing animals has been
widely investigated., On the equator, in the cool moist
highlands of Kenya, comparisons were made between
cattle, sheep, donkeys and goats grazing Cynodon
pasture (MacFarlane et al., 1972). 4 hierarchy of
function was apparent, Hereford cattle having the
highest rate of water turnover, followed in decreasing

order by Zebu-type cattle, donkeys, sheep and goats,

Robertshaw (1975) also compared mean total body
water, tritiated water turnover, and free water intake
of grazing sheep and goats in East Africa., He found
that mean total body water was 726 ml/kg in goats and
718 ml/kg in sheep; free drinking water was 23 ml/kg/2lL

hours in goats and 26 ml/kg/2l hours in sheep, while
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body water turnover was 144ml/kg/2L hours in goats
and 171 ml/kg/24 hours in sheep,

Seasonal variations in water content in grazing
cattle in temperate climates have been found to be
highly significant (Springell, 1968). Water content
was reported to be minimum in winter and maximum in
summer, while the biologic half-life of tritium was
shorter in warmer months, being 58 hours in summer
compared to 128 hours during winter. Water turnover
followed similar patterns,

In an attempt to assess the most suitable types
of animals for hot dry regions, lMacFarlane and Howard
(1966) atudied water metabolism in identical twin
cattle and in the Oryx under different conditions,
Under grazing conditions, they reported that the
bioclogic half-life of tritiated water ranged from 3.6
days in Zebu to 16,8 days in the Oryx, while the
turnover rate was 70,5 ml/kgp'BZ/Qh hours in the Oryx
and 359 m1/kg” %

that the Oryx was able to conserve water more than the

/2L hours in the Zebu. They concluded

Zebu, and so, was better adapted to hot arid

environments,
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- Crﬁ;igé aniﬁais.have beekrfépbfiéﬁ fc turﬁ ﬁver
about three times more water than stall-fed animals
(261-36L m1/kg *B2/2k nours ana Th-132 m1fee®* B2 /21
hours respectively), MacFarlane and Howard (1966).
Kamal (1975), however, studying water metabolism in
camels, cattle, sheep and water-buffaloes under
different grazing conditions, reported that the water
requirement of stall-fed animals was higher than those
under praszing conditions. Total body water either as
absolute value, or as per.éent of body weight or of
body solids, decreased in heifers and lactating cowa
after they had heen turned to pasture, but water
turmover decressed in all four species of animals
etudied., He considered that the variations ohbzerved
might have been due to lack of free air movement
inside the bagn;.,;ﬁ‘_"” |

Water metabolisﬁ in farm animais is.a éeﬁsitive
index of their physiologic status and is greatly affected
by season, especially under grazing conditions,

Although seasonal variations in water metabolism in

grazing farm animals have been investigated in many



parts of the world, no information is available about

livestock indigenous to Nigeria., The aim of this study

was to determine the characteristics and seasonal
varijations in water metabolism in cattle, sheep and

goats under grazing conditions in Zaria, Nigeria,

MATERIALS AND METHQDS

Experimental animals

Six adult, healthy, male Bunaji cattle, Yankassa
sheep and Sokoto Red goats were used. The cattle and
sheep belonged to the herd at the University Farm,
while the goats were purchased locally, The animals
were castrated three months before the trials began,
They grazed on native pastures on the farm during the
day, and were herded at night. Water was freely
available at all times, They were dipped for ticks

1
once every month ,

1Pfizona, Pfizer Products Ltd., F.M,B, 111, Ikeja,
Nigeria,
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Environment

The investigationsa wexe conducted under the same
climatic environment as described in Chapter II, with

the mnimals grazing freely.,

Measurements =

All nmeasurements were nade as previously
described (Chapter I1). The amqunts of feed and water

consuned were not measured.
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RESULTS

Seasonal variations in total body water in
grazing animals are given in Table 1 and Appendix 7
(Tables 28-36)., There were no significant differences
in absolute total body water in cattle during the
three seasons; it was, however, highest during the hot
seagon and lowest during the rainy season, In sheep,
total body water was significantly lower (P& 0,01)
during the rainy season than during the hot and cold
seasons, In goats, on the other hand, total body water
was significantly lower (P& 0,05) during either the
cold or rainy season than during the hot seasoh.

Total body water as per cent body weight showed
gignificant seasonal variations in the three species;
the values were lowest during the rainy season, and
highest during the hot season (P <0.,05). During the
hot and rainy seasons, TEW as per cent body wight was
significantly higher in cattle and sheep than in goats
(P<£0,05), but lower in the smaller ruminants (P< 0,01)

during the cold season,
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Seasonal and species variations in biologic
half-life of tritium, pool turnover rates and daily
water turnover are presented in Tables 2 and 3, In ali
epecies, half-life was shortest (P= 0.01) during the
hot season, followed by the rainy and cold seasons,
regpectively, In any season, significant species
variations (P<0.01) were observed. Cattle had the
shortest half-life, followed by sheep and then goata.
Pool turnover rates generally followed an inverse
relationship to half-life. Ir all species, pool turhe
over rates were highest (P2 0,01) during the hot season,
followed by rainy end cold seasons, respectively,

Goats had the lowest rate (P£0,01) during the hot
geason, followed by sheep and then cattle, Ko
significant differences were observed in turnover ratee
between sheep and goats durin: ' both rainy and cold
seasons, but values during these periods were
significantly lower (P¢ 0.01) in hoth species than in
cattle, S

Seasonal variations in hematologic parameters are

presented in Table 4 and Appendix 8 (Tables 37-48),



In all species, hematclogic values were lowest during

the hot season,

DISCUSSION - -7 -

The pattern of water metabolism found in grazing
animels agree with published data (Kraybill et al.,
1953; Garret et al.,, 1959; Hansard, 196l; MacFarlane
and Howard, 19663 Springell, 1968; Kemal and Seif, 1969;
MacFarlane et al., 19723 King, 19753 Robertshaw, 1975),
In all seasons and in all animals, total body water
as per cent hody weight wae significantly higher
(r€0.,01) in grazing compared to penned animals,
Variations in biologiec half-life of tritium, pool
turnover rates and daily water turnover in grazing
animals followed a similar pattern to corresponding
values for penned animals., Biologic half-life wase
significantly shorter (P £0,01), while pool turnover

rate and daily water turnover gignificantly higher
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(P¢0,01) in grazing than in penned animals,

Although the seasonal pattern of water use was
gimilar in both penned and grazing animals, grazing
animals generally required more water, This is in
contrast to the report by Kamal (1975), that penned
animals required more water, These animals, however,
were housed in open stalls without free air movement,
This could have increased the heat load on them to
such an extent that they required more water to offset
this extra heat.

MacFarlane and Howard (1966) associated high water
content in animals with undernourishment as would occur
in animals grazing in a hot climate with low
quantity and guality of available feed, In addition,
grazing animals are exposed to, and are more directly
affected by such environmental variables as
temperature and solar radiation (Cameron and Luick,
1972). 'Therefore, they require more water to replace
that lost by evaporative cooling, This is reflected in
the altered kinetics of their body water pool, viz:
shorter half-life, higher turnover rate and greater

daily water turnover, The greater amount of total
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body water in grazing compared to penned animals is
primarily due to changes in hedy fat reserves, which
reflect contrasting nutrpitionel circumstances between

BECABONS.

©+ BUMMARY

ceagonal variations in water metabolism in graszing,

castrated, male Punaji cattle, Yankassa sheep and
Sokoto Red goats, were investigated, using tritiated
water, The results indicated that the pattern of

water metabolism in grazing animals was similar to

that in penned animals, but grazing animals required
mnore water a3 reflecied in their higher water a
metabolism, This was thought to be primarily due to
exaggerated effects of envirenmental factors such as

temperature and sclar radiation.
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Seasonal variations in total body water

rebte 1. (TBW) in grazing indigenous cattle, sheep
and goats in Baria, Nigeria,
8pecies nl/ Body wt. Total body water
. . L % body
(k&) kg weight
©  HOT SEASON _
cattle 6 363.5  275.5:35.9%  78.7atl
Sheep 6 Ko,0 29484k, The5+1,6
Goat 6 39 22,0442 69,2846
RAINY SEASON )
Cattle 6 358,8 2h3.4+28,.9 67.8+1.8
Sheep 6 .3 22,542, 65.841,2
Goat 6 27.8 17.343.8 62,042.1
.. colD SEASON - ¢
Cattle 6 362.7 254,44+29,0 70.2;1.6
Sheep -6 k2l 28,7+242 67.7+0.9
Goat s 28,1 66.9+2.8

18.841.5

1/ n is number of animals

2/ Mean + standard deviation
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Table 2, Seasonal variations.in biclogic half=life
of tritiated water(BH 0) and pool turnover
rates in grazing indiéenous cattle, sheep
and goatsa in Zaria, Nigeria,

Species nl/ 3H20 half-1ife  pool turnover
L (days) (fraction/2h
hours)
HOT SEABON
Cattle ~ - 6 2.8¢D.5‘/ 0,250+40.038
Sheep = & 3.740.6 0,193+0.028
Gost - 6 4.8+0,6 0.146£0.018

RAINY GSEASON

_ Cattle s L.940.5 0.145+0,015

 Sheep ?‘ ' '6 © . 5.740.6 0.12240,013

Goat . f"f :6 5.440.9 0.13240.026

COLD SEASON N

Gatile 6 . 6.w0.3  0,10840,005
Sheep -ﬁff_.5.~ 7.3:0.6 0.09640,009 -

Goat 6 8.141,1 I 0.087+0,011

l/ n is number of animals

2/ Mean 4 standard deviation



Table 3, Seasonal variations in daily water turnover
in grazing indigenous cattle, sheep and
goats in Zaria, Nigeria,

Species nl/ Water turnover/2l; hours

| ke nl/ke wl/ke”* %%
. HOT SEASCN
Cattle 6  68.0:6.57  188.9427.5  5LL.5:71.6
Sheep 6 5.7+0.8 143.6420.1  278,0435.6
* Goat 6 3,240,8  100.7411.6  187.6523.1
e | RAINY SEASON . =~
- ! C&ttie 516 35.244.9 98.0+8.3 | 282.3£gh.u

Sheep 6 2:7+0.4 79.847.3 150, T+14.6

Goat 6 2.3+0,7 B1.7+17.6  1L8,4+32.9

N COLD SEASON

" Cattls 6 27.4+2.6 75,8446 208, 11,6

Sheep 6 2.740.3 65,045.3 127.449,8

. Goat 6 1.640,2 S58.4+7.4 106.5+13.3

1/ n ie number of animals

2/ Mean 4 standard deviation

72



73

Table L, Seasonal variationg in selected hematologic
parameters and total protein in grazing
cattle, sheep and goats in Zaria, Nigeria,

Species nl/ BPCY Hb RBC 3 Total Protein
e (%) (g/d1)  (x106/wm”)  (g/d1)
o o _ HOT SEASON _ o
cattle 6 33.433.8Y  8.601.1  6.3:0.8 7.1:1.8
Sheep 6 34.6+1.9 7e940.9  T.341.0 6,741.0
Goat 6  28,603.0  6.130.8  B.241,0 6,8:0,9

- RAINY SEASON
Ca.ttle. 6 38.)4_4_-_1.6 10.741.0 7.u_+.1.o' "8.2_;_1.2
Sheep &  37.3+1.9 9.3+1.0 9,120.9 7.540.9
Goat 6 33.542.3 8.8+40.7 10,5+1.1 7'1:1-0._”

COLD SEASON

Cattle 6 35.5+1.2 10,141.1  6,740.9 8.0+1.2 .
Sheep . 6 36.8:1.3  B.9x1.3 8.5:0.8 6.840.9 -
Goat .. 6 Ft.Jg1.8 834147 9ulig1.0 7424049 ﬂ;'.

1/ n is number of animals

2/ Mean s standard deviation |



CEAPTER TV
INFIUENCE OF TOTAL WATER DEPRIVATION ON WATER
METABOLISM IN INDIGENOUS CATTLE, SHEEP AND GOATS

DURING TEE HOT SEASON IN ZARIA, NIGERIA,



INTRODUCTION

Water is essential for all processes governing
life and must be supplied on an almost continuous
basis, It is distributed throughout the animal and
forms the ambient fluid that imparts to every functional
cell those properties necessary for life., All nutrient
and waste materials are transported to, and from the
cell, dissolved in waterj and apparently all bio-
chemical reactions proceed in an aqueous environment,
Water is the largest single constituent of the body,
comprising about two=thirds of the total body mass of
mammals (Cizek, 1968), Deviations in the volume of
body water resulte in profound changes in physiologic
function, Regulation of body water is achieved by a
balance between forces responsible for water intake and
loss (Selkurt, 1963), In times of stress, an animal is
capable of conserving water in order to maintain a
balance of critical body fluids (Gray, 1970). This

ebility is reflected in the pool size and in its kinetics,

h



Most tropical and sub-=tropical animals tolerate
high ambient temperatures, intense sclar radiation,
scarce and low quality roughage, and, above all,
irregular and scanty supplies of drinking water, The
physiologic problems associated with animal production
in the tropics have been discussed (Schmidt-Nielsen,
1956 3 MacFarlane, 196L4), Furthermore, water economy
of desert~inhabiting vertebrates has been reviewed
(Chew, 19613 Robertshaw and Taylor, 19703 Taylor, 19703
Maloiy and Taylor, 19713 Malciy and Hopecraft, 1971).
The general contention is that desert animals resist
the effects of drought by a series of interrelated
shifts of emphases in physiologic processes already
present in temperate zone animals, Thus, input,
production and dissipation of heat, are adjusted to
econimise water,

MacFarlane and Howard (1966) conducted extensive
investigations in identical twin cattle during periocds
of restricted water intake, and reported that interm-
mittent water supplies resulted in large differences in

total water consumption and in reduced water turnover
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rate., Bos indicus twins achieved the lower turnover
rate compared to B. taurus. This finding confirmed
earlier reports by Phillips (1960) and MacFarlane
(1964), 1In all animals studied, the biologic half-life
of injected tritiated water was prolonged from

3.5=5.5 days during control period to 15.0-18,2 days
during water deprivation.

Animals inhabiting the drier parts of Nigeria are
often subjected to prolonged pericds of descreased
availability of drinking water, especially during the
hot, dry season, (March-ipril). During this period,
they may have no access to drinking water for several
days, The deleterious effects of such water lack are
exercabated by trekking long distances under high
ambient temperature in search of water and food,

Physiologic adaptations which permit farm animals
to cope with high ambient temperatures during periods
of decreased water supply have been investigated in
various parts of the world, but similar information
about livestock in Nigeria is lacking. The aim of

this study was to investigate the effects of total water



deprivation on water metabolism in domestic ruminants

indigencus to the Zaria environment of Nigeria,

MATERTALS AND METHODS

Experimental animale

Four Bunaji cattle, five Yankassa sheep, and six
Sokoto Red goate were used, The animals were all
adult males which had been castrated and preconditicned
for three months, Hormal maintenance ration of dry |
gamba hay and groundnut cake and cotton seed was
provided ad libitum, Water was withheld for four days

during the trial period,

Environment

These trials were conducted under the same
environmental conditions as described previously . .

(Chapter III),
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.Wﬁfer metabolism studiea

Thé animals were weighed daily for the duration
of the study. The amount of feed consumed by each
animal was measured for four days prior to water
restrictions On the fourth day, after all measurements
were recorded, water, but not feed, was withheld for |
the following four days, during which the amount of
feed consumed was recorded, On the fifth day, pro-
injection blood samples were obtained and a calculated
amount of tritiated water injected into each animal,
Serial blocd samples were obtained every 12 hours for
the four days of water restriction. The exact times
of injection of tracer, and of subseguent blood
samples, were recorded, The samples were prepared,
counted for radio-activity and the data analyged as

described previously (Chapter II),
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RESULTS

Influence of total water deprivation on total
body water (TBW) in penned animals during the hot
season is shown in Tahle 1. Total body water,
expressed either as absolute value or am per cent
body weight, decreased significantly {P£0,01) when
water was completely witheld from the three aspecies
studied. The decrease wass most proncunced in cattle
and least in goats, : | ._. |

The mean biclogic half-life of tritiated water
and pool turnover rates in water-deprived animals axe
presented in Table 2 and Appendix 9 (Tables L5-5lg
Fig. 8}, In all three species, biologic half-life was
significantly prolonged (P< 0.01) during periods of
total water deprivation. Per cent change over '
controls was least in goats and highest in sheep, The
rate of body water pool turnover was also significantly

lowered (P<£.0.01) during water deprivation,



In addition to water pool turnover rate, daily
water turnover was also significantly decreased
(p£0,01) during water deprivation; it was least in

goats and most in cattle (Table 3).

DISCUSSION

Water deprivation, especially in a hot environ-
ment, constitutes serious nutritional and metabolic
stresses and physioclogic defense mechanisms are
mobilized to maintain normal functions (Schmidt-Nielsen,
1964). The most immediate of these defenses relate
te water conservation, The physiclogic cost of meta-
bolism entails some obligatory water loss (urine,
feces, sweat, and insensible water loss), With lack
of input, as occurs during total water deprivation,
such obligatory water loss leads in time to a decrease
in total body water, The significantly prolonged

half-life and lpw turnover rate of tritiated water



reflect attempts by the body to minimise the stress
imposed by water deprivation, Similar changes have
been reported (Schmidt-Nielsen and Jchmidt-lielsen,
19523 MacFarlane et al,, 1958, 19613 MacFarlane, 196l
Springell, 19683 Kamal et al,, 1972). Physiologic
implications of these reasponses are to maintain normal
body functions and thus preserve life. The relative
ability of species to conserve water reflects their
degree of adaptation to semi-arid environments, Goats
tolerate dehydration better than sheep, and sheep
withstand water deprivation more than cattle,

On the basie of findings from this study, and the
necesaity to increase production of animal protein in
Nigeria, basic and applied research into adaptation of
smaller ruminants, particularly goats, in the savanna
zone of Nigeria, should be encouraged. Such
information will be useful in expanding the goat
industry in order to supplement animal protein

requirements in Nigeria.
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SUMMARY

The influence of total water deprivation on
water metabolism was investigated in castrated male
Bunaji cattle, Yankassa sheep and Sokoto Red goats
during the hot season in Samaru, Zaria, using
tritiated water. Results obtained indicated that
total water deprivation constitutes a serious
nutritional stress, Total body water was significantly
reduced (P€0,01) in all the animals leading to
compensatory changes in biologic half-life of tritiated
water, pool turnover rates and daily water turnover,
all of which were aimed at conserving body water,

Goats were better adapted to water scarcity than sheep

and cattle,
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CHAPTER V
PHYSIOLOGIC RESPONSES OF INDIGENOUS CATTLE, SHEEP
AND GOATS TO TOTAL WATER DEPHIVATION DURING THE

HOT SEASON IN ZARIA, NIGERIA.
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- INTRODUCTION

komeokinegis, the maintenance of relatively consg=-
tant todily conditions, provides the dynamic equilib~
rium cf the internal e wiromment, which is necessary

" for normal cellular function ond life. Thugm, when an
animal is exposed to one or more stressful or
potentially stressful stimuli, metabolic, neuro=
endosrine and motor responses act together to maintain
the status quo (Cannon, 1932), Such interrelated
regponses usually faver animal survival. Water
deprivation constitutes a serious nutritional stress,
which inducea an array of protective phyailoclogic
regponses in animals, .

The phyeioclogic responses of farm animals to
varying degrees of water deprivation have been
investigated, The relationship between water and food
intake by cattle, African roats and haired-sheep has
been investigated by Phillips (1960) and Horrocks and
Phillips (1961), who reported that the first noticeable

effect of moderate water restriction was a decrease



in feed intake, Phillips (1960) demonstrated that S0%
reduction in water available to European and Zebu
steers resulted in a slight decline in the consumption
of dry hay, while Utley et al. (1969) reported that
water restriction to 60% free choice resulted in
significant reductions in voluntary feed intake by
steers, Wilson (1970), studying water economy and
food intake of sheep watered intermittently, reported
that mean food intake declined to less than half by
the third day.

Reduction in water intake not only results in
decreased feed consumption but also affects feed
utilization. Phillips (1960) observed that digestie
bility of dry matter, nitrogen and fiber in cattle
tended to increase with water restriction of up to
60%, and suggested that the increased digestibility
was probably an artifact, due, in part, to dry matter
accumulation rather than to any increase in fermentation
or digestion, Balch et al, (1953), considered that
water restriction tended to reduce the passage of

ingesta through the gastrointestinal tract, which would



result in higher digestibility,

Thornton and Yates (1969) reported a decrease in
nitrogen retention in cattle when water was restricted,
and suggested that this was associated with increased
fecal nitrogen output and urinary urea excretion, |
Utley et al. {1969), however, cbserved increased
nitrogen retention in steers when water was restricted.
The increase was negatively correlated with total
urinary nitrogen excretion, indicating increased
nitrogen recycling. £s Schmidt-Nielsen (1954) pointed
out, this 1s a waier-conserving adaptation to arid
environmenta....

Qther phyaiﬁlogic responses of farm animals to
water restriction have been reperted, Bianca et al.
(1965) reported that cattle deprived of water at L40°C
lost about 12% of their body weight in two days. He
alac reported marked diurnal variations in rectal
temperature, decreased rezpiratory rates and decreased
urinary output, Tajene (1965, 1966), studying sheep
subjccied to varying degrees of_dehydration, qbaerved

W+



elevation in packed cell volume (PCV) up to 60%,
accompanied by changes in plasma electrolytes, which
were as severe as those reported by Watt (1967) in
calves with diarrhea,

Water constitutes an important factor in the
external environment of animals, In arid environments
this leads, in time, to evolution of protective
physiologic traite necessary for maintaining an
internal environment that is compatible with life,
Physiologic responses of indigenous livestock to water
deprivation have not been reported, The purpoee of
this investigation was to determine the existence and
the extent of such responses in cattle, sheep and

goats in Zaria, Nigeria,

MATERIALS AND METHODS

Animals and Environment

Data reported here were obtained from the same

animals as described previously (Chapter IV),

92



Measurements

The animals were weighed daily for the duration of
the study, and the amount of feed consumed by each was
measured, Rectal temperatures were recorded for each
animal twice daily (9,00 A.M. and 4.00 P.M.) while
respiratory rates were determined once (9,00 A.M,).

Per cent fecal moisture content was determined daily
by drying weighed fecal samples from each animal to
constant weight at 105°C,

Serum sodium and potassium concentrations were
determined by flame photometry (King and Wooton, 1953),
while serum chloride levels was determined by the
method described by Schales and Schales (1941), Blood
urea nitrogen was egtimated using the method described
by Chaney and Marback (1962), Packed cell volume,
hemoglobin, total red blood cells, and total protein
concentrations were determined according to the
methods deacribed by Coles (19?h). Control measurements
were obtained for four days preceeding water withe

drawal,



 mEsurrs

When water was withheld from cattle, sheep and
'goata for four days, there were elevations in hematologic
. parameters meagured and in total protein as presented
in Table 1 and Appendix 10 (Tables 52-55), FPer cent
increase in PCV, total REC and total protein was
highest (P < 0.01) in cattle, but the increase in Hb
concentration was lowest in this species and highest
in sheep.

The effects of total water deprivation on rectal
temperature, respiratory rate and fecal moisture
content are presented in Table 2 and Appendix 10
(Tables 56=59). Significant elevation (P£0,01) in
rectal temperature occurred during the late afternoon
(1600 Hours) in all species during water deprivation.
Respiratory rate and fecal moisture content, on the
other hand, were significantly decreased (P £0.,01) in
all species, The highest per cent decrease in
reaspiratory rate occurred in cattle and shegep had the

greatest decreage in fecal moisture content.

A
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The influence of four dayr of total water deéri;
vation on body weight and feed intake are shown in
Table 3 and in Appendix 10 (Tables 60-61), Goats lost
the least weight, and sheep lost the most, There was
alse a highly significant reduction (P£ 0.01) in the
amount of feed consumed by all species, |

The effects of total water deprivation on serﬁﬁ.
electrolytes and blood urea nitrogen (BUN) are given
in Table L and in Appendix 10 {Tables 62-65)}, BUN,
serum sodium, potasgium and chloride were significantly
elevated (P<0,01) following water deprivation. The
relative increase in sodium ion concentration was more
in sheep than in the other svecies, Cattle on the
other hand, had a higher increase in BUN and chloride

lon concentration than either sheep or goats,

DISCUSSION

Physiologlec changes observed in the three species

following total water deprivation parallel reported



%

data (Clark and Quin, 19493 Schmidt-Nielsen, 19543
Taneja, 1965, 1966; Bnglish, 19663 Gray, 1970; Olbrich
et al., 1973). When an animal is subjecied to de-
hydration by water withdrawal, the immediate source of
water lost from the body is extracellular fluid, the
volume of which becomes consequently reduced, The
severity of the ensuing hemoconcentration depends on
the degree of tolerance of the animal to dehydration,
ag well ag to the rapidity of water logs. Moderate
physiologic hemoconcentration is compatible with life,
but gs dehydration progresses, hemoconcentration
beccmes more severe, leading to increamsed viscosity,
hypovolemia and eventually shock due to circulatory
feilure., The degree of hemoconcentration in an animal
deprived of water reflects its ability to conserve
water, and therefore, toc adapt %o an environment of
water scarcity, This finding, as well as the
cbservations that geats lost the least weight and had
the lowest rise in rectal itemperature following the
gtrees of water deprivation, suggests that goats are

better adapted to the environment of the northern

R



gavanne zone cf Nigeria, while cattle appeaf.to be the
least adapted,

Diurnal variation in body temperature, as
obgerved in this study, ig characteristic of animala
inhabiting semi-arid environments, as is most evident
in camels (Prench, 19563 Schmidt-Nielsen et al., 1957}
Schmidt-Nielsen, 196L)., The advantage oi such thermo-
lability is that, if bedy temperature is permitted to
rise during the day, all hcat that goes into warming
the body can be considered as storad, and disgipated
in the cool of the night by a thermal gradient of =
conduction and radiation, thue conserving water,
Reduction in feed intake is a thefﬁbregulatory
response in defenee against hyperthermia,

In the hot weather conditions under which this
experiment was conducted, an animal ekﬁoséd to the
stress of water deprivation, responds to counteract or
minimise the deleterious effects of stress. The |
primary physiologic defense iz aimed at reducing waterl
loss (Phillips, 19605 Horrocks and Phillips, 1961y

Schmidt~Nielsen, 1964), Water loss via the respiratoxy

37



and intestinal {tract is reduced by decreasing the
respiratory rate and fecal meisture content. The
degree of these water conserving measures may be a
Dhysiolegic index of the relative adaptation which

enable these animals to survive in their habitat,

SUMMARY

Physiologic changes, resulting from total water
deprivation for four days were studied in castrated
male Bungji cattle, Yankassa sheep and Sokoto HRed goats
during the het semson in Zaria, Nigeria, Total body
water was decrgased and there was evidence of
hemoaoncentrafién; reflected in increased PCV, total
red blood cells, and in increased hemoglobin, total
proteinsyelectrolytes and BUN. Total water
deprivation alsc induced lability in body temperature,
which rises during the day while the stored heat ie

diseipated during the cool of the night, Fhysiologic

98



defense mechanisms were initiated to reduce or
eliminate the effects of water-=deprived stresat .. ..
Regpiratory rate and fecal molsture content were'-i
reduced to minimise water loss, |
The extent of such weater conserving measures may
be a physiologic index of the ability of ruminants to

aurvive in a hot gemi~arid environment,

w7
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Appendix 1

Map of Nigeria
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Appendix 2

Experimental Animals and pens used

Fig. 1 - L
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Fig., 1. Sokoto Red Goat

Fig. 2. Bunaji (white Pulani) Cattle
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Appendix 3

Meteorological data at Samaru-January 1975 to May 1976

Figs 5 = 7
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Appendix L

Seasonal variations in water and feed intake
in penned animals,

Tableg 1 - 6
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Daily water intake (ke) in penned indigenous cattle,

sheep and goats during the hot season in Zaria,

Nigeria,

Table 1.
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Daily water intake (kg) in penned indigenous cattle,
sheep and goats during the rainy season in Zaria,

Nigeria,

Table 2.
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Daily water intake (kg) in penned indigenous cattle,

sheep and goats during the cold season in Zaria,

Nigeria,

Table 3.
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Daily feed intake (kg) in penned indigenous cattle,
gheep and goats during the hot season in Zaria,

Nigeria,

Table U,
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Daily feed intake (kg) in penned indigenocus cattle,
sheep and goats during the rainy season in Zaria,

Higeria,

Table 5,
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Daily feed intake (kg) in penned indigenous cattle,
sheep and goats during the cold season in Zaris,

Nigeria.
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Appendix ¢

Seasonal wvariations in tritium retention by
penned animals,

Tables 7 = 18§
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APPENDIX 6

Seasonal variations in daily hematologic parameters
in penned animals,

Tables 16 - 27



Table 16 Daily values (%) for PCV in penned cattle, sheep
and goats during the hot seasen in Zaria, Nigeria,

Days Cattle 1 3 L 6

1 30.0  30.6 38,5 40,0
2 32,8 3.2 30.7 37.6
B 31.2  34.1 30.4 37.5

3.6 35,0 28,8 38,5
g5 32,0 3.3 29.8 39.3
6 3t.2 33,7 29,7 37.5
7 3.0 33.1 29,7 38.4

GRAND MEAN = 33,5 3,D. = 3,5

Sheep 1 2 3 s é

1 35,3 34.8 40.7 34.0 30.8
2 36,5 39.0 39.5 32.8 35.6
3 3.1 38,6 39.4 31,8 37.4
L 38.1 38.5 38,6 32,9 35.2
5 35,2 38,5 38,9 32.8 34,0
6 35.6  39.1 39.3 33.0 3.8
1 3.3 35.7 37.8 31,7 344

GRAND MEAN = 36,0 S.D. = 2,6

Goat 1 2 3 I 5 6

1 29,7 30,1 3h.1 26,0 31,7 0.4
2 26.7  30.3 36.0 26.1 30.9 29,8
3 32,4 32,2 3E,2 26,5 30.0 29,6
L 27.3 29,7 35.3 27.0 30.6 28.7
5 31,5 31.1 3,3 26.L 32,0 27.3
6 29.8 33,0 36.0 25.3 30.6 31.5
7 29,0 30,6 32.4 26.1 30.7 29,9

GRAND MEAN = 30,3 SeDe = 2.9
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Table 17, Daily values (%) for PCV in penned cattle, sheep
and goats during the rainy season in Zaria, Nigeria,

Days Cattle 1 2 3 L 6
1 L6.6 34,7 L2.0 39.8 36,1
2 h2.7 35,1 41,0 37.9 35.4
3 L3.3 36,2 38.4 37.8 36,3
L L2, 36.4 37.1 37.2 39.0
5 L2.9  3L.6 L0,5 36 4 39.0
6 43.8 37.0 39.3 36.9 3%9.2
7 43.5 33.8 41.1 39.7 39,0
GRAND MEAN = 39.0 SeDe = 301
Sheep 1 2 3 5 6
1 40,2  35.7 35.0 LO,1 36,1
2 Lo.1  37.5 36.0 40,0 36.7
3 39.3 37.4 37.6 1.0 34.h
L 39.0  33.4 37.7 31,3 35.3
5 39.4  3L.B 36.5 L2,0 3L.5
6 38.0 3L.7 3L4.3 L0.9 36.0
7 37.0  35.7 35.5 L3.1 35.8
GRAND MEAN = 37.5 SeDe = 2.5
Goat 1 2 3 L 5
1 30.1 38,0 38.3 31.4 3.4 3.1
2 30.0  37.3 39.5 30.6 34.5 34.5
3 32,2 36,0 39.0 30.3 35.0 35.0
L 33.4 38,1 38.6 28,7 36,1 3L.4
5 33.3 37.0 37.6 28,9 3S.4L 34.5
6 32.0 37.2 38.3 31.1 36.0 33.2
7 32.h 38,1 37.5 31.5 35. b

GRAND MEAN = 34.6

S.Ds = 2,9




Table 18, Daily values (%) for PCV in permned cattle, sheep
. : and goats during the cold season in Zaria, Nigeria,
Days Cattle 1 P 3 L 6
1 35.4  39.0 39.6 30,9 35,0
2 35.2  38.1 33,8 30,1 35.1
3 36.0  38.0 h1,7 32.4 3L.7
b 36,0  36.5 L40.8 32.6 32.8
5 35.3  37.4 %1.6 33.3 31.6
6 3L.5  39.0 Lo,5 33.8 35.1
7 b1 39.4 L0,9 324 36.5
GRAND MEAN = 36,2 8.D, = 3.2
C Sheep 1 2 3 5 6
1 36,1 37.0 41,2 L1.6 33.4
2 36.1 38,7 39.9 40,2 33.2
3 35.8  38.5 Lo.6 L0.4 32.0
L 35.9  39.0 40,8 41.1 31.6
5 3L 39.0 40,8 17,6 31.1
6 3L.7  37.9 39.7 L2,2 32.8
7 35'3 38.? l‘-‘l'g h1.0 32.0
GRAND MEAN = 37.6 SeDs = 3,5
Goat 1 2 3 b 5 6
1 32.9 3.4 31.6 33.8 36,0 29,9
2 34,0  30.6 31.0 .2 36.0 30,8
3 3.0 29,9 30,0 34,4 35.1 30.7
L 35.2 32,0 31.5 35.6 3. 31.5
5 5.4, 32,8 32.4 35.5 3.5 28,7
6 35.5 32,8 31,5 33.3 35.0 32.8
7 33.2 31,4 31,1 34.2 35.4 30.4
GRAND MEAN = 32,9 SeDe = 2,0
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Daily hemoglobin concentrations ( g’dl) in penned
cattle, sheep and geoats during the hot season in

Zaria, Nigeria,

Table 19,
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Table 20. Daily hemoglobin concentrations { g/dl) in penned
cattle, sheep and goats during the rainy season
in Zaria, Nigeria.

Days Cattle 1 2 3 N 6

1 9,2 12,0 10,8 10,0 10,1
2 9.3 12,1 10.4 9.4 10,6
3 10.1 1.4 9.3 9.3 1.4
L 11.0 10.6 12.9 10.0 10,2
[ 12,L, 11,0 11.8 8.4 12.3
6 11,3 11,0 12.5 8.2 12,5
7 8.6 10,3 13.5 10.1 12,1

GRAND MEAN = 10,8 S.De = 1.3

Sheep 1 2 3 5 6

1 8,5 9.3 9.4 10,73 8.4
2 10,3 8.5 9.2 9.2 8.2
3 9,7 10,2 10.5 8.3 9.1
L 9.4 9,1 10,1 Be1 9.4L
5 9.5 8.4 11.0 11,2 9,3
& 115 9.0 10.h 1.0 8.5
7 12.0 9,3 11.5 12.0 10.0

GRAND MEAN = G.7 SeDs = 1,1

Goat 1 ) In 5 6
1 8.3 9.3 8.3 10,1 8.4 9.6
2 8.2 9.0 8.7 3.5 8.1 9.8
3 9.1 8.6 8.7 9.0 9.0 8.9
N 3,2 10,2 7.5 10,6 Sel 9.5
5 10.0 9.4 8.5 11,2 10.0 10,7
6 8.1 9,0 8.8 10.5 9.1 9,6
7 10,1 8.3 9,2 11,2 10,0 9,8

GRAND MEAN = 9.3 S.De = 0.9
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Table 21,

Daily hemoglobin concentrations { g/dl) in penned
cattle, sheep and goats during the cold season in

Zaria, Nigeria,

Days Cattle 1 2 3 L &

1 1.3 10,2 9.4 11.5 11,3
2 10,0 10,6 10,2 10,6 12,5
3 11.0 10,1 10,0 11,3 12.4
L 11,3 9,7 10,3 11,1 12.L
S 12,1 10,3 11.0 10,5 12,6
6 9,L  10.6 10,1 AN 10,2
7 11,3 11.3 9.2 11.1 12,6

GRAND MEAN = 10.9 SeDe = 0.9

Sheep 1 2 3 5 6

1 9.0 9.6 9.5 8.1 1043
2 10,4 8.0 9.5 T3 11,1
3 10,1 Soh 10,6 7e3 11,2
N 1043 9,2 9.7 6.6 12,2
5 11.0 G9e3 10,8 Tel 1.4
6 10,1 9,0 10,2 740 11.0
7 9,2 8.6 10,5 6.5 10,2

GRAND MEAN = 9,5 SeDs = 1,5

Coat 1 2 3 [ 6
1 8.5 Teb 8.0 9.L 7.3 9.4
2 9.4 7.3 B.6 9.6 8.0 9.3
3 9.6 8.4 7.3 7.8 8.1 8.5
L 8,9 8.4 8,2 9.1 9,0 9.3
5 708 7-2 806 9114 8a1 806
é " 10,1 8.8 8.3 9,2 8,2 9.2
T 902 ?a? 7-11 807 7,1.]. 902

GMND MEA.N = aos S..D. = 098
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6
Daily values (X10 /mm3) for RBC in penned cattle,

Table 22,

sheep and goats during the hot season in Zaria,

Nigeria,
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sheep and goats during the rainy season in Zaria,

Daily valuses (X1O6/mm3) for RBC in penned cattle,
Nigeria,

Table 273,
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sheep and goats during the cold season in Zaria,

Daily values (X106/mm3) for HBC in penned cattle,
Nigeria,

Table 2k,
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Daily total protein concentrations ( g/dl) in penned
cattle, sheep and geoats during the hot season in

Zaria, Nigeria, .

Table 25,
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cattle, sheep and goats during the rainy season in

Table 26, Daily total protein concentrations ( g/dl) in penned
Zaria, Nigeria,
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Daily total protein concentrations ( @/dl) in
penned cattle, gheep and goats during the cold

Table 27,

geason in Zaria, Higeria,
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Appendix 7

Seasonal wvariation in +tritium retention by
grazing animals.

Tables 28 - 36
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APPENDIX 8

Seasonal variations in daily hematologic parameters

in grazing animals.

Tables 37=48



Table 37, Daily values (%) for PCV in grazing cattle, sheep

and goats during the host season in Zarim, Nigeria,

Days Cattle 1 2 3 N 5 6
1 36,2 29,7 29,1 36.0 38,0 29,2
2 36.5 30.9 28.3 26,1 39,2 30,0
3 35.5  30.8 30,0 38,3 39.0 30.1
L 35.0 32.L4 31.0 37.5 37.1 28.3
5 4.8 33.1 28,2 38,1 36.3 28,2
6 36.1 32,8 28.3 38.3 39.0 30,1
7 337 32.9 28,3 3641 37k 28,3

GRAND MEAN 33.4 SeDe = 3.8
Sheep 1 2 3 L 5 6
1 33:.5 37.9 34.3 35.8 33.6 3641
2 33.4 36,1 3L.1 3642 34.7 373
3 33,0 36.3 32,0 37.4 32.9 37.0
In 31.6  35.7 3L.L 35.6 31.7 35.0
5 313  3L.4 341 3Lk 32,9 35,2
6 330h 3?-7 35!0 350? 31.8 3}4.1
7 31.8  37.4 3h.1 3.4 31.5 37.3
GRAND MEAN = 34.6 SeDs = 1.9
Goat 1 2 3 L 5 €
1 32,6 29,4 27,0 26,0 27.4 1.4
2 32.8 28,7 274 26,0 27.2 38,6
3 29.5 30,7 28,0 25.3 275 30.5
L 31,9  31.5 29,0 24,2 26,1 29.5
S 30,7 28,7 26,3 24,0 25,0 30.8
6 31.8 28,9 . 26.4 2L, 1 26,2 31,1
7 32,6 28.3 26.3 26,1 24,7 29,6
GRAND MEAN = 28,6 SeDe = 3.0
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Table 38, Daily valunes {%) for PCV in grazing cattle, sheep
and goats during the rainy seazon in Zaria,
. Nigeria, .
Days Cattle 1 2 3 L 5 6
1 38,0  39.4 39.2 41,0 3h.h 39.1
2 39.2 38,9 Lo,0 L2,2 36,2 8.5
3 37.1  37.6 4o, 1 Lok 3741 38.0
L 37.0  37.1 38.3 Lo, 37.5 3746
5 36,3  36.6 50,2 39.0 36,6 38,2
6 . 39.2°  39.6 38,1 39.1 35.1 38,2
7 39.4 /0,3 37.2 38.2 372 38.5
GRAND MEAN = 38.4 SeD. = 1.6
Sheep 1 2 3 H 5 6
-1 37.0 38,1 38,1 36,3 38,0 37.4
2 37.0  L0.3 3744 36. 38,3 37.6
3 35.1 39.0 37.6 36.1 37.4 36.2
IR 36,3 39.1 38,0 37.6 37.1 35,8
6. 36,1 29,0 39.4 38,1 36,1 3742
-7 35.2  37.3 38.0 39.0 35.1 39.5
GRAND MEAN = 37.3 SeDs = 1.9
: Goat 1 2 L 5 6
9 36,2  30.0 35.8 31.9 34.0 34.0
2. 35.4 30,0 36,6 31.5 35.8 3k, 1
"3 35.3 32,2 36,4 29.8 34,2 34,0
h ' 3502 31a2 3549 2906 31—106 33-3‘
5 37.4 314 34.3 29.6 35.3 32.5
6 37.6 3.2 34.8 36,9 33.7 32,0
ki 37.0 31,0 3544 31.6 33.2 32,5
GRAND MEAN = 33,8 S.De = 243
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Table 3% Daily values (%) for PCV in grazing cattle,

sheep and goats during the cold season in

Zaria, Nigeria,

Days Cattle 1 2 3 N 5 6
1 37.3  35.1 34.0 36,6 35.2 37.2
2 35.5 35.3 33.4 371 35.8 37.1
3 35.2  35.0 3.1 36.6 36.8 36,0
L 36.6 344 35.0 35.9 3.1 35.
5 36,1 36.1 34,0 3.6 34.7 35.1
6 36,6 36,1 35.0 34.7 34,5 36.0
Vs 37.5  3L.h4 33.2 33.9 37.5 35.

GRAND MEAN = 35,5 4.0 w ia2
Sheep 1 2 3 4 5 6
1 38.1  35.1 38.4 37«3 36,1 37,0
2 37.3 36.5 37.0 37T 38.1 37.2
3 38.1 36,0 37.1 36.2 38. 35.9
h 38.1 314-3 3900 31-*-6 3800 36.£;
5 37.0 35.0 39.1 37.4 36.3 35.4
6 36,0 34,0 39.2 37.8 37.0 36,2
7 35.6 3%.9 36.3 37.0 36.2 36,6
GRAND MEAN = 36,8 SeDe = 1.3
Goat 1 2 3 L 5 6
1 33.2  29.4 3.1 33.8 31,5 29.1
2 33.4 29,6 32.0 33.2 31.7 28.3
3 32,1 29.3 3.3 31.1 30.9 28,0
L 33.5 30.7 3L4.6 32,9 29.3 28.4
5 316 31,5 32,0 32.3 29,8 3.2
6 31,1 31.9 33.0 30.9 31.5 31.3
7 N2 3.1 32.4 33.3 29,5 28,1
GRAND MEAN = 31.4 SeDe = 1,8

152



153

cattle, sheep and goats during the hot season in

Table 4O, Daily hemoglobin concentrations ( 8/dl) in grazing
Zaria, Nigeria,
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Daily hemoglobin concentrations ( & /dl) in grazing

Table 11,

cattle, sheep and goats during the rainy season

in Zaria, Nigeria.
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cattle, sheep and goats during the cold season

in Zaria, Nigeria.

Table 42, Daily hemoglobin concentrations ( gﬂdl) in grazing
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Daily values (X106/mm3) for RBC in grazing cattle,

sheep and goats during the hot seascn in Zaria,

Nigeria,
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Daily values(X106/mm3) for RBC in grazing cattle,
sheep and goates during the rainy season in

Zaria, Nigeria,

Table Ll.

0210313
988?88?

20&1015
??68??6

1030].415
8?8988?

303012&5

NOND AL D VWY

2331502?

T?B?Bgﬂu
-
G0N MO MM

R EE
+ N0 E=AD - -0

Catil

= O NTANND -

Days

S-Dn = 1 .O

BAN = 7-’4

GRAND

Sheep 1

1.3201371
80}80098

103101!4
99890 98

3315063

9909101
-

O NN v
- L - - - L
O B~ ady N -

603\&.213
8908998

220.“310
* w
nuaniﬁn7nu0

— OF ONVSPUNND -

0.9

S.0,

GRAND MEAN = 9,

O MWV -

SoDo = 101

GRAND MEAN = 10,5




158

r

sheep and goats during the cold season in Zaria,

Daily values (J(‘IOG/mmB) for RBC in grazing cattle,
Nigeria,
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grazing cattle, sheep and goats duri..’ the hot

Table )6, Daily total protein concentrations { g’d1) in
season in Zeria, Nigeria
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Daily total protein concentrations (g/dl) in
grazing cattle, sheep and goats during the rainy

season in Zarid, Nigeria,
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Daily total protein concentrations ( &dl) in
grazing cattle, sheep and goats during the cold

geascn in Zariz, Nigeria,

Table L8,
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Appendix 9

Tritium retention by animals deprived of water.

Tables L9=~513 Pig. 8.
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Plasma activity (cpm) of H0

%

2

0L , N
0 1 2
Time (days!
Fig. B, Nulintion of tritictead water (IH0) by six Sokolo red
goals during tolal water deprivation
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Appendix 10

Daily values for physiologic parameters in control
and water deprived cattle, sheep and goats.

Tables 52 - 65



Daily values (%) for PCV in control and water deprived indigenous cattle,
sheep and goats during the hot season in Zeria, Nigeria,
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Table 53, Daily values (1106/mm3) for RBC in control and water deprived cattle, sheep

and goats during the hot season in Zaria, Nigeria.
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indigenous cattle, sheep and goats during the hot season in Zaria, Nigeria,

Daily hemoglobin concentrations ( g/dl) in control and water deprived

Table S,
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Daily total protein concentrations ( g/dl) in control and water deprived
indigenous cattle, sheep and goats during the hot season in Zaria, Nigeria,

Table §§,
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o

Daily morning rectal temperature ( C) in control and water deprived
indigenous cattle, sheep and goats during the hot season in Zaria, Nigeria,

Table 56.
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Water deprived

Zaria, Nigeria.

indigenous cattle, sheep and goats during the hot season in
Control

Table §7, Daily noon rectal temperature (oc) in control and water deprived
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Water deprived

Daily body weights (kg) in control and water deprived indigenous cattle,
Control

sheep and goats during the hot season in Zaria, Nigeria,
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Daily serum sodium ion concentrations (mEq/1l) in control and water

deprived indigenous cattle, sheep and goats during the hot season

Table 62,

in Zaria, Nigeria,
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Water deprived

Zaria, Nigeria,

deprived indigenous cattle, sheep and goats during the hot season in
Control

Table 63e Daily serum potassium ion concentrations (mEq/1) in control and water
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In an attempt to elucidate environmental adaptae
tions of indigenous ecattle, sheep and goate to their
native habitat of Zaria, the following investigations
were conducted between January 1975 and May 1976:

1. Seagonal variations in water metabolism in penned
and grazing cattle, sheep and goatsg

24 Influence of total water deprivation on water
metabolism in cattle, sheep and goatey and

3. Physiologic responses of cattle, sheep and goats
to total water deprivation during the hot season,

Six castrated male Bunaji cattle, Yankassa sheep
and Sokoto Red goats, in good physical condition, were
used after a preconditioning period of three months,
Water metabolism was studied during three different
seasons (hot, rainy and cold) using tritiated water,
Penned animals were kept in individual stalls under a
common roof, while grazing animals grazed freely during
the day and were herded at night., Ueasonal changes in
water and feed intake were determined in penned animals,

Hesults indicated seasonal and species differences

in water and feed intake in penned animals and in water



metabelism in both penned and grazing animals, Seagonal
variations in water intske were evident with the
greatest amount of water being consumed during the hot
geazon, Druing any season, cattle required the most
water and goats the least, Peed consunption was
pignificantly increased (P £0,01) during the cold
season in the three species but was significantly
higher (P£0,01) in the smaller ruminants than in
cattle. This was probably due to the influence of
metabolic body size (Masso'75) on functional processes,
Total bedy water content was very similar in all
gpecieg. Although seasonal changes in this parameter
were inconstant, values obtained were generally lowest
during the rainy sgeascon, which might indicate
increased body fat content during this peried, when
feed and water were usually more abundant and the
weather more favorahle,

Marked seascnal and species variations were found
in the kinetic parameters of the body water pool, The
wiologic halfwlife of tritiated water was shortest in
all animals during the hot season, and longest (P<£0.01)

during the cold season, Pool turnover rate and daily



water turnover were highest during the hot season, and
least during the cold season (P {0,01)., Under penned

or free-grazing conditions, the longest half-life was
obtained in goats, =2nd they also had the least turnover
rate and daily water turnover, Total water deprivation
decreaged total body water, pool turnover rate and daily
water turnover, while significantly (P <¢0,01) prolonging
the biologic half-life of tritiated water in all the
animals, Goats appeared to be least affected and cattle
the most.

Total water deprivation caused, in all species,
hemoconcentration with resultant elevation in
hematologic values, total protein, blood urea nitrogen
and serum electrolytes, Respiratory rate, fecal
moisture content, body weight and feed intake were all
reduced, while late afternoon rectal temperatures were
significantly elevated in all species.

Results from these investigations indicated the
adaptive mechanisms in the animale studied, which
enable them to adjust to their environment, While

further findings are required to elucidate in greater



guch adaptations, it may be concluded that goats and
sheep appear to be better adapted than cattle to the
semi-arid environment that prevails in the Zaria

area,



