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TABLE 42: MEAN DIMENSIONS AND MEAN MASS OF GIRAFFE OVARIES

Class n Dimensions (cm) Mean mass (g)4 S.E.
Foetuses (273 d, 274 d) 2 1,2 x 1,4 x 0,5 1,0

Foetuses (405 d, 414 d) 2 2,1 x 1,5 x 1,3 2,8

Calf (2 weeks) 1 2,2x1,5x%x1,0 2,4

Calf (2 months) 1 2,4 x1,9x1,1 3,1

Immature (5 y) 1 3,3 x2,2x1,6 8,0

Mature non-parous (7 y) 1 3,6 x 2,2 x 2,0 10,4

Adult non-pregnant 7 4,9 x 3,7 x 2,2 46,1 +3,0
Adult pregnant 22 5,4 x 4,0 x 2,7 75,5t 4;3

OVARIAN STRUCTURE AND DYNAMICS

Regions of the ovary

The giraffe ovary, like that of other mammals (Mossman & Duke 1973), is
divided into an outer cortex and an inner medulla. The surface germinal
epithelium, a tunica albuginea of varying width and a broad zone of stroma
containing ococytes, follicles, corpora lutea, corpora albicantia con-
stitutes the ovarian cortex. The inner region is known as the medulla and
contains the larger blood and lymph vessels and some interstitial gland

tussue in a more fibrous stroma.

The prenatal ovary

The four pairs of foetal ovaries available for study were 273 d, 274 d,
405 4 and 414 d old respectively. The two younger foetuses had features
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in common and they are discussed together, as are the two older ones.

Terminology follows Mossman & Duke (1973).

The 273/274~d-o0ld foetal ovary

The giraffe ovary, like that of other mammals, is covered by a single
layered surface germinal.epithelium consisting of cuboidal cells restiqg
on a basal lamina. In foetuses of this age the cells were 5,4- 6,5 um
high. Subsurface crypts or invaginations of the surface epithelium com-
monly found in carnivores, some primates and rodents (Mossman & Duke
1973) and also reported as occurring in impala (Kayanja 1972) were not
found in giraffe. The germinal epithelium did, however, have shallow in-

dentations often associated with 'egg nests' of naked ova.

The tunica albuginea was clearly distinguishable in giraffe ovaries and .in
the present foetal natefial it was 28 - 50 ym wide. It is chiefly com-
posed of reticular fibrin and collagen fibres and stained very clearly
with the MSB stain as a predominantly blue (collagen) zone. Primary
oocytes were commonly found in the tunica albuginea of these foetal
ovaries; though they were concentrated in the cortex. The cortex was
clearly demarcated from the medulla (Plate 7, Fig. 3) and was divided into
three zones. The outer zone of the cortex, contiguous to the tunica albuginea
was packed with masses of mostly naked primary ococytes which were from

20 ~ 27;Jm in diameter (Plate 8, Fig. 1). In many cases the first cells

of the developing epithelial envelope were present. Deeper to this zone
was an intermediate zone where most oocytes had been surrounded by a
single layer of follicular epithelium to form primordial follicles. These
squamous epithelial cells were<L4 mm In their greatest diameter at this
early stage of their development. The next zone (further into the cortex)
contained more stromal tissue with fewer oocytes, most of which were in
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PLATE 7

Fig, 1. Sectlon through an ovary of a 273-d-old giraffe foetus showing
a large atretic vesicular follicle (af), large haemorrhagic
follicles (hf). Several corpora lutea (cl) can be seen in the
medulla. Bouin, 5 Jm, HE&E, X7.

Fig. 2, Section through an ovary of a 2-week-old giraffe showing
numerous corpora lutea (cl) and characteristically compressed
vesicular follicles (arrowed). Bouin, 5 pm, H €E, X 8.

Fig. 3. Section through an ovary of a 6-month-0ld giraffe showing
clear division between cortex (C) and medulla (M) and medullary
follicles and corpora lutea. Bouin, 5 pm, H& E, X 5,

Fig. 4. Sectlon through an ovary of a 6-y-old giraffe showing large
corporc albicantia (ca) which are the remains of the corpora
lutea of the prepubertal period with their characteristic
wide collagen capsule. Several large follicles are also present
(e.g. lower left). Bouin, 5 um, H & E, X 5,

Fig. 5. Section through an ovary of a 7-y-old adult giraffe showing
the complete disappearance of the corpora lutea of the pre-
pubertal period and many large vesicular follicles. The cortex
and medulla are distinct. Formalin, 5 pm, H & E, X 4.
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primordial follicles or the epithelial cells were simple low and columnar
thus forming primary follicles. The first secondary follicles were also
found here. The medulla at this stage was crowded with primary, secondary
and vesicular or Graafian follicles. The secondary and vesicular follicles
were surrounded by a well differentiated theca interna of glandular cells
but the theca externa was rather poorly differentiated. Most of the
vesicular follicles were in various stages of atresia demonstrated by
pyknotic nuclei in the membrana granulosa cells (follicular epithelium)
sloughing and folding of the granulosa layer, granulosa cells and cellular
debris in the liquor folliculi. Well developed rete ovarii tubules were
found in the region of the hilus (Plate 8, Fig. 8). The tubules were

40 - 83}Jm in diameter and no glandular tissue was found associated with

the rete,.

A prominent feature of both these pairs of ovaries was the presence of
several large haemorrhagic follicles in each ovary (Plate 7, Fig. 1). The
largest of these was 3,1 mm in diameter. The corpora lutea which are a
feature of foetal and prepubertal giraffe ovaries (Kellas, et al. 1958,
Kayanja & Blankenship 1973) were not found in the older of these foetuses,
but the younger had four CL in the medqlla of one ovary. These glands
contained large polyhedral lutein cells like those of adult CL. The
lutein cells were much smaller than those found in CL of pregnancy and
were from 12 - 20 gm in diameter while their nuclei varied from 4,1 -

5,7 pm in diameter. Large amounts of interstitial cells and reticular
fibres were also found and the glands were richly supplied with blood
vessels. As these were true CL (Gombe & Kayanja 1974) there was no

thecal gland but a distinct fibrous thecal capsule was developed,
probably from the theca externa.Septation was not as conspicuous in

these foetal CL as in adult CL. However there were masses of interstitial
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PLATE 8
Sections of foetal and immature giraffe ovaries.

Fig. 1. The outer zone of the cortex of a foetal (273 d) ovary showing
numerous naked oocytes and developing primordial follicles.
Bouin, 5 um, H & E, X 240.

Fig. 2. A follicle in the cortex of a foetal (414 d) ovary in which
antrum formation is advanced. The theca interna is occupied
by hyperaemic blood vessels (bv), the membrana granulosa (m)
has pushed into the antrum (upper left) and the oocyte (o)
is degenerating. This is thought to be a stage in the develop-
ment of a foetal corpus luteum. Bouin, 5 um, H & E, X 240,

Fig. 3. A follicle in the cortex of a foetal ovary (414 d) showing in-
vasion of the antrum (left) by cells from the membrana granu-
losa (m). An oocyte (o) is still present but regressing and
the theca interna (ti) is apparently intact. Bouin, 5 jam,

HE& E, X 240.

Fig. 4. A later stage in the luteinization of a follicle in a foetal
(414 d) ovary. The blood vessel network (bv) has ramified into
the antrum which is by now occluded by cells apparently of
thecal as well as granulosal origin. Many of their cells are
luteinized (lc) and the theca interna (ti) is no longer intact.
Bouin, 5 jum, H & E, X 240.

Fig. 5. Same section as Fig. 4 showing detail of luteal cells (lc),
blood vessels (bv) packed with erythrocytes and other cells
in the developing corpus luteum of the foetal ovary. Bouin,
5 pam, H& E, X 384.

Fig. 6 Section through the wall of a large follicle in a foetal
(273 d) ovary. The theca interna (i) is still intact but the
membrana granulosa has broken away and has become folded into
the antrum which i1s filled with blood (e). It is thought that
this represents a stage in the development of a haemorrhagic
follicle. Bouin, 5 jm, H & E, X 153.

Fig. 7. Detail of a corpus luteum in a 2-week-old calf, large primary
luteal cells with rounded nuclei as well as other cells can
be seen. Bouin, 5 jm, H & E, X 240,

Fig. 8. Section through the hilus of a foetal (273 d) ovary showing
rete ovarii tubules. Bouin, 5 jam, H & E, X 153.
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tissue which formed a network ramifying throughout the body.

Another conspicuous feature of these ovaries and older ones was the

great development of hyperaemic blood vessels mainly in the theca interna
of secondary and vesicular follicles (Plate 8, Figs. 2 § 4) also reported
by Kayanja & Blankenship 1973. There was evidence from many follicles of
these blood vessels rupturing the membrana propria (Plate 8, Fig. 4)
particularly in secondary follicles. Many examples were seen of vesicular
follicles with the antrum invaded and occluded by masses of granulosa cells
and blood vessels (Plate 8, Figs 2 & 3 & 5); the remains of the liquor
folliculi were still present confirming the identity of the follicle in
some cases. It seems reasonable to postulate that this condition could
lead to the development of a corpus luteum. The haemorrhagic follicles
showed no trace of a granulosa cell layer and this is probably due to 'the
separation of this layer from the theca (Plate 8, Fig. 6) dufing the
period when the antrum is filled by blood. In other cases the loss of the
granulosa layer has apparently resulted in a cystic follicle. Interstitial

gland tissue was not positively identifled,

The 405/414-d-old foetal ovary

These ovaries had several characteristic features. One of the most con-
spicuous of these was the marked decrease in the numbers of primary oocytes
in the cortex. In addition, many oocytes were shrivelled and degenerate.
With fewer oocytes present the reticular fibre network was most con-
spicuous. The fibres lay parallel to the ovarian surface in the tunica
albuginea but were orientated at right angles to the surface deeper in

the cortex. This arrangement influenced the orientation of the naked ova

and the primordial follicles. Those lying superficially in the tunica al-
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buginea were orientated parallel to the ovarian surface and those deeper in
the cortex were orientated at right angles to the surface. In general the
identations of the surface germinal epithelium were deeper and more nu-

merous than found in the earlier foetusges,

In these ovaries, in contrast to the earlier two, primary and secondary
follicles were almost entirely absent. As in the earliler material most

of the few vesicular follicles were atretic. The largest vesicular
follicle was 6,2 mm in diamter. These large follicles contained apparently
normal liquor folliculi and the membrana granulosa was mostly narrow, but

a few had a glandular theca interna like that found in the younger material.

Corpora lutea were more common in these ovaries, each one containing at
least four with a maximum of nine, the largest of which having a diameter
of 3,4 mm. Many of the CL were compressed and flattened. The primary
lutein cells fell into the same size range as those of CL of pregnancy.
Individual cells within the same CL varied from active looking to regressed,
though most of the CL could be classified as regressing. Active cells had
a uniform cytoplasm, round nucleus and one or two clearly distinguished
nucleoli. Regressing cells had vacuolated cytoplasm with shrunken and
pyknotic nuclei. Septation in these CL as in the younger foetuses was

not as distinct as in adults. Most CL had a fairly large central core of
connective tissue and large blood vessels. These blood vessels and the
network interspersed among the cells were much more conspicuous than those
of adults. The bore of these vessels commonly exceeded 60 pm. Some of the
CL had a network of hyperaemic blood vessels in the thecal capsule,
similar to that observed in secondary and vesicular follicles of the
younger material. No corpora albicantia were recognised in any of the

foetal ovaries examined,
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The prepubertal ovary

Calves 2-weeks / 6~months-old

The ovaries of a 2-week-old calf, a 6-week-o0ld calf and a 6-month-old
calf were sufficiently similar to each other, and different from older

immature animals to justify being described together,

The surface germinal epithelium was not as conspicuous as in the foetal
material and was already apparently becoming attenuated. The tunica
albuginea was conspicuous. The numbers of oocytes in the cortex
apparently even further reduced as also were the numbers of primordial
follicles present. Well developed secondary and vesicular follicles with
wide thecae interna were found once more in the cortex but many were com-

pressed (Plate 7, Fig. 2). Masses of thecal type interstitial gland tissue

were also present (Plate 9, Fig, 8) and rete ovarli tubules were con-
spicuous. The largest wesicular follicles were 4,8 mm, 1,3 mm, and 0,8
mm in diameter from the youngest to oldest animals respectively. Biovular

follicles were found In the two older animals,

All these ovaries contained corpora lutea (e.g. Plate 7, Figs. 2 & 3), the
most numerous being 16, but most were small and the largest (in the

oldest calf) was 9,0 mm in diameter. The CL, especially of the older
animals, had distinct septae as found in adults (Plate 7, Fig. 2). Luteal
cells varied from 26 - 33 pam in diameter with nuclei from 10,1 - 11,9 pm
in diameter and were histologically similar to those of adults (Plate 8,
Fig. 7). No corpora atretica were found. The centre of the medulla,
especially in the older animal (Plate 7, Fig. 3), was a mass of

blood vessels with only a few scattered CL and masses of thecal type
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PLATE 9
Sections of adult giraffe ovaries

Fig. 1. Section through outer zone of adult ovary to show reticular
fibres in tunica albuginea (ta) and outer zone of cortex (c)
with no primordial follicles. The surface germinal epithelium
(sge) is also shown. Bouin, 5 pm, H & E, X 270.

Fig, 2. Section through wall of vesicular follicle undergoing atresia
in adult ovary. Section passes through liquor folliculi (1f),
membrana granulosa (m) with many vacuolated cells, membrana
propria (p), vacuolated theca interna (ti), theca externa (te)
and groéma (s). Bouin, 5 pm, H & E, X 270.

Fig. 3. Early corpus luteum of pregnancy, Class A, showing irregular
shaped primary luteal cells (lc) Bouin, 5 pm, H & E X 270.

Fig. 4. Corpus luteum of cycle showing well differentiated luteal
cells with active nuclei and supporting cells.Bouin, 5m,
H& E, X 154.

Fig. 5. Late corpus luteum, Class D, showing mostly degenerating
luteal cells with pyknotic nuclei (pn), frothy cytoplasm
(fc), and large vacuoles (v). A degenerating blood vessel
(bv) is also shown and a single luteal cell with an active
nucleus (lc). Bouin, 5 pm, H & E, X 270.

Fig. 6. Early corpus albicans with shrivelled, degenerated luteal
cells containing the dark staining remains of nuclei (pn)
and hypertrophied blood vessels (bv). Bouin, 5 pm, H & E,
X 270.

Fig. 7. Wall of vesicular follicle in atresia. The membrana granu-
losa has been sloughed off from the theca interna (ti) and
follicular liquor (fl) has penetrated between the membrana
and theca. Bouin, 5 pm, H& E, X 154.

Fig. 8. Interstitial gland cells (gc) in the medullary stroma (s) of
the ovary of a 6-month-old calf. Bouin, 5 pm, HEE, X 2u86.
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interstitial gland tissue. The few medullary follicles found were

atretic.

Immature animals l1-y to 5-y-old

The surface germinal epithelium cells were even more attenuated than
those of the younger animals. The surface of the ovary in the 5-y-old
animal was deeply indented. Few ococytes were in evidence, and most were
degenerating. A few small atretic vesicular follicles were found in the
younger animal, but the ovaries of the older animal contained many
vesicular follicles which were mostly compressed and elongated, atretic
but with conspicuously wide and well developed thecal glands. Although
many CL were found, most of the luteal cells in both animals were
regressing and most were extensively vacuclated. The largest CL

present was 3,9 mm, in diameter (in the younger animal) and the largest
vesicular follicle was 7,4 mm (in the older animal). Several small

corpora albicantia were found in the ovaries of the older animal.

The ovaries of the 5-y-old animal were smaller than those of mature
animals and there was no indication that ovulation had yet occurred.
It was therefore concluded that this animal was not yet sexually mature.

The mature ovary

Animals 6-y-old

The ovaries of three animals in this age class differed conspicuously
from all other ovaries, prepubertal or mature, in possessing a broad
band of fibrous material surrounding all the degenerating multiple CL
of the earlier period (Plate 7, Fig. 4). This fibrous zone was pre-
dominantly collagenic and was characterized by thick-walled blood

vessels. The luteal cells were all in an advanced stage of regression
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as‘evidenced by pyknotic nuclei, a cytoplasm which no longer stains well,
empty, thick~walled blood vessels and extravasated erythrocytes; numer-
ous vacuoles in CL cells, and the matrix of the corpus was dominated by
fibrous connective tissue. These bodies were therefore corpora

albicantia,

In all other respects the ovaries of these animals were similar to
those of other parous adults. In the case of pregnant 6-y-old females

the CL of pregnancy was the same as of older animals.

Parous adults

The adult giraffe ovary differed little from that of other artiodactyls

as discussed by Mossman & Duke (1973). The main features found were:

1. Surface germinal epithelium and tunica albuginea

The surface germinal epithelium was attenuated (Plate 9, Fig. 1) and in
some cases appeared to have been torn off during processing. There were
few Indentations. The tunica albuginae was prominent and characterized
by its composition of mostly reticular fibrous tissue, orientated

parallel to the ovarian surface (Plate 9, Fig. 1).

Oocytes were found only rarely in the adult tunica. The outer zone of
the cortex, just below the tunica albuginea was clearly differentiated.
The matrix consisted predominahtly of reticular fibres orientated. .
at right angles to the ovarian surface. The shrivelled remains of
oocytes and primordial follicles could be clearly seen in thils outer
zone (Plate 9, Fig. 1). Deeper into the cortex primordial and primary
follicles were present, but not in quantity. The deepest zone of the

cortex contained mostly developing or atretic vesicular follicles
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(Plate 7, Fig. 5). Where vesicular follicles were clese to the surface
the deflection of reticular fibres around them resulted in the forma-
tion of thecal cones similar to those described in the impala ovary by

Kayanja (1972).

2. The Follicles

The structure of the vesicular follicle was similar to that in other
mammals, The ococyte had a zona pellucida and a cwmlus oophorl/ys.- The
oocyte and cumulus was eccentrically located within the follicle and

was in contact with the membrana granulosa. The membrana granulosa was
several cell layers thick and the basement membrane was distinguishable.

A well developed thecal layer was present with a glandular theca interna
and fibrous theca externa. A section through the wall of an atretic
vesicular follicle is shown in Plate 9, Fig. 2 . Biovular follicles

were occasionally found, but were usually atretic. Haemorrhagic follicles,

common in foetal ovaries were not found in mature ovaries.

Atresia occurs in giraffe ovaries much as in other mammals (Mossman &

Duke 1973). Granulosa cells have been found having sloughed off and drifted
into the liquor follicull; or a lifting and folding of the intact mem-
brana granulosa can occur, as shown in Plate 9, Fig. 7. Pyknotic nuclei

in granulosa cells are generally indicative of atresia as are degenerat-

ing ococytes.

The number of visible vesicular follicles increased after 6 y and de-
clined steadily after the age of 10 y as shown by those animals whose
ages were determined (Fig. 34a). The oldest animal in the series (20 y),
having the least number (24) of visible ovarian follicles present. More

follicles were found in pregnant females than in non-pregnant females
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(mean of 134,3 +26,7cf,. 108,1 + 29,5) but this difference is not
significant (P <<0,50). Follicles were present at a reasonably constant
rate throughout gestation (Fig. 34b), the apparent increase close to
term is not statistically significant. The mean number of follicles per
pair of ovaries for five females with a gestation age of 390 - 414 4
was compared with five females with a gestation age of 87 - 135 d and
no significant difference was found. (129,6+ 39,8 and 159,2+ 72,5
follicles respectively, P<C 0,05). The small number of follicles (27)
in the 454 d pregnant female was perhaps related to the age of the
animal (13 y).With advancing gestation the volume of the largest follicle
(Fig. 34c) decreased significantly, but the number of follicles < 5 mm
did not change (Fig. 34d). The volume of the largest vesicular follicle
found was 1600 mma, having a mean diameter of 14,8 mm. The regression
equations for the volume of largest follicle in mm3 (Y) against gesta-
tion age in days (X), is Y = -1,757 X + 1078,2 (r = -0,703; P<L0,001).
The regression equation for the largest follicle diameter in mm (Y)
against gestation age in days (X) is Y = 0,110 X + 133,4 (r = -0,761;

P< 0,001).

3. The Corpus Luteum

The corpora lutea of the ovarian cycle in the giraffe were significantly
smaller than the CL of pregnancy. vi3. 20,0 + 2,0 mm ¢f. 37,0 + 1,2 mm in
diameter (t = 6,906; d.f. = 18; P<.0,001). A section of a CL of éycle is
illustrated in Plate @, Fig. 4. Corpora haemorrhagica (CL with central
blood clot) were not found in the present study. Accessory corpora (CL
developed from luteinization of unruptured follicles) were common and

no evidence for secondary CL (CL produced from ovulation during pregnancy)

in this species was found. The CL in the giraffe was confined within the
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ovary and the whole ovarian surface enlarged around it, thus retaining

a smooth outline (Plate 6). The CL had a connective tissue core (Plate 6)
in its early stages enclosing a small cavity which was later filled by
lutein cells. The typical mature CL was a solid structure (Plate 6). Septa
of connective tissue of varying size and composed of collagenous fibres
and stromal fibroblasts radiated from the periphery to the centre of the
CL. Blood vessels and lymph capillaries were typically associated with
these septa. Kayanja & Blankenship (1973) who also described septation in
the giraffe CL suggested that the septa indicated the original invasion

path of the thecal tissue during CL formation.

There are two types of luteal cells in the mature giraffe CL (Kellas et al.
1958) similar to those found in other artiodactyls (Mossman & Duke 1973).
These are the typical large primary luteal cells which are usually
spheroidal and the smaller, usually irregularly shaped secondary luteal
cells. Several workers (some reviewed by Morrison 1971) have investigated
the changes in the morphology and size of luteal cells which accompany
growth and regression of the CL. Such detailed investigation is beyond
the scope of the present study and instead, a classification based on the
criteria of Weir (1967) has been prepared. This classification is not
definitive but merely serves to group together those CL which have simil-~
ar features. Four types of CL of pregnancy have been recognized and are
described below, the dimensions of the primary luteal cells and nuclei

and other details are given in Table 43.

Class A

The primary luteal cells were mostly irregular in shape and sparsely

scattered among supporting cells and differentiating granulosa cells
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which were not closely apposed (Plate 9, Fig, 3). The supporting cells
were spindle shaped or irregular with eccentric nuclei. The cytoplasm

was finely granular, homogenous and not vacuolated. Nuclei were mainly
situated eccentrically but could also be central, they contained one or
more nucleoli, the chromatin was usually finely granular and dispersed to
the nuclear membrane. Many blood and lymph vesstls were present through-
out. Primary luteal cell dimensions and the age of the CL described are
given in Table 43. Class A CL were present during the phase of luteal
cell proliferation and the rapid increase in CL size. These CL were

equivalent to the Type I and Type II CL of Weir (1967).

TABLE u43: DIMENSIONS OF PRIMARY LUTEAL CELLS FROM CL OF PREGNANCY IN

GIRAFFE
. . Significant
Class Conception n Cell Nucleus diameter Nucleus to size differences
age (d) diameter cytoplasm .
(um) (um) ratio Cellsize  Nucleus
size
A 30— 98 3 27,2 £04 7,8 £0,2 3,5 - -
B 116—150 4 27,3 £0,5 8,1 £0,2 34 - >A P<0,02
C 226-274 4 30,1 £0,6 8,3 0,2 3,6 >B P<,00l nus.
D 390454 5 359 +0,6 84 +0,2 43 >C Px<0,001 ns.

Class B

The priﬁary luteal cells in this category of CL were usually well formed
and spheroidal in outline. The first signs of vacuolation of the cyto-
plasm were seen and in some cells there were so many vacuoles forming that
the cytoplasms had a frothy appearancel, 'Lipid droplets were common in the
cytoplasm. Cells were closely apposed and blood and lymph vessels and
septa were less conspicuous. Nuclei appeared largely active, rounded,

but occasionally pyknotic. Nuclear chromatin was partly dispersed from
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the membrane. The nuclei of the luteal cells were significantly larger
than those of Class A but the cells were not (Table 43), This is

difficult to explain as the CL at this stage were smaller in size than
earlier (this aspect is discussed further below). This category of CL

seems equivalent to Type IIIa of Weir (1967).

Class C

Primary luteal cells were still spheroidal with distinct margins. The
small vacuoles and lipid droplets could still be seen in the cytoplasm
and larger vacuoles (larger than 10 Mm in diameter) were occasionally
found. The nuclei were beginning to lose their rounded outline and were
frequently irregular, the chromatin material was reticulately distributed
throughout the nucleus. Many primary luteal cells with darkly staining
cytoplasm and pyknotic nuclei were found. This category included Type

IIIb CL of Weir (1967).

Class D

The primary and secondary luteal cells and supporting cells were no

longer all regularly shaped and many were extremely irregular with wrinkled,
partly disintegrated walls. The cytoplasm was extensively vacuolated and

in most cells was distinctly granular in appearance and reduced to strands
around the abundant vacuoles. Nucleil were mostly pyknotic, shrunken and
often amygdaloidal, if not so then the chromatin was distinctly reticulate.
Most nuclei stained darkly. Blood vessels showed evidence of thickening

and even occlusion in the older CL, extravasated erythrocytes were also
found. A section through a %405-d-o0ld CL in which most of these features

are present including some active luteal cells and some with frothy cyto-

plasm is shown in Plate 9, Fig. 5. The primary luteal cells had reached
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their maximum size prior to their regression (Table 43). The CL in this

category corresponded to Type IV of Weir (1967).

The limited data available indicated very rapid development of the CL
following ovulation. The lumen was completely occluded by granulosa and
luteanized cells by 30 d post-conception and the CL increased in size to
about 50 d. Then followed a steady decrease in size over the next 100 d.
At about mid-gestation the CL again increased in size reaching a maximum
at term. This interpretation of CL growth is somewhat speculative in view
of the small sample size but is supported by the changes in CL mean dia-
meter (Fig. 35a),CL volume (Fig. 35b) and mass of the ovary containing
the CL of pregnancy (Fig. 35c),but individual luteal cells did not de-
crease in size when the total CL size was decreasing (Table 43). Two
linear regression equations for CL diameter from 50 - 150 d and

200 - 454 d were computed and these are shown in Fig. 35a. The equation
of the line (1) showing decreasing CL size from 50 - 150 4 is:

Y = -0,174 X + 56,3 (r ==0,869; P<£L 0,05) where Y is CL mean diameter

and X i1s gestation time. The ascending phase of CL development from

200 - 454 d is described by a line (2) where Y = 0,049 X + 20,5

(r = 0,729; P <« 0,02). The regression lines intersect at about 160 d of
gestation. The distribution of the points representing CL volume and ovary
masg were not as clearly linearly distributed. Polynomial regressions
were therefore calculated up to the fourth degree and are plotted in

Fig. 35b & c.

Degeneration of the CL occurred rapidly after parturition. The relative
size of a regressing CL (strictly CA) in an early post partum female is

o.
also indicated in Fig. 35¥ & b.

Multiple CL were common but more frequently found in young females
(Fig. 36). These accessory CL were usually small, having a diameter
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—

< 5 mm and were found as commonly in non-pregnant as in pregnant females
(P < 0,50). The mean number of CL in pregnant and non-pregnant giraffe
combined decreased with age (Table 44), A 13-y-0ld pregnant giraffe

3 d pre partum which had 24 CL in her ovaries was not included in this
table as this condition seemed to be unusual.

TABLE uu: MEAN NUMBER OF CORPORA LUTEA IN PREGNANT AND NON-PREGNANT
GIRAFFE OF VARIOUS AGES

Age group n Mean no. of CL/giraffe + S.E.
(y) -

5 - 7 7 21,3 + 11,3

8 - 9 6 4,5 + 1,5

10 - 11 7 2,1 + 0,8

13 - 20 4 1,0+ 0,0

4. The Corpus Albicans

In the CA cell degeneration was highly advanced. It was no longer possible
to 1dentify cell remains as the size and shape were extremely irregular

and cell walls were disintegrated or were present only as wrinkled fragments.
The remains of the cytoplasm was contracted into dark staining masses.
Nuclei were wrinkled, irregular and hyperchormatic or had disintegrated.

It was no longer possible to measure cell size accurately. Blood vessels
were occluded or hypertrophied. The much wrinkled walls contained abund-

ant pyknotic nuclei, few if any erythrocytes were found. The collagenous
remains of the septa could be demonstrated with the MSB stain. A sec-

tion through a CA is shown in Plate 9, Fig. 6.

Corpora albicantia were present in all but one of the post-pubertal

ovaries examined. The female in which they were absent was a 6-y-old
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presumably primiparous animal whose ovaries contained 55 corpora lutea.
The maximum number of CA found was 24, also in a 6-y-old animal and
these were presumably due to regressing CL of the prepubertal period.
With the exception of this individual the number of CA showed an in-
crease with age (Fig. 37a). As could be expected there was no significant
difference between the number of CA found in pregnant and non~pregnant
giraffe (P« 0,50). The decrease in mean diameter of CA during gestation
is linear (Fig. 37p) and can be described by the regression equation

Y =~0,010 X + 8,9 (r = -0,696; P<£ 0,01) where X is gestation time in
days and Y is the diameter of the CA. The size of CA in non-pregnant and
early post partum animals is also shown in Fig. 37b. When the volume of
the largest CA is plotted against gestation time a similar distribution

of points is seen (Fig. 37c¢).

If it can be assumed that pregnancy does not accelerate the rate of
regression of CA then by extending the regression line one will find the
endurance of the CA from its mean size at conception to where it dis-
appears, theoretically at the point where the regression line cuts the

Y axis. One can also continue this line to the left of the Y axis until
it reaches a point equivalent to the mean size of the CA post partum.

The CA is then found to endure for about 1630 d or about 4% y.

5. Ovarian activity

Both ovaries were equally active, out of 28 pairs of adult ovaries exam-
ined the largest CL occurred 13 times in the left ovary ef. 15 times in
the right ovary. There were 76 CL in the left ovary and 75 in the right;
there were 74 CA in the left and 83 in the right ovary. There is evidence
of a statistically significant alternation of function between right and

left ovaries. Thus, the largest vesicular follicle occurred in the op-
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posite ovary from the one having the largest CL in 26 out of the 28
pairs of adult ovaries examined (P<< 0,001), and the largest CA occurred

in the opposite ovary in 21 out of the 28 cases (P < 0,025),

DISCUSSION

OVARY LOCATION, SIZE AND SHAPE

The ovaries of the giraffe are situated in a similar position tothat
in the ruminating artiodactyls and is correlated with the type of uterus

or posture, or both (Mossman & Duke 1973).

Though limited, the data on ovarian mass and dimensions available from
foetal and juvenile giraffes indicate that near-term foetal ovaries

are larger than those of small calves (Table 42) a similar situation to
that found in the male gonads (Chapter 6). Hypertrophy of foetal gonads
has been reported in the horse Equus caballus (Amoroso & Rowlands

1951), some Pinnipedia (Amoroso, Harrison, Matthews & Rowlands 1951).

The African elephant (Perry 1953, Hanks 1973) and Burchell's zebra

(Smuts 1974). In all cases this condition was ascribed to an enormous
development of interstitial cells, which subsides during late foetal life
in the equids, and soon after parturition in the seals and African
elephant. In the case of the giraffe, however, if the material examined
is representative, then hypertrophy cannot be ascribed to interstitial
cell development. It is probably due to the multiple CL which are present
especially in the medullary stroma in the foetal ovaries. The medulla

has fewer CL in the calves examined, where most active follicles and

CL were in the cortex.

The size of foetal ovaries 'shortly before birth' (2 x 1 x 0,8 cm with

a mass of 1,6 g) given by Kayanja & Blankenship (1973) are much smaller
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than the ovaries of the largest foetuses in the present study (2,1 x
1,5 x 1,3 cm with a mass of 2,8 g). However this is probably due to
Kayanja & Blankenship (1973) ascribing an older age to the foetuses

than was the case. This point has been mentioned earlier (Chapter 5) and

is discussed further below.

OVARIAN STRUCTURE AND DYNAMICS

The prenatal ovary

It is clear from the descriptions provided above as well as those in the
literature (Kellas et al. 1958; Kayanja & Blankenship 1973) that the
ovaries of the foetal giraffe exhibit several adult mammalian features.
These are the development of vesicular follicles and corpora lutea during
foetal life. Concomitantly there are typically embryonic features such

as masses of naked oocytes, primordial follicles and distinctive cuboidal
surface germinal epithelium cells. Development of vesicular follicles and
widespread luteanization of these elements has been previously reported
in the human full-term foetus (Amoroso & Finn 1962). Mossman & Duke
(1973) consider these vesicular follicles to be derived from medullary
cords, although there is no direct proof of this. Development of follicles
up to the stage of antrum formation is also a feature of foetal ovaries

in cattle and sheep (Perry & Rowlands 1962).

Mossman & Duke (1973) doubt that the corpora lutea of foetuses are true
luteal glands and argue that they are thecal type intestitial bodies
(corpora atretica). However it is clear from the material studied and
the figures presented (Plate 8, Fig. 7) that the CL of giraffe foetal

and juvenile ovaries contain adult type luteal cells. Even though Kayanija

& Blankenship (1973) found that in their material the luteal tissue of
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the foetal CL was sometimes continuous with the theca interna of vesicular
follicles, this does not, however, prove that the origin of these CL is
from thecal tissue, though they regarded the theca interna as being

"most vital" to the process of CL formation. Their histological and ultra-
structural investigations confirmed the identity of the CL cells. In
addition, later work by Gombe & Kayanja (1974) confirmed that these CL

are endocrinologically active and similar in function to the CL of adult

female giraffes.

In their description of foetal ovaries Kellas et al.(1958) mention discrete
spherical masses of granulosa like cells surrounding an oocyte. These
structures were penetrated by large sinusoidal capillary vessels and con-
tained a conspicuous network of reticular fibres. Mossman & Duke (1973)
suggested that these bodies are derived from medullary cords. However, Kellas
et al. 1958 do not mention medullary cords, and none were found during

this study. Also if they are cords it could be expected that they would

be found in different transects and not only transverse. In the present
study these structures are interpreted as being follicles usually second-
ary but some contain material which stains like follicular liquor and

they are therefore regarded as vesicular follicles. The membrana propria
has usually been ruptured and a theca is distinguishable. It is suggested
that this leads to the formation of a CL and the cocyte degenerates. In
other cases the hyperaemic vessels burst and a haemorrhagic follicle

is formed, the cellular debris being phagocytosed.

The data suggest that there is at least one wave of follicular growth and
proliferation followed by a cessation of this activity in foetal life.
Evidence for this is the large number of developing follicles found in
the early foetal ovaries and their relative sparseness in the two which
are close to term. This situation is common in mammals (Perry & Rowlands

1962).
© University of Pretoria Digitised by the University of Pretoria, Library Services, 2017.



The prepubertal ovary

These are similar to foetal ovaries in that they containc large vesicular
.follicles and CL. The luteal cells are however larger than in the foetal
ovaries. The appearance of masses of interstifiil gland tissue is note-
worthy. This is usually a feature of foetal ovaries but was not found

to be so in giraffe. The data also suggest that CL regression takes

place and that by the time puberty is reached the CL of the prepubertal
period have all become corpora albicantia. There is no evidence to sup-
port Gombe & Kayanja's (1974) statement that these CL are maintained

cyclically until puberty is reached.

The mature ovary

The description provided indicates that the giraffe ovary is in most
aspects similar to other mammals but differs markedly In the growth and
regression features of the CL. Also the présence of multiple CL in
pregnant adults iIs notable, as Kayanja & Blankenship (1973) regarded it

as remarkable that there were no accessory CL during pregnancy.

The corpus luteum of pregnancy

The interpretation of the growth of the corpus luteum of pregnancy has
been cautious because of the small number of animals sampled and because
this pattern of a decline to mid-term followed by an increase in the
last third of gestation is unusual among mammals. A similar course of
events has so far only been described in the pregnant rat, the corpora
lutea of which cease to grow, or even regress a little in size after the
first week of pregnancy and then rapidly double their volume to be

followed by an equally rapid decline well before the end of gestation.
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This "sudden increase in size nearly two thirds of the way through

pregnancy is difficult to relate to any embryological event or endocrin-

ological crisis" - Perry (1971).

Kayanja & Blankenship (1973) observed that the CL of pregnancy in their
material was usually largest during the first third of pregnancy. They

do not give any measurements of these CL so it is difficult to compare
their material with that derived from the present study. If the foetal
ages of their material are calculated by the same formula used in Chapter
5, then it is clear that most of their material comes from animals early
in pregnancy. It seems valid to use the same formula (W1¢3= 0,114

[t - 45,7]) as the growth of the Kenya foetuses was not found to differ
significantly from the growth of the Transvaal foetuses when the regres-
sions of foetal length (crown/rump - L.H. Blankenship pers. comm.)* up to
a length of ég cm (after which this measurement becomes unreliable)
against foetal mass were compared (Chapter 5). It seems reasonable to
speculate therefore that when these workers mentioned that the ovarian
mass and CL diameter tended to drop '"towards the end of gestation" _
they were in fact observing the decline in CL size from about day 100 to
day 250 as postulated here. They did not have sufficient material from

late gestation females to detect the subsequent rise in CL size.

Wilkinson & de Fremery (1§40) found that gonadotrophic hormones were
excreted in the urine by pregnant giraffe. The urine that they examined
by the method of Ascheim and Zondek on day 243 gave a negative result,
but on days 322 and 337 the result was positive. This report suggests

that some endocrinological event did occur sometime between the 2u3rd

*Dr. L.H. Blankenship, Dept. of Wildlife. & Fisheries Sciences,
Texas A & M University, U.S.A.
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and 322nd day of pregnancy which could conceivably be related to the
changed status of the CL. However, it must be borne in mind that these
findings have not been confirmed. Gombe & Kayanja (1974) have shown that
luteal progesterone increased with the duration of gestation, They also
found high levels of 20p-hydroxyprogesterone in immature giraffes, low
levels in early pregnancy and none in later pregnancy or in a post
partum CA. The levels of 17 -hydroxyprogesterone were lower than those
of the other two and were found in juvenile giraffe and in early preg-
nancy but not at all in later pregnancy or post partum. These data,
though scanty, do lend some credence to the suggestion that there is
some endocrinological event occurring during gestation which results in
an inversion of the relative concentrations of progestins in the CL.
Though it may well be totally unrelated to this phenomenon it is perhaps
worth noting that, as shown in Fig. 38, the ending of one lactation cycle
and the first appearance of pre-lactation secretion of the next cycle

occurs between day 150 and day 336 of pregnancy.

Perry (1871) has commented on the phenomenon that in mammals where the

CL remains large and active in the later stages of gestation it regresses
suddenly just before term. African examples are seen in the defassa
waterbuck (Spinage 1969) and the impala (Kayanja 19689). This is apparently
not the case in the giraffe as shown above (Fig. 35) where the CL in-
creases in the later stages of gestation nor in the guinea pig where the
CL of pregnancy maintains its size until after parturition (Heap, Perry

& Rowlands 1967).

Ovarian activity

The evidence available from this study does not confirm the statement of

Kayanja & Blankenship (1873) that ovulation appears to occur at random in
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the left and right ovaries of the giraffe. On the contrary, it appears
that there is a highly significant alternation of function between the
left and right ovary. In this respect ‘the giraffe differs from, for
example, the Uganda kob (Buechner, Morrison & Leuthold 1966), the im-
pala (Mossman & Mossman 1962, Kayanja 1969) and the lechwe (Robinette

& Child 1964). Both ovaries are not equally active in all mammals. Thus,
for example, right ovaries are more active than left in the Peruvian
mountain viscacha Lagidium peruanum (Pearson 1949) and in the chinchilla
Chinchilla laniger (Weir 1967). The left ovary is more active than the
right in the defassa waterbuck (Spinage 1969). Equal activity in both
ovaries, as in the giraffe, is also found in the rock hyrax Procavia

habessinica, (Kayanja & Sale 1973).
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CHAPTER 9 198

LACTATION AND MILK COMPOSITION

INTRODUCTION

The composition of giraffe's milk has been described by Greed (1961) and
Aschaffenburg et. ql.1962 whose reports refer to the same sample, and a
further report was that of Ben Shaul (1962). No further investigations of
giraffe milk are known to have been undertaken. Subsequent reviews refer
only to the abovementioned data (Jenness & Sloan 1970, Smith 1970, Guéguen
1971).

Milk samples were available from females taken at different stages of
pregnancy and lactation. It was possible therefore to investigate changes
in the composition of the milk during lactation to compare giraffe's milk
with that of other species, both domestic and wild. Data available on
stomach fill (Chapter 4) was re-evaluated in relation to the physiclogy of

lactation

MATERIAL AND METHODS

COLLECTION OF MILK

Milk or pre-partwn secretion was routinely collected by manual expression
from all four teats immediately post mortem until no further milk could be
obtained, and frozen as soon as possible. After excising the udder the
procedure was repeated and this usually resulted in more milk being
collected. The mass of the excised udder was then measured on a spring

balance.

CHEMICAL ANALYSIS

Analysis of the milk was carried out using conventional procedures

(Horwitz 1970). Thus fat was measured by the Babcock method and total

protein was determined by Kjeldahl analysis for nitrogen and multiplication

by the factor 6,38. Casein and whey proteins were not measured in the

present analysis, though small aliquots were prepared for examination by

zone electrophoretic techniques described fully by Osterhoff (1968).

Total solids (T.S.) were determined by air drying over a water bath and then
drying in an oven at lOOOC until constant mass was reached. Ash was determined
from samples incinerated overnight at 600°C. Lactose was estimated from the
difference between T.S. and the éum of fat, protein and ash. Minerals were

determined by atomic absorption spectrometry.
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RESULTS

UDDER MASS AND ACTIVITY

The mammary gland is situated inguinally and has two pairs of teats, not one
pair as quoted incorrectly be several authors (Shortridge 1934, Roberts 1951,
Ansell 1960b, Walker 1964). The heaviest udder (7,32 kg) was that of a
lactating female 14y old, while the lightest (1,81 kg) was that of a
pregnant non-lactating female, 10'yold. The udder mass as a percentage

of total body mass of 18 females at different stages of lactation and
pregnancy is shown in Fig. 38 and summarised in Table 45, Inactive

mammary glands have the lowest mass, while udders from cows in the last

third of pregnancy are also small. Lactating udders have a greater

relative mass than others, even though no correction has been made for

the mass of the milk extracted. The rapid development of the gland during

the last 5Cd of gestation is also apparent (Fig. 38).

TABLE 45: UDDER SIZE IN PREGNANT AND NON-PREGNANT GIRAFTE

Status S o Mean mass of Mass of udder
udder (kg) as % of total
body mass (mean)
+ S.E. + S.E.
Pregnant, lactating u 3,68 + 0,23 0,49 + 0,03
Pregnant (£ 400d) 6 2,24 + 0,12 0,27 + 0,01
not lactating *
Near term (454d) 1 6,80 0,72
pre-lactation secretion
BEarly post partum 1 7,26 0,82
Non-pregnant, lactating 5 4,99 + 0,28 0,65 + 0,04

Pre-lactation secretion in two animals

Out of a total sample of 26 postpubertal females for which the lactation
status was recorded it was found that all non-pregnant females were
lactating and pregnant females lactated until 150 d gestation ( n = 4).
Pre-lactation secretion could be expressed from the teats of pregnant
females as early as 231 dpre-partum and was present in all females

from 60 @ pre-partum. This secretion, which was cream coloured varied

in consistency from a jelly-like substance when first present to a less
viscous fluid closer to term. The udders of five females ranging from
:131d to 390d gestation were dry. Calves were seen suckling up to at
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least 10 months of age (see also Mason 1973) though thev mav suckle

for up to,ly’(Aschaffenburg et. al. 1962, Dagg 1971). It nas been estimated
(Chepter 7) that lactation lasts for 13 wonths. Most females will however con-
ceive before lactation has ceased (mean post partum reconception interval being

shorter than the lactation period).
STOMACH FILL

The mass of the stomach fill expressed as a percentage of total body mass
of 23 females at different stages of pregnancy and lactation is summarised
in Table :6,together with the t values for comparisons of the different
categories. The mean mass of the stomach contents of pregnant giraffe was
significantly lower than that of non-pregnant animals (P &£ 0,05) while
lactating females had more food in their stomachs than non-lactating females
(P 0,01). As could be expected from the above results the mean mass

of stomach fill of lactating pregnant females was greater than that of
pregnant non-lactating females and the difference was almost statistically
significant at the 5% level. Within the lactating group there was no
significant difference between pregnant and non-pregnant animals, as a
lactating pregnant female is unlikely to be carrying a large enough foetus
to seriously decrease the abdominal space available for stomach contents.
It can be seen from Fig. 39, that stomach fill decreased with advancing
gestation. The regression line for this relationship was calculated

and found to be Y = - 0,018 X + 13,87 where Y is stomach fill as percentage
of total body mass and X is gestation time in days. The decrease in
stomach mass is significantly corfélated with gestation as shown by

the value of r which is - 0,733 (P 0,01). The percentage of stomach
contents of females in the second half of gestation, and that of females
in the last third was significantly less than that of the middle third
(PL0,05). As mentioned above, females in early pregnancy are usually
still lactating and their stomach fill most probably reflects lactational
demands. It is only later in pregnancy that the effect of the pregnant
tract becomes important by decreasing abdominal space. Therefore, the
regression equation relating stomach fill to gestation was.calculated

for those females more than 100d pregnant. The correlation coefficient
was much higher, r = - 0,832 (P 0,001) as could be expected and the

equation is Y = - 0,023 X + 15,5 where Y and X are as defined above.

MILK COMPOSITION

Gross Composition

The results of the chemical analysis of the gross composition of 12 samples
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TABLE 46: STOMACH FILL OF ADULT FEMALE GIRAFFE

Status n  Mean stomach S.D. S.E. Range Student's t
fill as % of
total body mass

All females 22 10,9 3,0 0,6 6,2-17,5

Pregnant 14 9,9 3,0 0,8 6,2-17,5 ~-2,134 P& 0,05
Non-pregnant 8 12,6 2,0 0,8 10,3-15,7

Pregnant, lactating 4 12,4 3,5 2,0 8,6-17,5 2,058 n.s.
Pregna?t, non- 10 9,0 2,1 0,7 6,2-13,0

lactating

Lactating 11 12,7 2,7 0,8 8,6-17,5 3,247 PL0O,0L1°
Non-lactating 11 9,2 2,1 0,7 6,2-13,0

Lactating, pregnant 4 12,4 3,5 2,0 8,6-17,5 -0,248 n.s.
Lactating, non- 7 12,8 2,1 O,é 10,3-15,7

pregnant

samples of giraffe's milk from different stages of lactation are shown in
Table 47, As it is well known that the pre-partum secretion and colostrum
differ in composition from milk of established lactation (Ling, Kon & Porter
1961) the composition of these are shown separately. The earliest pre-»artum
secretion, (referred to as sample 1 in Table 47) was from a female 409 d
pregnant and was cream coloured with'a jelly-like consistency. Samples no. 2
and 3 were from females 405d and u4l4 d pregnant respectively and were a

cream coloured liquid. Samples 4 and 5 have been referred to as early milk
rather than colostrum as it is not known how soon post partum they were
collected, these and the other samples were white. Evidence from the

degree of uterine involution, presence and condition of cotyledons and
ovaries indicated that the females had recently calved. The remaining
samples have been arranged in order of the relative udder size (udder mass

as % of total mass) as it has been shown (Fig. 38) that udder size decreases
with time, at least during early pregnancy. It is assumed that there is
little individual variation in udder size and that none of these females

had lost their calves. Of the latter seven animals numbers 9 and 10 were

98d and 116d pregnant respectively.
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TABLE 47 : THE MAJOR CONSTITUENTS OF GIRAFFE'S MILK FROM THE
EASTERN TRANSVAAL LOWVELD

Sample No. | Composition in g per 100 g
Fat Protein Total Solids Ash Lactose
(N X 6,38) (b\/ dilfefwce)

Pre-lactation secretion (Jjelly)

1 11,5 3,9 19,9 0,8 3,7

Pre-lactation secretion (fluid)

2 15,6 10,4 28,8 0,7 2,1
3 17,8 15,4 34,6 1,0 0,
Mean 16,7 12,9 31,7 0,8 1,2

Early lactation

4 12,8 10,4 25,6 1,4 1,0
5 17,5 16,3 38,8 1,2 3,8
Mean 15,1 13,3 32,2 1,3 2,4

Established lactation

6 7,5 3,6 18,6 0,9 6,6

7 3,4 4,2 1253 0,7 4,0

8 3,6 4,1 12,5 0,8 4,0

9 10,0 4,2 18,0 0,9 2,9

10 10,8 9,8 22,5 0,8 1,1

11 5,5 13,4 19,9 0,7 0,3

12 9,5 4,8 17,1 1,2 2,4

Mean 7,2 6,3 17,3 0,9 3,0

+

S.E. 1,1 1,4 1,4 0,06 0,8

Variation with stage of lactation

The data in Table, 47 indicate an increase in fat, protein, T.S. and ash in
the prelactation secretion which declines following parturition. Lactose
is high in the pre-lactation jelly secretion, falls in the later pre-lactation
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liquid secretions, rises again during early lactation remaining fairly
constant for a while and then declines towards the end of lactation.
Despite the small sample size it was found that the composition of early
milk was significantly different from milk of established lactation
(P<0,01 - P€0,02) except for lactose which did not differ significantly.
However, samples are small and in these calculations the very high protein
value of no. 11 (Table %7) when included, made the difference in protein
values only just not significant at the 5% level of probability. When
comparing the first three samples from the early part of established
lactation (nos. 6, 7 & 8) with the samples from late lactation it seems
clear that there is a fall to minimum values of fat, protein and T.S.
followed by a recovery in later lactation, though this cannot be statistically
substantiated due to the small sample size. There is little apparent
trend in the values for ash except for high values following parturition

and in sample 12.

Characteristics of protein fraction

The pattern of migration of the casein, lactalbumin and lactoglobulin
fractions of the milk proteins in starch gel were examined and found

to be very similar to those obtained for bovine milk.

Minerals and trace elements

Table % shows the mineral and trace element composition of milk from
eight females (identified by the same numbers as in Table# ) at different
stages of lactation. No clear trends could be discerned (as seen in the
ash composition of the samples). The level of potassium in the early milk

was however higher than that of later milk.

Milk yield

The maximum volume of milk obtained from a single female was 2 250 ml
during established lactation. Most samples varied between 100 - 800 ml

while the volumes of pre-lactation secretion collected were less than
100 ml. The time elapsed from last suckling to death was not known nor

could the amount of milk present in the udder after milking be determined.

DISCUSSION

METHODS OF ANALYSIS

The method used for determining total protein is subject to some error,

as pointed out by Jenness & Sloan (1970) in that the nitrogen content of
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TABLE 48 : MINERAL AND TRACE ELEMENT CONSTITUENTS OF GIRAFFE'S
MILK FROM THE EASTERN TRANSVAAL LOWVELD

Sample No. Minerals in g per 100 g Trace elements in ppm
Ca Mg K Na P Fe Mn Cn Zn

Early milk
5 0,08 0,006 0,134 0,031 0,099 0,08 0,2 0,28 5,7

Established lactation

6 0,07 0,005 0,102 0,030 0,106 0,20 0,2 0,36 4,9
7 0,08 0,006 0,102 0,038 0,110 1,80 0,2 0,32 5,3
8 0,07 0,005 0,039 0,024 0,108 4,40 0,2 0,u8
9

0,003 0,004 0,099 0,025 0,055 0,04 0,2 0,24 L4

10 0,08 0,005 0,129 0,030 0,092 1,60 0,2 0,20 6,0

11 0,07 0,005 0,122 0,034 0,085 0,80 0,2 0,24 6,5

12 0,10 0,006 0,042 0,083 0,160 2,00 0,2 0,64 7,2

Mean 0,07 0,005 0,091 0,038 0,102 1,55 0,2 0,35 5,8
+

S.E. 0,01 0,0003 0,014 0,008 0,012 0,56 O 0,06 O,u4

proteins has not been determined precisely for the milk of any species
other than the bovine Bos taurus, goat and human Homo sapiens. More
important is the fact that the non-protein nitrogen is also expressed

as protein when using this method. Non-protein nitrogen amounts to about
% and 17% of the total in the milk of bovines and humans respectively,
however, in the case of giraffe's milk it is only of minor importance as
Aschaffenburg et. al. (1962) found only 0,023 g per 100 g non-protein
nitrogen in the sample they analysed, and this amounted to only O,4% of the

total proteins.

The estimation of lactose by difference is also subject to error and
according to Jenness & Sloan (1970) it is likely to err on the high side
of the actual value for several reasons, the most important of which is
the loss of organic salts, such as citrate in the determination of ash.
Thus ash, as expressed here, represents the mass of the mineral residue

and does not precisely represent the quantity of salts in the milk.
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LACTATION

From Fig. 38 it can clearly be seen that the relative mass of the udder

in lactating pregnant females is less than that of lactating non-pregnant
females. This is a further indication that pregnancy usually occurs late
in the lactation cycle. The lower relative udder mass of the non-lactating
animal at 131d gestation could possibly be due to this female having lost
her calf, in which case lactation would probably have ceased earlier than

normal as found in other mammals (Grimsdell 1973b, Smuts 1974).

The results of the investigation of stomach fill in females at different
stages of pregnancy and lactation are much the same as found by other
workers in that there is an increase in food intake in lactating females.
Thus Penzhorn & Meintjés (1972) found that in Africander cattle Bos indicus
there was a reduction in feed consumption prior to calving which they
suggested was due to physical limitation of abdominal capacity. They
found an increased consumption after calving probably explained by a
combination of the increased abdominal and ruminal capacity and an
accelerated metabolic requirement due to lactation. A similar situation
has been reported in the hippopotamus by Laws & Clough (1966) who found
that lactating females fed more intensively than other classes of female.
In the African buffalo (Grimsdell 1973b) the rumen contents of lactating
females were 15% heavier than other mature females, but those in the
last 2 months of pregnancy had a lower rumen content mass than those in
earlier stages of gestation. Arman, Kay, Goodall & Sharman (1974)

also found increased food intake in lactating red deer.

It seems reasonable to conclude that in the giraffe, as in other

ruminants studied (Laws & Clough 1966, Forbes 1970, Penzhorn & Meintijes
1972, Grimsdell 1973b) abdominal capacity was reduced with growth of the
foetus. Furthermore, the giraffe foetus is much larger in relation to

the size of its mother than in other very large African mammals. (Table 29,

Chapter 5).

Grimsdell (1973b) has pointed out that the limited rumen capacity in late
pregnancy would result in there being a premium on an intake of high

quality food. In the buffalo populations studied by him in Uganda it was
found that most births occurred when nutrition conditions were near optimal,
implying a rising quality of food as gestation neared completion. This was

not found to be the case in giraffe where most births occurred when nutrition

conditions were poor.
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MILK COMPOSITION

The method of collection of the milk samples could have resulted in the
samples being unrepresentative or even misleading (Arman et. ql. 1974).
However, the clear trends in the major constituents from milk at
different stages of lactation, and the general similarity of milk of the
same category indicates that the samples probably were representative of
the milk in the udders despite possible artefacts due to the methods of
collection and handling. Such artefact might be invoked to explain the
apparently anomalous relationships among the salts and ions as indicated

in some samples (e.g. low ash and low lactose in sample 11, Table 47).

The early milk was found to be much richer than the colostrum analysed

by Ben Shaul (1962). She also analysed milk after the first 1C dand

found that the fat, protein and ash content were lower while the value

for carbohydrates was higher. Unfortunately she gives no indication

of how many samples were analysed, or whether the values she presents

are mean values, It is well known that colostrum or early milk is richer
than milk of established lactation in bovines, and that the pre-lactation
secretion is even richer than the colostrum (in terms of those constituents
normally high in colostrum i.e. T.S., fat, non-fatty solids and ash) as
discussed by Ling et. al. (1961). In this respect the giraffe is

similar to the bovine and the eland (Treus & Kravchenko 1968, Van Zyl &
Wehmeyer 1970) though it is difficult to explain why total solids

were found to be lower in the jelly than in the fluids (Table 47, No. 1,2,3).
Once the colostral stage is past in cattle the lactational effects follow
fairly well-defined trends with fat, non-fatty solids, protein and casein
falling to low values during early lactation and thereafter increasing
(Ling et. al. 1961). In this respect too, the apparent trend is the

same in giraffe (Table 47) as in bovines and eland (Treus & Kravchenko

1968).

The mean of the seven samples taken during established lactation

(Table 48 ) is considered to be fairly representative of giraffes milk

for purposes of discussion. These data differ from that of Aschaffenburg
et. al. (1962) mainly in that values are lower than those found in their
sample from a captive giraffe., When compared with bovine milk the main
features are that the fat, total protein and ash content of giraffes milk
is higher while, on average, lactose is lower. When compared with eland
milk (Posselt 1963, Treus & Kravchenko 1968, Van Zyl & Wehmeyer 1970) the

giraffe's milk has a lower percentage of all major components.
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The ash content of giraffe's milk tends to be less than that found in

the milk of the domestic species listed by Ling et. al. (1961). The

ash content in the present giraffe samples is also lower than that found
in eland by Treus & Kravchenko (1968) and Van Zyl & Wehmeyer (1970),

and in red deer by Arman et. al. (1974). The mean values for mineral
components in wild giraffe milk are also lower than the values found by
Aschaffenburg et. al. (1962), though their phosphorous and potassium
values of 0,104 and 0,100 g/100 g fall within the range of the wild
giraffe values, as does their value for iron (0,00016 g/100 g). 1In a
comparison with the mineral content of the milk of red deer given by
Arman et. al. (1974) it can be seen that only in its composition of
sodium is the giraffe's milk richer than red deer, some individual values
of potassium fall within the red deer range but the others are all markedly

lower.

For those major trace elements which were measured (Table 48) it was
found that giraffe's milk had higher concentrations of iron and zinc
while the manganese and copper values were close to the higher end of

the range found in bovine milk (Ling et. al. 1961).

As a result of their paper electrophoresis studies of the soluble protein
fraction of their sample of giraffe's milk, Aschaffenburg et. al. (1962)
found it to be of a complex nature with both globulins and albumins
present. The present work confirmed their findings. However as only a

small subsample was examined the effect of globulins on total solids

could not be ascertained.

The most noteworthy features of the results of this study are the
confirmation of the changing composition of pre-lactation secretion and
milk produced at different stages of lactation, roughly in accordance with
the trends well known in cattle (Ling et al. 1961), sheep (Corbett 1968)
and Dall sheep Ovis dalli (Cook, Pearson, Simmons & Baker 1970). This
trend was not described by Arman et. al. (1974) in the red deer, but it

is clear from their figures that a similar train of events does occur.
Changes in the composition of milk with stage of lactation in elephants as
tabled by Peters, Maier, Hawthorne & Stowick (1972) are not as easily
interpreted, though there does seem to be a gradual increase in most
components with time. However, these authors include data from both
Indian elephants Elephas maximus and African elephants in their table

which may not be justifiable, even though the composition of the milk of
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the two genera is similar (Jenness & Sloan 1970).

The difference in composition of giraffe's milk could not be explained

on the basis of seasonal nutritional deficiencies. Only one sample

(no. 11 in Table 7 ) was collected in the dry season (19th July) and had
a particularly low lactose content and high protein. Whether this was
due to a seasonal effect of diet or a diseased udder could not be determined.
Abnormally low lactose and high protein values are indicative of mastitic
infections in dairy cattle (Ling et. @l. 1961). Sample 3,(Table yg ) also
showed these characteristics. Age of the females was also not obviously
related to milk composition, the youngest female (no. 5) was 7 y oid and
the two oldest (nos. 9 & 12) were both 11yold. There are, however,
indications of individual differences such as in an animal 9yold (no. 9,

Table 48 ) which was particularly low in most minerals and trace elements.

Though little data was collected on milk yield the largest sample
collected (2 250 ml) was greater than the estimated 600 ml udder contents
of a captive giraffe on the 150th day of lactation (Aschaffenburg et. al.
1962). It seems likely that giraffe milk production might be within the
range of that of other wild species e.g. Yazan & Knorre (1964) reported
yields of 2 to 6 litres per day in handmilked domesticated elk Alces alces
in Russia, while Treus & Kravchenko (1968) obtained 0,9 - 7,0 kg/day from

domesticated eland also in Russia.

The increased food intake of lactating giraffe females is presumably
necessary to sustain lactation and provide for their maintenance needs.

The decreasing demands towards the end of lactation (evidenced by
decreasing udder size) was accompanied by a decrease in food intake. These

trends are also found in red deer (Arman et. al. 1974).

The peak in births in the dry season comes at the time when food quality
and availability are decrcasing. Therefore when females are having to

cope with the demands of lactation only relatively poor food (Chapter 2 & 7)
is available. This may additionally ensure that the conception peak only
apparently declining and the female has had an opportunity to recover

condition.

© University of Pretoria Digitised by the University of Pretoria, Library Services, 2017.



211
SUMMARY

This study on various aspects of giraffe biology, was based on material
derived from 371 culled animals and $4 natural deaths. As the availability
of material was usually due to considerations other than research

priorities adequate samples and observations were not always secured.

The main study area was the Timbavati Private Nature Reserve and its en-
virons in the eastern Transvaal Lowveld. The climate is tropical with a
unimodal temperature, radiation and rainfall peak per annual cycle. This
results in a hot humid season (November to March) during which plants

are actively growing, a cool dry season (April to July) during which
growth ceases and deciduocusness sets in, and a hot dry season (August to
October) during which most deciduous plants are bare and towards the end
of which a flush of nevw leaves appears. The vegetation is predominantly
tree savanna with riverine thicket and termitarium thickets. There have
been widespread vegetation changes over the past few decades resulting in
an increased woody plant density which has contributed to an increase in the
giraffe population to a crude density of 2,6 per km2, the highest yet
recorded. Several large scale die-offs have been associated with starva-
tion and malnutrition. Patterns of lion predation on giraffe have not
changed significantly over the past 10 y, and the relative proportions

of different age classes taken are, calves (41%), immature (11%) and
adults (48%). The adult sex ratio which departs significantly from unity

in favour of females (1:1,3) has also not changed significantly.

Food selection was studied by identifying plant fragments from stomach
contents, Large fragments were randomly taken from the material while

small fragments were taken from a 50 ml sample. Plant identifications
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were based on diagnostic keys and over 8 000 fragments were classified.
The validity of the samples was tested and found to be satisfactory.
Giraffe were found to subsist mainly on leaves of trees and shrubs. In
addition, fruit, flowers, twigs and grass were utilised seasonally.

There was a marked seasonal change in the plant species selected. During
the wet season and the cool dry season deciduous species were mostly
taken such as Combretum apiculatum, Acacia nigrescens, and Colophospermum
mopane, during the hot dry season the giraffe subsisted mainly on ever-
green species such as Euclea undulata and Maytenus senegalensis. Seasonal
changes in diet were apparently influenced by availability of plant

species.

Rumen contents were also analysed for their chemical composition., Variations
in crude protein, ash and gross energy content of the diet could be re-
lated to the plant species utilised by the giraffe and to seasonal pheno-
logical changes of the vegetation,nutritional conditions being poorest
during the hot dry season. There was no evident correlation for crude

fibre or fat, but this could have been masked by digestive processes.

There was a marked seasonal utilisation of different vegetation types by
giraffe which was related to the availability of preferred deciduous
food sources. Riverine thickets, containing mostly evergreen food
sources were intensively used only when the preferred predominantly sa-
vanna tree species were no longer available. Multivariate statistical
analysis confirmed the interpretations of the data by more conventional
means., The analyses also indicated that measurements of relative per-
centage surface area and relative percentage mass of plant species in
the 1two categories of stomach contents was closely correlated with

their relative percentage frequency of occurrence in the stomach contents.
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Various criteria of age were investigated and it was found that the age
of a giraffe could be reasonably accurately determined for practical
purposes. Thirteen stages of tooth eruption with their relevant chrono-
logical ages were described with reference to which, the age of an animal
with erupting teeth could be determined. Good correlations were found
between the lingual crown height (r = 0,957; P«£.0,001) and lingual
occlusal surface width (r = 0,959; P«£0,001) of ML and the number of

dark staining cementum lines counted in thin sections of the same tooth.
Age of an animal could therefore be found by solving the relevant re-
gression equations presented. A composite plate showing the 'M‘l wear
pattern was also prepared, and teeth could be compared with these
standards. Thin sections of undecalcified teeth were found unsuitable for
age determination purposes. Teeth were decalcified using EDTA or
trichloracetic acid and sections (5 Hm) stained successfully with
Ehrlich's haematoxylin and eosin. In these sections darkly staining in-
cremental lines were discerned in the cementum. Some difficulties were
associated with this technique, among them being the variation in intensity
and clarity of staining, split bands and double bands in some sections.
The latter phenomenon was found to occur only in sexually mature animals
but was not a sex-linked feature (j(g = 0,485, P<Z0,05) and was therefore
thought likely to be related to the endocrinology of reproduction. Mandible
measurements and other measurements of tooth wear as well as eye lens

mass were also investigated and found unsuitable for use in age determina-
tion. The eye lens dry mass might have been of use in determining the

ages of young animals (&5 y) but insufficient material was available to

conclusively show this.

All culled giraffe were dissected into standard cuts as far as possible

and their mass was determined. Carcass composition and an index of meat
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quality were also investigated by means of buttock dissections and muscle
fibre diameter measurements. It was found that mean total body mass was
1174,3 + 31,5 kg and 791,8 + 17,6 kg for adult males and females re-
spectively. There were significant seasonal differences in total body mass
and amount of fat present in the carcass, indicative of a decline in

body condition during the hot dry season (August to October). This loss

of condition could be related to the lower nutritional levels demonstrat—
ed for the same period. Giraffe carcasses dressed out at 61,9% (males)

and 56,6% (females) with a fairly good conformation yielding a high
proportion of buttock, but the low fat and high bone content are dis-
advantages. The late maturity of giraffe carcasses is also a disadvantage
but should be weighed against the fact that muscle fibre diameter in-
creases in older animals to probably unacceptable levels for the sophistic-
ated consumer. The total body mass and total carcass mass of both sexes
could be predicted with a high level of accuracy from either buttock or

foreleg mass, regardless of age, season or pregnancy.

Gestation period was calculated as 457 d being the mean of 48 observations
of other workers. Birthmass from full term foetuses and neonates was found to
be 102 kg which is almost twice as great as some published figures. How-
ever, wild and captive animals differ and there might also be subspecies
differences., Foetal increase in mass with age followed a typical 'J'
shaped curve as plotted from data on 24 foetuses. The increase in
vertebral column length followed a straight line. Crown/rump length

could not be accurately measured on older foetuses due to unavoidable
post mortem movement. The growth rate of giraffe foetuses from East

Africa did not differ significantly from those in Southern Africa up

to a crown/rump length of 54 cm (t = 0,556; d.f. = 16; P<0,5),

thus indicating greater difficulties in reconciling the very different re-
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ported birth masses. Postnatal growth in mass, height, length and chest
girth followed typical growth curves with asymptotes for males at 12 Y,
12 y, 11 y and 12 y respectively and 11 y, 11 y, 11 y and 10 y for fe-
males. The measure of chest girth was probably influegcéd by seasonal
subdermal fat deposits. The data on body measurements and body mass
yielded highly significant correlation coefficients (0,938 - 0,993)

and prediction equations which could be used with confidence. Logarith-
mic and semi-logarithmic transformations gave much better correlations
(0,950 ~ 0,997) especially when measures of volume of the animal such
as length X girth2 were used, A single prediction equation could be

confidently used for predicting body mass of a giraffe, regardless of

age, sex or time of collection.

The reproductive tract of the male giraffe was investigated and found
to be much the same as that of other ruminants. Testes are scrotal and
ovoid with a mean adult mass of 539,0 g, the prostate is disseminate and

the penis is of the fibro-elastic type up to 77 cm long.

The histology of the testes and the spermatogenic cycle was much the
same as found in other mammals. Evidence from foetal and young material
indicates that hypertrophy of the foetal testis occurs. Increase in
testes mass, epididymes mass, bulbo-~urethrals mass and seminiferous
tubule diameter followed well-known trends as found in other ungulates
and their development was significantly’correlated with age

(r = 0,509 - r = 0,898). Spermatogenesis was found to commence at about
3 y of age when testes mass was 188,0 g, but was dependant on physiologic-
al status, not chronological age. Hormones were assayed from formalin-
fixed testes and it was found that androstenedione was the dominant
hormone in the foetus (2,73 /Jg/g of testis). In mature animals
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testosterone was dominant (<2 10,08 rAg/g of testes), though also

present in foetal life in small quantities (£ 0,4 He/g of testis), and
L\'Testosterone was also found in some mature animals. No regular season-
al fluctuation was found in any of the parameters of sexual function

measured.

The age of sexual maturity in female giraffe was found from various
sources to be about 3 y 10 months in captives and 4 y 7 months in wild
animals, the youngest mature animals collected were, however, 6 y old.
This difference was possibly due to nutrition but this could not be
confirmed. Environmental influences on oestrus were investigated by
calculating conception dates of neonates and foetuses and comparing
these with rainfall, temperature and photoperiod. Data were from the
study area and elsewhere. It was found that in those areas with a
unimodal peak in temperature and rainfall that most conceptions occurred
during the humid period of the year when nutrition was optimal. The
role of photoperiod, which was significantly correlated with reproduc-
tion was regarded as influencing giraffe only through its indirect
effect on plants and their nutritional value. Giraffe do however breed
throughout the year and they are polyoestrus and monotocous, one record
of twins from the study area is cited. The placenta is polycotyledonous
of the syndesmochorial type, implantation occurs on the same side as
the corpus luteum of pregnancy, and reproductive activity does not
cease in females in old age. The mean calving interval of wild animals
calculated from various sources was found to be 19,9 months, and when
estimatea from the proportion of pregnant to non-pregnant females in
the sample was found to be 22,9 months. Post partum reconception inter-
vals as short as 23 d and 27 d were also recorded. Urine of pregnant

females was examined by the method of Ascheim and Zondek but no gonado-
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trophic activity was demonstrated. Calf mortality was estimated to be

about 48% in the first year of life.

The histology of a sample of ovaries of different ages from foetal life
onwards was examined. The presence of vesicular;?nd haemorrhagic
follicles as well as corpora lutea (CL) in foetal ovaries was confirmed.
The latter bodies did not differ greatly in morphology from those of
adults. Numbers of CL were also a feature of immature females and these
degenerated at puberty. Pregnancy in adults was often accompanied by
accessory corpora lutea. Evidence was presented that the CL underwent

a decrease in size during the early part of gestation followed by a
gradual increase till term. In other respects the adult giraffe ovary

differed little from those of other artiodactyls. Both ovaries were

found to be equally active.

Lactation and milk composition was also investigated and it was found
that lactation endured for about 13 months. There was a reduction in
stomach fi11 in late gestation probably due to decreased abdominal
space and a significant increase in stomach fill in lactating females
over non-lactating females, probably due to the increased metabolic
requirements of lactation. It was found that early milk was richer than
milk of established lactation and that the pre-lactation secretion was
even richer than the colostrum (as measured by total solids, fat, pro-
tein and lactose). When compared with bovine milk it was found that
giraffe's milk contained much more fat, total protein and some minerals
and trace elements but lactose was lower. Milk yield was of the order

of that of other wild ungulates.
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SAMEVATTING

Hierdie studie, wat handel oor verskillende aspekte van die biologie

van die kameelperd, is gebaseer op materiaal afkomstig van 2 diere wat
geskiet is en $4 wat 'n natuurlike dood gesterf het. Aangesien die ma-
teriaal primér nie vir navorsing bestem was nie, was voldoende monsters

en waarnemings nie altyd verseker nie.

Die Timbavati Privaatnatuurreservaat en omstreke, in die Oos-Transvaalse
Laeveld was die hoofstudiegebied. Die klimaat is tropies met 'n enkele
jaarlikse temperatuurs;, stralings- en reénvalspiek. Gevolglik heers
daar 'n warm vogtige seisoen (November tot Maart) waartydens die plante
aktief groei; 'nm koel dro€ seisoen (April tot Julie) waartydens die
plante in 'n rusperiode oorgaan en bladwisselende soorte hulle blare
afstoot gevolg deur 'n warm drog& seisocen (Augustus tot Oktober), waar-
tydens die meeste bladwisselende plantsoorte blaarloos is, maar teen die
einde van hierdie periode begin die meeste plantsoorte weer te bot. Die
plantegroei is hoofsaaklik 'n boomsavanne afgewissel deur rivieroewerbos
van termitaria. Oor die afgelope paar dekades het uitgebreide plantegroei
patroonsveranderings voorgekom wat daartoe gelel het dat houtagtige
plantsoorte vinnig vermeerder het. Dit het bygedra tot die toename in
die kameelperdbevolking tot 2,6 individue per kmz, die hoogste bekende
digtheidswaarde. Verskeie grootskaalse afsterwings kan toegeskryf word
aan ondervoeding en uithongering. Die aantal kameelperde wat deur leeus
gevang is, het oor die afgelope 10 jaar nie betekenisvol verander nie

en die verhoudings van die verskillende ouderdomsklasse wat gevang is,
is soos volg: kalwers (41%), onvolwassenes (11%) en volwassenes (48%);
Alhoewel daar meer volwasse vroulike as manlike diere (1,3:1) voorkom

en hierdie geslagsverhouding betekenisvol verskil van die verwagte

verhouding het daar geen betekenisvolle verandering ingetree nie.
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Die voedselvoorkeure van die kameelperk is bestudeer deur plantdele
afkomstig van maaginhoud te identifiseer. Die groter plantdele is ewe-
kansig uit die materiaal geneem, terwyl die kleiner fragmente in 50 ml
monsters geidentifiseer is. In totaal is daar meer as 8 000 plant-
stukkies met behulp van sleutels geklassifiseer. Die geldigheid van
die monsters is aan betekenisvolheidstoetse onderwerp en bevredigend
gevind. Daar is gevind dat kameelperde hoofsaaklik blare van bome en
struike vreet, terwyl blomme, vrugte, takkies en grasse ook seisoenaal
ingeneem word. Die dieet van kameelperde wissel van seisoen tot
seisoen en word blykbaar bepaal deur die beskikbaarheid van die plant-
spesies. Gedurende die warm vogtige en koel droé& periodes selekteer
kameelperde hoofsaaklik bladwisselende spesies soos Combretum
apteulatum, Acacia nigrescens en Colophospermum mopane, terwyl hulle
tydens die warm droé€ perlode meesal immergroen spesies soos Euclea

undulata en Maytenus senegalensis vreet.

Chemiese ontledings van die rumeninhoud is gedoen en daar is 'n laagte-
punt in die voedingswaarde van die plante tydens die warm dro€ periode
gevind. Seisoenale verskille in ruproteiene, as- en bruto energie~
inhoud van die dieet kan gekoppel word aan die plantspesies wat die
kameelperd selekteer asook seisoenale fenologiese veranderings. Geen
korrelasie met ruvesels en vet is gevind nie, waarskynlik as gevolg

van die werking van verteringsprosesse.

Daar is 'n duidelike verskil in die seisocenale benutting van verskil-
lende plantegroeitipes deur kameelperde en dit word gekorreleer met
die beskikbaarheid van bladwisselende spesies waaraan hulle voorkeur
verleen., Rivieroewerbos wat hoofsaaklik uit immergroen soorte bestaan,

word alleenlik intensief benut wanneer die spesies waaraan voorkeur
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gegee word, hoofsaaklik boomsavanna spesies, nie meer beskikbaar is
nie. Meervoudige statistiese analises het nie slegs die afleidings
waartoe op 'nm meer konvensionele wyse gekom is, bevestig nie, maar
het aangetoon dat die relatiewe oppervlak- en -massapersentasie van
die plantsoorte in die twee kategorie& wat in die maaginhoud onder-
skei word, nou gekorreleer is met die relatiewe frekwensie teenwoor-

digheid van hierdie spesie in die maaginhoud.

Nadat verskele kriteria van ouderdomsbepaling ondersocek is, is gevind
dat die ouderdom van 'n kameelperd redelik akkuraat vasgestel kon
word. Dertien stadia van tandsnyding met hul toepaslike chronologiese
ouderdomme is beskryf. Hierna kan verwys word om die ouderdom van diere
wat tande sny, te bepaal. Betekenisvolle korrelasies is gevind tussen,
linguale kroonhoogte (r = 0,957; P«2 C,001) en linguale okklusale
oppervlak breedte van Ml (r = 0,3958; P« 0,00l) en die aantal donker
gekleurde sementumlae wat sigbaar is in dun sne& van een en dieselfde
tand. Die ouderdom van 'n kameelperd kan dus aan die hand van die
toepaslike gegewe regressies bepaal word. 'n Saamgestelde figuur waar-
in die M% slytasiepatroon aangetoon word, kan as standaard gebruik
SHIKE .
word om ander tande mee te vergelyk. Dun sme€ van nie-ontkalkte tande
is ongeskik gevind vir ouderdomsbepalings. Tande is gevolglik ontkalk
. Suibe
deur middel van EDTA of trichloorasynsuur en die sne& (5 }4m) kon suk-
sesvol gekleur word met Ehrlich se haematoxylien en eosien., In hierdie
Sndle . - . .
sre€ kon donkergekleurde inkrementale strepe in die sement onderskei
word. 'n Aantal probleme is met hierdie tegniek ondervind, onder andere
die variasie in intensiteit en helderheid van kleuring, asook gesplete

en dubbele bande. Die voorkoms van laasgenoemde kenmerk is slegs by

geslagtelik volwasse diere aangetref maar is nie geslagsgekoppel nie
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2 ‘
(X. = 0,485, P < 0,05) en kan moontlik toegeskryf word aan die endo-

krinologie van voortplanting. Afmetings van die mandibel en ander af-
metings van die slytasie van die tande, sowel as die massa van die ocog-
lens is nagegaan en ongeskik gevind vir die ouderdomsbepaling van
kameelperde. Die droé massa van die ooglens van jong diere (< 5 jaar)
kan moontlik gebruik word om die ouderdom van 'n jong kameelperd vas

te stel, maar weens onvoldoende beskikbare materiaal kon dit nie be~

vestig word nie.

Alle kameelperde is sover moontlik opgesny in erkende snitte waarvan

die massas bepaal is. Die samestelling van die karkas en 'n kwaliteits-
indeks van die vleis is nagegaan aén die hand van bouddisseksies en

die deursnee van spiervesels. Die gemiddelde totale liggaamsmassa van
volwasse manlike en vroulike diere was 1174,3 + 31,5 kg en 791,8 + 17,6
kg onderskeidelik. Die totale liggaamsmassa en die hoeveelheid vet

per karkas het betekenisvol ocor die seisoene verskil wat dul op 'n af-
name in die kondisie van die diere gedurende die warm droé& periode-
(Augustus tot Oktober). Hierdie afname in die kondisie van die diere

kan toegeskryf word aan die vermindering in die voedingswaarde van die
plante gedurende dieselfde periode. Manlike en vroulike diere het
onderskeidelik 61,9% en 56,6% uitgeslag. 'n Karkas lewer 'n groot hoe-
veelheid boud, maar die lae vet- en ho& beeninhoud is nadelige ken-
merke. 'n Verdere nadeel is dat die karkas van 'n kameelperd eers laat
volwassenheid bereik en dit moet opgeweeg word teen die feit dat die
deursné% van spiervesels in ouer diere toeneem tot 'n vlak wat moontlik
onaanvaarbaar is vir die gesofistikeerde verbruiker. Die totale liggaam-
en karkasmassa van beide geslagte onafhanklik van ouderdom, seisoen

of dragtigheid, kan met 'n redelike mate van akkuraatheid geskat word

aan die hand van die massa van die boud of blad.

© University of Pretoria Digitised by the University of Pretoria, Library Services, 2017.



Die gemiddelde dragtigheidsperiode, bereken uit 48 waarnemings van
ander navorsers, is 457 dae. Daar is gevind dat die geboortemassa

van die kameelperd 102 kg is (gebaseer op die massa van 'n volont-
wikkelde fetus en 'n pasgebore kalf), wat twee maal so groot is as
sommige gepubliseerde syfers. Wilde diere en diere in gevangenskap
verskil egter van mekaar, terwyl daar ook tussen subspesies verskille
mag voorkom. Volgens gegewens wat verkry is van 24 fetusse volg

die toename in massa van die fetus met ouderdom 'n tipiese "J"-~kromme,
Die toename in die lengte van die werwelkolom beskryf 'n reguit lyn.
In ouer fetusse kon die kop/kruis lengte nie akkuraat bepaal word

nie as gevolg van post mortem verskuiwings. Daar is gevind dat die
groeitempo van 'n kameelperdfetus tot op 'n kop/kruis lengte van

54 cm (t = 0,556;d.f. = 16; P« 0,5) afkomstig van Oos-Afrika, nie
betekenisvol verskil van dié van Suidelike Afrika nie. Dit maak dit
nog moeiliker om die groot verskille in die geboortemassas wat bekend
is, te verklaar. Die toename in die gewig, hoogte, lengte en borsmate
van kameelperde na geboorte volg tipiese groeikrommes met asimptote
vir manlike diere op 12 jaar, 12 jaar, 11 jaar en 12 jaar en vir
vroulike diere op 11 jaar, 11 jaar, 11 jaar en 10 jaar onderskeidelik.
Borsmates was moontlik beinvlced deur seisoenale hipodermale vetlae.
Gegewens oor liggaamsafmetings en -massa is hoogsbetekenisvol gekor-
releer (0,938 — 0,993) en lewer voorspellingsvergelykings wat met
vertroue gebruik kan word. Logaritmiese en semilogaritmiese trans-
formasies het selfs nog beter korrelasies opgelewer (0,950 - 0,997)
veral in gevalle waar volumebepalings soos lengte X omtrek 2 gebruik
is. 'n Enkele voorspellingsvergelyking om die liggaamsmassa van 'n
kameelperd, ongeag ouderdom, geslag of seisocen, te bepaal, kan met

vrymoed igheid gebruik word.
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Die manlike voortplantingstelsel is ondersoek en toon baie ocreenstem-
ming met dié van ander herkouers. Die testes is ovaalvormig, kom in

'n skrotum voor en het 'n gemiddelde massa van 539,0 g by volwasse diere.
Die prostaat is gedissemineerd en die penis is van die fibro-elastiese

N

tipe met 'n lengte van 77 cm.

Die histologie van die testes en die spermatogeniese siklus stem baie
ooreen met dié van ander soogdiere. Hipertrofie van die testis is by
fetusse waargeneem. Toename in die massa van die testes, epididymes,
bulbo-uretrale en die deursnee van die seminale buise volg dieselfde
patroon as by ander hoefdiere en hul ontwikkeling is betekenisvol
gekorreleer met ouderdom (r = 0,509 - r = 0,898), Daar 1s gevind dat
spermatogenese op 'n ouderdom van ongeveer 3 . jaar, wanneer die testes
'n massa van 188,0 g het, 'n aanvang neem en is afhanklik van die
fisiologiese status van die dier en nie die chronologiese ouderdom

nie. Hormoonbepalings is gedoen op testise wat in formalien gefikseer
was. Androstenedioon is die dominante hormoon in die fetus(2,73 me/e
testis). In die volwasse kameelperd 1s testosteroon oorheersend

(< 10,08 )Jg/g testis) maar dit kom wel in klein hoeveelhede in die fetus
voor. By sommige volwasse diere is daar ook AL‘testosteroon gevind.

Geen reé€lmatige seisocenale skommelings kon in enige van die seksuele

parameters wat ondersoek is, waargeneem word nie.

Volgens verskeie bronne bereik vroulike diere in gevangenskap geslags-
rypheid op 'n ouderdom van ongeveer 3 jaar 10 maande en diere in die
natuur eers op 'n ouderdom van 4 jaar 7 maande, terwyl die jongste ge-
slagsrype vroulike dier wat met hierdie studie versamel was, & jaar
oud was. Hierdie verskille kan moontlik aan voeding toegeskryf word,
alhoewel dit nie bevestig kon word nie. Die invloed van die omgewing

op estrus is nagegaan deur te bereken wanneer bevrugting van die fetusse
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en pasgebore kalwers plaasgevind het en dit met die reénval, tempera-
tuur en daglengte van die spesifieke tydperk te vergelyk. Gegewens is
van die studiegebied asook ander dele versamel. In gebiede met 'n
eenmalige temperatuurs- en reénvalspiek het bevrugting in die meeste
gevalle gedurende die warm vogtige periode, wanneer optimale voedings-
toestande heers, voorgekom. Daar word aangeneem dat daglengte, wat
betekenisvol gekorreleer is met voortplanting, kameelperde slegs in-
direk beinvloed deur die invloed van daglengte op plante en hul voedings-
waarde. Kameelperde teel egter dwarsdeur die jaar, is poli~cestrus en
eenlinge word voortgebring alhoewel een tweeling in dle studiegebied
waargeneem 1s. Dle plasenta is meerlobbig en van die sindesmochoriale
tipe. Inplantasie kom aan dieselfde kant voor as waar die corpus

. “in,
luteum tydens dragtigheid gevorm word. Reproduktiewe aktiwiteit van
die vroulike diere neem nie met ouderdom af nie. Die gemiddelde inter-
val tussen opeenvolgende kalwers, bereken uit verskeie bronne, word
vasgestel op 19,9 maande, Wanneer die verhouding van dragtige tot nie-
dragtige diere in aanmerking geneem word, kom hierdie interval op 22,9
maande te staan. Herbevrugting na geboorte intervalle van 23 en 27
dae is aangeteken. Die urine van dragtige kameelperde is volgens die
metode van Ascheim en Zondek ondersoek, maar geen gonadotrofiese
aktiwiteit is waargeneem nie. Die mortaliteit van kalwers tot op een-

jarige ouderdom word op ongeveer 48% geskat.

Monsters van ovaria op verskillende ouderdomme is vanaf dle fetale
stadium histologies nagegaan. Die teenwoordigheid van vesikulére en
haemorrhagiese follikels sowel as corpora lutea (CL) in fetale ovaria
is bevestig. Morfologies het die CL in die fetus nie veel verskil van
die in volwasse diere nie. Die voorkoms van 'n hele aantal CL is ook

'n kenmerk van onvolwasse vroulike diere, maar hulle degenereer tydens
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puberteit. Addisionele corpora lutea word dikwels by dragtige diere
gevind., Dit is bewys dat die CL tydens die vroeé stadia van dragtigheid
kleiner word, waarna hul weer geleidelik toeneem in grootte tot en met
geboorte. Andersins verskil die ovaria van volwasse kameelperde min

van ander Artiodactyla. Albei ovaria skyn ewe aktief te wees.

Laktasie en die samestelling van die melk is ondersoek en daar is
vasgestel dat laktasie ongeveer 13 maande duur. Teen die einde van die
draagtyd is daar 'n afname in die maaginhoud van die diere, waarskynlik
as gevolg van minder beskikbare ruimte in die abdominale holte. Daar-
teenoor is die maaginhoud van sogende diere baie ho&r as dié van nie-
sogende diere, wat moontlik toegeskryf kan word aan die verhoogde meta-
boliese behoeftes van soging. Die melk van sogende diere is net na ge-
boorte ryker as later tydens soging terwyl die voor-laktasie sekresies
selfs ryker as die kolostrum is (uitgedruk as totale vaste stowwe, vette,
proteiene en laktose). In vergelyking met beesmelk bevat die melk van
kameelperde meer vette, totale proteiene, sekere minerale en spoor-
elemente maar die laktose-inhoud is laer. Die melkopbrengs van die

kameelperd is in dieselfde orde as dié van ander wilde hoefdiere.
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