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ABSTRACT

Previous dudies of the control of reproduction in Rhabdomys pumilio have shown that day
length done does not inhibit spermatogeness, that a reduction in food avalability and ambient
temperaure results in an inhibition of gametogeness, tha femdes are more susceptible to
inhibition than are maes, and that mice that are able to maintain a body fat dore in the face of an
enegetic chdlenge, ae less likdy to show reproductive inhibition than those that lose ther fat
Sore.

In the present study, fiedd and laboratory experiments were conducted to examine the effects of
winter food supplementation on reproduction and population dynamics, and the effects of
exogenous GnRH, leptin and mercaptoacetate (MA) on reproductive activity of Rhabdomys
pumilio exposed to an enegetic chdlenge In the fidd food supplementation experiments in
Thomas Baines Naure Reserve (2000, 2001), there was no winter inhibition of reproduction and
provison of supplementary food hed little effect. While a2 Mountain Zebra Nationd Park (2002)
winter was harsher, femaes became reproductively inactive, spermatogenesis continued and the
provison of extra food resulted in higher rates of individud growth and larger reproductive

organs.

Treatment of mice that had been exposed to a prolonged energetic chdlenge, with exogenous
GnRH (1?g/mouseltreatment) resulted in an increese in the masses of the testes and
epididymides, and in the activity of the reproductive organs Trestment with exogenous leptin
(40? g/mouseltreatment), concurrently with an energetic chalenge, countered the negative effects
of the energetic chalenge, and trested maes had larger reproductive organs. MA (600? mol/kg
body mass), given concurrently with an energetic chdlenge, did not inhibit fat metaboliam,
dthough the hightfat diet countered the effects of the energetic chdlenge.

Results suggest that the first response of male Rhabdomys pumilio to an energetic chdlenge is a
reduction in the sSze of the reproductive organs, without an inhibition of spermatogeness It is
likdy that this effect is mediged via white fa and leptin, and leptin's influence on the
hypothdamic-pituitary-gonad axis. Results of the dudy support the suggestion that femdes are
more sendtive to reproductive inhibition than maes and that reproduction in Rhabdomys pumilio

is truly opportunigtic.



TABLEOF CONTENTS

ABSTRACT i
TABLE OF CONTENTS i
L IST OF FIGURESAND TABLES ... Vil
A CKNOWLEDGEMENTS e XX

CHAPTER ONE:INTRODUCTION — THE CONTROL OF REPRODUCTION IN RODENTS; THE ROLE OF

ENVIRONMENTAL AND HORMONAL FACTORS. .1

CHAPTER TWO: RHABDOMYS PUMILIOIN THE EASTERN CAPE PROVINCE OF SOUTH AFRICA.

1
THE STUDY ANIMAL: Lo
THE STUDY AREA: ... 15

CHAPTER THREE: EFFECTS OF FOOD SUPPLEMENTATION ON REPRODUCTIVE ACTIVITY AND

POPULATION DYNAMICS OF RHABDOMYSPUMILIO, IN THE FIELD DURING WINTER.
.2

FOOD SUPPLEMENTATION EXPERIMENTS: THOMASBAINES NATURE RESERVE

.23
STUDY SITE: .. 23
FIELD EXPERIMENT 2000: .24
3.1) Methods: .. 24
3.1.1) Field data collection: .. 24
3.1.2) Sacrifice, tissue collection and blood collection: 20
3.1.3) Histological analysis 20
3.1.3.1) Males .27
3.1.3.2) Females ... 28
3.1.4) Hormone assay. ... 29
3.1.5) Population and statistical analyses: ... 29
3.2) Results: .30



3.2.1) Climate: .. 30

3.2.2) Field data: L3
3.2.3) Dissection data: .. 39
3.2.4) Histology: .. 40
3.2.5) Hormone assay: .. 40
FIELD EXPERIMENT 2001: il
3.3) Methods: .4
3.3.1) Field data: .. 44
3.3.2) Sacrifice, tissue collection and blood collection: .. 45

3.3.3) Higtological analysis, hormone assays, and population and statistical analyses:

3.4) Results:

3.4.1) Climate:

3.4.2) Field data:
3.4.3) Dissection data:
3.4.4) Histology:

3.4.5) Hormone assays.

G286 6 &

q]

FOOD SUPPLEMENTATION EXPERIMENT: MOUNTAIN ZEBRA NATIONAL PARK

&

STUDY SITE:

PRE-EXPERIMENT STUDIES

FIELD EXPERIMENT 2002:

3.5) Methods:

3.5.1) Field data collection:

3.5.2) Sacrifice, tissue collection and blood collection:
3.5.3) Higtological analysis:

3.5.4) Hormone assays:

3.5.5) Population and statistical analyses:
3.6) Results:

3.6.1) Climate:

3.6.2) Field data:

3.6.3) Dissection data:

3323338 AR RBRR G



3.6.4) Histology: ... 74
3.6.5) Hormone assays: ... 80
3.7) Discussion: ... 81

CHAPTER FOUR: EFFECTS OF EXOGENOUS GNRH ON THE REPRODUCTIVE ACTIVITY OF MALE

RHABDOMYSPUMILIO EXPOSED TO LOW AMBIENT TEMPERATURES AND LOW FOOD AVAILABILITY.
.. 87

4.1) Materialsand methods:

4.1.1) Acclimation:

4.1.2) Foodrestriction:

4.1.3) Hormonal manipulation:

4.1.4) Sacrifice, tissue collection and blood collection:

4.1.5) Histological analysis.

4.1.6) Hormone assays.

4.1.7) Statistical analysis:

4.2) Results:

4.2.1) Dissection data:

4.2.2) Histology:

4.2.3) Hormone assays.

8888881

g R

888 8

4.3) Discussion:

CHAPTER FIVE: THE EFFECTS OF EXOGENOUS LEPTIN ON THE REPRODUCTIVE ACTIVITY OFMALE
RHABDOMYSPUMILIO EXPOSED TO LOW AMBIENT TEMPERATURES AND LOW FOOD AVAILABILITY.
.. 96

EFFECTS OF SHORT-TERM TREATMENT WITH LEPTIN ON THE REPRODUCTIVE

ACTIVITY OF MALERHABDOMYSPUMILIO. - )
5.1) Materialsand methods: C
5.1.1) Acclimation: S
5.1.2) Food redtriction: .9
5.1.3) Hormonal manipulation: ... 100
5.1.4) Sacrifice, tissue collection and blood collection: ... 100
5.1.5) Histological analysis: ... 100

5.1.6) Hormone assays. ... 100



5.1.7) Statistical analysis: ... 101

5.2) Results: .. 101
5.2.1) Dissection data: ... 101
5.2.2) Histology: ... 102
5.2.3) Hormone assays: ... 103

EFFECTS OF LONGTERM TREATMENT WITH LEPTIN ON THE REPRODUCTIVE

ACTIVITY OF MALERHABDOMYSPUMILIO. .. 104
5.3) Materialsand methods: ... 104
5.3.1) Acclimation: .. 104
5.3.2) Experimental design: .. 104
5.3.3) Sacrifice, tissue collection, blood collection and histological analysis: ... 107
5.3.4) Hormone assays. ... 107
5.3.5) Statistical analysis: ... 107
5.4) Results: ... 107
5.4.1) Dissection data: ... 107
5.4.2) Histology: ... 108
5.4.3) Hormone assays: ... 109
5.5) Discussion: ... 110

CHAPTER SIX: FAT METABOLISM AND IT S EFFECTS ON REPRODUCTIVE ACTIVITY IN MALE

RHABDOMYSPUMILIO. .. 114
6.1) Materials & Methods: ... 115
6.1.1) Initial fattening stage: ... 115
6.1.2) Treatments: ... 116
6.1.3) Sacrifice, tissue collection and blood collection: . 117
6.1.4) Histological analysis and hormone assays: . 117
6.1.5) Statistical analysis: . 117
6.2) Results: . 117
6.2.1) Dissection:

6.2.2) Histology: . 122

6.2.3) Hormone assays.
6.3) Discussion: ... 123

Vi



CHAPTER SEVEN: GENERAL DISCUSSION AND CONCLUSIONS ... 126

A PPENDIX ... 130

REFERENCES 0131

Vii



LIST OF FIGURESAND TABLES

Figure 2.1: Typicd adult, four driped fidd mouse, Rhabdomys pumilio showing the
characterigtic stripes on its back. LAl

Figure 2.2: Mg of Africa indicating the didribution of Rhabdomys pumilio (shaded aress)
based on the avalable literature. The actud didribution patterns of the mice within the countries
are not known and therefore the whole country is shaded. (Map modified from WorldAtlas.com.)

.13

Figure 2.3: Mgp of South Africa (insert) showing the location of the provinces and the two study
areas (Grahamstown and Cradock) within the Eastern Cape of South Africa (Map courtesy of
Rhodes University Graphics services)) ... 15

Figure 2.4: Mean (? 1SEM) temperaiures collected for Grahamstown from 1994 to 1999
(crdes) with the mean monthly temperatures for 2000 (triangles) and 2001 (diamonds).
Minimum temperatures = clear symbols, maximum temperatures = closed symbols.

.17

Figure 2.5: Mean (? 1SEM) monthly rainfdl for Grahamstown for the years 1994 — 1999
(Histogram bars) with the mean rainfdl for 2000 (triangles) and 2001 (diamonds).
.17

Figure 2.6: Mean (? 1SEM) temperatures collected for Cradock from 1992 to 2001 (circles)
with the mean monthly temperaiures for 2002 (squares). Minimum temperatures = clear

symbols, maximum temperatures = closed symbols. ... 18

Figure 2.7: Mean monthly (? 1SEM) ranfdl for Cradock area from 1992 to 2001 (histogram
bars) with the monthly rainfal for 2002 (closed squares). ... 19

Figure 2.8: Mean monthly (? 1SEM) rainfdl for Mountain Zebra Nationa Park from 1992 to
2001 (histogram bars) with the monthly rainfal for 2002 (closed squares). ... 19

viii



Figure 3.1: Sudy dte for the food supplementation experiments conducted in Thomas Baines
Nature Reserve during the winters of 2000 and 2001. Note the mixture of grasses, smdl shrubs
and amd| Acacia karroo trees (see arrows). .. 23

Figure 3.2: Method used for weighing mice in the fiedd, usng a hand hedd soring baance
attached to a plastic bag with the mouse (Rhabdomys pumilio ) indde .. 26

Figure 3.3: Minimum (circles) and maximum (squares) temperatures recorded in the fidd a
times of feeding and trapping in Thomas Banes Nature Reserve during the winter 2000 food
supplementation experiment. ..30

Figure 3.4: Mean body mass and hind foot length of mice trapped during the winter 2000 food
supplementation experiment in Thomas Baines Nature Reserve. Mice are classfied according to
their age group and the grid on which they were caught, and according to the month in which
they were trgpped. M, J, J, and A represent the months May, June, July and August respectively.
Meansare ? 1SEM. The numbers above the bars represent the sample size per group.

.35

Figure 3.5: Sze digributions of mice from the control and experimentd grids of the winter 2000
food supplementation experiment in Thomas Banes Naure Reserve. Weight classes ae in
grams and tick labels have been rounded to save space (09g = 0.0-9.9g). Clear bars denote the
control grid; sheded bars denate the supplemented grid. .37

Figure 3.6: Sze didgributions of mice from the control and experimentd grids of the winter 2000
food supplementation experiment in Thomaes Banes Nature Reserve. Weight classes ae in
grams and tick labels have been rounded to save space (09g = 0.09.9g). Clear bars denote
males; shaded bars denote females. .. 38

Figure 3.7: Dissction data for mice collected after the winter 2000 food supplementation
experiment in Thomas Baines Nature Resarve, indicating (A) mean body mass, (B) mean hind
foot length; (C) mean fat score; (D) mean mass of the testes and ovaries, and (E) the mean mass
of the epididymides (clear bars), accessory glands (cross-hatiched bars) and uterine horns (dark
bars). Vaues are means ? 1SEM. .41



Figure 3.8: Mean activity (%) of the reproductive organs collected from mae Rhabdomys
pumilio after the winter 2000 food supplementation experiment in Thomas Banes Nature
Reserve. Epid = epididymides; Acc. Gld. = accessory glands. Values are means? 1SEM.

.42

Figure 3.9: Mean number of secondary follicles (SF), Gragfian follicles (GF) and corpora lutea
(CL) from one ovary per individua femde Rhabdomys pumilio caught after the winter 2000

food supplementation experiment in Thomas Baines Nature Reserve. Vaues are means? 1SEM.
.42

Figure 3.10: Mean vascularisation (Vasc) and diameter (Diam) of the largest corpus luteum for
each female Rhabdomys pumilio caught after the winter 2000 food supplementation experiment

in Thomas Baines Nature Resarve. Vaues are means ? 1SEM. ... 43

Figure 3.11: Mean thicknesses of the uterine wal (Tota), the endometrium (Endo) and
myometrium (Myo) of non-pregnant femae Rhabdomys pumilio caught after the winter 2000
food supplementation experiment in Thomas Baines Nature Reserve. Vaues are means? 1SEM.

.43

Figure 3.12: Mean vasculaisation (Vasc) and number of uterine glands (gland) for the uterine
wals of nonpregnant femde Rhabdomys pumilio caught &fter the winter 2000 food
supplementation experiment in Thomas Baines Nature Reserve. Vaues are means? 1SEM.

.4

Figure 3.13: Ranfdl (top) and minimum (cirdes) and maximum (squares) temperatures
(bottom) recorded in the field a times of feeding and trgpping in Thomas Baines Nature Reserve
during the winter 2001 food supplementation experiment. Days 41 to 65 are omitted as data were
not collected during thistime. ... 46



Figure 3.14: Mean body mass and hind foot length for mice trgpped during the winter 2001 food
supplementation experiment in Thomas Baines Naure Reserve. Mice are classified according to
their age group and the grid on which they were caught, and according to the month in which
they were trapped. M, J, J, and A represent the months May, June, July and August respectively.
Meansare ? 1SEM. The numbers above the bars represent the sample size per group.

.90

Figure 3.15: Sze digribution of Rhabdomys pumilio from the control and experimenta grids of
the winter 2001 food supplementation experiment in Thomas Banes Nature Reserve. Weight
classes are in grams and tick labels have been rounded to save space (09g = 0.09.9g). Clear
bars denote the contral grid; shaded bars denote the supplemented grid. .52

Figure 3.16: Sze didribution of Rhabdomys pumilio from the control and experimentd grids of
the winter 2001 food supplementation experiment in Thomas Banes Nature Resarve. Weight
classes are in grams and tick labels have been rounded to save space (099 = 0.09.9q). Clear
bars denote males; shaded bars denote femaes. ... 53

Figure 3.17: Dissction data for mice collected after the winter 2001 food supplementation
experiment in Thomas Banes Nature Reserve, indicating (A) mean body mass, (B) mean hind
foot length; (C) mean fat score; (D) mean mass of the testes and ovaries, and (E) the mean mass
of the epididymides (clear bars), accessory glands (cross-haiched bars) and uterine horns (dark
bars). Means are ? 1SEM. ... 56

Figure 3.18: Mean activity (%) of the reproductive organs collected from mae Rhabdomys
pumilio after the winter 2001 food supplementation experiment in Thomas Baines Nature
Reserve. Epid. = epididymides; Acc. Gld. = accessory glands. Means are ? 1SEM.

.. 57



Figure 3.19: (A) Mean number of secondary follicles (SF), Gragfian follicles (GF) and corpora
lutea (CL) from one ovary per nonpregnant femade (B) the mean vascularisation (Vasc) and
diameter (Diam) of the largest corpus luteum per ovary; (C) mean measurements of the uterine
wall (Totd), endometrium (Endo) and myometrium (Myo); and (D) mean vascularisation (Vasc)
and number of uterine glands (Gland) for the uterine wals andysed for non-pregnant femde
Rhabdomys pumilio caught on the control grid after the winter 2001 food supplementation

experiment in Thomas Baines Nature Reserve. Means are ? 1SEM. ...58

Figure 3.20: Representative photographs of the control grid used in the winter 2002 food
supplementation experiment in MZNP. Top and middle photogrgphs are of the upper region of
the grid, the bottom photograph is of the lower region neer the riverbed. ... 060

Figure 3.21: Representative photogrgphs of the supplemented grid used in the winter 2002 food
supplementation experiment in MZNP. Tg and middle photographs are of the upper region of
the grid, the bottom photograph is of the lower region near the riverbed. ... 61

Figure 3.22: Feading dations used in the winter 2002 food supplementation experiment in
MZNP. Left: inverted plastic 2 L hottle with flap a base and atached to metd spike with cable
ties. Top right: Feeder placed near trap. Bottom right: Food scrgps near mouse burrow; food was
taken from the feeder and remnants of food formed a clear trall to a hole occupied by Rhabdomys
pumilio at the base of atree. ... 64

Figure 3.23: Mean (¢ 1SEM) body mass and hind foot length for mice trapped during the winter
2002 food supplementation experiment in MZNP. Mice are dassfied according to ther age and
the grid on which they were caught, and according to the month in which they were trapped. M,
J J and A represent the months May, June, July and August respectively. Numbers above the
bars represent the sample size per group. ... 69

Figure 3.24: Sze digribution of Rhabdomys pumilio from the control and experimenta grids of
the winter 2002 food supplementation experiment in MZNP. Weight classes are in grams and
tick labels have been rounded to save space (099g = 0.09.9g). Clear bars denote the control grid;
shaded bars dencte the supplemented grid. .71

Xii



Figure 3.25: Sze didgribution of Rhabdomys pumilio from the control and experimenta grids of
the winter 2002 food supplementation experiment in MZNP. Weight classes are in grams and
tick labels have been rounded to save space (09g = 0.09.9g). Clear bars denote mdes, shaded
bars denote females. N

Figure 3.26: Dissction data for mice collected after the winter 2002 food supplementation
experiment in MZNP, indicating (A) mean body mass, (B) mean hind foot length; (C) mean fat
score; (D) mean mass of the testes and ovaries; and (E) the mean mass of the epididymides (clear
bars), accessory glands (cross hatched bars) and uterine horns (dark bars). Means are? 1SEM.

.. 15

Figure 3.27: Mean activity (%) of the reproductive organs collected from mae Rhabdomys
pumilio &fter the winter 2002 food supplementation experiment in MZNP. Epid = epididymides,
Acc. Gld. = accessory glands. Means are ? 1SEM. ... 16

Figure 3.28: Mean (? 1SEM) score for the abundance of spermatozoa (spermatozoan score),
layers of germ cdls and thickness of the seminiferous epithdium of mice collected after the
winter 2002 food supplementation experiment in MZNP. o 7T

Figure 3.29: Mean number (? 1SEM) of secondary follicdes (SF), Gragfian follides (GF) and
corpora lutea (CL) from one ovary per femae Rhabdomys pumilio collected after the winter
2002 food supplementation experiment in MZNP. ... 78

Figure 3.30: Mean (? 1SEM) vascularisation (Vasc) and diameter (Diam) of the largest corpus
luteum per femade Rhabdomys pumilio caught after the winter 2002 food supplementation
experiment in MZNP. ... 18

Figure 3.31: Mean measurements (? 1SEM) of the thicknesses of the uterine wal (Totd), the

endometrium (Endo) and myometrium (Myo) of female Rhabdomys pumilio caught after the
winter 2002 food supplementation experiment in MZNP. ... M9

Xiii



Figure 3.32: Mean ¢ 1SEM) vascularisation score (Vasc) and number of uterine glands (gland)
for the uterine wadls of femde Rhabdomys pumilio caught after the winter 2002 food
supplementation experiment in MZNP. .. 80

Figure 6.1: Mean body mass of the four groups of mice a capture (Capture), a the start of the
treetment period (Inject) and a dissection (Disect). FR = food redricted, MA =
mercaptoacetate. Means are ? 1SEM. ... 118

Figure 6.2. Mean activities of the reproductive organs a dissection. T = tedtes E =
epididymides, AG = accessory glands. FR = food redtricted. MA = mercaptoacetate. Means are ?
1SEM. .. 122

Table 3.1: Mean monthly maximum and minimum field temperatures for the winter 2000 food
supplementation experiment. Vaues are means ? 1SEM. .31

Table 3.2: Edimated populaion szes of Rhabdomys pumilio on two grids in the winter 2000
fidd supplementation experiment. Note that food supplementation began after the May trapping
sesson and that mice were removed from the population during the August trgpping session,
hence estimates for this month have not been calculated. (See Table 3.3 br totd number of firgt

captures). L3

Table 3.3: Populaion dynamics of Rhabdomys pumilio trgoped on the control and supplemented
grids in Thomas Banes Naure Reserve during the winter 2000 food supplementation
experiment.  Numbers are of individud mice, excluding recaptures L33

Table 3.4: Reaults of loglinear andyss of frequency tests conducted on the population fied
data collected during the winter 2000 food supplementation experiment in Thomas Banes Nature

Reserve. LA

Table 3.5: Results of MANOVASs conducted on the mean body mass and mean hind foot length

of mice from two grids for the various months in which mice were caught, during the winter

2000 food supplementation experiment conducted in Thomas Baines Nature Reserve.
.. 36

Xiv



Table 3.6: The mean body masses (g) of the maes and femdes and the overdl mean body mass
for the mice on the control and experimentd grids during the winter 2000 food supplementetion
experiment in Thomas Baines Nature Reserve. Vaues are means ? 1SEM. (See Table 3.3 for

sample Szexs). ... 39

Table 3.7: Mean monthly maximum and minimum fidd temperatures for the winter 2001 food
supplementation experiment in Thomas Baines Nature reserve. Vaues are means ? 1SEM.
.. 45

Table 3.8: Edimated population szes of Rhabdomys pumilio on two grids in the winter 2001
food supplementation experiment in Thomes Banes Naure Reserve. Note that food
upplementation began after the May trapping sesson and that mice were removed from the
population during the August trapping sesson, hence edimates for this month have not been
caculated. (See Table 3.9 for total number of first captures). ... 47

Table 3.9: Population dynamics of Rhabdomys pumilio trgpped on the control and supplemented
grids during the winter 2001 food supplementation in Thomas Baines Naure Reserve. Numbers
are of individua mice, excluding recaptures. ... 48

Table 3.10: Results of log-lineer andyss of frequency tests conducted on the populaion daa
collected during the winter 2001 food supplementation experiment in Thomas Banes Nature
Reserve. ... 49

Table 3.11: Results of MANOVAS conducted on the mean body mass and mean hind foot length
of mice from two grids for the various months in which mice were caught, during the winter
2001 food supplementation experiment in Thomas Baines Nature Reserve, ... 51

Table 3.12: The mean body masses of the mdes and femdes and the overdl mean body mass
for the mice on the control and experimentd grids during the winter 2001 food supplementation
experiment in Thomas Baines Nature Reserve. Vaues are means ? 1SEM. (See Table 3.9 for
sample 9zes). 7



Table 3.13: Edimated population szes of Rhabdomys pumilio and percentage of reproductively
active mice for two separate grids during pre-experiment studies in MZNP. Populaion szes
were edimaed using the modified Lincoln Index and the totd numbers of firg time captures
have been included in parentheses. ... 62

Table 3.14: Edimaed populdion szes of Rhabdomys pumilio on two grids in the winter 2002
fidd supplementation experiment in MZNP. Note that supplementation began after the May
trapping sesson and that mice were removed during the August trapping session, hence ettimeates
for this month have not been caculated. (See Table 3.15 for tota number of first captures).

.. 67

Table 3.15: Populaion dynamics of Rhabdomys pumilio trgpped on the control and
supplemented grids in MZNP during the winter 2002 food supplementation experiment. Numbers
are of individud mice, excluding recaptures. ... 68

Table 3.16: Results of Loglinear andyss of frequency tests conducted on the populaion fied
data collected during the winter 2002 food supplementation experiment in MZNP.
.. 69

Table 3.17: Reaults of MANOVAs conducted on the mean body mass and mean hind foot length
of mice from two grids for the various months in which mice were caught, during the winter
2002 food supplementation experiment in MZNP. ... 710

Table 3.18: The mean body masses of the maes and females and the overal mean body mass for
the mice on the control and experimenta grids during the winter 2002 food supplementation

experiment in MZNP. Meansare ? 1SEM.  (See Table 3.15 for sample Szes). .. 13

Table 3.19: Memn leves of plasma leptin-like immunoresctivity for maes and femaes from the
control and supplemented grids in MZNP during the winter 2002 food supplementation

experiment. Vaues are means ? 1 SEM. ... 81



Table 3.20: Comparison of the mean masses of the reproductive organs of mde and femde
Rhabdomys pumilio collected during the three consecutive fidd experiments and the meen
uterine measurements collect for the females. Vaues are means, standard errors are omitted from
the table, but are included in the origind graphs (Figures 3.7; 3.11; 3.17; 3.19; 3.26 & 3.31).

.. 8

Table 4.1: The effect of exogenous GNRH on body mass a dissection and mass of the
reproductive organs of Rhabdomys pumilio subjected to food redriction and a low ambient

temperature. Body mass data & the start of the hormone manipulation period have been included.
Vauesare means? 1SEM. L9

Table 4.2: The reproductive status of mice in the two experimental groups & the start and &t the
end of the hormane manipulation period of the GnRH experiment. (NS = non-scrota; PS = partly
scrotal; S= scrotal). 2

Table 4.3: The effect of exogenous GnRH on the activity of the reproductive organs of
Rhabdomys pumilio. Vaues are means ? 1 SEM. ... 93

Table 4.4 The effect of exogenous GnRH on plasma testosterone and LH-like
immunoreactivity levels of Rhabdomys pumilio. Values are means + 1SEM. ... 9B

Table 5.1: The effect of short-term trestment with leptin on body mass and on the masses of the
reproductive organs of Rhabdomys pumilio. Body masses are for the start and end of hormone
trestment; masses of the reproductive organs were recorded at sacrifice. All values are means ? 1
SEM. ... 102

Table 5.2: The effect of short-term treatment with leptin on the activity of the reproductive
organs of mae Rhabdomys pumilio. All values are means ? 1SEM. ... 103

Table 5.3: Effects of short-term trestment with leptin on levels of plasma LH-like and leptin-like

immunoresctivity. Vaues are means ? 1SEM. ... 103



Table 5.4: Summay of the hormone manipulaion period of the experiment to determine the
effects of exogenous leptin on the reproductive activity of male Rhabdomys pumilio. Mean body
masses and total number of mice per group are for the beginning of each week. Degaths are those
that occurred during the week. Alterations are movements of mice to balance sample Szes.

.. 106

Table 5.5: The effect of longterm trestment with leptin on body mass and on the masses of the
reproductive organs d Rhabdomys pumilio recorded at sacrifice. All vaduesare means ? 1 SEM.

.. 108

Table 5.6: The effect of longterm treatment with leptin on the activity of the reproductive

organs collected from Rhabdomys pumilio a sacrifice. All vaues are means? 1 SEM.

.. 109

Table 5.7: The effects of longterm trestment with leptin on the number of spermaiozoa
produced by the seminiferous tubules of Rhabdomys pumilio, the number of gem cdl layers
forming the epithdia layer of the seminiferous tubules and the thickness of this layer. Vadues are
means ? 1SEM. ... 109

Table 5.8: The effects of long-term trestment with leptin on the plasma testosterone and leptin —
like immunoreectivity leves for Rhabdomys pumilio exposed to low ambient temperatures and
reduced food availability. Vaues are means ? 1SEM. ... 110

Table 5.9: Compaison of the mean masses of the reproductive organs of spermatogenically
active, made Rhabdomys pumilio cdlected in midsummer, and of mades from the longterm
lein experiment. Vaues are means, Sandard errors have been excluded. ... 113

Table 6.1: The reproductive status of mice in the four experimenta groups a the dat of the
trestment period. ... 118

Table 6.2: Mean body masses of the four groups of nice at the start of the treatment period and

a disection, indicating weght changes during the experiment within a group (t-tets) and
differences between the groups (ANOVAS). Vaues are means? 1SEM. ... 119

Xvii



Table 6.3: The reproductive status of mice (with percentages in parentheses) within eech of the
four groups as assessed a dissection. (Data from Table 6.1 indicating the reproductive status of
mice a the start of the treatment period have been included to dlow for easy comparison.)

.. 120

Table 6.4: Mean masses of the reproductive organs for mice a dissection dfter the fat
metabolism experiment. P-vaues are from ANOVAs. Vaues are means ? 1SEM.

121

Table 6.5: The number of mice from each treatment group, in each of the fat score categories
after the fat metabolism experiment. 121

Table 6.6: Plasma tetoserone and levels of leptin-like immunoreactivity for the four trestment
groups at dissection. Vdues are means ? 1SEM. ... 123

Xix



ACKNOWLEDGEMENTS

I would firdly like to thank my supervisor, Professor Ric Bernard, for dl of his assstance and
upport during this sudy, and for dl of his hep during the writing of this thess. His support has
been much gpprecited. To my paents thank you for dl of your support and continud
encouragement throughout the years of my studies Thanks to the rest of the family for ther
support. To dl of my friends and colleegues who assiged in the trgoping of mice both in
Thomas Baines Nature Resarve and, especidly, in Mountain Zebra Nationd Park, | thank you al
for your hep and support. To Professor Martin Villet, thank you for your hep with regards the
ddidicd andyss of the results and adso for proofreading the find draft of my thess | would
a0 like to thank the staff at Thomas Baines Nature Reserve and Mountain Zebra Nationd Park
for dlowing me to conduct my studies in the reserves. Lastly | would like to thank the NRF and
Rhodes  Universty for the  funding they  supplied duing  this  sudy.



CHAPTER ONE: INTRODUCTION — THE CONTROL OF REPRODUCTION IN RODENTS

THE ROLE OF ENVIRONMENTAL AND HORMONAL FACTORS

Life hidories of rodent species are highly variable in terms of the timing of reproductive activity
(Zucker et al., 1980; Ned, 1986). At one extreme, reproduction may be limited to a short
breeding season, and a the other, reproduction may be continuous. Between these extremes there
is a continuum of variation from a dight to an absolute tendency to concentrate the reproductive
adtivity at a cetan time or times in the year (Bronson & Perigo, 1987; Bronson, 1989;
Wadkden-Brown et al., 1994; White et al., 1997). This vaiaion in rodent life histories is seen
both between species and within a species, and is often dependent on the environment in which
the species or population islocated (Bronson & Perrigo, 1987; Bronson, 1989).

Since rodents generdly have short life spans, their reproductive activity is routindy dominated
by the need to counter these short life expectancies (Bronson, 1989) by favouring a high rate of
reproduction and, where necessary, repid cessation of reproduction (Bronson & Hedeman,
1994). However, factors other than longevity can influence reproductive activity. The diet of the
gpecies, whether it is a generdigt or a speddis, and whether the qudity and, or quantity of the
food changes seasondly will affect the timing of reproduction (eg. Perin, 1980). The presence
or absence of certan survival drategies, such as torpor or hibernation (Bronson, 1989), and a
variety of environmentd and socid factors will act on the species (Martin, 1984). Environmentd
factors indude dimaic vaiability, food avalability, latitude and dtitude, while socid factors
include socid interactions, which can indirectly affect predation pressure. Since the duration of
the breeding season is dependent on dimate and on food qudity and quantity (Anderson &
Meuwrling, 1977), it is not surprisng tha most mammas induding rodents, which live in
environments where seasond variation in the cdimate is associaed with seasond variation in
food avallability, reproduce seesondly (Bronson & Perigo, 1987, Maddler & Lynch 1987a).
Such seasond vaiaion in cimae and food avalability is most obvious a temperate latitudes
(Bronson, 1989; Demas & Neson, 1998), where mammds, including rodents, will usudly only
breed during redtricted and predictable periods in the year (Pryor & Bronson, 1981). However, as
latitude decreases the varidion in climae becomes less predictable and less extreme (Demas &
Nelson, 1998), and the timing of reproduction becomes more flexible Such flexible or



opportunigic  reproduction  becomes increesingly evident a subtropicd and tropicd  latitudes
(Bronson, 1989; Bronson & Hedeman, 1994; Benad & Tsta, 1995). Seasond reproduction,
however, does occur a lower latitudes and is usudly in response to seasond changes in food
abundance (Heideman & Bronson, 1990, 1993; Nelson et al., 1997) rather than a direct response
to climatic changes. However, such changes in food avalability will often reflect changes in
ranfdl andlor temperature (Taylor & Green, 1976; Bronson & Perigo, 1987; White et al.,
1997).

Ultimatdly, reproduction is regulated by energy avalability, which itsdf is afected by ambient
temperaure and food avalability, and is dependent on the energy cos/gan ratio of foraging
(Margdler & Lynch, 1987a Bronson, 1989; I'Anson et al., 1991; Heideman & Bronson, 1993;
Bronson & Hedeman, 1994). Reproduction is one of the most energeticaly codly activities
paticulaly for femde mammads (Bronson & Hedeman, 1994; Khokhlova et al., 2000), ad is
rliant on the avalability of metabolizable energy (Schneider & Wade, 1990a I’Anson et al.,
1991; Wade et al., 1996), and the presence of praeins, carbohydrates and fats in the diet (Taylor
& Green, 1976, Wade et al., 1996; Maitos et al., 2000). Evidence for the importance of food
avalability has been provided by a number of dudies which have indicated thet, with a reduction
in food avalability done the mantenance and onst of gametogeness is inhibited (Blank &
Degjadins 1984 for Peromyscus maniculatus Bronson, 1989; Young et al.,, 2000 for
Peromyscus leucopus), and that a reduction in food during pregnancy will result in reduced
fertility, an increase in pup mortdity and a decrease in the weight of new-borns (see Bazhan et
al., 19% for Arvicola terrestris; Marstdler & Lynch, 1987b). From these studies, it is clear that
food avalability can act as a proximate regulaor as wedl as an ultimate cause of seasond

reproduction (Bronson, 1989; Bronson & Heideman, 1994).

The timing of reproduction can be fixed or modulated usng predictive cues to redrict breeding
to specific times of the year (Demas & Neson, 1998). The use of such cues can dlow animas to
prepare themsdves metabolicdly in advance of the time during which reproduction will be most
profiteble (Bronson & Perigo, 1987, Bronson, 1989). However, the use of most predictors
results in drictly seasond reproduction and thus is not characterigic of smal mammads that
reproduce  opportunigticaly  (Bronson & Perrigo, 1987; Bronson, 1989). The best known



predictor is daly photoperiod (Bronson & Perrigo, 1987; Bronson, 1989; Bronson & Hedeman,
1994) and it is most widdy used in the temperate and sub-polar regions, and, to a lesser degree,
a the higher latitudes of the tropics (Heideman & Bronson, 1993; Bronson & Heideman, 1994).
Bdow 30° latitude the effect of photoperiod is reduced since the daily changes in day length are
too smdl to enforce seasond breeding (Bronson & Heideman, 1994; Bernard & Hal, 1995), and
this cue is unlikdy to be usad in these regions Since the response to photoperiod is variadle,
even a the higher [ditudes, within and between gpecies (Bronson & Heldeman, 1994 for
Peromyscus gop.; Demas & Neson, 1998) and photoperiod is unlikey to be used a the lower
laitudes (eg. Bernard & Hal, 1995 for Saccostomus campestris; Jackson & Bernard, 1999 for
Rhabdomys pumilio), a variety of other environmentd factors have been suggested as possible
proximate cues for reproduction. These indude temperaiure, ranfdl and plant secondary
compounds, acting ether done or in combinaion (Kenagy & Bartholomew, 1981, Masdler &
Lynch, 1987a; Bronner et al., 1988, Bronson, 1989; Nelson et al., 1992).

Ambient temperature will affect the thermoregulatory needs of a smdl mamma (Bronson &
Perrigo, 1987; Bronner et al., 1988; Bronson & Heideman, 1994), and this may compromise the
enagy avalable for reproduction. However low temperatures cannot be consdered
independently of food intake (Bronson & Heideman, 1994), since a reduction in temperature will
have only a dight inhibitory effect on reproduction when food is aundant, while the inhibitory
effects of reduced temperature will be exaggerated as food supply declines (Pryor & Bronson,
1981 for Mus musculus, Marstdler & Lynch, 1987a; Jackson & Bernard, 2001 for Rhabdomys
pumilio). An exception to the inhibitory effects of low temperaiure is evident in desert animas
where it has been found that a reduction in temperature will enhance reproductive function, for
example in Perognathus formosus (Kenagy & Bartholomew, 1981). High temperatures, probably
functioning as a dressor, can dffect reproduction and will do so independently of other
contralling factors (Bronson & Heideman, 1994).

Ranfdl is a limiting proximae factor that can influence plant productivity (Bronner et al., 1988
for Mastomys natalensis) and therefore influence reproduction indirectly, or it can provide a
source of water and thus affect reproductive activity directly, especidly in desat and dry
grasdand animds (Kenagy & Bartholomew, 1981 for Perognathus formosus, Bronson, 1939,



I’Anson et al., 1991). Rdaed to ranfdl, is the production of green plants and these can d0
dimulae reproduction through secondary plant compounds. The most commonly dudied of
these compounds is 6-methoxybenzoxazolinone (6MBOA), which is consdered a reliable cue
indicating that the vegetative growing season has begun (Berger et al., 1981; Linn, 1991; White
et al., 1997). A number of rodents have been shown to use this compound as a short-term cue,
induding Microtus montanus (Berger et al., 1981; Sanders et al., 1981; Bronson & Heideman,
1994), Microtus pinetorum (Schadler et al., 1988), Rattus norvegicus (Butterstein et al., 1985;
Vaughan et al., 1988), Dipodomys ordii (Rowsemitt & O’ Conner, 1989), Mus musculus (Nelson
& Shiber, 1990) and Mastomys coucha (Linn, 1991). However, not dl rodents respond to this
cue (White, 1999 for Rhabdomys pumilio; White & Bernard, 1999 for Saccostomus campestris).
Secondary plant compounds, such as p-coumaric acid, may adso be used to mark the end of the
reproductive season (Batzli, 1983). P-coumaic add is a phendic compound produced by
senecing plants and thus indicates the end of the growing season. However, exposure to p-
coumaric acid did not negatively affect the reproductive organs of Gerbillurus paeba (White &
Bernard, 1996).

As mentioned previoudy, socid interactions can adso influence reproduction and this occurs
mainly via pheromones ether in the urine of the rodents or as products of scent glands (Bronson,
1989). Pheromones produced by maes can result in the simulaion of ovulation, hastening of
sexud maurity and reduction of pogpartum anoedrus in the femde (Nelson, 1985 for Microtus
ochrogaster; Bronson & Heideman, 1994; Rekwot et al., 2001), and those produced by femdes
may result in an enhancement of mae arousal and sexua development (Bronson, 1989; Damas
& Neson, 1998 for Peromyscus aztecus Rekwot, et al., 2001), Alternatively, pheromones may
inhibit the sexud maturation of same-sex individuds (Bronson & Heideman, 1994). Overdl,
socid factors can regulate the seasond onsaet and offset of breeding and can influence

reproductive success during the breeding season (Bronson & Heideman, 1994).

All of these cues may play a role in the control of reproduction and rardy is only one cue
reqpongble. Thus, there is generdly an interaction of cues (Bronson, 1989; Bronson &
Heideman, 1994; Heideman et al., 1998) dfecting the timing of reproductive activity. Smdl
mammas from high temperate laitudes will typicaly be exposed to strongly seasond and highly



predictable environments and will mostly respond to photoperiodic cues dthough other cues
will aso play a role, and reproduction will typicaly be seasond (Trillmich, 2000). By contrad,
gndl mammas in the tropics and subtropics may be exposed to a more dable and more
predicteéble dimate, will probably not redy on photoperiod as a cue, and may reproduce ether
seasondly or continuoudy. Of paticular interet are intermediste areas, which may be
characterised by a seasond climate but a lack of predictability from one year to the next. In these
aress, continuous reproduction may be possble in some years but not in others and this requires
more flexibility in the control of reproduction than is necessary in other aress. In such aress,
goecies or populaions will usudly respond opportunigicdly to favourable  environmenta
conditions for breeding and will reect to ranfdl, temperaure and food avalability, with the
possibility of modulation by socid cues.

To add to the complexity of the control of reproduction, maes and femdes of the same gpecies
may react differently to the various environmentd and endocrine factors controlling reproduction
(Pryor & Bronson, 1981; Bronner et al., 1988; Wade et al., 1996, Tilbrook et al., 2000). This
vaiation between genders may be related to the different energetic requirements of the femde
and mde reproductive cycles (Bronner et al., 1988). The oedrous cycle is an dl-or-nothing event
and is therefore likdy to be more sendtive to energetic chdlenges than the maes reproductive
cycle (Wood et al., 1991; Bronson & Hedeman, 1994; Nagaani et al., 1996). In gened,
deroidogeness in maes is much more sendtive to energetic chalenges than is spermatogenesis
(Bronson, 1989; Ndson et al., 1992; Bronson & Hedeman, 1994). If food redriction is imposd
ealy in life, before spermatogeness has begun, it will greatly delay the onsst of this process.
However, once gpamatogeness has begun, food redriction will generdly only inhibit
goermatogeness if it is severe and prolonged (Bronson, 1989; I'Anson et al., 1991; Bronson &
Heldeman, 1994). In addition to this, it is known that only smal amounts of testosterone and LH
are necessxy to maintain spermatogeness (Bronson, 1989) while devated levels are required to
induce spermatogeness (Handdsman et al., 1999). It is ds0 possble that the reason for the
gender difference in the control of reproduction lies in the energetic cods of pod-fertilization
events. Femde mammas cary dl, or mod, of the risks and energetic costs of successful
fetiliztion (i.e. pregnancy and lactation) and its is thus not surprisng that femaes gopear to be
more senditive to reproductive inhibition than males (Bronson, 1989; Jackson & Bernard, 2001).



In view of these issues, and snce spermatogenic cycles can take severd weeks to complete, it is
advantageous for males to remain reproductively ready for longer periods than femaes in case
the possbility of reproducing arises (Bronner et al., 1988; Bronson, 1989; Bronson & Heideman,
1994). However, it is known that tedtosterone has a negative effect on the survivd of maes
(Bousses & Chapuis, 1998); hence sexudly active mdes are more prone to mortdity than are
inactive maes (Bronson & Heideman, 1994). Therefore, there must be a trade-off between the
cods and bendfits of sexud activity and survivd (Bousses & Chapuis, 1998) and in some
ingdances the fertility of males may be reduced to lower levels or turned off completdy until the
next breeding season (Gerlach & Aurich, 2000). These gender differences are typicd of an
opportunigtic breeding drategy and in its purest form it dictates that mdes reman sexudly ready
a dl times of year (if beneficid to do s0), and tha femaes breed ether seasondly or
continuoudy, depending on the avaldbility of enegetic dores independently of photoperiod
(Bronson & Perrigo, 1987; Bronson & Heideman, 1994). In such cases the breeding season
would therefore be determined by the femdes of the species (Swanepod, 1980; Clarke, 1985;
Hamilton & Bronson, 1985; Bronner et al., 1988), as has been noted in Rhabdomys pumilio
(David & Jarvis 1985), Otomys irroratus (Davis & Meedter, 1981), Apodemus sylvaticus and
Clethrionomys glareolus (Clarke, 1985).

The links between the environmentd varidbles, which affect reproduction, and the endocrine
sysem that ultimately controls reproduction are complex. The endocrine control of reproduction
involves a hierachy of endocrine organs compriang the hypothdamic-pituitary-gonad  axis
(HPG). At the top of this hierarchy is the hypothdamus from which dimulatory (or releasng)
and inhibitory peptides are rdeased. The synthess and rdease of these peptides is regulated by
neurd networks and peptidergic pathways within the hypothdamus and other parts of the bran,
which ae influenced by ewironmentd gimuli (Bronson, 1989; Dobson & Smith, 2000). The
main peptide releasad by the hypothdamus is gonedotropinrdeasng hormone (GnRH), which is
rdleesed in periodic, short-lived burds (Bronson, 1989) and is trangported via a blood portd
sysem to the anterior pituitary (see Bronson, 1989) where it simulates the reease of luteinizing
hormone (LH) and follide gimulaing hormone (FSH- McCann et al., 1998, Mashdl et al.,
2001). These two hormones then act on the gonads and promote the production of gametes and
geroid hormones including testosterone, oedrogen and progesterone (Martin, 1984; Bronson,



1989). The production and release, and actions of GnRH, FSH and LH are in part influenced by
feedback actions of the gonadd <eroid hormones ad inhibin (Martin, 1984; McCann et al.,
1998; Tilbrook et al., 2000; Mashdl et al., 2001). Oestrogen increases GnNRH reease (Martin,
1984) and progesterone decreases GNRH release (Marshdl et al., 2001) thus affecting LH and
FSH release accordingly; edtradiol (produced by the ovary) enhances LH secretion (Marshdl et
al., 2001); and inhibin inhibits the rdease of FSH from the anterior pituitary directly (see
McCann et al., 1998 Madhdl et al., 2001). In addition, a variety of other hormones and
chemicads within the body can dso influence the reproductive axis dther directly or indirectly.
These include neuropeptide Y (NPY), opioids, corticotropin-rdessng hormones, gdanin,
serotonin,  catecholamines, cholecysokinin  (CCK), insulin, growth hormone (GH), glucose,
amino acids proopiomeanocortin (POMC), leptin, gadric inhibiting peptide (GIP), nitric oxide
(NO) and glucocorticoids (Barb et al., 1982; I’Anson et al., 1991, Wade et al., 1996; Miller et
al., 1998; Cunningham et al., 1999; Tilbrook et al., 2000).

NPY is a potent orexigenic peptide that is expressed in the hypothdamus (Ahima et al., 1996
Erickson et al., 1996). It dimulates food intake, increeses plasma insulin and corticosterone
levels, decreases thermogeness (Stephens et al.,, 1995) and modulates GnRH release by
inhibiting its secretion (I’Anson et al., 1991; Cunningham et al., 1999). NPY dso inhibits the
secretion of LH (McCann et al., 1998; Clarke & Henry, 1999) and inhibits noradrendine neurons
(McCann et al., 1998). Opioids are known to inhibit GnRH release (I'Anson et al., 1991) and are
affected by progesterone, which increases opioid activity in the hypothdamus (Marshdl et al.,
2001) and by POMC, which results in the production of endorphin, an endogenous opioid (see
Clake & Henry, 1999). Corticotropin-rdeasng hormones, cytokines, CCKs and GIPs dl
suppress GnRH  secretion and therefore the release of the gonadotropins (I’Anson et al., 1991;
McCann et al., 1998). Glucose and inaulin both act as metabolic cues affecting the release of
GnRH and the gonadotropins (Estienne et al., 1990; I'Anson et al., 1991; Foster & Nagatani,
1999; Kittok, 1999). Glucose will maintain high levels of LH and FSH secretion (Edtienne et al.,
1990; I'Anson et al.,, 1991), as will insulin (Foser & Nagaani, 1999; Kittok, 1999).
Progaglandins and proganoids both participate in the maturation of the reproductive sysem and
both modulate GnRH rdlease, mosly by simulating its rdease, however some can inhibit the
release of GNRH (Zhang et al., 1992; McCann et al., 1998).



Leptin (a hormone produced by adipose tissue) has been suggested as being a siety factor in
rodents informing the centrad nervous sysem about energy levels (Erickson et al., 199%;
Sansnanea et al., 2001) and has been implicated in the regulaion of a number of physiologica
processes including reproduction (Nagatani et al., 1998; Clake & Henry, 1999; Cunningham et
al., 1999). Leptin promotes sexud maturetion in rodents and may affect the secretion of various
hormones, ether affecting reproduction directly or indirectly (Clake & Henry, 1999). Leptin
gimulates GnRH, LH and FSH secretion (McCann et al., 1998; Nagatani et al., 1998; Foder &
Nagatani, 1999), reduces NPY ectivity (Stephens et al., 1995, Ahima et al., 1996), activates
nitric oxide synthase (NOS — McCann et al.,, 1998) and may change glucose avalability
(Nagatani et al., 1998).

Nitric oxide (NO) has dso been implicated in controlling reproduction. It is formed in the body
by NOS, which convets aginine into citrulline and NO (McCann et al., 1998; Dunnam et al.,
1999). NO promotes GnRH release (McCann et al., 1998), inhibits ovarian hormone secretion
and regulates steroidogeness (Dunnam et al., 1999). NO in turn is activated by glutamic acid
and leptin (via NOS production) and is inhibited by gamma amino butyric acid and haemoglobin
(McCann et al., 1998).

A redionship between adrenad function and reproductive function has dso been noted (see Bab
et al., 1982). Adrenocorticotropin (ACTH), which gimulates the release of glucocorticoids from
the adrend gland, blocks LH secretion and therefore affects ovulation (Bab et al., 1982
Bronson, 1989), and cortisol (a glucocorticoid) interacts with oedradiol and reduces GnRH
production (Tilbrook et al., 2000). However, norepinephrine, which is dso rdeased from the
adrend gland, has dimulatory effects on the reproductive axis and dimulates the release of
GnRH, NO and LH (McCann et al., 1998).

From the presented information, it is clear that the endocrine control of reproduction is highly
complex, involving a number of hormones and chemicds dl interacting and affecting the HPG
axis in various ways. How the environment interacts with the endocrine system is aso complex,
with different endocrine pathways being activated by the different externd environmentd
factors. Most environmenta factors influence the HPG axis primaily a the levd of the



hypothdamus by dtering GnRH secretion (Ndson et al., 1997; Miller et al., 1998). Information
about daly photoperiod is perceved by the pined gland via the retina In response to
photoperiod, meaonin is secreted in the dark and affects GnRH production (Hedeman &
Bronson, 1990, Gerlach & Aurich, 2000). In short-day breeders, melatonin activates GnRH
release, while it will inhibit the rdlease of GnRH in long-day breeders (Gerlach & Aurich, 2000).

Nutritiond effects are mainly mediated by changes in the activity of the hypothdamus,
especidly the GnRH neurons (I’Anson et al., 1991, Wade et al., 1996), dthough under-nutrition
can affect dl levels of the HPG axis (Wade et al., 1996). Food deprivation as a whole will reduce
the release of GnRH (Estienne et al., 1990; Cunningham et al., 1999; Foder & Nagatani, 1999;
Kittok, 1999), reallting in a reduction in LH and FSH rdease (Ssk & Bronson, 1986;
Cunningham et al., 1999), therefore affecting reproductive activity directly. Food redriction can
adso affect the reproductive axis indirectly by enhancing the negdive feedback sengtivity to the
gonadd deroids (Bronson, 1989) and by affecting the pituitary-adrenocortical system (I’ Anson
et al., 1991; Bazhean et al., 1996, Dobson & Smith, 2000; Tilbrook et al., 2000) where
corticogerone levels are increesed and cause a disruption of reproductive functions (I’Anson et
al., 1991; Bazhen et al., 1996; Ddlmen et al., 1999; Dobson & Smith, 2000). The lack of certain
nutrients will aso affect reproduction and in the case of glucoprivation, the action is mediated
via the suppresson of GnRH secretion from the hypothdamus (see Wade et al., 1996
Cunningham et al., 1999). Some nutrients have a dimulatory effect on reproduction, as is the
case with fats in the diet, which will cause an increase in LH production, and cholesterol, which
is usd in the production of geroid hormones (Mattos et al., 2000). Meabalic fud avalability
will dso affect the dirculaing levds of metabolic hormones such as insuling, GH, CCK and
amino acids, dl of which will affect the reproductive axis of an individud (see Wede et al.,
1996). In the same way tha the pined gland converts the day length message to an endocrine
ggnd, 0 the white fa cdls will convert a message about the sze of the caoric dore into an
endocrine messsge  through the production of leptin. While leptin  generdly conveys a
dimulatory message to the HPG axis, NPY, produced by neurosecretory cells in the brain under
conditions of Sarvation, conveys a negative message.



The mgority of dudies of the role of environmentd variables and the endocrine system in the
control of smal mamma reproduction have been undertaken a high temperate latitudes where
seasond  changes are dramdic and predictable. Based on the information presented above, there
ae good reasons to expect that the control of reproduction a lower latitudes wil be quite
different; species may respond to different cues and this may involve different neuroendocrine
and endocrine pathways. Therefore, while we may have a quite good underganding of the
control of reproduction in smdl mammas from temperate latitudes, this is not the case for
goecies from lower latitudes. The ams of the research reported in this thess were to use a
combination of fidd and laboratory experiments to examine the environmenta and endocrine
control of reproduction in a smdl mammd from a seasond but unpredictable environment.
Specificaly, experiments have examined the effects of food supplementation in the fidd on the
reproduction and population dynamics during winter; the effects of exogenous GnRH on the
reproductive activity of mae Rhabdomys pumilio exposed to low ambient temperatures and low
food avaldbility; the effects of exogenous leptin on the reproductive activity of mae Rhabdomys
pumilio exposed to low ambient temperaiures and low food avalability; and the role of fat
metabolism and its effects on reproductive activity in mae Rhabdomys pumilio.
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CHAPTER TWO: RHABDOMYSPUMILIOIN THE EASTERN CAPE

PROVINCE OF SOUTH AFRICA,

The am of this chepter is to introduce the dudy animd, providing some information on its
hidogy, and to provide information on the climate of the Sudy aress.

THE STUDY ANIMAL:

The four driped fidd mouse (Rhabdomys pumilio (Sparman, 1784) Rodentia, Muridee), is a
gmdl, diurnd rodent that is characterised by four black dripes running down its back from the
head to the base of the tal (Figure 2.1). The mean adult body mass ranges from 30 to 50g
(athough pregnant femaes can weigh as much as 80g) and there is no sexud dimorphism (De
Graeff, 1981; David & Jarvis, 1985; Yom-Tov, 1993; Jackson & Bernard, 1999).

i\

Figure 2.1: Typicd adult, four driped fidd mouse, Rhabdomys pumilio showing the
characterigtic stripes on its back.
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Rhabdomys pumilio occurs throughout most of Africa, south of the Sahara (Figure 2.2, De
Graeff, 1981; David & Javis 1985) and has been dudied in Kenya (Taylor & Green, 1976),
Maawi (Hanney, 1965), Botswana (Smithers, 1971) and South Africa The most extensive study
on the ecology of this rodent in South Africa, was a fidd study conducted by Brooks (1974) in
Van Riebeeck Nature Resaerve, Pretoria. Other South African field and laboratory studies include
those by Perrin (1980) in the Eastern Cape Province; Henschd et al. (1982) and David & Jarvis
(1985) in the Western Cape Province, and Jackson & Bernard (1999, 2001) in the Eastern Cape
Province. Rhabdomys pumilio occurs manly in grasdand where cover is thick, dthough it does
occur in other areas such as thickets, where clumps of thick grass or bush are avalable for
protection (Taylor & Green, 1976; Dewsbury & Dawson, 1979; Yom-Tov, 1993; pers. obs.). The
four driped fidd mouse is a generdist feeder, mainly taking seeds but it will dso et insects
fruit and green vegetdble mater (Perin, 1980; Brooks, 1982, David & Javis 1985, Koghy,
2002).

Rhabdomys pumilio is conddered to be of economica and medicd importance. It is one of the
fird colonisers of recently disturbed (burnt or cleared) areas (van Hensbergen et al., 1992) ad is
often dtracted to cultivated lands, where it is known to cause damage to young trees (Davis
1942; Koshy, 2002), grain crops and especidly gran sores Rhabdomys pumilio is dso known
to be a vector of a number of viruses and paradtes (Brooks, 1974) including the plague bacillus
(Pasteurella pestris), nematodes, cestodes and ticks Although Rhabdomys pumilio is not
currently an economic or medicd pest in South Africa it is a pest in other regions of its
digribution, for example in East Africa where it attacks maize and wheet crops (Taylor, 1968;
Liers, 1999).
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Figure 2.2: Mg of Africa indicating the didribution of Rhabdomys pumilio (shaded areas)
based on the avalable literature. The actud digribution patterns of the mice within the countries
are not known and therefore the whole country is shaded. (Map modified from WorldAtlas.com.)

The timing of reproductive activity of Rhabdomys pumilio varies through Africa In Mdawi, it
has been reported that they are seasona breeders (Hanney, 1965). In Botswana, Rhabdomys
pumilio has been reported to breed during tvo periods of the year, January to February and June
to July (Smithers, 1971), while in Kenya they show opportunidic tendencies, breeding when
conditions are favourable (Taylor & Green, 1976). Although Dewsbury and Dawson (1979), who
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worked on mice collected from Kenya have reported continuous reproduction in Rhabdomys
pumilio in captivity, they support the theory of seasond breeding in these mice in the wild. In
South Africa, a number of sudies have reported seasond breeding in Rhabdomys pumilio
(Brooks 1974 — Pretoria; Perrin, 1980 — Eastern Cape Province, Henschel et al., 1982, David &
Javis 1985 — Wegsern Cape Province). However David and Jarvis (1985) reported finding a
gndl number of reproductivdy active maes and femaes during the supposed non-breeding
season (May to August). More recently, Jackson and Bernard (1999) collected a pregnant femde
and some spermatogenicaly active maes during winter (May to September) in the Eastern Cape
Province of South Africa Based on these published recards, it was suggested that Rhabdomys
pumilio reproduces opportunidicdly and exhibits seasond reproduction in response to dimatic
and dietary changes during the year (Jackson & Bernard, 1999).

Rhabdomys pumilio can produce large litters, ranging in size from 2-9 neonaes, over a short
period of time (Dewsbury & Dawson, 1979; Brooks, 1982; David & Jarvis 1985; Jackson, pers.
obs). They have a short gedtation period of approximatey 25 days and an early weaning age (14
days) (Dewsbury & Dawson, 1979; David & Javis, 1985). There is disagreement over how
many litters an individua mouse can produce within a year, with suggesions ranging from 3 to 7
in the wild (Perin, 1980; David & Javis 1985) and 14 in captivity (Dewsbury & Dawson,
1979).

A number of dudies have been conducted to edtablish the factors that control reproduction in
Rhabdomys pumilio. Photoperiod, which is often a mgor controlling factor in the temperate
laitudes of America and Europe (Bronson, 1989), has been tested and short-day length done
does not inhibit spermatogeness (Jackson & Bernard, 1999). It has been suggested that ranfal
may simulate reproductive activity (Perrin, 1980). However, fied reports have shown that this is
unlikdy, since in the Western Cape Province (34°00'S, 18°35E) Rhabdomys pumilio breeds
during the summer months, while the mgority of the rainfdl in this region fals during the winter
months (David & Jarvis, 1985). It has been shown that a reduction in ambient temperature and/or
food avaldbility, resulting in an energdtic chdlenge, can inhibit reproductive activity. However,
these effects vary with gender and body fat content (Jackson & Bernard, 2001).
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THE STUDY AREA:

The study was conducted in the centrd region of the Eastern Cape Province of South Africa
(Figure 2.3), which has a strongly seasond climate characterised by a warm to hot, wet summer
and colder, drier winter. Conditions a the coast are milder than those experienced in the interior
regions. In the Grahamstown and the Cradock aress, the mean minimum temperatures between
May and September are below 11°C, and these months represent winter (Bernard et al., 1991).
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areas (Grahamstown and Cradock) within the Eastern Cape of South Africa (Map courtesy of
Rhodes University Graphics services)



Due to South Africa being influenced by El Nifo and La Nifia (the counterpart to El Nifio), the
ranfal in South Africa is highly vaiable During the years when El Nifio influences this
country, ranfdl tends to be lower than average, with cooler temperatures during the summer
months. When La Nifia influences South Africa, the oppodte is usudly true, with above average
ranfal and wamer temperatures occurring both during summer and winter (South African
Weather Service, 2001a & b). In addition to the effects of the El Nifio Southern Oscillation
(ENSO - includes La Nifia), the Eagtern Cgpe Province is Stuated on a trangtion zone between a
summer rainfal region (KwaZulu-Nata Province) and a more mediterranean, winter rainfal
region (Western Cape Province). With both of these factors acting upon the Eastern Cape
Province, the rainfdl and seasond temperatures in this region are unpredictable, resulting in

some years having warmer and wetter winters and drier, hotter summers than usud.

Within the Eastern Cape Province, two study aress were used. Thomas Baines Nature Reserve,
which is located 10 kms south esst of Grahamstown (33°18'S 26°32E; Figure 2.3), is the region
from which dl of the mice used in the laboratory experiments were caught. This reserve was aso
the dte of two of the food supplementation fidd experiments (see Chapter 3). During summer
(October to April) the mean monthly maximum temperatures for this region remain above 21°C
while the mean monthly minimum temperatures rardly fal bdow 10°C (Figure 2.4). Winters
(May to September) are mild with mean monthly maximum temperatures remaining between
17°C and 23°C, dthough the area can experience mean monthly minimum temperatures as low
as 6°C. Although the patern of seasond temperature change in this region (Grahamstown and
surrounding arees) tends to remain stable from one year to the next (Figure 2.4), some vaidaions
do occur. The pattern of ranfdl for Grahamstown shows marked inter-annud vaiaion (Figure
25). Gengrdly, Grahamstown experiences its maximum rainfdl during the summer, however in
1997, June (winter) had the second highest rainfdl for that year and the amount of rain that fell
was about 20 times greeter than is usudly experienced in the winter months (1994-1999).
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Figure 2.5: Mean (? 1SEM) monthly rainfdl for Grahamstown for the years 1994 — 1999
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The second dudy sSte was in Mountain Zebra Nationd Park (MZNP) which is located just
outsde Cradock (32°11'S 25°37E), and lies 200 km inland of Grahamstown (Figure 2.3). Based
on dimdic daa collected from 1994 to 2000, the Cradock area has less inter-annud veriation
than Grahamstown, dthough it does experience grester varidion in seasond temperatures
(Figure 26). During summer (October to April) the mean monthly maximum temperatures
remain above 25°C with a dight decrease n April, while in winter (May to September) the mean
monthly maximum temperatures remain between 15°C and 22°C. The mean monthly minimum
temperatures for summer do not fal bdow 10°C, but in winter the mean monthly minimum
temperatures remain beow 8°C and can get as low as 1.8°C (duly, 1997). The ranfdl in this
region is more seasond compared to Grahamstown, with the winter months being drier with less
than 30mm fdling in any one month (May to August) and the summer months receiving between
19 and 60mm on average. Mot of the inter-annud vaiaion in ranfdl patern tends to occur
within the summer months (Figure 2.7 & 2.8), with little variation occurring during winter.
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Figure 2.6: Mean (? 1SEM) temperaures collected for Cradock from 1992 to 2001 (circles)
with the mean monthly temperatures for 2002 (squares). Minimum temperatures = clear

symbols, maximum temperatures = closed symbols.
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2001 (histogram bars) with the monthly rainfall for 2002 (closed squares).
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In summary, the two study areas are characterised by seasond changes in temperature and
ranfall. These seasond changes are greater and are more predictable in MZNP than the climatic

changes occurring in Thomas Baines Nature Reserve.
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CHAPTER THREE: EFFECTS OF FOOD SUPPLEMENTATION ON REPRODUCTIVE ACTIVITY AND

POPULATION DYNAMICS OF RHABDOMYSPUMILIO, IN THE FIELD DURING WINTER,

Food has long been conddered to be one of the mgor environmenta factors that influences
populetion dynamics in rodents (Saitoh, 1989; Bronson & Hedeman, 1994), wheeby a
reduction in food supply can limit population dengties (Lack, 1954 — cited by Cittadino et al.,
1994; Briggs 1986) and reduce reproductive traits induding breeding intengty, length of
breading season, litter size and increese the age a firgt reproduction (O'Donoghue & Krebs,
1992, Gdindo-Led & Krebs, 1998, McAdam & Millar, 1999). Due to this effect of food on
reproduction and population dynamics, a number of fidd dSudies have been conducted to
determine the effects of food supplementation on populations of various mamma  Species,
induding voles (eg. Tatt & Krebs, 1983; Satoh, 1989), squirrds (eg. Sullivan, 1990; Nunes et
al., 20000 and hares (eg. Vaughan & Kaeith, 1981; O'Donoghue & Krebs 1992). Such
experiments have teted whether or not an increese in food avaldbility will result in: (1) an
increese in reproduction such as an advancement and extensgon of the breeding season, higher
reproductive output, winter breeding and an increase in the number of pregnant femdes (2) an
increase in survival of individuds (3) an incresse in population dendties and (4) an incresse in
immigration into the supplemented aea resllting in an increese in ovedl populdion Sze
(Hansen & Bazi, 1979; Desy & Thompson, 1983; Briggs 1986; Cittadino et al., 1994
Monadiem & Perin, 1996). Other hypothesised effects of the provison of supplementary food
indude an increase in the body mass of individuds and increased individud growth rates
(Havera & Nixon, 1980; Desy & Thompson, 1983; O’ Donoghue & Krebs, 1992).

These dudies have shown that the provison of supplementary food ether during or after the
breeding season resulted in: an increese in the body mass of the experimenta animds an
increase in the dendties of the populations provided with food, manly through immigration; an
increese in the number of individuds that were reproductively active an advancement and
extenson of the breeding season; an improvement in survivd of both adults and non-adults, and
an improvement in physicd condition, growth rate and body fat content Peromyscus leucopus —
Hansen & Batzli, 1979 and Briggs, 1986; Sciurus niger and Sciurus carolinensis — Havera &
Nixon, 1980; Microtus pennsylvanicus — Desy & Thompson, 1983; Lepus americanus —
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O'Donoughue & Krebs, 1992, Akodon azarae — Cittadino et al., 1994; Praomys natalensis —
Monadjem & Perrin, 1996).

Recently it was shown in a laboratory sudy that a combinaion of low ambient temperature and
reduced food avaldbility inhibits gametogeness in Rhabdomys pumilio (Jackson & Bernard,
2001) and that food availability has the greater effect. Based on these reaults, it was suggested
that what is seen as seasond reproduction (winter inhibition of reproduction) is a result of
seasond  changes in dimate and food quaity and, or quantity (Jackson & Bernard, 2001). The
mogt direct way to test this suggedion is to provide additiond food in the fidd in winter and to
asess the effect of this on reproduction in Rhabdomys pumilio. Thus, a series of experiments
were conducted whereby populations of Rhabdomys pumilio were supplied with supplementary
food during the winters of three consecutive years (2000 - 2002). The reproductive status and
dynamics of these populations were assessed and the data were compared to those collected from
populations that had not received supplementary food.

Since the food supplementation experiments were conducted over three years a two different
dudy dtes and with minor differences in methodology, each experiment will be presented
separady with an overdl discussion at the end.



FOOD SUPPLEMENTATION EXPERIMENTS: THOMAS BAINES NATURE RESERVE

STUDY SITE:

The dudy dte for the firs two food supplementation experiments in 2000 and 2001 was located
in Thomas Baines Nature Reserve. The study Ste was established in a flat, open space in an area
of Eagtern Thorn Bushved (Low and Rebdo, 1996), which was dominated by grasses, Acacia
karroo and low bush (Rhus pallens, Figure 3.1). Since the sudy Ste was Stuated in a nature
reserve, it was exposed to the presence of large, medium and smadl mammas and various bird
species. Large to medium mammads induded: white rhinoceros (Ceratotherium simum), buffao
(Syncerus caffer), dand (Taurotragus oryx), warthog (Phacochoerus aethiopicus), common
duiker (Sylvicapra grimmia), vervet monkey (Cercopithecus pygerythrus), baboon (Papio
ursinus), scrub hare (Lepus saxatilis), impaa (Aepyceros melampus), while the smdler mammas
in the area included the pygmy mouse (Mus minutoides), vie rat (Otomys irroratus), four striped
field mouse (Rhabdomys pumilio) and pouched mouse Saccostomus campestris). The climate
for this region has been described in Chapter 2.
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Figure 3.1: Sudy ste for the food supplementation experiments conducted in Thomas Baines
Nature Reserve during the winters of 2000 and 2001. Note the mixture of grasses, smdl dhrubs
and smdl Acacia karroo trees (see arrows).



FIELD EXPERIMENT 2000:

3.1) Methods:

3.1.1) Field data collection:

Within the dudy dte, two trgoping grids were established such that the grids were 100m gpart.
Although this distance was grest enough to reduce the occurrence of mice crossng over from
one grid to the other, the grids were dose enough to reduce the likdihood of differences in
climate and vegetation. Each grid condged of 50 trgps set out in a 5x10 manner, with individua
trgps being 10m apart. Haf way between the two grids, a single row of trgps was set to monitor
any movement of mice from one grid to the other. These trgps were set every 5m and were
specificdly orientated so0 that haf the traps faced the one grid and the other haf faced the second
grid. Sherman traps, baited with peanut butter and oat bals, were used throughout the study and

were placed under grass clumps or bushes to provide some protection from climetic extremes.

The experimenta period dated in early May 2000, a the gtat of winter, and ran for three
months, finishing in early Augus. At the dat of the experiment and for four days during the
second week of each month, a trapping sesson was caried out, during which the trgps were
checked sx times. Tragps were opened and baited on the morning of day one and were checked
twice aday, Sarting on the afternoon of day one and finishing in the morning of day four.

When specimens of Rhabdomys pumilio were caught, the trap number in which they were caught
was recorded, the weight of the anima was taken and the length of its hind foot was measured.
Each mouse was sexed, aged and its reproductive status was noted. Maes were recorded as
beng dther non-scrotd (testes abdomind), partly-scrotd  (testes moving  between  abdomind
postion and scrotd podtion) or scrotd (tedtes in scrotd sacs). Femaes were noted as being
gther peforae (vulva open) or non-peforae (vulva closed). However, if the femade was non-
peforae but showed dgns of beng pregnant or of lactaiing, she was conddered to be
reproductively active, despite the cosed vulva Individuds were then maked by har dipping
according to the grid on which they were caught, for example on the left rump for the control
grid and on the right rump for the supplemented grid. The postion of marking was changed each
month so as to prevent confusion, since the clipped hair may take more than a single month to re-
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grow. After recording the data and noting whether the individud was a new cgpture or a
recapture, the mouse was released a the trgp station where it had been caught. Mice were aged
according to ther sze, weight and coat appearance. Juveniles were less than 259 in weight and
had a spiky coat and were reproductively inective; sub-adults were medium Szed, ranging from
259 to 35g in weight, had smooth, dark coloured coats and were reaching sexud maturity; and
adults were medium to large in Sze, weighed more than 35g, had smooth, light coloured coats
and were sexudly mature. The separation of sub-adults and adults was difficult at times because
there was some varidion in the dze a which individuds became sexudly mature. The use of
mass as pat of the classfication provided a more objective separation of these two age groups.
The choice of 359 to separate sub-adults from adults was supported by work by Brooks (1982),
who indicated that in a population of Rhabdomys pumilio, 50% of the populaion was sexudly
mature a a mass of 30g while the whole population had reached sexud maturity a 40g. It is
important to note that in this study, sub-adults were conddered cgpable of becoming sexudly
meature and therefore reproductively active.

Weights (to the nearest 0.59) were taken using a hand-hedd spring baance (Super Samson,
200g/2g) with a pladic bag dtached to the hook of the baance (Figure 3.2) and hind foot

measurements (to the nearest mm) were taken using a pair of cdlipers.

Mice that were caught in the midline traps were examined for markings and if presen,
measurements were taken as described above. These mice were consdered to be foraging and
were released on the grid from which they came. However, if the mouse was unmarked, it was
released at the trap dte without any data being collected. If a mouse from one grid was trgpped
on the other grid (as noted by their clipped fur), it was remarked and congdered as an immigrant
and therefore released on the grid to which it had moved.
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Figure 3.2: Method used for weighing mice in the fidd, usng a hand hed spring baance
attached to a plagtic bag with the mouse (Rhabdomys pumilio) insde.

After the firg trapping sesson (May), the grid on the western side of the study site was dlocated
as the supplementation grid. Within this grid, two petri dishes (9cm in diameter) per trgp dSte
were filled with mixed bird seed and placed close to the trgp (n = 100 feeding Sations). The
dishes were hidden under bushes or dumps of grass to prevent birds from seeing them and
consuming the food. Experiments in the laboratory had shown that Rhabdomys pumilio reedily
consumes bird seed. For the rest of the experimenta period, food was placed into the dishes
every second or third morning, and some food was scattered around the trgp area (broadcast
feeding), such that food was adways avalable on the grid. On each occason that food was

provided, dishes were examined for signs of seed consumption and for the presence of faeces.
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Throughout the three months, minimum and maximum ambient temperatures were noted on the
days tha supplementary food was provided and on the days of trgpping, usng a min/max
thermometer that was left hanging in a tree within the study area. The amount of food distributed
on the supplementd grid was aso recorded.

In the find trgpping period (August) adult mice were collected from both grids and were brought
into the laboratory.

3.1.2) Sacrifice, tissue collection and blood collection:

At the end of the Augud trgpping session, adult mice were brought into the laboratory. These
mice were sacrificed by adminigration of 0.2ml of Euthanaze (sodium pentobarbitone, Centeur
Labs, Bryangton), weighed, dissected and given a subjective fat index from 03, which was based
on the amount of fa around the reproductive organs, the kidneys and under the skin (0 = no fa
present, 1 = fat present in one of these areas, 2 = fat present in two of the areas and 3 = fat
around the reproductive organs, kidneys and under the skin; Jackson & Bernard, 2001). The hind
foot length was dso noted. The testes, epididymides and accessory glands (semind vesdes and
coagulatory glands) were removed from the maes and the ovaries and uterine horns were
removed from the femades. These reproductive organs were weighed to the nearest 0.001g and
prepared for histologica anayss usng sandard procedures. Blood was collected from the heart
by ventricular puncture, centrifuged (13 750 rpm) for 10 minutes, and the plasma collected and
stored a -10°C.

3.1.3) Histological analysis:

Reproductive organs were prepared for higologicd andyss usng standard methods (Carleton &
Drury, 1962). Wax blocks were sectioned usng a Leica microtome a 10?m and ribbons of
sections were dained usng Madlory's trichrome dan (see gppendix for recipe and protocol).

Slides were examined under a compound light microscope (Nikon).
3.1.3.1) Males:

Spermatogenic  activity was assessad by examining 100 sections through seminiferous tubules
per animd and scoring each section as goermatogenicdly active if spermatozoa or spermatids
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were present (1) or inactive (0) if there were only spermatogonia, primary spermatocytes and
sartoli cdls present. For each animd, the score was then expressed as a percentage and for each
group of mice a mean vadue was cdculated. A mouse was conddered to be spermatogenicaly
inactive if less than 25% of the tubules examined were spermatogenicdly active, and active if
over 70% of the tubules examined were spermatogenicaly active (Jackson & Bernard, 2001). In
most cases the divison between spermatogenicaly inactive and active animas was dear and in
active animds, 80-100% of the seminiferous tubules had spermatozoa, while in inactive animas,
less than 25% of the seminiferous tubules had spermaiozoa Mice with intermediate vaues (25
70%) were conddered to be becoming spermatogenicdly inactive if the experiment was
desgned to switch spermatogenesis off, or becoming spermatogenicdly active if the experiment
was designed to turn spermatogeness on. For each animd, twenty sections through the cauda
epididymides were examined and the amount of sperm present in the sections was given a
subjective score where 0 = no sperm in storage, 1 = less than /3 of the area of the lumen filled
with sperm, 2 = /3 to a /2 of the tubule full of sperm, and 3 = more than /2 full. The mean score
per anima was then expressed as a percentage of 60, which is the maximum score an anima
could recaive if dl 20 sections of the cauda epididymides were full of sperm. The volume of
secretary materia stored in the seminal vesicles was assessed in a Smilar way based on twenty
sections through the accessory glands (Jackson & Bernard, 2001).

3.1.3.2) Females:

Serid sections were cut through the centre of each ovary of each femde Because, on occason,
an ovay was ether damaged or lost in processng, the sections from one ovary of each femde
were examined and the numbers of secondary follidles, Gragfian follicdes and corpora lutea
within that ovary were recorded. The corpora lutea were dso assessed for the extent of
vacularisation present and were given a subjective score ranging from O to 3 (O represents no
vascularisation, 1 = few smdl aress of vascularisation, 2 = larger aress of vascularisation, and 3
= large areas vascularised and centrd cavity full of blood). The grestest diameter of the largest
corpus luteum was aso measured. One section through the wal of each uterine horn of each
femade was examined and the totd thickness of the uterine wall, and the thicknesses of the
endometrium and the myometrium were measured a two places on opposte sdes of the uterine
horn. The totd number of uterine glands was counted in the same sections and the
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vaculaisation of the uterine wal was scored subjectivdly (0 = no vascularisgtion, 1 = dight
vascularisation, 2 = vascularisation around the uterus but with smal vessds 3 = large amounts
of vascularisation and large blood vesses in the uterine wall). All measurements of histologica
dides were made with an opticd micrometer (Filar, Nikon) and vaues were converted to the
nearest 0.01?m.

3.1.4) Hormone assay.

Tedtosterone levels were determined using a Coat-a-count Totd Testosterone kit (Diagnostic
Products Corp. USA), with human serum-based cdibrators. The limit of detection (95%) binding
was 4ng/dL and inter- and intra-assay coefficients of variaion for two serum samples included in
eech assy were less than 6% and 15%, respectively. Serid dilution of plasma yidded dilution
curves that were not different from those obtained with the hormone standards.

3.1.5) Population and statistical analyses:

Edimates of population sSzes during the experiment were obtained usng mark-recapture data
and the Lincoln index/ Peterson esimate (Caughley, 1977). The Lincoln index uses the equation:
N = Mn/m, where the number of animds in the population (N) is rdaed to the number of
individuds marked and rdeased (M), multiplied by the number of mice caught a a subsequent
time (n) and divided by the number of mice recaptured a that time (m). In this Sudy the index
was dightly modified whereby the captures and recaptures over the four-day trgpping sesson
were pooled (Schumacher’ s method — in Caughley, 1977).

Seidicd andyses were conducted usng SigmaStat (Jandd  Scientific, 1994), Statgraphics
(Manugidtics, 1992) and Statidtica (Statsoft, Inc.,, 2001). Fed data (number of mice caught and
reproductively active) were compared using Log-linear andyss of frequency tests. Mass, foot
length and dissection data were compared using sudent t-tests, andyses of variance (ANOVA),
multiple analyses of variance (MANOVA) and the non-parametric equivaents where gpplicable.
Percentages were arcane transformed for datistical andyss, but these data are represented as
percentages within figures and tables. Differences were consdered significant a a < 0.05 and

values are expressed as means + 1 SEM, unless otherwise stated.
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3.2) Results:

3.2.1) Climate:

Data from the South African Weather Service indicated that, with the exception of May, winter
2000 was milder and drier then previous years (1994-1999; Fgures 24, 25). The minimum and
maximum temperatures recorded a the study Ste were variable during the experiment and were
a thar highet during Jdune (Fgure 3.3, Tabdle 3.1). Mean monthly minimum and maximum
temperatures recorded in the fidd (Table 3.1) were higher than is usudly experienced in this
region (see Fgure 24). The mean monthly maximum temperaure varied dgnificantly (P =
0.003) and the mean maximum temperaure for June was dgnificantly higher than maximum
temperatures for both May and August (Table 3.1). The mean minimum temperaures did not
vay ggnificantly (P = 0.103). Little rain fdl in the Grahamstown region during the winter of
2000 (see Figure 2.5).
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Figure 3.3: Minimum (crcdes) and maximum (sguares) temperatures recorded in the fied at
times of feeding and trapping in Thomas Baines Naure Reserve during the winter 2000 food
supplementation experiment.



Table 3.1: Mean monthly maximum and minimum fied temperatures for the winter 2000 food
supplementation experiment. Vaues are means ? 1SEM.

Month Minimum temperature Maximum temper ature
May 9.86 + 0.26° 25+ 095°
June 10.31 + 0.88° 265+0.27°
July 800+ 1122 223+ 15220

August 7251252 188+ 2.84%

- Within a.column, groups with different superscript Ietters (a.or b) are sgnificantly different (P<0.05).

3.2.2) Field data:

During the experiment 92kg of food was digpensed on the supplemented grid. While digpensng
the food, it was noted that faeces, amilar to those produced by Rhabdomys pumilio, were found
in the petri dishes and it was therefore assumed that Rhabdomys pumilio were utilisng this food

SOuUrce.

Reaults from the mark-recapture estimates indicated that the population on the supplemented grid
in June and July was Sgnificantly larger than the population on the control grid. On both grids,
the estimates of population size sgnificantly increased from May to July (P < 0.001; Table 3.2).

Table 3.2: Edimated populaion sizes of Rhabdomys pumilio on two grids in the winter 2000
field supplementation experiment. Note that food supplementation began after the May trgpping
sesson and tha mice were removed from the population during the August trapping sesson,
hence estimates for this month have not been cdculated. (See Table 3.3 for totd number of firgt

captures).

Control grid Supplemented grid
May 1 15
June 20 45
July 31 63

August - -
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During the experiment five mice (three from the supplemented grid; two from the control grid)
moved from one grid to the other, however once on the new grid they remained in the region for
the rest of the experiment. A maximum of four marked mice were trapped in the midline per trap

sesson and these mice were returned to the grid on which they were first marked.

Deding with the number of mice caught (ignoring recaptured mice), it was evident that fewer
mice were caught during May on both grids, and tha the numbers of fird-time captures
increesed ggnificantly from the dat of the expeiment to the end, with maximum captures
occurring in July and August (Tables 3.3, 34). In teems of age dructure, Sgnificantly more
adults were cgptured than juveniles and sub-adults on both grids (P < 0.001), except in May
when more juveniles (n = 7) were caught on the control grid than adults (n = 4) and sub-adults (n
= 0) on the same grid. No juveniles were caught on the control grid in August. The supplemented
orid yidded dgnificantly more captures during the experiment than the control grid (P = 0.013).
There were dgnificantly more reproductively active (scrota and patly scrotd mdes, perforate
and pregnant/lactating femaes) mice on the supplemented grid (P = 0.005), dthough there was
no ggnificant change in the number of reproductively active mice over the experimenta period
on ether of thetwo grids (P =0.063; Tables 3.3, 34).
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Table 3.3: Population dynamics of Rhabdomys pumilio trapped on the control and supplemented gridsin Thomas Baines Nature Reserve during

the winter 2000 food supplementation experiment. Numbers are of individua mice, excluding recaptures.

Control Grid Supplemented Grid
May June July August May June July August
Number of mice caught:
Jveniles 7 7 10 0 2 6 3 2
(37 4?) (7?) (6?;4?) (2?) (42;2?) (22;1?) (2?)
1 5 9 7 7 8 7
Stb-adlts (1?) (3?;2?) (4?;5?) (2?;5?) (4?;3?) (22;6?) (4?;3?)
Adults 4 9 13 18 8 18 5 25
(1?;3?) (22;7?) (127;1?) (122, 6?) (3?;5?) (8?;10?) (122, 13?) (127;13?)
Totd caught 11 17 28 2z 17 31 b A
% mice per trgp sesson:
Juveniles 64 i 36 0 12 19 8 6
Sub-adults 0 6 18 B 41 23 2 20
Adults 36 53 46 67 47 58 70 74
% mice reproductively active per age group per trgp sesson:
Juveniles 0 0 0 0 0 0 0
Sub-adults 0 100 0 0 57 14 0 14
Adults 75 67 7 61 63 A 7 48
Total N°
reprocuctively 3 7 10 1 9 17 18 13

active
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Table 3.4: Reallts of loglinear andysis of frequency tests conducted on the populaion fidd

data collected during the winter 2000 food supplementation experiment in Thomas Banes
Nature Reserve.

Comparison P-value

No. mice caught Months P=0.001
Ages P<0.001

Grids P=0.013

No. reproductively active Months P=0.063
Grids P=0.005

MANOVASs conducted to test the effects of grid and month on body mass and hind foot length of
each age graup, indicated that month had a sgnificant effect on the body masses of each of the
age groups (P < 0.05), where juveniles and sub-adults were sgnificantly heavier in June and
adults were sgnificantly heavier in May than in any other month. There was a dgnificant effect
of month on the foot length of adults (P < 0.001), where adults were Sgnificantly larger in
Augug than in May (Figure 34; Table 35). Grid (i.e. provison of supplementary food) had no
ggnificant effect on body mass or hind foot length (Table 3.5).
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Table 3.5: Results of MANOVASs conducted on the mean body mass and mean hind foot length
of mice from two grids for the various months in which mice were caught, during the winter
2000 food supplementation experiment conducted in Thomeas Baines Nature Reserve.

Agegroup Month Grid Month x Grid

Body mass
Jwvenile P = 0.006 P=0.373 No interaction
Sub-adult P =0.036 P = 0.556 No interaction
Adult P<0.001 P=0.804 No interaction

Hind foot length

Juvenile P =0.055 P =0.965 No interaction
Sub-adut P=0.292 P=0.656 No interaction
Adult P<0.001 P =0.658 No interaction

Dividon of dl mice caught in eech month into nine weight classes indicated that during May, the
control grid was dominated by mice of low mass (10.0 to 29.9g) with only four mice fdling into
the higher weight categories (50.0-79.9g; Figure 3.5). The mice on the supplemented grid were
more evenly spread through the weight classes with two pesks occurring in the 20.0-29.9g sze
dass and 50.059.9g sze dlass, both of which were dominated by femdes (Figures 3.5, 3.6). In
June, there were two main weight classes on the control grid (10.0-19.9g9 and 40.049.9g), the
former being dominated by the maes and the latter by femades (Figures 3.5, 3.6). Mice on the
supplemented grid weighed between 10.0g and 89.9g, with amode at 30.0-39.9g (Figure 3.5).

In duly, none of the mice were heavier than 70g (Figure 3.5). The mgority of the mice on the
control grid weighed less than 50g, while the mgority of mice on the supplemented grid weighed
between 20.0 and 69.93. In Augus, both grids were characterised by a pesk in the 30.0-39.9g
weight class which was dominaied by maes on the contral grid and femaes on the supplemented
grid (Figures 35, 3.6).
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food supplementation experiment in Thomas Banes Nature Reserve. Weight classes are in
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A MANOVA conducted on the mean body masses of the mice (Table 3.6) from the two grids for
eech of the months indicated that there was a sgnificant effect of grid on the body mass (P =
0.028), where the mice on the supplemented grid were heavier than those on the control grid,
especidly in June and July. There was no sgnificant effect of month (P = 0.481) nor gender (P =
0.059) on the mean body masses of the mice, nor was there a dgnificant interaction between
month, grid and gender (P = 0.473).

Table 3.6: The mean body masses (g) of the mades and femaes and the overal mean body mass
for the mice on the control and experimentd grids during the winter 2000 food supplementation

experiment in Thomas Baines Nature Resarve. Vaues are means ? 1SEM. (See Table 3.3 for

sample Szes).
Means May June July August

Total 3517 7.66 391?504 3307235 41.07 246
Control grid Femde 36.0 7 9.66 5497 592 2007 579 4247 451
Mde 2857 10.84 2807 5.24 3437249 4017 282
Tota 4137 481 4267 308 4367 247 41.07 206

Supplemented
arid Femde 3987 6.25 4897 519 4217 311 4087 2.77
Mde 450?721 3687 292 4567 4.01 3787295

3.2.3) Dissection data:

At the end of the experiment a totd of 35 (10 maes and nine femaes from the supplemented
grid; 10 maes and dx femdes from the control grid) mice were caught and brought into the
laboratory for dissection. Of the femaes ceptured for dissection, three from the supplemented
grid and four from the control grid were pregnant. Litter Szes of pregnant femaes ranged from 4
to 6 neonaes and there was no sgnificant difference between the two grids (P = 0.206). On the
supplemented grid seven of the maes were non-scrotal and three were partly-scrotd, while four
of the mdes from the control grid were non-scrota, four were partly-scrotd and the remaning
two maes were scrota. There was no sgnificant difference in the reproductive status of mice
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from the two grids (P > 0.05). At dissection, there was no dgnificant difference in the mean body
masses or hind foot lengths between the males and femaes from the two grids (P > 0.05 for both;
Figure 3.7A & B). Mice on the two grids had smilar mean body fat scores (P > 0.05), varying in
score from O to 2 (Figure 3.7C). The mean masses of the reproductive organs of both the maes
and femaes were not sgnificantly different across the grids (P >0.05; Figure 3.7D & E).

3.2.4) Higtology:

All the mdes from the two grids were spermatogenicdly active and there was no dgnificant
difference in the mean percentage spermatogenic activity of the maes from the two grids (P =
0.762; Fgure 38). Smilaly, food supplementation did not have a dgnificant effect on the
dorage of sperm in the epididymides or the activity of the accessory glands (P > 0.05; Figure
3.8). Although there were differences in the sze and number of the ovaian fdlides, and sze
and development of the uterine horns of femaes from the two grids (Figures 3.9 — 3.12), none of
these were statigticdly different (P> 0.05 for dl).

3.2.5) Hormone assay:

Mean plasma testosterone levels of the maes did not differ sgnificantly between the two grids
(P=0.857; supplemented grid, ? = 38.1 ? 20.3ng/dL; contral grid, ? =211 ? 116.3ng/dL).
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Figure 3.7: Dissction data for mice collected after the winter 2000 food supplementation
experiment in Thomas Baines Nature Reserve, indicating (A) mean body mass, (B) mean hind
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bars). Vaues are means ? 1SEM.
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(CL) from one ovary per individud femde Rhabdomys pumilio caught after the winter 2000
food supplementation experiment in Thomas Baines Nature Reserve. Vaues are means ? 1SEM.
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FIELD EXPERIMENT 2001:

During the winter of 2001, a second food supplementation experiment was conducted in Thomas
Banes Naure Resarve, udng the same grid Ste as in 2000, to retes the effects of additiond
food on the reproductive activity of Rhabdomys pumilio.

3.3) Methods:

3.3.1) Field data:

The methods for this fiedld sudy were the same as those used in 2000 except for the following
dterations. Firdly, since the single row of trgps st between the two trgpping grids during 2000
caught only a maximum of four marked mice per three-day trgp sesson, it was not used in this
experiment. Secondly, a rain gauge was erected within the sudy area to dlow for the collection
of ranfdl dataduring the experiment.



3.3.2) Sacrifice, tissue collection and blood collection:

The methods for sacrifice, tissue and blood collection were the same as those used in the 2000
fidd experiment except that femdes which were apparently pregnant through externd
examindion were not sacrificed, dthough body mass, foot length and reproductive status were

recorded.

3.3.3) Histological analysis, hormone assays, and population and statistical analyses:

The methods of andys's were the same as those used in the firgt field experimen.

3.4) Results:

3.4.1) Climate:

Daa from the South African Weather Services indicated that the winter of 2001 was dightly
warmer and wetter than for previous years (see Figures 24 & 2.5). Climatic data collected in the
fidd indicated thet the winter daily maximum temperatures fell bdow 20°C on only a few days
in mid-June, late July and early August. The coldest day occurred in June when the maximum
temperature was below 15°C. The minimum temperatures ranged between £C and 17°C (Figure
3.13). The mean monthly maximum and minimum temperaiures did not differ sgnificantly (P >
0.05), dthough May was the warmest month and July the coldest month (Table 3.7).

Table 3.7 Mean monthly maximum and minimum field temperatures for the winter 2001 food

supplementation experiment in Thomas Baines Nature reserve. Values are means ? 1SEM.

Month Minimum temperature Maximum temper ature
May 1163+ 151 2883+101
June 957+ 048 2443+ 273
July 720+ 159 2360+ 1.89
August 733+1.20 2600+ 351
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Figure 3.13: Ranfdl (top) ard minimum (crdes) and maximum (squares) temperatures
(bottom) recorded in the field at times of feeding and trapping in Thomas Baines Nature Reserve

during the winter 2001 food supplementation experiment. Days 41 to 65 are omitted as data were
not collected during thistime,

Ranfdl in the firg three months of winter was low, with less than 15mm faling between
measurements. However, towards the end of July and in August large amounts of rain fel over
short periods of time with the largest amount being 35mm, which fel in the last week of the
experiment (Figure 3.13).

3.4.2) Field data:

During the experiment 80kg of food was dispensed on the supplemented grid. Faeces smilar to
those produced by Rhabdomys pumilio were observed in and around the petri dishes and it was
therefore assumed that Rhabdomys pumilio were utilisng this food source. During the

experiment two mice (one from each grid) moved from one grid to the other and were considered



to be immigrants and therefore left on the ‘new’ grid, where they remaned far the rest of the
experimen.

Mark-recapture andyss of the fidd daa indicated that the populaion of Rhabdomys pumilio
was dgnificantly higher in June than in the other months on the supplemented grid, while the
esimated population Szes for the control grid remained sable over the experiment (Table 3.8).
Except in May, the edimaed populaion Szes were sgnificantly lower on the control grid then
on the supplemented grid (Table 3.8).

Table 3.8: Edimated populaion szes of Rhabdomys pumilio on two grids in the winter 2001
food supplementation experiment in Thomas Banes Naure Reserve. Note that food
supplementation began after the May tragpping sesson and that mice were removed from the
populaion during the August trapping sesson, hence edimaes for this month have not been
caculated. (See Table 3.9 for tota number of first captures).

Control grid Supplemented grid
May 16 2
June 23 61
July 23 57

August - -

Log-linear andyses on the fidd data (Table 3.9) showed that dgnificantly more adults were
caught during the experiment than other age classes (P < 0.001), sgnificantly more mice were
caught on the supplemented grid than on the control grid (P < 0.001), and the totd number of
mice caught on both grids was sgnificantly higher in July than in the other months (P = 0.023,
Tables 3.9, 3.10). A large number of juveniles (n = 17) were caught on the supplemented grid in
June, while in May and August no juveniles were caught on the supplemented grid. On the
control grid, no juveniles were caught during Augus. Significantly more reproductively active
mice were caught on the supplemented grid (P < 0.001) and there was a Significant increase in
the number of reproductively active mice caught, from May to Augud, on both grids (P = 0.027;
Tables 3.9, 3.10).
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Table 3.9: Population dynamics of Rhabdomys pumilio trgpped on the control and supplemented grids during the winter 2001 food

supplementation in Thomas Baines Nature Reserve. Numbers are of individua mice, excluding recaptures.

Contral Grid Supplemented Grid
May June July August May June July August
Number of mice caught:
Jveniles 6 4 5 0 0 17 7 0
(6?) (22, 2?) (52) (82,9?) (42,3?)
4 5 7 4 7 8 17 2
Soaldis o2y @) @@ () @)  (:3) (P0)  (12;17)
Aduts 6 9 8 18 20 24 2 29
(2?;4?) (52,;4?) (3?;5?) (92,;9?) (7?;13?) 4?;20?) (122 17?) (122;17?)
Totd caught 16 18 20 2 27 49 53 31
% mice per trgp sesson:
Juveniles 38 2 25 0 0 35 13
Sub-adults 24 2 35 18 26 16 K%
Adults 38 50 40 & 74 49 %
% mice reproductively active per age group per trgp sesson:
Juveniles 0 0 0 0 0 0
Sub-adults 25 20 29 0 14 13 6
Adults 67 100 50 72 75 79 45 93
Total N°
reproductively 5 10 6 13 16 20 1 27
active




Table 3.10: Results of log-inear andyds of frequency tests conducted on the population
data collected during the winter 2001 food supplementation experiment in Thomas Banes
Nature Reserve.

Comparison P value
No. mice caught Months P=0.023
Ages P<0.001
Grids P<0.001
No. reproductively active Months P=0.027
Grids P<0.001

MANOVAs conducted on the effects of grid ard month on the body mass and hind foot
length of each age group (Figure 3.14), indicated that there was a dgnificant effect of month
on the mean body mass of the juveniles (P = 0.036) and on the meaen hind foot length of the
sub-adults (P = 0.033). Juveniles were dgnificantly lighter in July then in June on the
upplemented  grid, while sub-adults on the control grid had dgnificantly larger hind feet in
July than in the other months. There was a significant effect of grid on the mean body mass
of the adults (P = 0.018), where adults on the control grid were sgnificantly lighter in August
than the adults on the supplemented grid. There was a dgnificant interaction of grid and
month on the mean body mass of the sub-adults, where sub-adults caught on the control grid
in May were dgnificantly heavier than dl other sub-adults caught during the experiment
(Figure 3.14; Table 3.11).
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Table 3.11: Results of MANOVAS conducted on the mean body mass and mean hind foot
length of mice from two grids for the various months in which mice were caught, during the
winter 2001 food supplementation experiment in Thomas Baines Nature Reserve.

Agegroup Month Grid Month x Grid
Body mass
Jwvenile P=0.036 P=0.634 No interaction
Sub-adullt P=0.317 P=0.798 P=0.041
Adult P =0.467 P=0.018 No interaction
Hind foot length
Jwvenile P=0.897 P=0.284 No interaction
Sub-adullt P=0.033 P=0.099 No interaction
Adult P=0.329 P=0.730 No interaction

Divison of the mice into the nine weight dasses for each month during which they were
caught, indicated thet in May, the mice from the control grid ranged in weight from 10.0g to
69.99. However, 11 of these mice occurred in the lower categories (10.0-39.9g) and the
lowest category (10.019.9g) comprised femdes only. Mice from the supplemented grid
ranged in weight from 20.0g to 69.99. Femdes dominated the weight classes 30.0-39.9g and
50.0-59.99, while mdes dominated the 20.029.9g and 40.0499g weight classes (Figures
315, 316). In June, mice on the control grid were evenly digributed through the weight
classes with a leest one mouse and no more than four mice occurring in each of the
categories occupied (10.069.9g). Mdes and femdes were dmilaly didributed within the
occupied weight dasses, dthough no maes weighed more than 59.9g and no femdes
weighed between 50.059.9g. Mice from the supplemented grid ranged in weight from 10.0g
to 79.9g, with two pesks occurring in the 20.029.99 and 50.0-59.9g categories. The former
category was dominated by maes while femaes dominated the latter category. Femaes adso
dominated the 10.0-19g and the 30.0-39g categories, and the two highest categories occupied
(60.0-79.9g; Fgures 3.15, 3.16). In July, the mice from the control grid weighed less than
60.0g and were evenly didributed through the occupied classes (10.059.9g) with a pesk in
the 20.029.99 weght class, which was dominated by maes. Mice from the supplemented
grid occurred in the weight
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caegories from 0.0g to 79.9g, with large numbers of mice occurring in the 30.0-39.9g weight
dass (n = 20, mde dominated) and the 40.049.9g weight class (n = 14; femde @minaed;
Figures 3.15, 3.16). In Augus, mice from the control grid weighed between 20.0g and 59.9g,
peking in the 300-49.99 categories, while mice from the supplemented grid weighed
between 20.0g and 89.9g, with 21 mice occurring in the 40.059.9g categories. The heaviest
mouse caught in August was a femde from the supplemented grid, which weighed 85g
(Figures 3.15, 3.16).

A MANOVA conducted on the mean body masses of the mice (Table 3.12) from the two
grids for each of the months, indicated that mice on the supplemented grid were sgnificantly
heavier than those on the control grid (P = 0.006), femdes were sgnificantly heavier than
maes (P = 0.002), and mice caught in August were sgnificantly heavier than those caught in
the firg three months of the experiment (P < 0.001). However, there were no sgnificant
interactions between these factors (P > 0.05).

Table 3.12: The mean body masses of the mades and femaes and the overdl mean body
mess for the mice on the control and experimenta grids during the winter 2001 food
supplementation experiment in Thomas Baines Nature Reserve. Vaues ae means ? 1SEM.
(See Table 3.9 for sample sizes).

M eans May June July August

Tota 2097395 3497?7339 3157 258 394?137

Control grid Femde 2767538 3697 547 36.87 329 420?175
Mde 3657210 3307 426 27127 34 3757188

Total 4207 2.73 36.7? 245 3597 180 5007210

Supplemented
i Femde 4707 310 4117?7320 3737 255 5367 3.00
ori
Mde 3347337 2827 2.8 3417 251 4497 220

3.4.3) Dissection data:

At the end of the experiment, a tota of 35 adults (10 maes and eght femdes from the
upplemented grid and nine maes and eght femdes from the control grid) were caught and
brought back to the laboratory for dissection. Of the femdes nine (eight from the



supplemented grid) were vishbly pregnant and were not dissected. However, on dissection of
the remaining femdes, it was evident that dl were pregnant. On the control grid, four of the
males were non-scrota, four were partly-scrotd and one was scrotd, while one of the maes
from the supplemented grid was non-scrotd, five were partly-scrotal and four were scrotal.
At dissection there was no sgnificant difference in the mean body masses between the maes
from the two grids (P = 0.14), however the femdes from the supplemented grid were
sgnificantly heavier than the femdes from the control grid (P = 0.01; Figure 3.17A). There
was no sgnificant difference in the mean hind foot lengths of the nice from ether grid (P >
0.05; Figure 3.17B) and the mice from the two grids had smilar body fat scores (P > 0.05),
varying in score from O to 2 (Figure 3.17C).

The mean masses of the reproductive organs of the maes were not sgnificantly different
across the grids, dthough in dl cases (testes, epididymides and accessory glands) the maes
from the supplemented grid had the heavier reproductive organs (Figures 317D & E).
Comparisons between femdes could not be made as no femaes from the supplemented grid
were dissected, as they were al vishly pregnant, however data for the femades from the
supplemented grid have been included (Figures 3.17D & E).

3.4.4) Higtology:

All the maes were spermatogenicaly active with more than 80% of the seminiferous tibules
containing spermeaiozoa, while mean sperm dorage in the epididymides ranged from 56%
(control grid) to 80% (supplemented grid), and the mean activity of the accessory glands was
above 95% on both grids. There was no dgnificant difference in the activity of the
reproductive organs for mdes from the control and supplemented grids (P > 0.1), dthough
the maes from the contral grid hed the lower levels of activity (Figure 3.18).
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Figure 3.17: Dissction data for mice collected after the winter 2001 food supplementation
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Andyss of the dissected femaes from the control grid indicated that these femaes had an
avaage of 11 secondary follides, four Gragfian fdllides and four corpora Iutea in their
ovaries (Figure 3.19A). The corpora lutea were highly vascularised with a mean diameter of
097 ? 01mm (Figure 3.19B). The mean thicknesses of the uterine wadl, endometrium and
myometrium were 0.37 ? 007mm, 0.19 ? 0.04mm and 0.07 ? 0.01mm, respedivey (Figure
3.19C). The uterine wadls were well vascularised ¢ = 1.86 ? 0.4) with a large number of
glands (? =14.57 ? 5.06; Figure 3.19D).

3.4.5) Hormone assays:

Mean plasma testogerone levels of the mdes did not differ dgnificantly between the two
grids (P = 0.17; supplemented grid, ? = 923 ? 325ng/dL; contrd grid, ? = 603 ?
21.7ng/dL).



16

A
14
12 -"
10
h3
E 8-
=}
z
6 —
4 L T
2 —
0 T T T
SF GF CL
0.5
C
0.4 4 T
€
£ 034
c
X
g 02 1
'_
0.1+
-
0.0 T T T
Tota Endo Myo
Uterine measurements
Figure 3.19:

(Vasc) and diameter (Diam) of the largest corpus luteum per ovary; (C) mean measurements
of the uterine wal (Totd), endometrium (Endo) and myometrium (Myo); and (D) mean
vacularistion (Vasc) and number of uterine glands (Gland) for the uterine wadls, andysed
for non-pregnant femae Rhabdomys pumilio caught on the control grid after the winter 2001

(A) Mean number of secondary follicdes (SF), Gradfian fdlicles (GF) and

corpora lutea (CL) from one ovary per non-pregnant femade (B) the mean vascularisation

Vascularisation of corporalutea

Vascularisation of uterus

2.0

1.5

1.0 1

0.5

20

- 16

- 12

- 08

- 04

0.0

0.0

2.8 H

2.4 1

2.0 H

1.6 H

1.2 H

0.8

0.4

0.0

30

- 25

- 20

- 15

- 10

Vasc

Gland

Diameter of CL (mm)

Uterine gland number

food supplementation experiment in Thomas Baines Nature Reserve. Meansare? 1SEM.



FOOD SUPPLEMENTATION EXPERIMENT: MOUNTAIN ZEBRA NATIONAL PARK

Because the results from the field experiments in Thomas Baines Nature Reserve showed
that Rhabdomys pumilio remained reproductively active during the winter when conditions
were mild, it was decided to conduct another food supplementation experiment in an area of
the Eagern Cape which experiences harsher and more predictable winters than
Grahamstown.

STUDY SITE:

The sudy dte for the winter 2002 food supplementation experiment was located in Mountain
Zebra Nationd Park (MZNP) near Gadock. MZNP is an established nature reserve that has
recently (2000) been expanded to incdude old famlands (the lands have been free of
livestock since late 1999). It was on one of these old farms that the sudy Ste for the food
supplementation experiment was located. While the reserve is home to a variety of mamma
and bird gpecies, the dudy dte was manly undigurbed by game dthough kudu
(Tragelaphus strepsicerog, vervet monkey (Cercopithecus pygerythrug, baboon (Papio
ursinug and caracd (Felis caracal) were seen in the area during the experimental period.
Sgns of black rhinoceros (Diceros bicornis) and buffdo (Syncerus caffer) were aso
observed during the experimental period, however these were more recent disturbances as
these species were only relessad into the old farm lands during March 2002 (buffalo) and
May 2002 (black rhinoceros). The smdler mammas evident within the sudy dSte included
porcupine (Hystrix africaeaustralis), pygmy mouse (Mus minutoides), four driped fidd
mouse (Rhabdomys pumilio), pouched mouse (Saccostomus campestris), multimammeate
mouse (Praomys natalensis) and an unidentified shrew species.

Within the old famlands two adjacent trgpping gStes that were sSmilar in dope and
vegetetion type were edablished. These dtes were 400m gpat and were separated by a
section of thick bush. This region is dassfied as Karoid Merxmuelera Mountain veld type
by Acocks (1975), while Low and Rebdo (1996) classfy it as South Eastern mountain
grasdand. Both Stes were Stuaed close to a riverbed and could be divided into two levels
The upper regions being dominated by grasdands with some low bush, while the lower
regions, which were closer to the river, were dominated by riverine bush (Figures 3.20, 3.21).
The dominant vegetation incdluded Acacia karroo, Rhus lancea, Rhus longispina, Lycium spp.
and Diospyros spp. and grass species. In both stes, the trap lines were set



Figure 3.20: Representaive photographs of the control grid used in the winter 2002 food
supplementation experiment in MZNP. Top and middle photographs are of the upper region
of the grid, the bottom phaotograph is of the lower region neer the riverbed.



Figure 3.21: Representative photogrgphs of the supplemented grid used in the winter 2002
food spplementation experiment in MZNP. Top and middle photographs are of the upper
region of the grid, the bottom photograph is of the lower region near the riverbed.



perpendicular to theriver, with five rows of ten trgps each (n= 50), each trap being 10m gpart.

PRE-EXPERIMENT STUDIES

Prior to the experiment, three trgpping sessons were carried out (June 2001, September 2001
and March 2002) on wha became the supplementation grid and one trgpping sesson was
caried out on what became the control grid (March 2002). These sessons lasted between
three and sx days and were part of another project. The results of these preiminary trapping
sessons showed that edimated populations of Rhabdomys pumilio were large (>50 for al
sessons on both grids Table 313) and that the percentage of adult mice that were
reproductively active was low in winter (June; Table 3.13). These factors indicated that
MZNP had a viable population of mice capable of surviving winter in large numbers and thet
there was an inhibition of reproduction in winter, therefore making MZNP suitable for a food
SUpplementation experiment.

Table 3.13: Edimated populaion szes of Rhabdomys pumilio and percentage of
reproductively active mice for two separae grids during pre-experiment sudies in MZNP.
Population sSzes were esimated usng the modified Lincoln Index and the totd numbers of
firgt time captures have been included in parentheses.

. _ Estimated % reproductively
Grid Trap session o _
population size active adults
Future June 2001 89 (69) 10
supplemented grid September 2001 126 (53) 20
March 2002 110 (76) 61
Future control grid March 2002 56 (43) 2

FIELD EXPERIMENT 2002:

3.5) Methods:
3.5.1) Field data collection:

Although the methods for this supplementation experiment were dmilar to those used in the
Thomas Banes Naure Resarve experiments, some dterations were made. Firgly trapping



sessons were based on the availability of accommodation & MZNP and my ahility to be out
of Grahamstown for four consecutive days. Trapping therefore occurred from 912 May, 24
27 June, 25-28 July and 8-10 August. The last trapping sesson was conducted three months
after the start of the experiment. Trap sessons lasted three nights and trgps were checked
twice a day dating on the aternoon of day one until the morning of day four, after which
trgps were packed away until the next trapping session. Thus traps were checked six times, as
in the previous experimentsin Thomas Baines Nature Reserve.

The methods for food supplementation were dtered to dlow for extended feeding without
the nead to replenish the food every second day. Rabbit pdlets (16% protein, 17% fibre,
energy content of 17.05kJg; Epol, Johannesburg, RSA), on which Rhabdomys pumilio can
aurvive and breed in the laboratory (pers. obs.), were used as the food supplement. Twolitre
plagtic bottles were filled with food and then inverted. A flap waes cut out of the bottle to
dlow food to be pulled out by rodents. The bottle was then secured with cable ties to a metd
gseke hammered into the ground. This device was tested for a week a MZNP (March 2002),
and this indicated that mice were able to gain access to the food, that the dispenser was not
atractive to vervet monkeys and that the dispenser was waterproof. Two of the feeders were
filled with colour-dyed (food colouring) food to test whether Rhabdomys pumilio were likey
to use the feeders. Two Rhabdomys pumilio were caught in the traps near these feeders and,
on immediate dissection, it was evident thet they had esten food from the feeders, as food
dye was present in ther gomach contents Overdl this device dlowed me to have
supplementation food avalable & each trgp postion (50 bottles used, one bottle a each trgp
point; Figure 3.22) for two weeks. Thus the food dispensers were refilled with pelets every
second weekend. During the last trgpping session, observetions were carried out in the fidd
to determine if Rhabdomys pumilio were till using the feeders.

The data that were collected for trapped Rhabdomys pumilio and the methods used to collect
these data were smilar to those used in the food supplementation experiments conducted in
Thomas Baines Nature Reserve, with a few changes. Foot length data were not collect during
May 2002, however foot length was measured for the other trgp sessons. Mean monthly
cimate data (minimum and maximum temperatures and mean ranfdl) for the experimentd
period were obtained from the South African Weather Services for the Cradock region, and
mean monthly rainfadl data were obtained from the weather station at MZNP.



Figure 3.22: Feading daions used in the winter 2002 food supplementation experiment in MZNP. Left: inverted plastic 2 L bottle with flgp at
base and atached to metd spike with cable ties Top right: Feeder placed near trgp. Bottom right: Food scraps near mouse burrow; food was
taken from the feeder and remnants of food formed aclear trail to ahole occupied by Rhabdomys pumilio at the base of atree.



3.5.2) Sacrifice, tissue collection and blood collection:

The methods used for sacrifice and tissue and blood collection were the same as those previoudy
described.

3.5.3) Histological analysis:

In addition to the methods used in the fird two experiments a more detaled andyss of
spermatogenesis was undertaken. For eech mae, 20 seminiferous tubules were examined and
assesed for spematozoa numbers, the number of layers of germ cels comprisng the
seminiferous epithdium and the thickness of the epithdiad layer. The number of spermatozoa
were assessed in a semi-quantitative manner according to the number of spermatozoa in the
lumen of a tubule 0 = no spermatozoa; 1 = 1 to 10 spermatozoa; 2 = 11 to 50 gpermatozog; 3 =
51 to 100 spermatozoa; and 4 = more than 100 spermatozoa. The number of layers of germ cdls
comprisng the wal of the seminiferous tubule was assessed by finding a region of the wadl of
the seminiferous tubule in which dl the cels were in focus and counting the number of nude
from the outsde towards the lumen. The thickness of this layer was then measured adong this
chosen line of cdls, usng an opticadl micrometer. These assessments were repeated 20 times per
anima and mean vaues for these observations were then obtained for each animal.

3.5.4) Hormone assays:

Blood was assayed for testosterone concentrations, as previoudy described. Plasma leptin levels
were measured usng a multi-species leptin RIA kit (Linco; USA). It utilises 1251 1abelled Human
leptin and multi-gpecies leptin antiserum and andlyses the blood usng a double antibody/PEG
technique. The kit can detect leptin to a level as low as 1.0ng/ml and has a 73% specificity for
mouse leptin. The intra- and inter- assay variations were beow 4% and 10%, respectively. Since
it was not possble to vdidate the leptin assay kit for Rhabdomys pumilio, hormone leves will be

referred to as levels of hormone-like immunoreactivity.

3.5.5) Population and statistical analyses:
Population and datigtica anadyses were conducted as previoudy described.



3.6) Results:

3.6.1) Climate:

The mean monthly temperatures for Cradock for 2002 were smilar to the means cdculated for
the lagt 10 years (1992-2001), dthough the maximum temperaiures for June, July and August
were dightly lower than average and the mean minimum temperatures for May, July and August
were dightly higher than average (see Figure 2.6). However, June was colder than average and a
times the minimum daily temperature fell bedow 0°C and frost occurred. Snow adso fdl during
the third week of July. Ranfdl was higher than average in June in the Cradock area and in
MZNP (see Figures 2.7 & 2.8).

3.6.2) Field data:

During the experiment, 350kg of rabbit food was digpensed on the supplemented grid. During the
experiment it was noted that runways belonging to mice were lined with shredded rabbit pelets
and smilar evidence of rabhit pellet consumption was noted a the entrance to mouse holes (see
Figure 3.22). During the last trgpoping sesson, two independent observeations were made of
Rhabdomys pumilio utilisng the feeders and it was assumed that they had done so throughout the
experimen.

The edimated population dzes on the supplemented grid ranged between 74 and 91 individuds
(May to Jduly), while on the control grid it ranged between 60 and 74 individuds (May to July;
Table 3.14). The edimated population Szes were ggnificantly grester on the supplemented grid
(P = 0.04), however there was no dgnificant change in the edimaed szes from May (pre-
supplementation) to July (animads were removed from the study aea in August and thus
estimated population szesfor the two grids were low).



Table 3.14: Edimaed population sSzes of Rhabdomys pumilio on two grids in the winter 2002
fidd supplementation experiment in MZNP. Note tha supplementation began after the May
trgoping session and that mice were removed during the August trapping sesson, hence
edimates for this month have not been cdculaied. (See Table 3.15 for totd number of firg
captures).

Control grid Supplemented grid
May 74 a1
June 71 A
July 60 74

August - -

May was the only month during which juvenile Rhabdomys pumilio were caught, and the
numbers were smilar on the two grids (Table 3.15). Sub-adults and adults were trapped
throughout the experimentd period, sub-adults occurring in larger numbers at the dart of the
winter period (May and June) and adults occurring in Smilar numbers throughout (Teble 3.15).
Significantly more adults were caught during the experiment than other age dasses (P < 0.01),
and dgnificantly more mice of dl ages were captured during May (P = 0.02), however there was
no dgnificant difference in the number of ceptures between the two grids (Table 3.16).
Sonificantly more reproductively active mice were caught during May (P = 0.03) than the other
months and throughout the experiment, the supplemented grid had ggnificantly higher numbers
of reproductively active mice than the control grid (P < 0.01; Tables 3.15, 3.16).

MANOVASs conducted to test the effects of grid and month on body mass and hind foot length of
sub-adults and adults (Figure 3.23) indicated Sgnificant grid effects on adult mean body mass
and hind foot length. The adults from the supplemented grid had the higher mean body mess and
mean hind foot lengths compared to the adults on the control grid (P < 0.01; Table 3.17). Month
had a dgnificant effect on both sub-adult and adult foot lengths, where sub-adults had
ggnificantly larger feet in June compared to the other months and adults had dgnificantly larger
feet in June and July compared to August (P < 0.01; Table 3.17). There were no sgnificant
interactions between grid and month (P > 0.05).
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Table 3.15: Population dynamics of Rhabdomys pumilio trgpped on the control and supplemented gridsin MZNP during the winter 2002 food
supplementation experiment. Numbers are of individua mice, exdluding recaptures.

Control Grid Supplemented Grid
May June July August May June July August
Number of mice caught:
, 6 0 0 0 7 0 0 0
Sb-adlts 15 16 11 12 23 9 5 7
(6?;9?) (57;11?) (1?;10?) (2?;10?) (14?;9?) (4?:;5?) (1?;4?) (2?;5?)
Aduts 24 19 24 2z 30 30 2 27
(147 10?) (13?;6?) (18?;6?) (167 ; 11?) (15?; 15?) (17?;13?) (16?;12?) (15?;12?)
Totd caught 45 b 35 0 60 39 B A
% mice per trgp sesson:
Juveniles 13 0 0 0 12 0 0 0
Sub-adults 33 46 31 3 33 23 15 21
Adults 54 5 69 & 50 77 &b 79
% mice reproductively active per age group per trgp sesson:
Juveniles 0 0 0 0 0 0
Sub-adults 7 0 0 26 0 14
Adults 46 2 33 37 43 30 63 55
Total N°
reproductively 12 4 9 10 19 9 19 16

active
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Table 3.16: Results of Loglinear andyss of frequency tests conducted on the population fied
data collected during the winter 2002 food supplementation experiment in MZNP.

Comparison P value
No. mice caught Months P=0.021
Ages P <0.001
Grids P=0.510
No. reproductively active Months P=0034
Grids P=0.004
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Figure 3.23: Mean (? 1SEM) body mass and hind foot length for mice trgoped during the
winter 2002 food supplementation experiment in MZNP. Mice are cdlassfied according to ther
age and the grid on which they were caught, and according to the month in which they were
trgpped. M, J, J and A represent the months May, June, July and August respectively. Numbers
above the bars represent the sample size per group.
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Table 3.17: Results of MANOVAs conducted on the mean body mass and mean hind foot length
of mice from two grids for the various months in which mice were caught, during the winter
2002 food supplementation experiment in MZNP.

Agegroup Month Grid Month x Grid
Body mass
Sub-adult P=0.087 P=0378 P=0.787
Adult P=0154 P =0.005 P=0.245
Hind foot length
Sub-adult P =0.007 P=0.867 P=0942
Adult P =0.001 P =0.001 P=0470

In May, the sze didribution of Rhabdomys pumilio within the two grids was smilar and the
mgority of mice from both grids weighed between 20.0g and 499g (Figure 3.24). The
digribution patterns for mae and femdes within the weight classes were smilar for both grids
(Figure 3.25). During June both grids were dominated by mice weighing between 30.0g and
39.9g, with this class being mde dominated on the supplemented grid and femade dominated on
the control grid (Figures 324, 3.25). On both grids in July and August the Sze didributions of
the mice were smilar, with a decrease in the number of mice from the 30.0-39.9g weight class
through to the higher weight classes (Figure 3.24). For both grids, the lower weight classes were
dominated by femdes dthough in Augud, the larges mouse caught on the supplemented grid
was afemale and the lightest amale (Figure 3.25).
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Figure 3.24: Sze digribution of Rhabdomys pumilio from the control and experimentd grids of
the winter 2002 food supplementation experiment in MZNP. Weight classes are in grams and
tick labels have been rounded to save space (09g = 0.09.9g). Clear bars denote the control grid;
shaded bars denote the supplemented grid.
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Figure 3.25: Sze digribution of Rhabdomys pumilio from the control and experimentd grids of
the winter 2002 food supplementation experiment in MZNP. Weight classes are in grams and

tick labes have been rounded to save space (09g = 0.09.9g). Clear bars denote mdes, shaded
bars denote females.

72



A MANOVA conducted on the mean body masses of the mice from the two grids for each
month (Table 3.18) indicated that mdes were significantly heavier than the femdes (P < 0.001),
that the mice on the supplemented grid were sgnificantly heavier than those on the control grid
(P < 0001) and that in July and Augus, mice were Sgnificantly heavier than those caught in
May (P < 0.001). There was a dgnificant interaction between gender and month, where males
were dgnificantly heavier than the femdes egpecidly in July and Augugt (P = 0.01). Although
there was no dgnificant interaction between grid and month (P = 0.05), it was evident that mice
trapped on the two grids in May were of amilar mass, however for the rest of the year, the mice
from the supplemented grid were heavier than those on the contrd grid. There was no Sgnificant
interaction between grid, month and gender (P > 0.05).

Table 3.18: The mean body masses of the mades and femdes and the overdl mean body mass
for the mice on the control and experimenta grids during the winter 2002 food supplementation
experiment in MZNP. Means are? 1SEM. (See Table 3.15 for sample Sizes).

Means May June July August

Totd 36.27? 160 372?104 4027 1.35 307?121

Control grid Femde 3497248 3A47?115 3A77?114 357?091
Mde 3787184 3097 147 4497 168 4447190

Tota 36.0.? 119 426 ? 1.56 468 ? 220 438?190

Supplemented
” Femde 351?184 4097 1.92 404 ? 295 400?233
ori
Mde 3697153 441?238 528 ? 255 4767 2.76

3.6.3) Dissection data:

At the end of the experiment, equal numbers of maes and femaes were trgpped on the two grids,
resulting in a totd of 40 mice being caught and brought into the laboratory for dissection. All the
femdes from the control grid were non-perforate, while five of the maes from this grid were

non-scrotal, three were partly-scrotd and two scrotd. All the femdes, except one, from the
supplemented grid were non-perforaie, while sx of the maes were scrotd and the remaining

four mice partly-scrotal.
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At dissection, the mean body masses of the mdes from the two grids were not dgnificantly
different, dthough mdes from the supplemented grid were heavier (Figure 3.26A). In contrast,
the femdes from the supplemented grid were sgnificantly heavier than the femdes from the
control grid (P = 0.03). The hind foot lengths of dl the mice were not sgnificantly different
(Figure 3.26B) and there was no dgnificant difference in the mean fat scores of the mice from
the two grids (Figure 3.26C). The mice from the supplemented grid had dgnificantly heavier
testes, ovaries, epididymides and uteri than the mice from the control grid (P < 0.05), however
the mean mass of the accessory glands for the maes was smilar for both grids (Figure 3.26 D &
E).

3.6.4) Histology:

All the maes from the two grids were spermatogenicaly active and there was no ggnificant
difference in the mean percentages of spermaogenic activity. There was no dgnificant
difference in the amount of sperm in storage for the males from the two grids, dthough the mice
from the control grid had lower epididymad activity than the mice from the supplemented grid (P
> 0.05 for both; Figure 3.27). The mean activity of the accessory glands of the mice from the
supplemented grid was sgnificantly greater than that of the mice from the control grid (P < 0.01;
Figure 3.27).
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Figure 3.26: Dissection daa for mice collected after the winter 2002 food supplementation
experiment in MZNP, indicaing (A) mean body mass, (B) mean hind foot length; (C) mean fat
score; (D) mean mass of the testes and ovaries; and (E) the mean mass of the epididymides (clear
bars), accessory glands (cross -hatched bars) and uterine horns (dark bars). Means are? 1SEM.
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Figure 3.27: Mean activity (%) of the reproductive argans collected from mae Rhabdomys
pumilio after the winter 2002 food supplementation experiment in MZNP. Epid = epididymides;
Acc. Gld. = accessory glands. Means are ? 1SEM.

Edimates of spermatozoa numbers within the seminiferous tubules for the maes indicaed no
sgnificant differences (P = 0.06), dthough the edtimates were higher for the mice from the
supplemented grid (Figure 3.28). There was a dSgnificant difference in the number of layers of
gem cdls comprisng the seminiferous epithdium (P = 0.02), where the mdes from the
supplemented grid had a grester number of layers of germ cdls than the mice from the control
grid had (Figure 3.28). However, the thickness of this epithdid layer did not differ sgnificantly
(P=0.07).

Although there were differences in the number of the ovarian fdlides and the dze and

vascularisation of the corpora lutea within the ovaries of femdes from the two grids, these
differences were not gatisticaly sgnificant (P > 0.05; Figures 3.29, 3.30).
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Figure 3.28: Mean (? 1SEM) score for the abundance of spermatozoa (spermatozoan score),
layers of germ cdls and thickness of the seminiferous epithdium of mice collected after the
winter 2002 food supplementation experiment in MZNP.
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Figure 3.29: Mean number (? 1SEM) of secondary follicdles (SF), Gradfian follides (GF) and

corpora lutea (CL) from one ovary per femde Rhabdomys pumilio collected after the winter
2002 food supplementation experiment in MZNP.
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Figure 3.30: Mean (? 1SEM) vascularisation (Vasc) and diameter (Diam) of the largest corpus

luteum per femde Rhabdomys pumilio caught after the winter 2002 food supplementation
experiment in MZNP.

78



The femdes from the supplemented grid had sgnificantly thicker uterine wals (P < 0.01),
endometria (P = 0.02) and myometria (P < 0.01), and sgnificantly greater vascularisation of the
uterine horns (P = 0.02) compared to the femaes from the control grid, however there was no
ggnificant difference in the number of glands present in the uterine wals of the femdes (P =

0.74; Fgures 3.31, 3.32).
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Figure 3.31: Mean measurements (? 1SEM) of the thicknesses of the uterine wall (Totd), the

endometrium (Endo) and myometrium (Myo) of femde Rhabdomys pumilio caught after the
winter 2002 food supplementation experiment in MZNP.
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Figure 3.32: Mean @ 1SEM) vasculaisation score (Vasc) and number of uterine glands (gland)
for the uterine wadls of femde Rhabdomys pumilio caught after the winter 2002 food
supplementation experiment in MZNP.

3.6.5) Hormone assays.

Pasma testosterone levels were not Sgnificantly different between the two grids (P = 0.472).
Levels ranged between 11 and 480ng/dL, with the mean levels being 29.8 ? 5.38ng/dL for maes
from the control grid and 96.0 ? 50.45ng/dL for mdes from the supplemented grid. Levels of
leptintlike immunoreectivity were not dgnificantly different between the grids when the mde
and femae vaues were combined (P = 0.815), however when the genders were compared within
and across the grids it was evident tha the femades on the supplemented grid hed sgnificantly
higher levds of leptin-like immunoreectivity than the maes on the supplemented grid. (P =
0.032, Table 3.19).
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Table 3.19: Mean leves of plasma leptin-like immunoreectivity fa maes and femaes from the
control and supplemented grids in MZNP during the winter 2002 food supplementation
experiment. Vaues are means ? 1 SEM.

Supplemented grid Control grid Pvalue
Females 12087 2.16" 9137 263*° 0.032
Males 46772 0.71° 8227 150°°
Total 8577145 8707 157 0.815

- within gender comparison (both within and between grids), the groups with different superscript letters (a or b) are
significantly different (P < 0.05).

3.7) Discussion:

The three experiments were desgned to test whether provison of supplementary food in winter
would overide the normd inhibition of reproduction that occurs a this time (Brooks 1974,
Perin, 1980; David & Jarvis, 1985). The basic requirement for these experiments was therefore
that reproduction would be inhibited in winter, however this did not occur in the firg two
experiments a Thomas Baines Nature Reserve. The most probable reason for this was that the
winters were milder than is usud for the area and there was, therefore, ot a sufficiently severe
energetic chdlenge to inhibit reproduction. Although the two experiments & Thomas Banes
Nature Resarve could be regaded as falures, they do further highlight the reproductive
flexibility that characterises Rhabdomys pumilio and some aspects of these results will be
discussed later. Two other fundamenta requirements of the experimental design were that the
mice ate the food and that there was no movement of mice between the grids. At Thomas Baines
Nature Reserve there was indirect evidence that Rhabdomys pumilio consumed the bird seed.
Although this might be seen as a weekness of the dudy, it is not important snce reproduction
was not inhibited on the control grid. By contrast, & MZNP there was direct evidence
(Observaion of Rhabdomys pumilio feeding from the feeders and food dye in Somach contents)
and indirect evidence (fragments of food dong runways and a the opening of an occupied
burrow) that Rhabdomys pumilio consumed some of the provided food. There was some
movemert of animas between the control and supplemented grids a& Thomas Banes Naiure
Reserve in both experiments but this was minima (less than 10% of the mice caught in any one
trap session). At MZNP, there was no movement detected between the grids.
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Although the experiments & Thomas Baines Nature Reserve did not generate the desired results,
there were some effects of food supplementation that are worth discussng. In both 2000 and
2001, food supplementation resulted in a sgnificant increase in the number of mice caught and
edimaied population Sze. Based on extend assessment of reproductive condition, there were
sonificantly more reproductively active mice on the supplemented grid in 2000 and 2001, and
the mice on the supplemented grid were sgnificantly heavier than those from the control grid for
both years. Previous studies on a variety of species of mammas have produced smilar results,
showing that provison of supplementary food in an aea results in an increase in the number of
reproductively ective animas (Cole & Batzli, 1978, Desy & Thompson, 1983), an increase in the
number of pregnant femdes (Briggs, 1986; O Donoghue & Krebs, 1992; Cittadino et al., 1994;
GdindoLed & Krebs, 1998), and an increase in body mass (eg. Fowerdew, 1972; Havera &
Nixon, 1980; Sullivan, 1990; Monadiem & Perin, 1996). The increased number of mice caught
on the supplemented grid could be due to increesed immigration by animds ditracted to the
additiond food, increesed survivd, an increese in liter dze or the percentage of femdes
pregnant, or a decrease in the inter-litter interva. The smal number of mice caught in the middle
line of trgos suggedts that immigration is an unlikdy explandgtion and it is more likdy that the
additiond food had a smdl pogtive effect on survivd and litter Sze (Desy & Thompson, 1983;
Briggs, 1986; Cittadino et al., 1994).

In both experiments (2000 and 2001), the edimaed populations of mice from both grids
increased in 9ze during the winter, rather than decreasing, as one would expect hed reproduction
been inhibited. This was probably due to the continuous production of litters, evidence for which
was the continuous presence of juveniles in the populaion. In addition, femdes were
sgnificantly heavier than the maes and were likdy to be pregnant, as confirmed a dissection.
Snce the increese in populaion sze occurred on both grids, it canot be atributed to the
supplemented food, and is more likey to be reaed to the dimatic conditions Interestingly, in
2000, juveniles were cgptured on the supplemented grid during eech of the trgoping sessons,
while on the control grid in August no juveniles were caught. In 2001, 17 juveniles were trgpped
on the supplemented grid in June, which is more then dl those caught on the control grid. This
increased occurrence of juvenile Rhabdomys pumilio on the supplemented grid may be due the
presence of supplementary food dlowing for more litters to be produced and an increese in litter
gze and juvenile survivd. Similar results have been reported by Cole and Batzli (1978), who
found tha by exposng Microtus ochrogaster to food supplementaion, there was an increese in
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litter 9ze and breeding intengty. In addition, this could dso explain the increese in the number
of mice caught on the supplemented grid.

In 2000, on both grids, there was a ggnificant increase in the mean hind foot length of the mice
over the experiment, suggesting tha mice of dl age groups were surviving and thus the
populations were not only increesing in size but dso induded more old, larger mice. Similar
results were achieved by Gdindo-Led and Krebs (1998) who noted that food supplementation
had no effect on the survivd rates of Peromyscus difficilis. In 2000, in spite of the increase in
hind foot length, there was a dgnificant decresse in body mass of adults on both grids. This
probably indicates that dthough the winter was mild, it was a period of food shortage and thet
the supplementary food was not enough to counter this By contragt, in 2001 the mean mass of
dl the mice on both grids increesed ggnificantly. This could be a result of the accumulative
effect of two consecutive mild winters on neturd food availahility.

While the fidd data and externd obsarvations of reproductive condition suggest that provison of
supplementary food had an effect, this was not the case with the data collected from the more
detalled andyses of reproductive condition of the mice collected a the end of the experiment. In
both 2000 and 2001 there was no indicaion of any inhibition of gametogeness in mice from the
control grid and no sgnificant differences between any of the festures measured across the grids.
While these results could be a result of mice from the control grid moving across to the
supplemented gid, s0 that in effect dl mice were recaiving additiond food, this is unlikedy since
the mid-line of trgps did not catch sufficient mice to support this It is much more likdy thet the
particularly mild wintersin the two years dlowed reproduction to continue on the contral grid.

In the third experiment, in MZNP, the winter was typicd for the region, with low maximum and
minimum temperatures and frog, dthough it was wetter than usud towards the end of the
experiment. Unlike the fird two experiments, the edimated populaion Szes on both grids
decreased through winter, as did the actud number of mice caught. Furthermore, provison of
additiond food had no effect on edimated population sze. The reduction in esimaed population
gze during the experiment is probably linked to the fact that juveniles were caught only in May.
May is conddered to be the end of the breeding season of Rhabdomys pumilio (Brooks, 1974;
Perin, 1980; Henschel et al., 1982, David & Jarvis 1985) and my results indicate a reduction in
reproductive ectivity & the end of summer. Further support for the reduction in reproductive
activity includes a dgnificant decrease in the number of reproductively active mice on both grids
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over the experimentd period and that maes were dgnificantly heavier than femdes indicating
tha the femdes were unlikdy to be pregnant. The reduction in population Sze through the
expaiment could dso be atributed to the loss of animds through desth or emigration. The
ggnificant decrease in the Sze of the hind feet of sub-adults and adults through the experiment
suggests that the larger animas of the population were ether dying or emigrating. There was a
ggnificant reduction in the occurrence of reproductively active mice (assessad externdly)
through the experiment and there was a dgnificant difference between the grids such that
provison of additiond food was associated with an increase in the occurrence of reproductively
active mice. Although other researchers have reported that food sipplementation has no effect on
the survivd of animds or on the dedine of populations (Gaindo-Led and Krebs, 1998 -
Peromyscus difficilis, Saitoh, 1989 - Clethrionomys rufocanus), thisis in contrast to a number of
other dudies which have suggested that with an increase in food supply, populations experience
improved survival (eg. Desy & Thompson, 1983; Sulliven et al., 1983; Briggs, 1986; McAdam
& Millar, 1999), extended breeding periods (eg. Hansen & Bazi, 1979, Vaughan & Kaeith,
1981; Satoh, 1989; McAdam & Millar, 1999), an increase in immigraion rates (eg. FHowerdew,
1972, Havera & Nixon, 1980; Satoh, 1989; Cittadino et al., 1994) and a reduction in the typicd
population declines noted for the various species (Howerdew, 1972, Cole & Batzli, 1978; Taitt
& Krebs, 1983; Sullivan, 1990).

However, food did afect individud animads such that mice on the supplemented grid were
ggnificantly larger (lager hind feet) and Sgnificantly heavier than the mice on the control grid
after supplementation occurred, and sgnificantly more of them were reproductively active, based
on extend examination. The fact tha mice were dgnificantly larger (es compared to Smply
heavier) on the supplemented grid may be linked to an increase in the growth rate, since sudies
have indicated that, with an increese in food supplies, individuds will improve their growth rates
(eg. Vaughan & Kaeth, 1981; Sullivan et al., 1983; Monadjem & Perin, 1996, McAdam &
Millar, 1999). Altendively, the provison of supplemental food might increese survivd of the
older animds and thus result in a larger meen hind foot length on the supplemented grid. The
change in body mass has dso been demondraied previoudy, whereby an increase in food
avaldbility resulted in animds increesing ther body messes (eg. Tatt & Krebs 1983
O'Donoghue & Krebs, 1992; Ned, 1996; Nunes et al., 2000) and Smilar results for the increase
in the number of reproductively ective animas were obtained when populations of Microtus
pennsylvanicus (Desy & Tompson, 1983) and Microtus ochrogaster (Cole & Batzli, 1978) were
exposed to food supplementation.



The higologica results for the mice from the MZNP sudy yidded interesting results. Although
mice from the supplemented grid had sgnificantly larger reproductive organs and were therefore
expected to be more reproductively active than the mice from the control grid, maes from both
grids were spermatogenicaly active. Ovarian activity was not affected by food supplementation
but devdlopment of the uterus was, and the femaes from the supplemented grid had thicker and
more vascularised uterine wals. A comparison of the sze of the reproductive organs of femdes
from the three fidd experiments (Table 3.20) shows that in the MZNP experiment, the uterine
horns were subgantidly lighter and the wadls less deveoped than those from the Thomas Baines
Nature Reserve experiments. Based on this comparison, it is assumed that the femaes from
MZNP were reproductively inective.

Table 3.20: Comparison of the mean masses of the reproductive organs of mae and femde
Rhabdomys pumilio collected during the three consecutive fidd experiments and the mean
uterine messurements for the femaes. Vaues are means, standard errors are omitted from the
table, but areincluded in the origind graphs (Figures 3.7; 3.11; 3.17; 3.19; 3.26 & 3.31).

M easur ements 2000 2001 2002
Control Supplement. Control Supplement Control Supplement
?
Testes (g) 0.65 0.62 059 0.76 062 0.90
Epid. (g) 0.19 017 0.16 022 015 023
Acc. gld. (g) 0.36 040 031 047 008 021
?
Ovary (g) 0.04 0.03 004 - 002 0.03
Uterus (g) 0.13 011 054 - 004 0.08
Uterus:
Total (mm) 0.67 0.55 0.36 - 018 0.27
Endometrium 0.28 0.28 019 - 011 0.15
(mm)
Myometrium 012 007 007 - 003 0.05
(mm)
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By contradt, the reproductive organs of the maes from the three experiments were of a Smilar
sze. These reaults indicate that despite energetic chalenges, mae Rhabdomys pumilio will
reman spematogenicaly active, while femaes will dow or cease ther reproductive activity in
reponse to reduced ambient temperatures regardless of the food avalability. This observation
uggests that it is the femdes that control the breeding season, while maes reman
reproductively ready despite energetic chalenges (Swanepod, 1980; Clarke, 1985; Hamilton &
Bronson, 1985; Bronson & Perrigo, 1987; Bronner et al ., 1988; Bronson & Heideman, 1994).

Overdl, the results from dl the fidd experiments indicate that food supplementation hed little
effect on the reproduction of Rhabdomys pumilio. In Thomas Baines Nature Reserve, it appears
that the climate was mild enough to adlow the mice to continue reproduction either in response to
a naturd increese in food avaldbility, or due to the temperaures being mild or both. In MZNP,
the cimate dso agopears to have affected reproduction, however in this aea a decline in
reproductive activity occurred despite the presence of supplementary food. Since the provison of
extra food did not overide the energdic chdlenge of winter, it is possble tha Rhabdomys
pumilio in the Cradock region are in fact responding to photoperiodic cues. Although mice from
Thomas Baines Naiure Reserve do not respond to photoperiodic cues in the laboratory (Jackson
& Bernard, 1999), the potentid use of photoperiod in Cradock is not an unreasonable suggestion,
snce the climae in this area is more predictable and is hasher than the climae in the
Grahamstown region. Bronson and Perrigo (1987), Bronson and Heideman (1994), and Demas
and Neson (1998) have indicaied that populations of the same species in vaious aress can
respond differently to the same environmental cues.

Although food supplementation did not affect the reproductive activity of Rhabdomys pumilio,
the addition of food to the environment did improve the condition of these mice by reaulting in
an increese in body mass and rate of growth. It is therefore evident that the reproductive activity
of Rhabdomys pumilio is not controlled by food done and thet other environmenta factors
influence reproduction in these mice It has previoudy been reported tha mde and femde
Rhabdomys pumilio respond differently to energetic chdlenges under laboratory conditions
(Jackson & Bernard, 2001) and the results from the fied experiments confirm this, where the
femdes contribute to the control of the breeding season while the mades reman reproductively

reedy.
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CHAPTER FOUR : EFFECTSOF EXOGENOUS GNRH ON THE REPRODUCTIVEACTIVITY
OF MALE RHABDOMYSPUMILIO EXPOSED TO LOW AM BIENT

TEMPERATURES AND LOWFOOD AVAILABILITY.

The reproductive axis of mammals is controlled by a variety of hormones, the most important of
which is the decapeptide, gonedotropin-rdeasng hormone (GnRH). GnRH is produced by
neurosecretory cdls in the hypothdamus (Rega et al., 1999; Vizcara et al., 1999; Mashdl et
al., 2001) and plays a cucid role in regulding reproductive function and the development of the
gonads (Raga et al., 1999; Pavizi, 2000). GnRH, which is reeasad in a pulsatile manner (Rhim
et al.,, 1993, Hammilton et al., 1999; Vizcara et al., 1999, is regpondble for simulating
production of the gonedotropins fallide-gimulating hormone (FSH) and luteinizing hormone
(LH) from the anterior pituitary (Garrd et al., 1998; Raga et al., 1999; Marshdl et al. 2001) and,
in turn, these two hormones support the development of the gonads, gametogeness and the
production and releese of the gonadd Seroids (Garrd et al., 1998, Behr & Weinbauer, 1999).
The rdease of GnRH and thus of the gonedotropins is controlled in pat by feedback
mechaniams, whereby the gonadd deroids, such as testosterone and progesterone, reduce the
pulsatile release of GNnRH and thus LH and FSH (Perheentupa et al., 1995), and reduce the
responsveness of the pituitary gland to GnRH (see Bronson, 1986; Rhim et al., 1993).

In addition, a number of physiologicd sates and hormones other than the gonadd geroids affect
GnRH production and therefore reproductive activity. Cortisol, which is produced in response to
a rumber of different stressors, reduces plasma LH and FSH levels (see Dubey & Plant, 1985)
and suppresses oedtradiol secretion (Ddey et al., 1999). It has been suggested that cortisol acts a
hypothdamic and, or hypophysed dtes to reduce GnRH secretion Qubey & Plant, 1985; Daey
et al., 1999). Studies usng sheep and monkeys have indicated that the negative effects of cortisol
can be overidden by episodic or pulsdile adminigration of GnRH, causng an increese in the
releese of the gonadotropins and a reectivation of fdlicular development and ovulation (Dubey
& Plant, 1985, Ddey et al., 1999). Prolonged exercise has dso been shown to reduce
reproductive activity in a range of mammads from mice to humans (Frisch, 1984; Manmning &
Bronson, 1991) and infuson of GnRH induces normd oedrous cydicity and owvuldion in
execised ras (Manning & Bronson, 1991). Many dudies of the control of reproduction have
examined the effects of food redriction on reproductive activity. In these dtudies it has been
found that with a reduction in food avalability there is a decrease in GnRH production and a
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reduction in LH and FSH release (Bronson, 1988; Bergendahl et al., 1991; Perheentupa et al.,
1995; Mounzih et al., 1997), and in femdes a reduction in food availabiity results in anoestrus
(eg. in cows - Hamilton et al., 1999). In dl cases, pulsatile adminigration of GnRH reverses the
adverse effects of food redriction, and LH secretion increases with a resumption of ovulation in
females (Bronson, 1986; Gill & Rssman, 1997; Vizcara et al., 1997, Hamilton et al., 1999) and
tegticular androgen production in males (Bergendahl et al., 1991).

Recently it has been suggested that nitric oxide (NO) can stimulate the secretion of GnRH (Bhat
et al. 1995 cted by Dixit & Parvizi, 2001). Smilaly, there are other compounds which can
afect GnRH production, incduding leptin (produced by adipocytes), which can directly influence
GnRH, LH and FSH release (Yu et al., 1997a Lebrethon et al., 2000; Dixit & Parviz, 2001) or
indirectly increese GnRH production by activeting NO production (Yu et al., 1997b), carbon
monoxide (CO), which has been implicated in simulating GnRH release (Lamar et al., 1996),
and GnRH andogs which can dimulate the recovery of gametogeness (Shuttlesworth et al.,
2000).

The results of these dudies indicate that the responses of the reproductive axis to stressful
Stuations are mediated by the hypothdamus, resulting in a suppresson of GnRH reease, dther
through a reduction in pulse frequency or pulse amplitude. It has been suggested that the
pituitary gland may aso be dfected, where there is an imparment of the pituitary function,
resulting in a reduction of gonadotropin reesse (Bennett et al., 1993; Bennett et al., 1997).
However, I’Anson et al. (2000) suggest tha the sengtivity of the pituitary gland to sressful
gtuations could be dtered in some gpecies of animd, while in other species it may not be
affected.

It is likdy that the winter inhibition of reproduction in Rhabdomys pumilio is controlled a the
levd of the hypothdamus by a change in the pattern of rdease of GnRH, possbly brought about
by an enegetic chdlenge working through cortisol and, or leptin. Thus, the am of the following
experiment was to determine whether exogenous GnRH would override the inhibitory effects of
an energetic chalenge on the reproductive activity of mae Rhabdomys pumilio.
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4.1) Materials and methods:

Eighteen mde, adult, Rhabdomys pumilio were trapped in Thomas Baines Nature Reserve during
October (early summer) 2000, when the mice are typicdly reproductivdly active (pers. obs),
brought into the laboratory and placed into a controlled environment (CE) room. The mice were
housed individudly in cages of smila Sze (41x26x15 cm) and were each provided with
shredded pgper and a square of blanket for nesting materid and a toilet roll for cover. Food
(rebbit pelets, Epol, Johannesburg (JHB), RSA.) and water were provided ad libitum Cages
were cleaned a the end of each week.

4.1.1) Acclimation:

Mice were acclimated for two weeks at 15°C (typicd winter temperature) with a photoperiod of
120.:12D and a humidity of around 40%. During this time the mice were maintained on an ad
libitum diet of rabbit pellets Food was weighed before being given to the mice and during the
second week of the acclimaion period dl the remaning uneasten food for that week was
collected and used to cdculae the food consumed during that week, and from this the daly food
consumption for each mouse. Mice were weighed every Monday and Thursday and the podtion
of the testes (scrota, movingscrotd or nonrscrotal) was noted. At the end of the acclimation
period, the mean mass of each mouse was cdculated usng the weights recorded during the last
week of acclimation.

4.1.2) Food redtriction:

After the twoweek acclimation period, al the mice were exposed to a food-redtricted diet where
mice were subjected to a 10% reduction in ther daly food intake. This reduction in food intake,
combined with a low ambient temperature (15°C), will inhibit spermatogenesis (Jackson &
Bernard, 2001). The period of food redriction continued for four weeks, a the end of which the
mice were ether nonrscrotd and assumed to be reproductively inective (Jackson & Bernard,
2001), or showing dgns of becoming nontscrota (testes either partly-scrotd or amdl while ill
in the scrotal sacs). Throughout the period of food redriction, mice were weighed and the
postion of the testes assessed every second day. If a any stage during food redriction the body
mass of a mouse dropped below 70% of the mean mass cdculated during the last week of
acclimation, the daly food provided was increesed so thet it received the daily food inteke less 1
to 5%. This continued until the body mass was above the 30% reduction mark.
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4.1.3) Hormonal manipulation:

After the four-week period of food redtriction, the mice were divided into two groups (one of ten
animas and the other of eight) such that the mean body mass of each group and the reproductive
status of the mice in each group were Smilar. The group of ten mice were administered with g
GnRH (Kindly donated by the MRC Regulatory Peptides Research Unit; Department of
Chemica Pathology, Universty of Cape Town Medicd School, RSA) in 200?] of sdine twice
a day (7h00 and 19h00) for 21 days while the group of eight mice received 200?1 of sdine a the
same times Injections were administered subcutaneoudy. All other conditions remained as they
had been during the period of food restriction, and he mice were weighed and the postion of the
testes assessed every second day. Twenty-one days of exogenous GnRH was fdt to be
aufficently long to simulate spermatogeness and thus bring about a visble change in the
hisology of the testes (Setchdl, 1982). The dosage of GnRH used in the current experiment was
based on work by N. Bennett (Department of Zoology and Entomology, University of Pretoria,
R.SA, pers. comm.; Bennett et al., 1993).

4.1.4) Sacrifice, tissue collection and blood collection:

At the end of the period of hormone manipulation, the mice were sacrificed, weighed, dissected
and given a subjective fa index as previoudy described (Chepter 3). Blood was collected and
processed as previoudy described.

4.1.5) Histological analysis:
Reproductive organs were processed and spermatogenic activity and the activity of the accessory
glands assessed as previoudy described (Chapter 3).

4.1.6) Hormone assays:

Plasma testosterone levels were determined as previoudy described (Chapter 3). Plasma LH was
mesasured usng a rat luteinizing hormone EIA (Amersham Biotrak, UK). The kit uses plate strips
coaed with rabbit anttra LH, dandads of ra luteinizing hormone and 3355-
tetramethylbenzidinehydrogen peroxide solution as the dan. Sengtivity is O0.Ing/ml and inter
and intra-assay variances were less than 26%. It was not posshble to vdidae the LH assay for
Rhabdomys pumilio because of a shortage of plaama and in the results and discusson leves of
L H-likeimmunoreectivity are reported.
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4.1.7) Statistical analysis:

Satisticad andyses were conducted usng both SigmaStat and Statgraphics. Changes in the body
weight of individud mice were compared with a repested messures t-test, while comparisons
between the experimental groups were canducted usng Student's t-tests and non-parametric
equivdents where gpplicable. Percentages were arcsne transformed for datistical analyss,
however these data are presented as percentages within tables. Differences were considered
sgnificant at a< 0.05 and vaues are expressed as means + 1 SEM, unless otherwise stated.

4.2) Results:
Before dissection, one mouse from each group died and only mice that survived to dissection

were included in the andyses. At the dat of the experiment, prior to food redriction and
hormone manipulation, the eighteen mice were of smilar body mass During food redriction and
the hormone manipulation period, there was a ddidicdly dgnificant reduction in body mass of
al the mice (P < 0.05). However, there was no sgnificant difference in the mean body masses of
the two groups at the dat or a the end of the hormone manipulaion period (P > 0.05; Table

4.).

Table 4.1: The effect of exogenous GnRH on body mass a dissection and mass of the
reproductive organs of Rhabdomys pumilio subjected to food redtriction and a low ambient
temperature. Body meass data & the start of the hormone manipulation period have been included.

Vaues are means? 1SEM.

M ean masses (g) Pvalue

GnRH treated mice Salinetreated mice (t-tests)
Body: start 42507254 43907 345 0731
end 3465+ 1.29 3531+198 0.775
Testes 0.70+0.04 040+ 0.08 0.006
Epididymides 021+0.02 014+ 002 0.026
Accessory gland 0.24+0.03 017+0.03 0.083

The mice were divided into the two experimentd groups o0 that there was a smilar digribution
of sorotd, partly-scrotd and non-scrotd mice (Table 4.2). At dissection, four of the control
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(dine-treated) mice were non-scrotd and the remaning mice were partly-scrotd, while in the

GnRH treated group, four of the mice were non-scrota, three were partly-scrotal and two were
scrota.

Table 4.2: The reproductive status of mice in the two experimental groups a the sart and at the
end of the hormone manipulation period of the GnRH experiment. (NS = non-scrota; PS =
partly scrotd; S = scrotd).

Number of mice

Sart End
NS PS S NS PS
Control 4 3 0 4 3 0

GnRH 4

4.2.1) Dissection data:

At dissection the mean masses of the testes and epididymides of the mice trested with GnRH
were ggnificantly greeter than those of the control mice (P = 0.006 and P = 0.026 respectively;
Table 4.1), while there was no dgnificant difference in the mean mass of the accessory glands (P
= 0.083). Examination of the bodies of the mice a dissection reveded that only one individud

from the GnRH trested group had some body fat (fat index = 1) while the others were lean (fat
index = 0).

4.2.2 Histology:

Higologicd andlyss of the reproductive organs indicated thet al of the GnRH-treated mice were
soermatogenicaly active, while four of the seven <dine-treated mice were spermatogenically
active, with above 80% of the seminiferous tubules producing spermatozoa. The mice trested
with GnRH were more spermatogenically active with higher epididyma sparm dorage and
dorage of secretory materiad in the accessory glands compared to the sdine-trested mice (Table
4.3). However, daidicd andyss indicaed that there were no ggnificant differences in the
activities of the organs d the two groups (P> 0.05 in dl cases; Table 4.3).
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Table 4.3: The effect of exogenous GnRH on the activity of the reproductive organs of
Rhabdomys pumilio. Vaues are means? 1 SEM.

Mean values for the groups (%) P value
GnRH treated mice  Saline treated mice (t-tests)
ermatogenic activit
P g y 893+ 170 533+ 177 0.266
(testes)
Sperm storage
853+481 473+16.1 0.050
(epididymides)
Activity of the
9.3 + 3.67 739+ 952 0.098

Accessory glands

4.2.3 Hormone assays:

There were no sgnificant differences in levels of plasma LH-like immunoreactivity or plasma
testosterone levels between the two experimenta groups (P > 0.05; Table 4.4). Within the sdine
trested group, there was no datidicdly dgnificant difference between the mean plasma
tesosterone levels of the four spermatogenicdly active mice (? = 264 + 10.15) and the three
inactivemice (? =11.2+1.17).

Table 4.4: The effect of exogenous GnRH on plasma testosterone and LH-like immunoreactivity
levdsof Rhabdomys pumilio. Values are means = 1SEM.

Hormone Treatment P value
GnRH Saline (control) (t-test)
Testosterone (ng/dL) 2044+ 394 19.86+ 6.25 056
LH (ng/ml) 058+ 013 0.51+0.09 063

4.3) Discussion:
It has been shown tha both a reduction in food avalability and ambient temperature inhibit

goermaogeness in Rhabdomys pumilio (Jackson & Bernard, 2001). Such environmentd factors
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are thought to act primarily a the hypothdamic levd, dtering the secretion of GnRH and thus
affecting activity of the gonads (Miler et al., 1998). An acute reduction in food in rats, for
example, causes a reduction in the synthess and secretion of GnRH and therefore the
gonadotropins LH and FSH (see Perheentupa et al., 1995; Bronson, 1988; Bergendahl et al.,
1991). Since ambient temperature will affect the metabolism of an endothermic and
homeothermic anima (Bronson & Perrigo, 1987; Bronner et al., 1998; Bronson & Hedeman,
1994), it is likdy tha a reduction in temperaure will dso afect the hypothdamus and disupt
the secretion of GnRH. Furthermore, it is probable that the two environmenta cues will be
synergistic in creating an energetic chalenge.

The results from the current experiment have shown that mice that received exogenous GnRH
for 21 days had gsgnificantly larger testes and epididymides and, athough the differences were
not ddidicaly sgnificant, reproductive organs tha were more active. While the results ae
equivocd, there is a clear indication that trestment with exogenous GnRH did overide the
inhbitory effects of the experimentd reduction in food avalability and ambient temperature.
Smilar results have been reported in various dudies on other animds, induding rats (Bergendahl
et al. 1991; Manning and Bronson, 1991; Perheentupa et al. 1995), gilts (Miller et al. 1999) and
cetle (Hamilton et al. 1999). However, most of these sudies have reported that infuson or
injection with GnRH results in an increase in the leves of LH, tetoderone, and to a lesser
extent, FSH (Vizcarra et al. 1999; Perheentupa et al. 1995). The results of the present study
suggest that exogenous GnRH did not affect levels of LH-like immunoreactivity or testosterone
but a the same time did affect the Size of the testes and accessory glands.

A fundamentd assumption in this experimenta design was that after four weeks of energetic
chdlenge, the mice would be spermatogenicdly inactive, with low levels of GnRH, and tha
provison of exogenous GnRH would initisle a new cycle of spermaiogeness. However the
energetic chdlenge did not completdy inhibit spermatogeness and four of the mice from the
control group that had been exposed to an energetic chalenge for a totd of seven weeks were
spermatogenicaly active. It is thus perhaps not surprisng that exogenous GnRH faled to have
the expected results.



Non-breeding adult femae naked mole rats (Heterocephalus glaber) are insendtive to doses of
exogenous GnNRH of less than 1.07g per animd (Faulkes et al, 1990) and it is possble that a
gmilar lack of sengtivity explains the results from the present sudy. If the anterior pituitary of
Rhabdomys pumilio had been insengtive to GnRH, this would explain why GnRH had no effect
on plasma LH or testoderone leves or spermatogeness. It is dso possble tha by not
adminigering GnRH in a pulsatile manner, as is the case with endogenous GnRH, the hormone
pathways were not fully dimulated. However, neither of these arguments explans why the
GnRH-treated animals had significantly heavier reproductive organs.

In conduson there is evidence that exogenous GnRH will partidly counter the inhibitory effects
of an eneagetic chalenge on spermatogenesis. This suggests, as has been shown in other
mammals, that in Rhabdomys pumilio the energetic chalenge inhibits spermatogeness by acting
a the hypothaamic level and affecting GnRH secretion.

95



CHAPTER FIVE: THE EFFECTSOF EXOGEN OUSLEPTIN ON THE
REPRODUCTIVE ACTIVIT Y OF MALE RHABDOMYSPUMILIO EXPOSED TO

LOWAMBIENT TEMPERATURES AND LOW FOOD AVAILABILITY.

In the 1950s it was bedieved tha food inteke was controlled by ether a thermo-sengtive
mechanism or a chemo-sensitive mechanism, however even a this early stage the latter concept
was more accepted (Kennedy, 1953). More recently, work on the geneticaly obese (ob/ob)
mouse has resulted in the identification of the ob gene and the product of this gene (Zhang et al.,
1994). This product has become known as leptin (from the Greek root leptos meaning thin; Caro
et al., 1996) and is thought to act as an “adipodta,” carrying information regarding the sze of
energy resarves in the body in mammas (Zhang et al., 1994; Houseknecht & Portocarrero, 1998;
Cunningham et al ., 1999) and hirds (Denbow et al., 2000).

Leptin is a 16kDa (Chehab, 1997; Tataglia, 1997; Bab et al., 2001), 167-amino add proten
(Zhang et al., 1994; Auwerx & Stads 1998; Cunningham et al., 1999) produced by the obese
(ob) gene (Barash et al., 1996, Mounzih et al., 1997; Yu et al., 1997a) and is mainly produced by
white adipose tissue (Flier, 1997; McCann et al., 1998, Gonzdez et al., 2000). More recently it
has been discovered that leptin is produced by other tissue types including brown adipose tissue
(Auwerx & Staels, 1998; Atcha et al., 2000) and placentd tissue (Chehab, 1997; Ashworth et al.,
2000; Henson & Cadtracane, 2000). There are five or more isoforms of leptin receptors that are
genadly refared to as dther longform (OB-Rb) or short-form (OB-Ra) receptors (Hier, 1997,
Barkan et al., 1999; Cunningham et al., 1999), both of which bdong to the class | cytokine
receptor superfamily (Barkan et al., 1999). The longform receptors the likdy sgndling forms
(Tataglia, 1997), are predominantly expressed in the hypothdamus (Barkan et al., 1999), which
is regarded as the main target centre d leptin (Howlett, 1996; Nagaani et al., 1998; Atcha et al.,
2000; Sansgnanea et al., 2001). The short-form receptor is expressed in various tissues (Barkan et
al., 1999) induding the lung, kidney and choroid plexus in the bran (Hier, 1997, Tataglia
1997). Other regions in which leptin and its receptors are expressed include the pituitary gland
(McCann €t al., 1998; Clarke & Henry, 1999; Tena-Sempere et al., 1999), where leptin receptors
ae expressed predominantly by the TSH cdls (Jn et al., 2000), the gonads (Clarke & Henry,
1999, Tena-Sempere et al., 1999; Henson & Cadtracane, 2000), uterus (Henson & Castracane,
2000), fundic gadtric epithdium (Bado et al., 1998), skdetd muscle (Wang et al., 1998), and the
liver (Chen et al., 1996).
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The production of leptin appears to be mediated by a variety of hormones and other chemicds.
These indude glucose (Foster & Nagatani, 1999) and insulin (Houssknecht & Portocarrero,
1998; McManus & Fitzgerdd, 2000; Barb et al., 2001), glucocorticoids (Masuzeki et al., 1997;
Ba & Castonguay, 2001; Moschos et al., 2002), cocane- and amphetamine-regulaing transcript
(CART; Lebrethon et al., 2000), steroid hormones (Henson & Castracane, 2000), MSH and its
receptor (Fan et al., 1996 and Huszar et al,, 1997 — cited by Auxerx & Staels, 1998), nitric oxide
(NO; Rettori et al., 1993), glucosamines (Wang et al., 1998) and neuropeptideY (NPY; Yu et
al., 19973 Aubert et al., 1998; Vuagnat et al., 1998).

Initidly, leptin was conddered to control only food inteke and to limit obesty (Ahima et al.,
1996; Hier, 1997, Houseknecht & Portocarrero, 1998), whereby an increase in circulating leptin
would decrease food inteke and body mass (Ahima et al., 1996; Muzzin et al., 1996, Buison et
al., 2001). Evidence for this regulation was obtained when geneticaly obese ob/ob) mice, which
had a mutation on the ob gene which resulted in a lack of leptin production, were administered
with recombinant ob product (leptin) and responded by reducing their food intake and body mass
(Campfidd et al., 1995; Barash et al., 1996). However, it was observed that these ob/ob mice
were dso derile and on receiving recombinant leptin they became reproductively active (Barash
et al., 1996; Chehab et al., 1996, Cunningham et al., 1999). Since this finding, leptin has been
regarded as dso playing a role in the regulatiion of reproductive activity (Yu et al., 1997a Aubert
et al., 1998, McCann et al., 1998). Treatment with exogenous leptin will result in an increase in
LH levds in ob/ob mice (Barash et al., 1996), norma mice (Henson & Castracane, 2000), rats
(Yu et al., 1997a & b; Nagatani et al., 1998) and monkeys (Cunningham et al., 1999), which
may be due to leptin acting on the hypothdamus simulating the rdease of GnRH (Clarke &
Henry, 1999; Fogter & Nagatani, 1999; Moschos et al., 2002) and therefore an increase in LH
production, or acting directly on the pituitary (Nagatani et al., 1998, Clacke & Henry, 1999;
Cunningham et al ., 1999; Tena-Sempere et al., 1999).

Leptin not only acts as a sSgnd between the nutritiond datus of an animd and its reproductive
axis (Mounzih et al., 1997; Bakan et al., 1999; Cunningham et al, 1999) but dso regulaes the
onset of puberty (Chehab et al., 1997; Atcha et al., 2000; Almog et al., 2001). Leptin has @0
been implicated in playing a role during pregnancy (Holness et al., 1999; Ashworth et al., 2000;
Moschos et al., 2002) and placentd leptin is regarded as being important for foetd growth and
development (Holness et al., 1999; Ashworth et al., 2000). In addition to these factors, leptin
adso accderates behaviourd oestrus and mating (Chehab et al., 1997), affects bone metaboliam
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(Moschos et al., 2002), increases neurd activity (Shiraishi et al., 2000), simulates GH secretion
(Vuagnat et al., 1998), controls thyroid and adrend dgeroid production (Ahima et al., 1996),
triggers gonadotropin secretion (Barkan et al., 1999; Moscthos et al., 2002, Yu et al., 1997b),
affects NO release (Yu et al., 1997a) and affects the ovulaion process (Clarke & Henry, 1999;
Duggd et al ., 2000).

Despite dl the evidence indicating that leptin has an effect on the reproductive activity of
mammas, most of the sudies conducted on this subject have focussed on geneticaly obese
mammas and little has been done on the effects of leptin on non-obese mice from natura
populations rather than laboratory-bred animds. In  a previous experiment, where
spermatogenicaly active Rhabdomys pumilio were exposed to low ambient temperatures and
low food avaldbility, it was found that mice with larger Stores of body fat had remaned
spermatogenicaly active despite the unfavourable conditions (Jackson & Bernard, 2001). What
caused this perdgence of reproductive activity despite the energetic chdlenge is not fully
undersood, but it wes fdt that there could be a link between the body fa reserves and the
reproductive gatus of an individud. Leptin is the obvious link between the body fat reserves and
reproduction in Rhabdomys pumilio and hence it was hypothessed that supplying mice hat were
exposed to an energetic chdlenge with exogenous leptin would override the inhibitory effect of
the energetic chalenge and the mice would remain spermatogenicaly active.

Thus, the am of this sudy was to further examine the link between body fa sores and
reproductive activity in male Rhabdomys pumilio.
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EFFECTS OF SHORT-TERM TREATMENT WITH LEPTIN ON THE REPRODUCTIVE
ACTIVITY OF MALERHABDOMYS PUMILIO.

Because leptin is very expensve, a short-term experiment was designed to test if treatment of
spermatogenicdly inactive  Rhabdomys pumilio with exogenous leptin would result in an
increese in plasma LH levels. Although it was unlikdy that such a short experiment would affect
the mass and hisology of the reproductive organs, a full set of andyses (details below) were
induded.

5.1) Materialsand methods:

Ten adult, mae Rhabdomys pumilio were trapped in Thomas Baines Nature Reserve during
October (early summer) 2000. The mice were brought into the laboratory and were placed into a
CE room that was set a 15°C, with a photoperiod of 12L:12D. The mice were housed
individudly in dmilar szed cages (41x26x15 cm) and were each provided with shredded paper
and a gquare of blanket for bedding, and a toilet roll for cover. Food (Rabbit pelets, Epol, HB,
RSA) and water were provided ad libitum

5.1.1) Acclimation:

Once dl ten mice were caught, they were dlowed to acclimate for two weeks in a CE room at
15°C with a photoperiod of 12L:12D and a humidity of about 40%. The mice were mantained
on an ad libitum diet of rabbit pelets and water, however, the food was weighed before being
given to each mouse. The cages were cleaned once a week, and during the second week of
acclimation, dl remaning uneasten food for that week was collected and used to cdculae the
mean daily food intake for each individuad mouse. The mice were weighed every Monday and
Thursday and their reproductive status was noted, based on the postion of the testes (scrotdl,
partly- or moving-scrota, or non-scrota). At the end of the accimation period, the mean body

mass, using the last three masses recorded for the mice, was calculated for each mouse.

5.1.2) Food redtriction:

After the twowesk acdimation period dl of the mice were exposed to a food-restricted diet
where they were subjected to a 10% reduction in ther daly food intake. This reduction in food
intake a 15°C has been shown to inhibit spermaiogenesis in Rhabdomys pumilio (Jackson &
Bernard, 2001). Food redriction continued for four weeks during wtich the mice were weighed
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and their reproductive dtatus was assessed every second day, and cages were cleaned once a
week.

5.1.3) Hormonal manipulation:

After the four-week period of food redriction, dl mice were non-scrotal and assumed to be
spermatogenicaly inective. At this stage mice were divided into two groups of five mice each,
such that the mean body mass of the two groups was smilar. All the animas continued to
receive the foodredricted diet and were exposed to an ambient temperature of 15°C and
121.:12D photoperiod. One group of five each received injections of leptin (40?7g; Sigma, S.
Louis, U.SA; Mouse recombinant expressed in E. coli) in 20071 of sdine and the other five mice
were injected with 200?1 of sdine. The dosage of leptin usad was based on dosages utilized in
other dudies, which yidded podtive interactions between exogenous leptin and reproductive
function (Ahima et al., 1996, Baash et al., 1996). The injections were administered
subcutaneoudy twice daly a 07h00 and 1900, and the period of trestment lasted four days. The
mice were weighed and their reproductive status was assessed every second day.

5.1.4) Sacrifice, tissue collection and blood collection:

At the end of the four-day period of trestment, the mice were sarificed by subcutaneous
inection of 0.2ml of Euthanaze. They were then weighed and the testes epididymides and
accessory were removed, weighed to the nearest 0.001g and placed into Bouin's fixaive. Blood
was collected from the heart by ventricular puncture and was processed and stored as previoudy
described (Chapter 3, 3.1.2). Mice were given a subjective fat index from 0-3 (Jackson &
Bernard, 2001).

5.1.5) Histological analysis:
Reproductive organs were sectioned and assessed as previoudy described (Chepter 3, 3.13;
3131).

5.1.6) Hormone assays:

Plasma LH levels were assessed using an rLH EIA system as described in Chapter 4 (4.1.6)
Plasma leptin levels were assessed usng a Compeitive Human Leptin EIA  (Neogen
Corporation, USA). The EIA wuses goat anti-rabbit antibodies to capture spedific leptin
complexes. The sengdtivity of the kit is 0.488ng/ml, the range detection is from 0.488ng/ml to
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500.0ng/ml and the inter- and intraassay varidion is less than 11%. Since it was not possble to
vadidae dther assay kit for Rhabdomys pumilio, hormone leves will be referred to as leves of
hormone-like immunoreectivity.

5.1.7) Statistical analysis:

Satigicd andyses were conducted usng both SigmaStat and Statgraphics. Individuds were
compared with a repeated measures t-test, while comparisons between the experimenta groups
were conducted usng Sudent's ttests or the nonparametric equivdents where applicable.
Percentages were arcsine transformed for datistical andysis however these data are presented as
percentages within tables. Differences were consdered significant at a < 0.05 and vaues ae

expressed as means + 1 SEM, unless otherwise stated.

5.2) Results:
During the experiment, one of the sdinetrested mice died and consequently dl deta for the
control group for the sart of the experiment were from five mice, while data from the end of the

experiment were for four mice.

At the gart of the period of hormone manipulation the mean body masses of the two groups were
not sgnificantly different (P = 0.984; Table 5.1) and d the mice were non-scrotd. During the
period of hormond manipulatiion there was no significant change in the body mass of the mice (P
> 0.05) and a the end of the experiment the mean masses of the two groups were gill amilar (P
=0.728; Table5.1).

5.2.1) Dissection data:

At disection, two of the sdinetrested (control) mice were nonscrotad and the other two were
partly-scrotd, while four of the leptin-treated mice were non-scrotd and one was scrotd. In both
control and experimenta groups, dl but one mouse per group had no body fa, while the two
with fat had a score of 1. The mean mass of the testes, epididymides and accessory glands were
dl higher in the sdine group (Table 51), however thee differences were not ddidicdly
ggnificant (P> 0.05).
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Table 5.1: The effect of short-term trestment with Ieptin on body mass and on the masses of the
reproductive organs of Rhabdomys pumilio. Body masses are for the start and end of hormone

treatment; masses of the reproductive organs were recaded at sacrifice. All values are means ? 1

SEM.

M ean masses (g) P-value
Leptin treated mice  Saline treated mice (t-tests)
Start 4020 ? 4.00 4030 ? 4.03 0.984
Body mass
End 30.847? 3.88 4205+ 4.82 0.728
Testes mass 0.65+0.09 0.73+0.14 0.640
Epididymides
0.21+0.05 0.26 + 0.07 0.603
mass
Accessory gland
0.28+0.08 031+ 008 0.824
mass
5.2.2) Histology:

Higologicd andyss of the reproductive organs indicated that dl of the mice were
reproductively active, with above 80% Spermatogenic activity, 50% spem dorage in the
epididymides and 60% activity of the accessory glands Statisticd andyss indicated that there
were no daidicdly sgnificant differences in the levels of organ activity (P > 0.05 in al cases

Teble5.2).
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Table 5.2: The effect of short-term trestment with leptin on the activity of the reproductive

organs of mae Rhabdomys pumilio. All valuesare means ? 1SEM.

M ean values for the groups (%) P-value
Leptin treated mice  Salinetreated mice (t-tests)
ermatogenic activit
P d y 90.0+£1.38 865+ 1.19 0.105
(testes)
Sperm storage
80.2+7.43 845+ 112 0.749
(epididymides)
Accessory gland
934+6.60 100.0+ 0.00 0.730

activity

5.2.3) Hormone assays.

Short-term treetment with leptin did not have a dgnificant effect on levels of plasma LH-like or
leptin-like immunoreactivity (P > 0.05; Table 5.3). Leptin-trested mice had higher LH levels

than the control mice, while the control mice had the higher leptin levels (Table 5.3).

Table 5.3: Effects of short-term trestment with leptin on levels of plasma LH-like and leptin-like

immunoreactivity. Vaues are means? 1SEM.

Hormone Treatment
Leptin Saline (control)
Leptin
64.48 + 3446 180.24 £ 112.95
(ng/ml)
LH
0.66+£0.15 056+0.14
(mIU/ml)

P-value
(t-tests)

0.408

0.628
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EFFECTS OF LONG-TERM TREATMENT WITH LEPTIN ON THE REPRODUCTIVE
ACTIVITY OF MALERHABDOMYS PUMILIO.

Having secured a dondion of leptin (Amgen, Cdifornia U.SA.), a longterm experiment was
planned. Since it is the inhibition of spermatogeness, rather than the initiation of a new cycde of
spermatogeness, that is of interest, the experiment was designed to establish if exogenous leptin,
presented concurrently with an energetic chdlenge, would override the inhibitory effect of an
energetic chalenge on spermatogeness.

5.3) Materialsand methods:

Rhabdomys pumilio were collected from Thomas Baines Nature Reserve during February 2002
(late summer), during which time mice in the wild are typicdly reproductively active (Brooks,
1974; pers. obs.). Twenty-three male Rhabdomys pumilio were trgpped and were brought into the
laboratory where they were placed into a CE room st a 26°C, with a photoperiod of 12L.:12D
and a humidity of aout 40%. The mice were housed individudly in dmilar sSzed cages
(41x26x15 cm) and were each provided with bedding (shredded paper and a square of blanket)
and a toilet roll for cover. Food (rabbit pelets, Epol, JHB, RSA) and water were provided ad
libitum The mice were maintained under these conditions for two months while we awaited the
ariva of the leptin.

5.3.1) Acclimation:

Prior to the arivd of the leptin, the two months were used as an acclimation period. Mice were
weighed every second day and their reproductive status was assessed based on the podtion of the
testes. Cages were cleaned on a weekly basis and dl remaining uneaten food for that week was
discarded. During the second last week of acclimation, the food provided to the animas was pre-
weighed and a the end of the week dl remaning unesten food was collected and was used to
cdculate the weekly food intake for each mouse. This weekly food inteke was then used to
caculate ameen daily food intake, which was used in the experimenta period.

5.3.2) Experimental design:

After the acdimation period, the 23 mice were separated into one of three groups such that the
mean body mass and reproductive status of the groups were smilar. Two of the groups each had
eght mice and the third group condsted of seven individuds (Table 5.4). After dividing the mice
into their experimental groups, they were al exposed to a reduced ambient temperature between

104



15 and 17°C (photoperiod of 12L.:12D and humidity of 40%) and a food-restricted diet. Mice
were initidly fed ther daly food inteke as caculated at 26°C during accimaion. Since more
energy Wwill be expended in cold temperatures, this represents a form of food redtriction.
Theregfter food avalability was manipulated to mantan a 10 to 25% reduction in mean body

mass.

In addition to the changes in ambient temperature and food avalability, mice were dso subjected
to one of three treatments. One group of eight mice received injections of exogenous leptin
(40?9 leptin in 100?71 sdine, dosage based on work by Ahima et al., 1996 and Baash et al.,
1996), while the second group of eight received injections of sdine only (100?1). The injections
were administered subcutaneoudy, twice a day and 12 hours gpart (between 06h00- 0700 and
18h00-19n00). The third group of mice (n = 7) received no injections and are referred to as the
control mice. The leptin was donated by Amgen (Cdifornia, U.SA.) and was a murine
recombinant expressed in E. coli.

During the first week of the experimenta period, five mice died (three from the leptin group; two
fram the control group) and some dterations were made to the experimentd design. The
temperature was increased from 15°C to 17°C, and food avalability was increased and then
dowly reduced over time. Two mice, matched in mass and reproductive satus to twoof the mice
that had died within the leptin group, were moved from the sdine group across to the leptin
group. This new regime was continued for two weeks, after which the ambient temperature was
decreased over two days to 15°C. The experiment continued for another two weeks, at the end of
which dl the mice were sacrificed. In tota, the experimental period lasted five weeks. Table 5.4
presents a summary of the experimentd desgn incduding changes in mean body maess and
changesin the number of mice per group.

For the firg three weeks of the experimentd period, mice were weighed every Monday,
Wednesday and Friday, while for the last two weeks mice were weighed daily. The reproductive
datus of the mice was noted every second day and cages were cleaned once every week. Food
was provided each morning after injecting and weighing the mice, and a record of the quantities
of food provided for each mouse was kept. Once on food redtriction, adl mice consumed dl the
provided food, thus pair-feeding to control for any effect of Ieptin on appetite, was not necessary.
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Table 5.4: Summary of the hormone manipulation period of the experiment to determine the effects of exogenous leptin on the reproductive
activity of mae Rhabdomys pumilio. Mean body masses and tatd number of mice per group are for the beginning of each week. Deeths are those

that occurred during the week. Alterations are movements of mice to balance sample Szes.

Week  Temperature Mean body mass ? 1SEM Desgths by Alterations Tota number of mice/ group
(C) control «ine leptin end of week control dine leptin
3leptin
1 15 4167?7304 4107 2.66 4147 216 - 7 8 8
2 control
2 from dine
2 17 #4377 150 3467248 3317?7180 - _ 5 6 7
to leptin
3 17 353?165 3667230 3367 187 - - 5 6 7
1 control, 2 leptin, 1
4 15 3467164 36.6 71.85 3397 166 _ _ - 5 6 7
sdine (dissected)
5 15 3127198 3197163 3257209 All dissected - 4 5 5
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5.3.3) Sacrifice, tissue collection, blood collection and histological analysis:

At the end of the five weeks of food redriction the mice were sacrificed and processed as
previoudy described. The reproductive organs were assessed as previoudy described, including
the additiona analyses of spermatogeness (Chapter 3, 3.1.2 — 3.1.3, 35.3).

5.3.4) Hormone assays:
Plasma testogterone and plasma leptin were andlysed as previoudy described (Chapter 3, 3.14
and 3.5.4, respectively).

5.3.5) Statistical analysis:
Satidicd andyses were conducted using both SigmaStat and Statgrgphics, as previoudy
described.

5.4) Results:

While the firg five mice that died were not used in the andyses, the four mice that died during
the fourth week of the experiment were dissected and the daa collected for these mice were
induded in the overdl andyses of experimentd data

At the gart of the experimenta period, dl of the maes were scrotal except for one mouse in the
«ine group, which was patly-scrota. The mean body masses of the three groups were not
ggnificantly different & the start of the experimenta period, nor were they Sgnificantly different
throughout the experimenta period (week 1 to week 5). However, dl the mice experienced a
dgnificant decrease in body mass from the dat of the experimentd period to the time of
disection (P < 0.05) such that they had logt between 20 and 25% of their origind body mass.
The reproductive gtaus of the mice dso changed during the experimentd period and a the time
of dissection three of the mice (one mouse from each group) were partly-scrotd, while dl of the

other mice were non-scrotal.

5.4.1) Dissection data:

At dissection, there was no sgnificant difference in the mean body masses of the mice in the
three groups (P = 0.690; Table 5.5) and dl the mice had fat indices of zero. The mean masses of
the testes, epididymides and accessory glands of the mice that receved leptin were Al
sgnificantly higher than those for the mice tha received <line (Table 55), while the

107



epididymides of the leptin group were dso Sgnificantly heavier than those of the control group
(P<0.05).

Table 5.5: The effect of long-term treatment with leptin on body mass and on the masses of the

reproductive organs of Rhabdomys pumilio recorded a sacrifice. All vaues are means ? 1 SEM.

M ean masses (g) P-value
Control Saline Leptin (ANOVAYS)
Body 30707 2.05 32.79? 249 33097 153 0.690
Testes 0.44? 008" 0.37? 0.05° 0607 0.03 0.016
Epididymides 0.10? 002° 0072 0.01° 014? 0017 0.007
Accessory b b
0.09? 0.02 0.06? 0.01 013? 0.02 0.048
glands

- Within arow, groups with different superscript |etters (aor b) are significantly different (P < 0.05).

5.4.2) Histology:

Histologicd andysis of the reproductive organs of the mice indicated that 16 of the 18 mice were
reproductively active with more than 70% of the seminiferous tubules producing Spermatozoa
The other two mice, one from the control group and the second from the sdine group, had low
spermatogenic activity (about 40%). One of these mice (sdine treated) had no sperm in the
epididymides and hed low accessory gland activity (50%), while the second mouse (control) hed
some sperm in the epididymides (28% activity) and had fully active accessory glands (100%).
Despite the low spermatogenic activities of these two mice, the mean activity of the testes did
not differ sgnificantly between the groups (P = 0552, Table 5.6). There were no significant
differences in the mean activities of the epididymides or accessory glands for the three groups (P
> 005, Table 56) and the additiond andyses on the seminiferous tubules yidded no sgnificant
differences between the groups (Table 5.7).
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Table 5.6: The effect of long-teem treatment with leptin on the activity of the reproductive
organs collected from Rhabdomys pumilio at sacrifice. All vaues are means ? 1 SEM.

M ean activity P-value
Control Saline Leptin (ANOVAYS)
Spermatogenic
7727?7954 75.77? 816 8847149 0.552
activity (testes)
Sperm storage
696 ? 12.21 46.07? 1361 8037?7532 0.080
(epididymides)
Accessory gland
1000 ? 0.00 83371054 9297493 0.355

activity

Table 5.7: The effects of longterm treatment with leptin on the number of spermatozoa
produced by the seminiferous tubules of Rhabdomys pumilio, the number of germ cdl layers
forming the epithdid layer of the seminiferous tubules and the thickness of this layer. Vdues are
means ? 1SEM.

M ean values P-value
Control Saline L eptin (ANOVAYS)
Spermatozoa
235?031 215?023 261?019 0412
score
Germ cell
3527021 3437 0.19 3637008 0652
layers
Thickness of
303772 177 3027?7191 30.787? 0.85 0.966
layer (?m)

5.4.3) Hormone assays.

Plasma testosterone levels ranged from <10ng/dL to 57ng/dL, with the control mice having the
higher leves, and the sdine mice having the lower levels (Table 5.8). The differences between
the three groups were not dsgnificant (P = 0.482). Leves of plasma leptin-like immunoreactivity
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were higher in the leptin-treated mice than in the other three groups, however this difference was
only significant between the leptin-treated and sdine-treated mice (P = 0.009; Table 5.8).

Table 5.8: The effects of long-term trestment with leptin on the plasma testosterone and leptin-
like immunoreectivity levels for Rhabdomys pumilio exposed to low ambient temperatures and
reduced food availahility. Vaues are means ? 1SEM.

M ean values P-value
Control Saline Leptin (ANOVAYS)
Testosterone levels

2347?1141 12.7? 614 1427 497 0.482

(ng/dL)
Leptin levels

P 8207 159?° 777?113 2600 ? 4.42° 0.009
(ng/ml)

- withinarow, groupswith different superscript letters (aor b) are significantly different (P < 0.05).

5.5) Discussion:

The basc requirement for the short-term leptin experiment was that the mice were
spermatogenicaly inactive a the sat of the trestment period. Trestment with leptin for four
days might then have been sufficent to initiate a new cycde of spermaogeness through the
dimulatory effect of leptin a the levds of the hypothdamus and anterior pituitary (Clake &
Henry, 1999, Foder & Nagatani, 1999; Moschos et al., 2002) and this would have been detected
via an increese in plasma LH levels. Although in the present experiment the mice were subjected
to an energetic chdlenge, which has, in a previous sudy, inhibited spermatogeness (Jackson &
Bernard, 2001), spermaiogeness was not inhibited, and a dissection, dl mice were
spermatogenicdly active. Since spermatogenicaly active animds typicdly have devaed plasma
LH levds (WilliamsAshman, 1988), it is not surprisng that treatment with leptin did not have a
sgnificant effect on leves of plasma LH-like immunoreactivity. Although there were no
ggnificant differences in the levels of LH-like and leptin-like immunoreactivity, the mice treated
with leptin had higher leves of LH-like immunoreectivity while the mice treasted with sdine had
higher levds of leptin-like immunoreectivity. Previous experiments have reported an increese in
LH levels when animas have been treated with leptin (Barash et al., 1996; Yu et al., 1997,
Nagatani et al., 1998; Cunningham et al., 1999; Henson & Cadracane, 2000) and it is possble
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that this increese is due to ether leptin acting on the hypothdamus simulating the rdesse of
GnRH (Clarke & Henry, 1999; Foster & Nagatani, 1999; Moschos et al., 2002) and thereby an
increese in LH production, or acting directly on the pituitary. Either or both of these options are
plausble snce receptors for leptin have been found in both the hypothdamus and the pituitary
gand (McCann et al., 1998; Barkan et al., 1999; Clake & Henry, 1999, Tena-Sempere et al.,
1999). The high levds of leptin-like immunoreactivity in the sdine-trested mice is surprising,
since they were not recelving exogenous leptin and had very little body fat. This might indicate a
problem with the leptin assay dthough there is another possble explanation. It has been reported
that testosterone suppresses leptin levels (see Holness et al., 1999). Since the Rhabdomys pumilio
tha hed received leptin had higher levds of LH-like immunoreactivity, it is likdy that there
would have been higher levels of testogterone in the blood of these mice and this could have
suppressed leptin production.

In summary the short-term leptin experiment faled because the mice were spermatogenicaly
active, and not inactive as required by the experimenta desgn. It was not expected that
treetment with leptin for four days would have had an effect on the mass and activity of the
reproductive organs and indeed the results support this. However, the fact that the mice in the
control group were spermatogenicaly active further reduced the likeihood of short-term
trestment with leptin having any effect.

The man objective of the longterm experiment was to edablish if trestment with exogenous
leptin would counter the inhibitory effects of an energetic chdlenge on spermaiogeness. The key
requirement for this experiment was that the mice were spermatogenicaly active a the start and
dthough this was not confirmed by dissection, there is no reason to doubt it. The specimens were
collected in late summer when they would normdly have been spermatogenicdly active and
were mantained under summer conditions with ad libitum food and water. At the start of the
experiment al specimens but one were assessed as having scrotd testes. The energetic challenge
used in this experiment was smilar to that used previoudy (Jackson & Bernard, 2001) and it
resulted in a dgnificat decrease in body mass of dl three groups. It is wel established that
trestment with leptin can cause a reduction in food inteke (Ahima et al., 1996; Cunningham et
al., 1999; Fglewicz et al., 2001) and a reduction in body weight (Barash et al., 1996). Although
it has been reported that long-term tretment with leptin will increese food consumption
(Mounzih et al., 1997), in the present experiment, dl mice were on a food-restricted diet and
consumed dl the food that was provided, thus if trestment with leptin did suppress appetite, it
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did not suppress it to the extent that mice in this group left uneaten food. Furthermore, since
there was no dgnificant difference in the mean body mass of the three groups a the end of the
experiment, the mass loss cannot be ascribed to trestment with leptin and probably smply
reflects the effects of the energetic chalenge.

The dgnificant pogtive effect of leptin on the masses of the reproductive organs suggests that
trestment with leptin did in some way overide the inhibitory effects of the energetic chdlenge.
Smilar results have been obsarved in sudies on both mae and femade mammas, where leptin
trestment resulted in an increase in the weights of the reproductive organs (Barash et al., 199;
Chehab et al., 1997; Mounzih et al., 1997). However, there were no sgnificant effects of leptin
on the levels o activity of the reproductive organs and this is contrary to wha has previoudy
been reported (Barash et al., 1996; Almog et al., 2001). This suggests tha a firsg sep in the
inhibition of mae reproductive activity is a reduction in the mass of the regroductive organs and
that this is followed by a cessation of spermatogenesis and activity of the accessory glands. The
messes of the reproductive organs of adult spermatogenicdly active mice in mid-summer
average from 0.6g to 0.8g for the testes, 0.159 to 0.25g for the epididymides and 0.2g to 0.4g for
the accessory glands (pers. obs), and adthough these data cannot be compared datidticaly with
those from the longterm experiment, it is clear that they are subgtantidly higher than those of
the control and sdine groups but very dmilar to those of the leptin-trested mice (Table 5.9).
Since the mice for the long-term experiment were caught in late summer and were maintained
under summer conditions, it is likey that a the Sat of the treetment period (energetic chdlenge
and leptin or sdine injections) the reproductive organs were Smilar in Sze to the measurements
given for the spermatogenicaly active mice (mid-summer, Table 5.9). This further supports the
suggestion that the firgt effect of an energetic chadlenge is a reduction in mass that occurs without
any goparent change in activity, and that this can be overridden by exogenous leptin.

A previous sudy has shown that a longterm (four weeks) energetic chdlenge will inhibit
spermaogenesis in Rhabdomys pumilio (Jackson & Bernard, 2001) and there are two possible
explandions for why a gmilar inhibition did not occur in this Sudy. Frdly, it is possble that the
mice used in the present sudy hed larger fat reserves than the mice used previoudy, and these fat
reserves were used to maintan spermatogeness. The two years that preceded this experiment
were paticularly mild (see Chapter 3) and it is possble that the mice were in a better condition
than those used in the previous sudy of Jackson and Bernard (2001). Secondly, it is possble that
the present study was not continued for long enough to detect an inhibition of spermatogeness.
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Table 5.9: Compaison of the mean masses of the reproductive organs of spermatogenicaly
active, mde Rhabdomys pumilio coleted in mid-summer, and of mdes from the longterm
leptin experiment. Vdues are means; standard errors have been excluded.

Long-term leptin experiment

Mid-summer Control Saline Leptin
Testes (g) 0.60— 080 044 0.37 060
Epididymides(g) 0.15- 025 0.10 0.07 014
Acc. gld. (9) 0.20—- 040 0.09 0.06 013

Snce dl specimens were spermatogenicaly active, it is not surprisng that there was no
dggnificant difference in plasma testoserone levels. Plasma testosterone levels were not
measured in the first experiment because the short duration reduced the likdihood of triggering a
measurable increase in testogterone production.

In summary, while the short-term experiment suggested the possbility that exogenous leptin
dimulated LH production, the fact that the energetic chdlenge had not inhibited spermatogenesis
made the results difficult to interpret. The longterm experiment produced more sgnificant
results with exogenous leptin reducing mass loss of the reproductive organs. It gppears that the
firs response of mae Rhabdomys pumilio to a prolonged energetic chdlenge is a reduction in
the sze of the reproductive organs, that occurs without a sgnificant change in plasma
testosterone levels or spermatogenic activity.
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CHAPTER SIX: FAT METABOLISM AND IT SEFFECTSON

REPRODUCTIVE ACTIVITY IN MALE RHABDOMYSPUMILIO,

In a previous Sudy that examined the effects of an energetic chalenge (reduced food availability
and reduced ambient temperature) on spermatogenesis of Rhabdomys pumilio, it was noted thet
certain mice had remained reproductively active despite the energetic chalenge and that these
mice had mantaned body fa dores (Jackson & Bernard, 2001). Since a reduction in food
should result in a decrease in body fa (Bronson et al., 1991), the reults from this sudy were
unexpected and pointed to a link between body fa dores and reproductive activity in
Rhabdomys pumilio. Mice that were able to maintan a fat store in the face of an energetic
chdlenge had the potentid to remain reproductively active. Such a link has been demongrated
in other mammds, including squirrds, where reductions in body fa were associated with
delayed reproductive development (Forger et al., 1986), and hamsters, where heavier and fatter
femdes dther prolonged or maintained their oestrous cycles despite food deprivaion (Schneider
& Wade, 1989, 19903, 1990b). Since is has been shown that body mass done does not influence
ovulaion in ras (Trujillo & Broughton, 1995), it is evident that fat reserves are the more likely
factor influencing reproductive activity.

Fat dores serve a vaiety of functions in the vertebrate body, the main one being to act as a
cdoric resrve providing a protective barier agangt the dimatic chdlenges of winter and
possble food deprivation (Ponds, 1978 — cited by Bronson, 1987; Bronson et al., 1991; Tropp &
Makus, 2001). Fat dso &ffects reproductive activity and regulates the occurrence of ovulation
(Frisch, 1984; Frisch 1987- cited by Bronson et al., 1991), gonadotropin secretion (Frisch, 1984;
Bronson et al., 1991), dters ovaian follide and corpus luteum functioning (Mattos et al., 2000),
and increasss the precursors available for the synthesis of reproductive hormones (Frisch, 1984;
Mattos et al., 200). Fat may affect reproduction via one or both of two mechanisms. Firdly, fat
acts as a dgnd to the reproductive axis indicating when energy reserves are sufficient for
reproduction (Frisch, 1984; Forger et al., 1986; Schneider & Wade, 1989). Recently it has been
discovered that white adipose tissue produces the hormone leptin and it is bdieved that this
hormone is the dgnd linking fa dores to the endocrine sysem and thus controlling
reproduction (see Chepter 5). Secondly, it is theorised that critica levels of fa ae required
before puberty and other reproductive processes will occur, dthough this function of fat is ill
being debated (Frisch, 1984; Frisch 1987 cited by Bronson et al., 1991; Foster & Nagatani,
1999).
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Although it has been suggested that fat Stores are too labile to effectivdly co-ordinate puberty
with somatic development (Bronson et al., 1991), it is adso thought that because fa dores are
labile, they will reflect environmentd changes in food supplies more rapidly than other tissues
(Frisch, 1984). Hence, a Sgnd that emanates from the fat store could provide a means by which
reproduction is modified in response to a change in the environment. Since the discovery of
leptin, many researchers have concentrated on establishing its role in the control of reproduction
(see Chapter 5) however, research into the role of fa as a cdoric reserve is ongoing, including
investigations in to how fat metabolian itsdf can affect reproductive activity. By blocking the
metabolism of fat usng ether methyl pamoxirae (MP) or mercaptoacetate (MA), researchers
(eg. Schneider & Wade, 1989, 1990b; Dak et al., 1994) have shown that a disuption in fa
metabolism, when combined with secondary factors such as reduced food availability, can
negatively affect the oestrous cycle (Schneider & Wade, 1989).

It is therefore evident that body faa may affect reproductive activity via two quite different
mechaniams, firdly by functioning as a cdoric resarve and secondly by acting as an endocrine
dand. Although leptin production and fa metabolism itsdf are probably linked, the focus of this
chepter is to invedigate the effects of fat metabolism on reproductive ectivity by determining
whether a high fa diet and/or trestment with mercaptoacetate will affect spermatogeness in
Rhabdomys pumilio. It was hypothesised that trestment of obese mice with mercaptoacetate,
while exposed to an energetic chalenge, would block metabolism of their fat stores and cause a
more rapid inhibition of spermatogeness than in mice that were provided with a high fa diet
while exposed to the same energetic chdlenge.

6.1) Materials & Methods:
Adult, mae Rhabdomys pumilio were trapped in Thomas Baines Nature Reserve over a two

week period during March 2001 (late summe). These mice were brought into the laboratory and
pleced individudly into smilar sized cages (41x26x15 cm) in a CE room st a 26°C, with a
photoperiod of 12L.:12D, and a humidity of about 40%. Mice were provided with shredded paper
and a sguare of blanket for bedding, a toilet rall for cover, and food (Rabbit pdlets, EPOL, JHB,
R.S.A.) and water were provided ad libitum

6.1.1) Initial fattening stage:
Once 33 mice had been caught, they were fed a mixed diet of norma rabbit pelets (norma diet)
and rabbit pelets that had been sosked in vegetable fa (Holsum; high fa diet), dternating the

115



two diets every second day. This feeding regime, which was used to encourage an increase in
body weight and body fat reserves, continued for 14 weeks by the end of which al the mice
were above 40g in mass and conddered obese. Throughout this period food and water were
provided ad libitum and cages were cleaned once a week. During the last week of the period of
fettening, the food was weighed before being given to each mouse and two days later, when the
diet was changed, the remaining uneaten food for the two days was collected and used to
cdculae a mean daly food inteke for that diet type. Throughout the 14 weeks, the mice were
weighed and ther reproductive status assessed (according to the podtion of the testes within the

scrotal sacs) every second day.

6.1.2) Treatments:

At the end of the period of fattening, the mice were divided into four groups such that there was
no dgnificant difference in the mean body mass or reproductive condition (as assessed
externdly) between the groups. Nine mice were dlocated to the ad libitum group and were
mantained on an ad libitum diet (dternating the diet type every second day) for the remainder of
the experiment. Ths group receved no injections and in the remainder of this chapter are
lebeled the AL group. The remaining mice were dl exposed to a food-redricted diet and
received ther daily food inteke less 10% (changing diet type every two days). Within this food
resricted group, mice were divided equaly (n = 8) into three groups a food-restricted group
with no other treatment (FR), a foodredricted group in which the mice received dally injections
of 200?71 sdine (FRS), and a food-restricted group in which the mice received daly injections of
mercaptoacetate (MA - Sigma, . Louis, U.SA; 600?mol/kg body mass) (FRMA). All
injections were given a 07h30 and were administered subcutaneoudy.

This treatment period lasted for four weeks and was conducted in a CE room set a a reduced
temperature of 15°C (typicd winter temperature) with a photoperiod of 12L:12D and humidity
of about 40%. Every second day, prior to receiving food, the mice were weighed and their
reproductive status was recorded. If the body mass of a mouse decreased below 70% of its mean
mass as cdculated during the feeding period (6.1.1), the food provided to the individud wes
increased to dlow adight increase in body massto above the 70% leve.
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6.1.3) Sacrifice, tissue collection and blood collection:

On the day following the last treatment, the mice were sacrificed by injection with 0.2ml
Euthanaze. The mice were then weighed and the testes, epididymides and accessory glands were
removed, weighed to the neares 0.001g and placed into Bouin's fixaive. Blood was collected
from the heart by ventricular puncture and processed as described in Chapter 3 (3.1.2). A
subjective fat index was determined (Jackson & Bernard, 2001).

6.1.4) Histological analysis and hormone assays:

Reproductive argans were processed and assessed as previoudy described (Chapter 3: 3.1.3 and
3.1.3.1). Blood was assayed for testosterone and leptin as previoudy described (Chepter 3: 314
and 3.4.5, respectively).

6.1.5) Statistical analysis:

Satigicd andyses were conducted using both SigmaStat and Statgrgphics. Individuads were
compared with Student's t-tests, while comparisons between the experimentad groups were
conducted using andyses of variance (ANOVA) or the non-paamelric equivdents where
goplicdble. Percentages were arcane transformed for datisticadl anayss however these data are
presented as percentages within figures and tables. Differences were consdered sgnificant & a

< 0.05 and vaues are expressed as means = 1 SEM, unless otherwise stated.

6.2) Results:

Of the 33 mice caught in the wild, 11 were non-scrotal, 10 were partly-scrotd and 12 scrotdl.
Once in the laboratory, the mice were fed ad libitum for 14 weeks during which their body
masses increased (Figure 6.1) and their reproductive status changed so that 24 mice were scrotd,
seven were partly-scrotal and two were non-scrotal. At the start of the treatment period, the mice
were divided into four groups such that the mean body mass of each group of mice was not
sgnificantly different (P = 0.989) and the reproductive status of members of the groups was
gmilar (Table 6.1).
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Figure 6.1: Mean body mass of the four groups of mice a capture (Capture), a the start of the
treetment period (Inject) and a dissection (Dissect). FR = food redricted, MA =
mercaptoacetate. Means are ? 1SEM.

Table 6.1: The reproductive status of mice in the four experimentad groups a the sat of the
trestment period.

Number of mice

Group* Non-scrotal Partly-scrotal Scrotal
AL 0 3 6
FR 0 1 7

FRS 1 1 6

FRMA 1 2 5

*AL = ad libitum diet; FR = food redtricted, no injections, FRS = food redricted, saline injections, FRMA = food
restricted, mercaptoacetate injections.

During the firs week of trestment, three mice within the foodredtricted groups died and some
dterations were made to compensate for these losses. Two mice were removed from the AL
group (revised sample sze = 7) and of these, one was placed into the FR group in which there
had been two deeths (revised sample size = 7) and the second mouse was placed into the FRMA
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group in which there had been one death (revised sample sze = 8). During the remaining weeks
of the treatment period another four mice died and find sample szes for the four groups a
dissectionwere: AL = 7; FR = 6; FRS=6; FRMA =7.

There was a ddtidicaly sgnificant decrease in the mean body mass, from the dtart of the
trestment period to dissection, within each of the three groups of mice on the food-redtricted diet
(P < 0.01 for dl; Figure 6.1, Table 6.2). The mean body mass of the AL group decreased, but not
sgnificantly, during the treetment period (Figure 6.1, Table 6.2). At dissection, the mean body
masses of the mice in the foodredricted groups were dl sgnificantly lower than the mean body
maess of the mice in the AL group (P = 0.045), dthough there was no sgnificant difference
between the mean body masses of the mice in the three food-restricted groups (Figure 6.1; Table
6.2).

Table 6.2: Mean body masses of the four groups of mice a the dart of the trestment period and
a dissection, indicating weight changes during the experiment within a group (t-tests) and
differences between the groups (ANOVAS). Vaues are means ? 1SEM.

Group* Mean body massat  Mean body mass P-value
start of treatment at dissection (t-tests)
AL 50.7£5.03 498 + 4.94° 0.318
FR 478+ 297 389+313° 0.002
FRS 46.6 + 315 37.1+226° 0.005
FRMA 470+271 383+ 1% 0.003
P-value 0.989 0045
(ANOVAS)

*AL = ad libitum diet; FR = food redtricted, no injections, FRS = food redricted, saline injections, FRMA = food
restricted, mercaptoacetate injections.
- Within acolumn, groups with different superscript |etters (aor b) are significantly different (P < 0.05).

The reproductive status of the mice aso changed during the treatment period and a dissection
dl of the mice in the foodredtricted groups were ether partly-scrota or nonscrotd, while mice
in the AL group were ether sorotd, partly-scrotd or non-scrotal (Table 6.3). There was a
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dgnificant decrease in the number of scrotd mice from the dat of the treetment period to
dissection within the three food-restricted groups (P < 0.001).

Table 6.3: The reproductive datus of mice (with percentages in parentheses) within each of the
four groups as assessed a dissection. (Data from Table 6.1 indicating the reproductive status of
mice at the gart of the treatment period have been included to alow for easy comparison.)

Number of mice

Group* non-scrotal partly-scrotal scrotal
AL START 0 3 (33%) 6 (67%)
Dissection 3 (43%) 1 (14%) 3 (43%)
FR Sart 0 1(12.5%) 7 (87.5%)
Dissection 4 (67%) 2 (33%) 0
FRS Start 1(12.5%) 1(12.5%) 6 (75%)
Dissection 3 (50%) 3 (50%) 0
FRMA Start 1(12.5%) 2 (25%) 5 (62.5%)
Dissection 4 (57%) 3 (43%) 0

*AL = ad libitum diet; FR = food redricted, no injections, FRS = food redricted, saline injections, FRMA = food
restricted, mercaptoacetate injections.

6.2.1) Dissection:

The mean masses of the testes, epididymides and accessory glands of the mice in the food-
redricted groups were lighter than those of mice in the AL group (Table 6.4). Statistical andyss
of these data indicated that the three groups of mice on the food-redtricted diet had Sgnificantly
lighter accessory glands than the mice in the AL group (P = 0.005); the mice receiving injections
of sdine or mercaptoacetaie (FRS and FRMA) had sgnificantly lighter epididymides than the
mice in the AL group (P = 0.036); while there was no sgnificant difference in the mean masses
of the testes (P = 0.130) of the mice in the four groups (Table 6.4). Mice in the AL group had
sgnificantly more body fa than the mice from the foodredtricted groups recdaving injections
(FRS and FRMA; P = 0.008; Table 6.5) while there was no sgnificant difference in mean fa
scores between the mice from the three food-restricted groups (Table 6.5).



Table 6.4: Mean mases of the reproductive organs for mice a dissection after the fat
metabolism experiment. P-values are from ANOVAs. Vaues are means ? 1SEM.

Organs *AL mice *FR mice *FRSmice *FRMA mice P-value
Testes
0.84 + 0.07 067+012  052+0.09 0.66 + 0.09 0130
(9
Epididymides
piaidy 027+003* 019+004*° 015+00  017+002 0036
(9)
Accessor
4 060+009° 029+008° 021+008°  024+007 0005
glands (g)

*AL = ad libitum diet; FR = food redricted, no injections, FRS = food redricted, saline injections, FRMA = food
restricted, mercaptoacetae injections.
-Within arow, groups with different superscript letters (aor b) are significantly different (P < 0.05).

Table 6.5: The number of mice from each treatment group, in each of the fat score categories
after the fat metabolism experiment.

Group Fat score Mean fat
score
0 1 2 3
AL 1 2 2 2 117 ? 042
FR 4 2 0 0 0337 021"
FRS 5 1 0 0 0172 017
FRMA 6 1 0 0 014?014
P-value = 0.008

*AL = ad libitum diet; FR = food redricted, no injections; FRS = food restricted, sdine injections; FRMA = food
restricted, mercaptoacetate injections.

- Within column, groups with different superscript letters (a.or b) are Sgnificantly different (P < 0.05).
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6.2.2) Histology:

All the mice were spermatogenicdly active, with sperm stored in the epididymides and secretory
materid in the accessory glands. Compared to the mice in the AL group, the three groups of
mice on the food-redricted diet had lower leves of reproductive organ ectivity (Figure 6.2),

however none of these differences were Satigticaly significant.

Ad Libitum FR mice Saline mice MA mice
100
[
g o ™
2
s
8
5
5 07
20_
0 I B E—
T E AG T E AG T E AG T E AG
Organs

Figure 6.2: Mean activities of the reproductive organs a dissection. T = tedtes E =
epididymides, AG = accessory glands. FR = foodrestricted. MA = mercaptoacetate. Means are
? 1SEM.

6.2.3) Hormone assays:

The mean plasma tesoserone levd of the mice in the AL group was Sgnificantly higher than
levels measured in the plasma of mice in the three food-restricted groups (P = 0.035). The FR
group had the lowest testosterone levels of dl groups, while the FRS group had the highest
levds for the foodredricted groups (Table 6.6). The differences between the mean plasma
tetosterone leves for the mice in the three food-redricted groups were not datidticaly
ggnificant (P>0.05). The mean leves of plasma leptin-like immunoreactivity of the four groups
of mice were not significantly different from each other (Table 6.6).



Table 6.6: Plasma testosterone and leves of leptin-like immunoreectivity for the four trestment
groups at dissection. Vaues are means ? 1SEM.

M ean values P-value
AL FR FRS FRMA (ANOVAYS)
Testosterone a b b b
64.6? 15.16 19.6 ? 645 33.178.38 30.9? 6.69 0.035
(ng/dL)
Leptin
578124 598143 6.50 1.47 5.800.93 0.979
(ng/dL)

*AL = ad libitum diet; FR = food redricted, no injections, FRS = food restricted, sdine injections; FRMA = food
restricted, mercaptoacetate injections.
-Within arow, groups with different superscript letters (aor b) are significantly different (P < 0.05).

6.3) Discussion:

The experimentd design required the mice to be spermatogenicaly active with large fat stores a
the dart of the trestment period. It was not possble to confirm ether of these conditions without
sacrificing gpecimens, but 14 weeks on the high fat diet had resulted in an incresse in body nmess
and an increase in the number of mice with scrotd testes. Similar improvements in reproduction
have been recorded in ruminants when fat was included in their diets (see Mattos et al., 2000).

The mice were then exposed to an energetic chdlenge (reduced ambient temperature and
reduced food availability) that was expected to result in loss of body mass and body fat reserves
and a reduction in reproductive activity. Indeed, this appears to have occurred and while there
was no ggnificant change in the body mass of the mice that continued to receive the ad libitum
diet, the mean body mass of those mice on the food redriction diets decreased sgnificantly. In
addition, food redriction resulted in a dgnificant loss of body fat, reduction in the number of
mice with scrotd testes, reduction in mass of the accessory glands and plasma testosterone
levels. However, treatment with mercaptoacetate was expected to prevent fa metabolism and
thus exaggerate the effects of the energetic chdlenge and this did not hegppen. Daly injections,
with ether sdline or MA, had no sgnificant effect on body mass, fat score, mass of the testes
and accessory glands or plasma testosterone levels. The only sgnificant effect of these injections
was to reduce the mass of the epididymides and it is hard to conceive of a biologicd explanaion
for this. In soite of the changes in body dze, the Sze of the reproductive organs and plasma



testosterone levels, neither the energetic chdlenge nor treetment with MA had a ggnificant
inhibitory effect on spermatogenes's, as assessed histologicaly.

The fact that MA agppears to have had no overdl effect on the trested mice was surprising,
egpecidly on the metabolisn of fat, snce no fat was recorded in these mice a dissection. A
possble explanation for this may be that the dosage of MA was too low. Dark et al. (1994)
experimented with a number of dosages for MA, ranging from 400 to 1200 ?mol/kg body mass,
to test the effects of the disruption of fetty acid oxidation on the torpor of Phodopus sungorus.
Although MA only affected the torpor of these hamgters when administered in combination with
2-deoxy-d-glucose (2DG), Dak et al. (1994) found tha 800?mol/kg was the optima dose,
which caused a reduction in whole blood glucose concentrations and an increese in food intake.
However, for the current experiment, 600?mol/kg was used since 800?mal/kg is consdered to
be too high and may produce sgns of toxicty (S Ritter — Washington State University, pers.
comm.). It is dso posshle that the mice did not in fact devdop fat dores during the 14-week
fettening period. However this is unlikdy snce the mice received a high fat diet for a prolonged
period during which they were exposed to a high ambient temperature (26°C). Furthermore, the
fact that the mice on the AL dig had a sgnificantly higher mean body fat score a dissection
than the mice on the food redricted diets suggests that dl mice had developed fat reserves
during the fettening period.

The fact that the two groups of mice that were exposed to food redtriction only and food
redriction with sdine injections remained spematogenicdly active despite the energetic
chdlenge may be due to two factors. Firdly, the animas would have been able to metabolise
their fat stores and thus dday reproductive inhibition. Secondly, the additiond energy provided
by the fat in the diet may have been sufficient to baance the costs imposed by the energetic
chdlenge. Previous studies on other mammas have indicated that such factors can affect
reproduction whereby faiter animas can mantan reproductive activity despite an  energetic
chdlenge (Schneider & Wade, 1989, 1990a) and that diets with supplemented fa can dday the
effects of food deprivation (Tropp & Markus, 2001) and improve repraductive activity
(Schneider & Wade, 1990a; Mattos et al., 2000).
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To return to the mice treated with MA, the most parsmonious explanation for the results is that
MA faled to inhibit fatty acid metabolisn. This could have been rdaed to the dose used or to
some other reason, but in the disence of an inhibition of faty acd metabolism, these mice
responded in the same way as the other mice on the foodrestricted diet. It should however be
noted that animas can compensate for an MA-induced energy ddficit. In an experiment to
determine the effects of MA on macronutrient inteke, Ritter et al. (1999) found that rats
increased thelr consumption of proteins and it was suggested that the MA -induced decrease in
the avalability of fat for energy metabolism mght increase the utilisation of other subdrates.
This dteration in use of energy stores has been confirmed by other studies where animals trested
with methyl palmoxirate (MP) and 2-DG, which prevent oxidation of fety acids and glucose
respectively, resuted in an inhibition of reproductive activity (Schneider & Wade, 1989; Dak et
al., 1994).

In spite of the gpparent falure of this experiment, the results do provide some further ingght into
the control of reproduction in Rhabdomys pumilio. The energetic chdlenge resulted in a
reduction in body mass, fat reserves and plasma testosterone levels, pointing once again to a link
between fat reserves and reproduction. Development of the reproductive accessory glands is
dimulated by testosterone (Coffey, 1998) and these glands were the mod sendtive to the
energetic chalenge. It is possble that the duration of the energetic chdlenge was too short and
that a longer period would have resulted in a greater effect on spermatogenesis. However the
very naiure of these experiments, which put the mice under stress, makes it difficult to baance a
prolonged experiment with surviva of the animas.

The continuation of spermatogenesis in the face of a subgtantid energetic chdlenge may be an

integral pat of an qgpportunidic reproductive drategy and will be addressed in the generd
discussion (Chapter 7).
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CHAPTER SEVEN: GENERAL DISCUSSION AND CONCLUSIONS

The broad am of this study was to use fiedd and laboratory experiments to examine the way in
which the environment and the endocrine sysem combine to control reproduction in a smal
mamma from a seasond but unpredictable environment. Rhabdomys pumilio was selected as the
modd species because it is common in the Eastern Cgpe Province, reproduces seasondly in the
fidd (dthough there are a few exceptions, David & Javis, 1985) and reproduces under
ladboratory conditions. Previous dudies have shown tha day length done does not inhibit
goermatogeness (Jackson & Bernard, 1999), a reduction in food availability and low ambient
temperaiure (i.e. an energetic chalenge) result in an inhibition of spermatogeness in mde
Rhabdomys pumilio, and that femaes are more susceptible to inhibition than maes (Jackson &
Bernard, 2001). The Eastern Cape Province was used as the study area because it is characterised
by a sasond but unpredictable dimate. The results of the individud experiments have been
discussed in the earlier chapters and the am of this find chapter is to present an overdl synthesis
of the key findings.

The results of dl the experiments indicaied that an energetic chdlenge, ether naturd, as in
winter a& Thomas Baines Nature Reserve and MZNP, or laboratory based, in terms of a reduction
in food quantity and ambient temperature, resulted in a reduction in the body mass of the
animds, a reduction in the masses of the reproductive organs, and, in the fidd experiment a
MZNP, a reduction in the number of pregnant femdes. At the end of the fidd and laboratory
experiments the animas had no body fa stores This may indicate that the energetic chalenges
caused a loss of body fat, and while this is the mogt likely explanation, it could not be confirmed,
as the body fat content a the dtat of the experiments was unknown. In spite of the often
dgnificant reduction in mass of the reproductive organs, the fidd and laboratory energetic
chdlenges did not inhibit spermatogeness. This was surprisng, snce the laboratory conditions
used in the current sudy were smilar to those used by Jackson & Bernard (2001) which did
inhibit spermatogenesis. It is possible tha the energetic chdlenges were not continued for long
enough in the presnt experiments to inhibit spermatogeness, but this is unlikdy snce the
present experiments dl ran for between 21 days and 28 days and Benard & Jackson (2001)
reported inhibition of permaogeness after 28 days. It is dso possble that the mice used in the
present experiments were in better condition, with greater body fat stores than those used by
Bernard & Jackson (2001). 2000 and 2001 were paticularly mild years in the Eastern Cape
Province (see Chepter 2) and this may have resulted in a widespread increase in generd body
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condition which could have dlowed Rhabdomys pumilio to counter the energetic chdlenges. In
the experiment that looked a the effect of inhibiting fat metabolism (Chapter 6), mice were fed a
high fat diet and this could have provided the necessary energy to maintain spermatogenesis. It is
worth noting that while the inhibition of reproduction achieved by Jackson & Bernard (2001)
was based on a single experiment, the results presented here are based on three fidd and three

laboratory experiments over three years and should therefore be regarded as the norm.

Although the responses to the naturd (fidld) and laboratory energetic chdlenges were not as
marked as expected, the results of the experiments clearly indicate that the effects of an energetic
chdlenge can be countered. Firdly, in the firsd two fiedd food supplementation experiments at
Thomas Baines Naure Reserve, winter was paticularly mild and both mde and femade mice
remaned reproductively active with high numbers of pregnant femades and juveniles being
present on both supplemented and control grids. This suggests that under naturd conditions, a
mild winter, with associated increased food avalability and reduced thermoregulatory codts, can
promote opportunigic reproduction in Rhabdomys pumilio. In contrast, in MZNP, where the
winter was typicdly harsh and dry, no pregnant femdes or juveniles were present on the study
dgte after May (the end of the breeding season) dthough maes on both grids were
soermatogenicaly active. Food supplementation a8 MZNP reduced the effects of this naturd
energetic chalenge and mice that received supplementary food were larger, more reproductively
active (as assessed externdly) and had larger reproductive organs than the mice on the control
grid. However, the provison of supplementary food did not result in pregnancy. The results from
the three fidd experiments suggest that the normd winter inhibition of reproduction in the
Eagtern Cgpe Province (Perrin, 1980) can be completely overridden by one or more unusudly
mild winters (as seen a Thomas Baines Nature Reserve) or partialy overridden by the provison
of supplementary food (as seen & MZNP). The resaults further support the idea that females are
more susceptible to environmental  inhibition of reproduction than maes (Pryor & Bronson,
1981; Bronner et al., 1988; Wade et al., 1996; Tilbrook et al., 2000; Jackson & Bernard, 2001).
The results from the MZNP experiment are supported by those from the MA  experiment
(Chepter 6), in which the provison of a high fat diet countered the effects of reduced ambient
temperature and food availaility.

The nature of the link between the environmental cues and the HPG axis was explored in the
three laboratory based experiments. Provison of exogenous GnRH to Rhabdomys pumilio that
had been exposad to a prolonged energetic chdlenge resulted in a dgnificant increase in the
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messes of the testes and epididymides, and an increase in the activity of the reproductive organs.
Smilaly, provison of exogenous leptin concurrently with an energetic chdlenge countered the
negaive effects of the energetic chdlenge, 0 that the trested mdes had larger reproductive
organs. The attempt to inhibit fat metabolism with MA was unsuccessful.

Combining the results from the fidd and laboratory experiments, it appears that the normd
winter inhibition of reproduction can be overidden if the energetic chdlenge in winter is
reduced ether naturadly (Thomas Baines Naiure Reserve 2000 & 2001) or through provison of
supplementary food (MZNP 2002). Furthermore, femaes are more sendtive to an energetic
chdlenge than are males and reproduction is more reedily inhibited. Since exogenous leptin and
GnRH will counter the effects of an energetic chalenge, it is likey that the link between the
environmental cues and the endocrine system is the white fat store. Thus one could Speculate
that, in response to an energetic chdlenge, the fat dore is depleted, leptin levels decline and this
negaively affects the pulsaile rdease of GnRH. In response to this, LH and FSH leves will
decrease (Perheentupa et al., 1995; Gard et al., 1998; Raga et al., 1999, Mashdl et al. 2001;
dthough not seen in the present udy), and this will bring about a decrease in the dze of the
reproductive organs and levels of gonadd geroid hormones. In the femdes the reduction in
organ mass is associated with a cessstion of reproductive activity while in maes it is not and
spermatogeness continues. In the present study, the falure of the naturd and atificia energetic
chdlenges to inhibit spermatogeness may be explaned in tems of the same neuroendocrine
pahway and any endogenous or exogenous source of leptin or GnRH would be expected to
override the energetic chalenge. For example, access to a high fat diet, Smilar to that used in the
MA experiment, could result in the maintenance of a fa sore and thus devated leptin levels Or,
there might be a naturd exogenous source of a GnRH-like compound in the fidd, such as odts,
which has been found to rdease a peptide smilar to GnRH and thus affect reproductive activity
(’Anson et al., 1991).

The results of this study support the suggestion that reproduction in Rhabdomys pumilio is
opportunigic in the truet sene (Jackson & Bernad, 2001), with mdes remaning
soermaogenicdly active a dl times of the year (if beneficid to do s0). Femdes are more
sengtive to reproductive inhibition and control the timing of reproduction, which may be
seasond or cortinuous, depending on the avalability of energy stores (Bronson & Perrigo, 1987,
Bronson & Heideman, 1994). Such opportunisic reproduction is idedly siited to an
unpredicteble environment snce it dlows a rgpid response to a change in the environment;

128



successful  reproduction may occur in winter if conditions are suitable and reproduction may be
inhibited in summer if there is an unusud energetic chdlenge. This response need not be
populdionwide but will occur & an individud levd and this explans why there are reported
ingances of reproductively active Rhabdomys pumilio in winter (David & Jarvis, 1985; Jackson
& Bernard, 2001).

Fnally, while this sudy has concentrated on the role of an energetic chdlenge, it is possble that
other environmentd vaiables and endocrine pathways may be involved in the contro of
reproduction in  Rhabdomys pumilio. Further sudies on the control of reproduction of
Rhabdomys pumilio should focus on the femdes, since it gopears that they are more sengtive to
reproductive inhibition than the maes.



APPENDIX

Mallory’ strichrome stain (Humason, 1967):

Solution:
Distilled water 200.0ml
Dissolve each of below before adding next stain:
Phosphotungstic acid 10g
Orange G, C.I. 16230 209
Aniline blug, WS, C.l. 42780 10g
Acid fuchan, C.I. 42685 309

Procedure:

Hydrate didesto water — 5mins per stage from xylene to water.
Stain for 5min and then wash in running water for ¥z aminute.
Dehydrate dides — 5mins per stage from water to xylene

Mount dides and dlow them to dry.
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