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The mole-rat has undergone dramatic morphological modifications to cope with
an underground existence. The animals are equipped with extrabuccal incisors that are
ever growing and used exclusively for excavation in all genera. In Bathyergus, the fore
claws may also be used for displacing the loose sandy soils (Jarvis and Bennett, 1990).
The mole-rat has a low body carriage which is streamlined to provide minimum friction
as the animal passes along the burrow. The external ear pinnae are reduced to small shells
that encase the auditory opening, whereas, the nose is broad and horseshoe-shaped and

the eyes microphthalmic with a thickened cornea (Bennett and Faulkes, 2000).

Physiological adaptations te a subterranean existence

Due to their small size and thermal sensitivity, many rodents have a totally
subterranean existence. The burrows provide a niche that is relatively thermo-stable with
respect to ambient temperatures, but at the same time is characterized by a high relative
humidity as well as high carbon dioxide and low oxygen concentrations (Darden, 1972,
Kennerly, 1964, Roper ef al., 2001). Indeed, physical conditions such as light,
temperature and partial pressures of gases deviate considerably from those values
normally experienced above ground. The most extensive portion of their burrow is
superficial occurring 20cm below the ground surface. Although the burrows show some
diurnal and seasonal fluctuations in temperature, they are considerably muted as
compared to those above ground (Bennett ef a/., 1988). Although in the nest, the mole-
rats are probably exposed to hypercapnic and hypoxic conditions, their metabolic rate
will however be at its lowest. It is possible that the haemoglobin of the mole-rat has a
high affinity for oxygen, as is certainly the case for the naked mole-rat. At
thermoneutrality (the temperature range within which metabolic heat production is
unaffected by the ambient temperature change), most subterranean rodents have resting
metabolic rates that are substantially lower than those of surface dwelling rodents whose

body temperatures are higher and their thermal conductance lower.


































































The seminiferous tubule area expressed as a function of body mass was not
significantly affected by temperature nor by photoperiod (F = 0.535, P = 0.472 and F
= 2296, P = 0.143, respectively). There were no significant interactions between the
two variables (F = 0.475, P = 0.497). Likewise, the epididymal area was also not
affected by changes in temperature or photoperiod (F = 0.924, P = 0.346, F = 0.401, P
= 0.057, respectively). There was no significant interaction between the two variables
(F=0.261, P=0.614) (Plate 1). Testis volume did not differ significantly during the
various lighting regimes (GLM: F = 0.01,P = 0.983, Table 4). Whereas, temperature
had a significant effect on testicular volume of the mole-rats (GLM: F = 7.88,P =
0.014). There was no significant interaction when the two parameters (light and

temperature) were considered together (GLM: F = 2.78, P = 0.1174, see Table 4).

Table 3: Body and testis mass for C.damarensis under different temperatures and

photoperiodic regimes (* = significant and Ns = not significant).

Body mass Testis mass
F-value |P>F Comment [F-value P>F Comment
Temperature 4.06 0.0562 * 0.11 0.7411 Ns
Photoperiod 1.64 0.2133 Ns 8.52 0.008 *
Combination T & P {0.08 0.78 Ns 0.65 0.4302 Ns
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Urinary melatonin concentrations:

There were no significant differences in the amounts of urinary melatonin
concentrations during the different temperature and photoperiodic regimes. Melatonin
concentration was not significantly affected by differences in temperature (GLM: F =
0.14, P = 0.705). Likewise there was no significant effect of daylength on urinary
melatonin concentration (GLM: F = 0.44, P = 0.509). However, there was a
significant difference in the concentration of melatonin between the light and dark
periods with an increase in melatonin concentration with the lengthening of the dark
period (GLM: F = 0.17, P = 0.0007,). There was no significant interaction between
the two parameters (GLM: F = 0.37, P = 0.547).

There was a clear rhythm of melatonin concentration during summer (LD, HT), with a
steady rise of urinary melatonin concentration from early afternoon T15 (41.9 %13.0
ng/mg creatinine) through late afternoon and evening, with a peak at T9 (71.7 £12.8
ng/mg creatinine). There was a significant difference in the concentration of urinary
melatonin during the light when compared to the dark phase (GLM: F = 1549, P =
0.0013) but there was no significant difference in concentration between T3 and T9
(GLM: F=1.32,P=0.27, Fig. 6a).

During simulated autumn (SD, HT) melatonin secretion rose steadily with a single
peak at T3 (65.5 + 6.85 pg/ml) and then it lowered again towards subjective dawn
and early moming T9 (44.7 +£13.7 ng/mg creatinine). There was a significant
difference in the concentration of urinary melatonin produced during the light and
dark period with a clear diurnal thythm (T15 vs. T3, GLM: F = 9.51, P = 0.0022),
(T21 vs. T3, GLM: F = 3.33, P = 0.0087) and there was no significant differences
between T3 and T9 (GLM: F = 1.07, P = 0.091, Fig. 6b).
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Urinary melatonin concentrations:

Temperature had a significant effect on the concentrations of urinary melatonin during
the light period (GLM: F = 5.08, P = 0.03), but had no effect on the concentration
during the dark (GLM: F = 0.83, P = 0.367). Photoperiod did not affect the urinary
melatonin concentration (GLM: F = 2.28, P = 0.139) and there was no significant
interaction between the two parameters (GLM: F =339, P = 0.073).

During LD 26°C (simulated summer) melatonin concentration rose steadily from
early afternoon T15 with a single peak during the subjective dawn at T9. There was
no significant difference in the amount of urinary melatonin concentration at T15 vs.
T21 (GLM: F=0.63, P =0.446), T15 vs. T3 (GLM: F =3.03, P=0.112). There was a
significant difference in urinary melatonin concentration at T15 and T9 (GLM: F =
5.4, P = 0.042). There was no significant difference in concentration between T21 vs.
TO (GLM: F=4.04,P=0.072) or at T3 vs. T9 (GLM: F =3.47, P = 0.092, Fig 12a).

During SD 26°C (simulated autumn) there was a clear diwrnal rhythm in urinary
melatonin concentration with secretion rising from mid moming early afternoon and
peaking at T3 and stabilizing through to T9. There was no significant difference in the
amount of urinary melatonin during the day and early evening T15 vs. T21 (GLM: F
= 0.1, P = 0.996). There was no significant difference in secretion at night T3 vs. T9
(GLM: F = 0.02, P = 0.893). There was, however, a significant difference in
melatonin concentration at T15 vs. T3 (GLM: F = 5.86, P = 0.033) and at T15 vs. T9
(GLM: F = 5.68, P = 0.036). There was also a difference in urinary melatonin
concentration at T21 vs. T3 (GLM: F = 5.86, P = 0.0333) and at T21 vs. T9 (GLM: F
=10.5, P =0.0079, Fig 12b).
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Table 11: Body and testis mass for C.h.pretoriae during the different
temperature and light regimes (* = significant and Ns = not significant).

Body mass Testis mass

F-value [P>F Comment |F-value P>F Comment
Temperature 0 0.968 Ns 17.42 0.0003 *
Photoperiod 0.07 0.8 Ns 0.04 0.834 Ns
Combination T &P 0.01 0.929 Ns 0.15 0.702 Ns

Table 12: Comparative testicular anatomy of C.lh.pretorice (n =

18) during the

different light and temperature regimes (* = significant and Ns = not significant).

Variable ! F-value Pr>F ¥ Comment
Photoperiod 127 0.2787 Ns
Temperature 2.20 0.1602 Ns
; Interaction/ T &P 0.97 0.3414 Ns
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Testis volume is also affected by temperature with an increase in volume when
temperatures are high and a concomitant reduction when the temperatures are low. Testis
volume and mass may vary concomitantly or in opposition. An increase in testicular mass
during low temperature necessitates an increase in volume for compensation with no
overall effect on testicular function. . Mean seminiferous tubule and epididyme areas did
not, however, appear to be affected by the different photo and thermoperiods presented.
As would be expected the sperm motility parameters and sperm vitality of the mole-rats
housed under the four lighting regimes failed to show a seasonality. But when the
parameters were considered individually, temperature did appear to have some role on
some motility parameters, but not the most important parameter, namely straight line
velocity. Temperature again was found to have some effect on both the numbers and
abnormalities of sperm. On those regimes with low temperatures (LD LT and SD LT)
there were fewer abnormalities and enhanced sperm production that correlates nicely
with the anatomical finding of a recrudescence of testicular mass.

The common mole-rat, Cryptomys hottentotus hottentotus, exhibits marked
seasonal activity producing young during the austral spring and summer (October —
January). The common mole-rat has the reproductive capacity to produce two litters per
annum with litters varying from 1-6 pups with a mean of 3 (Bennett, 1989; Bennett ef al.,
1991; Bennett and Faulkes, 2000). Spinks ez a/., (1997) found that there was no apparent
manifestation of season on testicular activity, spermatogenesis and sperm quality
(motility and percentage normal morphology) in the reproductively active and inactive
periods. Interestingly, from this study, the body masses of males caught during summer
were greater than males caught in winter. The testicular mass and volume were not
significantly affected by changes in temperature, but were affected by photoperiodic
changes. The seminiferous tubule area remained unaffected by both variables. In contrast,
the epididymal areas were enhanced by photoperiodic changes with the area increasing

when the days are short and decreasing during long days.
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It would appear that in the seasonally breeding common mole-rat, that light might be an
important component for the timing of the onset of reproduction. In contrast, within the
highveld mole-rat it would appear that both photoperiod and temperature are important to
varying degrees. Rainfall is inexplicitly linked to the reproduction of both species. In the
common mole-rat a reduction in photoperiod and drop in temperature is linked to rainfall
events in the Cape Province (winter rainfall region) whereas in the highveld mole-rat, an
increased photoperiod and raised ambient temperature is linked to rainfall events in the
Gauteng Province (summer rainfall). Rainfall is not easy to simulate in the laboratory, but
it could be an important component to triggering reproduction. Hence, the results of this
thesis should be interpreted with some caution since rainfall is closely linked to the other

two environmental variables investigated within this thesis.
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