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INTRODUCTION 

Bathyergus suillus suillus (Schreber), the Cape mole-rat, inhabits the southern and western 
Cape Province of South Africa. This species belongs to the family Bathyergidae and the sub­
family Bathyerginae (Roberts 1951). Bathyergus is not only the largest bathyergid but possesses 
a peculiar characteristic not found in the other genera, namely deeply grooved upper incisors 
with roots above the molars. As a result of these characteristics and others, some authors 
think that this genus should be classified in a family by itself (Walker 1964). 

Much research has been done on reproduction in the Old World insectivore moles, the 
Talpidae (Eckstein and Zuckerman 1956). In contrast with this and apart from the paper by 
Jarvis (1969) on the breeding season and litter size of African mole-rats of the family Bathyer­
gidae, no detailed study has been carried out on reproduction of these rodent moles. More­
over, although Bathyergus appears to be a strict seasonal breeder no research on the gross 
anatomy or histology of its reproductive system has been carried out. In view of this an attempt 
has been made in the present investigation to examine the breeding season and to describe 
the effects of season on the histology and gross anatomy of the male rodent mole B. suillus 
suillus, hereafter referred to as Bathyergus. The economic importance of this species as an 
agricultural pest provided additional motivation for the study. 

PROCEDURE 

Material: Sixty-two male and thirty-six female Bathyergus were obtained from Faure, ten 
miles west of Cape Town and from the farm "Klein Welmoed" seven miles south of Stellen­
bosch during 1969 and 1970, and provided the material for the investigation. The animals 
were caught by spring traps, specially designed for this purpose. I n a few cases they were caught 
by hand above ground. Approximately five males were caught each month except during 
December and January, a period of sexual inactivity. 

Histological technique: The animals were killed with ether within a few hours of trapping 
and the reproductive tracts immediately dissected out. The epididymis was separated from the 
testis and preserved in formal saline. Shortly afterwards sperm smears were made using a 10% 
aqueous nigrosin solution. Only one testis from each animal without the epididymis, was 
weighed to the nearest mg. This procedure was adopted as it had been previously established 
that the two testes from each animal were very similar in weight and the procedure also 
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492 ZOOLOGICA AFRICANA VOL 7 

allowed immediate fixation of the other testis. Seminal vesicles and prostate glands were also 
weighed to the nearest mg. Testis sections of each individual were fixed in 10% formalin to 
which a few drops of calcium chloride had been added to make the phospholipids insoluble. 
After fixation the material was kept overnight in a 2,8 mixture of compounds 1540 and 4000 
of polyethylene glycol (carbowax) (Wade 1952). The material was sectioned at 15JL and 
stained with Sudan Black B according to the method of Chifelle and Putt (1951) or with 
Osmic acid according to Mallory (1944). Testis sections were also fixed in Bouins fluid and 
routinely imbedded in paraffin wax, sectioned at 5JL and stained with Gurrs Hematoxylin 
and counterstained with Eosin Y. The accessory reproductive organs were treated similarly. 
The penis material was fixed in Bouins fluid and afterwards kept in a solution of 7,5 % nitric 
acid and 70 % alcohol for four weeks to decalcify the os penis. 

Tubular diameter of the testes was obtained by measuring thirty tubules in each testis 
by means of a projection apparatus and callipers. 

RESUL TS 

Gross anatomy of the reproductive system 
Bathyergus does not belong to the true Testiconda. Neither does it have a true scrotum, 

but only two small peritoneal evaginations of the tunica vaginalis propria as in the Talpidae, 
Soricidae, Solenodontidae, Erinaceidae, Orycteropidae and in many other rodents (Weber 
1927). Here the so-called "scrotal sacs" lie antero-Iateral to the penis and are partly formed 
by the transverse abdominal and internal oblique muscles. A mass of fat not only covers but 
also forms part of the ventral wall of the scrotal sacs. 

The ,testes are slightly oval to round bodies which sometimes lie in the scrotal sacs, 
although their position is mostly inguinal. In the latter case the testes lie on either side of the 
bladder with the epididymides facing the bladder. The epididymis is attached to the medial 
and posterior sides of each testis and consists of a large head connected by a slender body to 
a very coiled tail. From the tail of each epididymis follows a short ductus deferens which 
forms a loop with the ureter, and runs for a short distance along the seminal vesicles before it 
enters the urethra. Externally it was difficult to identify distinct ampullae, but histological 
sections confirmed their presence (Figs. I and 2). 

Two multi-lobed seminal vesicles lie dorsal to the bladder, the lobes being supported by 
connective tissue above the prostate. Although the prostate forms a single mass around the 
seminal vesicles and the urethra, it can be divided into three or four pairs of lobes. There is, 
however, not always a distinct separation between all the lobes of the prostate, but this prob­
lem will be discussed in the histological section. A number of ducts from the different parts 
of the prostate drain into the urethral sinus. 

Two small bulbo-urethral glands lie just antero-dorsally to the corpus cavernosum on 
each side and are, like the seminal vesicles, ductus deferens and penis, covered by a large 
amount of fatty tissue. The penis is curved in a L-like fashion with the result that the animal 
urinates towards the tail. Furthermore, the penis is wholly covered by the prepuce and as in 
the guinea-pig, it is difficult to distinguish between male and female externally. It moreover 
appears that the penis of Bathyergus resembles in most respects that of not only the guinea-
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pig but also the subfamily Caviinae as a whole. Both have a long and conical glans which 
measures about one-third of the penis length as well as an os penis which is present along the 
whole length of the glans. It is also this bone that gives the glans its form, being flattened 
medially, slightly inspissated distally and widened and much inspissated at the proximal end. 
In detail of glans structure the penis of Bathyergus differs from that of the Caviinae. This will 
be discussed in a later section. 

The effect of season on the gross anatomy of the reproductil'e system 
The macro-anatomical differences between the reproductive system of Bathyergus in 

the sexually active period and the inactive period were very obvious (Figs. I and 2). The 
differences in testis size could be clearly seen, being large in the active animal and very small 
in the inactive animal (Table I). The active epididymides are highly vascularised and exhibit 
a very swollen appearance. Active seminal vesicles were greatly hypertrophied and the large 
amount of seminal fluid formed, filled this organ to capacity giving it a transparent appearance. 
Active prostate glands as well as bulbo-urethral glands also showed a marked increase in 
volume (Fig. I). 

In contrast to the sexually active animal, the inactive animal's reproductive organs were 
very much reduced in size and degree of vascularisation. The seminal vesicles probably 
exhibited the greatest degree of atrophy (Fig. 2). 

In order to examine the effect of season on the gross anatomy more closely, testes, pro­
state and seminal vesicle weights were recorded throughout the year. These data, including 
the weights expressed as a percentage of body weight, have been summarised in Table I. 
The latter calculation was carried out to minimise the effect of variable body weight within 
the relatively small monthly sample of four animals. 

The data contained in Table I show that in February the mean testis weight was only 
0,07 % of the body weight. This was the lowest mean recorded throughout the year. Although 
the March sample was too small to compare with the other months, it seemed that there was 
an increase in testis weight. Between February and April there was a sharp increase in testis 
weight, this increase, expressed as a percentage of body ~eight, amounted to 163 %. It is of 
importance to note that this increase coincided with the period of reduction in the photo­
period. From April to May there was a slight increase of 9% in testis weight expressed as a 
percentage of the body weight. This increase cannot, in view of the small size, be considered 
significant. The increase of testis weight as percentage of body weight from May to June was 
47%, and increased from June to July by 47,4% to reach a maximum mean weight of 3,82 g. 
Although the mean testis weight in August was lower than in July, the single heaviest indi­
vidual testis was recorded in August. Thus the possibility is not excluded that August was 
also a peak month for sexual activity. The very slight drop in testis mean weight from August 
to September also indicated that September was a month of high activity. The decrease in 
testis weight from August to September, expressed as percentage of body weight was only 
6,2 %. The slightness of the change most probably showed that the degree of sexual activity 
in September was similar to that of August. The observation that animals exhibited rather 
similar testes weights and sexual activity in the months July to September was supported. 
by the fact that pregnant females were caught from August until the beginning of October. 
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F IOIJ R E I 

Active reproductive s)'stem. A: Tcstis. B: Epididymis. C: DUCIUS ccferens. D : Seminal vesicics. 
E: Pros tate gland, F: Bulbo·urethral glands, G : Penis. H : Bladder. 

F I () IJIIt ( 2 

Inac tive reproductive system. A: Tcstis, B: Epid id ymis, C: Ductus dererens. D: Seminal vesicles . 
E : Prostate gland , F : Bulho-ureth ral "lands, G : Penis, H: Bladder 
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Also the seminal vesicles and prostate glands showed maximum weights from July until 
September with a peak in August (Table I). Even without the knowledge of the "pregnant 
period" of the female, it could be surmised that copulation took place during the months 
July to September, and probably mostly in August. 

There was a sudden drop in activity from September to October. The highest single 
value recorded in October, however, exceeded the maximum testis weight recorded in Sep­
tember. From September to October the drop in mean testis weight, as percentage of body 
weight, was over 40 %. Furthermore, the lowest value recorded in October was only 0,115 % 
of the body weight in comparison to the highest value of the same month which was 0,417 % 
of the body weight. This most probably indicated that the activity of the testis began to de­
crease during October. This also coincided with an increase in the photo-period. The mean 
testis weight, measured in November fell to almost the same low value for February and 
indicated a period of inactivity. Although no animals were captured in December and January 
it seems safe to assume that these months were also within the inactive sexual phase, par­
ticularly when the minimum values for November and February and the pregnant period 
of the female are considered. 

From the data in Table I it would appear therefore that Bothyergus was in sexual activity 
from April to the beginning of October and inactive from October to March. 

Histology of the testis 
The testis of Bothyergus has the following basic structure. The testis is surrounded by two 

TABLE I 

THE EFFECT OF SEASON ON MEAN TESTIS, PROSTATE AND SEMINAL VESICLE WEIGHTS 
EXPRESSED AS A PERCENTAGE OF BODY WEIGHT 

Testes weight (per pair) Prostate weight as Seminal vesicle weight 
Month N as % 0/ body weight % 0/ body weight as % 0/ body weight 

Range S.D. Range S.D. Range S.D. 

Febr. 4 0,066 - 0,081 ± 0,0065 0,01 5 - 0,022 ± 0,0031 0,006 -0,018 ± 0,0051 

Apr. 4 0,166 - 0,238 ± 0,0347 0,027 - 0,035 ±O,OO4 0,021 -0,062 ± 0,0189 

May 4 0,164 - 0,255 ± 0,0429 0,033 - 0,053 ± 0,0095 0,023 -0,118 ± 0,0779 

June 4 0,231-0,257 ± 0,055 0,040 - 0,063 ±O,OI05 0,047 -0,114 ± 0,031 

July 4 0,328 - 0,450 ±O,051 0,057 - 0,076 ± 0,0079 0,066 - 0,104 ± 0,0156 

Aug. 4 0,297 - 0,481 ± 0,099 0,043 - 0,090 ± 0,0179 0,086-0,162 ± 0,0327 

Sept. 4 0,252 - 0,410 ± 0,074 0,047 - 0,056 ± 0,0036 0,094 -0,141 ± 0,020 

Oct. 4 0,115 - 0,417 ± 0,133 0,014 - 0,097 ± 0,040 0,022-0,179 ± 0,074 

Nov. 4 0.075 - 0,092 ±O,041 0,017 - 0,022 ± 0,0021 0,023 - 0,028 ± 0,0021 
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thick connective tissue layers, the tough tunica albuginea, and, partly on the outside thereof, 
the tunica vaginalis. Typical seminiferous tubules are found which give rise to the tubuli 
recti. These tubules form a connection between the seminiferous tubules and the rete testes. 

The rete testes can be divided into three parts, the intratesticular, the intertunical and 
extratesticular rete. The intratesticular rete consists basically of one large tube which partly 
lies on the medial portion of the testis. Sometimes small tubes run from the intratesticular 
rete and anastomose with each other. The intratunical rete follows the intratesticular rete and 
gives rise to several tubules which anastomose with each other. The extratesticular rete can in 
turn be divided into two parts, namely, a system of many tubules which anastomose with 
each other to form a network of tubules and secondly a very large tube or sinus, the so-called 
"rete blastema". Finally the whole rete is lined with a cuboidal epithelium. 

The effect of season on the histology of the testis 
From the end of October until the beginning of March the testes showed a marked 

reduction in activity. In these months there were no signs of spermiogenesis in the tubuli 
seminiferi contorti. The seminiferous tubules appeared lumen less in the inactive animal, 
only Sertoli cells, spermatogonia and primary spermatocytes being present in the lining of 
the tubules. Therefore the seminiferous tubules of some of the testes were not unlike the tubuli 
recti. This was not always the case as secondary spermatocytes were sometimes present. 
The maximum activity observed, however, were signs of spermatocytogenesis and never 
of spermiogenesis. 

The diameter of the seminiferous tubules was also very much reduced in the inactive 
period from November to middle March. Four individuals in this period were randomly 
chosen and the seminiferous tubule diameter measured. These animals were adults and their 
weights ranged from 665 g to 1 200 g. In spite of these differences in body weight, the diameter 
of the tubules was remarkably constant and varied between 82,.,. and 99,.,. with a mean dia­
meter of 92,.,., the standard deviation being only 7,1 (Table 2). These small tubules showed a 
close resemblance to those found in foetal testes having large areas of interstitial cells and 
tissue between them. Although the activity of the cells of the seminiferous tubules was re­
duced to a minimum, sperm were found in zone 6 of the epididymis of one individual. The 
interstitial cells of Leydig were abundant in the inactive period and filled the large spaces 
between the dispersed tubules. 

Conversely, in sexually active animals, from the end of March to September, the testes 
showed all phases of spermatogenesis and spermiogenesis (Fig. 3). The seminiferous tubules 
were closely packed and the mean tubular diameter of four active individuals, randomly 
chosen, was 172,.,.. The standard deviation was also small, being 18,4 - the diameter varying 
between 161,.,. and 181,.,.. 

In the sexually active animal the interstitial cells of Leydig were closely packed between 
the tubules and their activity appeared to be high. In most animals, both sexually active and 
inactive, fat droplets occurred between the interstitial cells. The nature of the droplets was 
confirmed by suitable staining methods such as Sudan Black, Osmic Acid and Nile Blue. 
In sections prepared by routine alcohol dehydration the fat droplets were apparently dissolved 
and resulted in clear areas being formed within and immediately around the Leydig cells 
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(Fig. 3). Although rat droplets occu rred throughout the year it seemed that more fat was 
present in sexually active animals the dropkts being conside rably smaller in inactive animals. 
However. o ne inactive an imal in February exhibited more and larger rat droplets than another 
active an imal in May . 

TARLE 2 
TUBULAR DI AMETER Of SEXUALLY ACTIVE AN D INACTIVE TE ST ES 

Tubular diameler fJ. 

Reproduclire slalus N Range S.D. 

Active 4 161 - 181 ± 17.9 

In act ive 4 82- 99 ± 7, 1 

Hislology of the efferenl dllcrs 
The efferent ducts in 80lh)'ergllJ rorm a connec tion between the rele testes and the 

epididy mis and can histol ogically be divided into two zones, namely, an initial and a lelminal 
zone. The epit helium or the highly convoluted tubes or the initial zone is simple low columnar 
and is made up or two kind s or cell s, principal and ciliated cel ls. A distinct characteristic 
or this zone is t he very li ght staining cytoplasm o f the cell s. T he nuclei a re spherical and 
granu lar. This zone end s abr uptly and goes ove r int o the lerminal zone. In Structu re and rorm 
the cells o f the terminal zone resemble those or the init ial zone. T here are, however, three 
obvious diffe rences between the lwo zones ; firstly, the tubular diameter is muc h small er. 

F IGtiRE 3 
Cross section of aclive lesli$. 
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FI CU Rf. <I 
Cross section or init ial zone of effercn1 duct~. 

FI (JU RE ~ 

Cro$S !;C(,:1 ion ,,(effercnt ducis. A : Inili;!l zone, II : Terminal1.Ooc. 
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seeond ly. the epi thelium appears to be pseudoSiratified columnar and third ly the cells of 
the term inal zone stain darker than those or the in itial zone. The terminal zone gives rise to 
the epididym is. 

The effecl af seasan on Ihe hislo/a!:), aJ rhe efferenl (/IICIS 
The initial zone was "highly secretory in sellualiy active animals and a mass or secretory 

products was found on the brush border. Sometimes the activi ty of the cells increased to 
such a n extent that they became distended and bulged into the lumen, or the ir apical borders 
were obscured by the secretory products (Figs. 4 and 6). O nly a few sperm we re observed in 
this zone in active ani mals. T he ci liated ce lls also assumed a typical goblet appearance which 
was not the case in inactive animals. 

In the inactive an imal the secretory activity of the cel ls of the ini tial zone was very much 
reduced by comparison. Many sper matocytes and eosinophilic spheres were also presen t in 
the tubu les of inactive animals. 

No secretion was appare nt in the termi nal zones of either acti ve or inactive animals 
(Figs. 5 and 6). T he only clear differences fou nd throughou t the year were that the active 
terminal zones possessed sperm and eosinoph ilic granu les. The inactive termi nal zone on the 
other hand was clear of sperm and the tubu lar diameter decreased . 

Hisr%g)' of rhe epirlirlymis 
T he epi didy mis of Barhyuglls ca n be div ided into six zo nes. These zo nes co rrespond 

basically to zones found in the rat epididy mis. Judging by the description of these zones by 

F IGU R E 6 
Cro~ seclion or efferent ducls and epididymis. A: Initial zone, B: Terminal zone, C: Zone Ie or 

epididymis, D: Zone 2 of epididymis. 
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Cleland and Reid ( 1957) they appear \0 Ix beller demarcated in the ral than in Barhyerglls. 

Some of these zone~ could be divided into subzones: zor.es 1, 2, 3 and 4A are found in 
the head of the epididymis, zones 48 and SA in the isth mu s and zones SB and 6 in the tail of 
the epididymis. Zone I in t he epididy mis of Borhyerglls can be divided in to two subzone-so 
These subzones ag ree basically with subzones IA and Ie found in the ral (Fig. 6). A su bzone 
I B might be presen t, bu t t he presen t invest igat ion did not yield sufficien t evidence to suppor! 
Ih is. Towards the end of subzone Ie the principal cells show sma ll vacuoles al their apical 
ends (Fig. 6). The epididy mis of this subzone d iffers from t haI of the rat in t hat the nuclei 
arc not as well aligned and the epi thelial height does not d iffer significantly from thai of 
subzone IA . 

Zones 2 and 3 of Balhyergus typically resemble Ihat of the ral ( Figs. 6 and 7). Zone 2 is 
Iypica lly recognised by the la rge vacuoles in t he apica l port ions of Ihe principal cells and by 
the fac t tha t the nuclei a re very well a ligned basally. Alth ough the cells of zone 3 of BOfhyergus 
have the same histological structure as Ihat of Ihe rat, partic ularly in relation to the uneven 
a lignmen t of the cd ls, the clear supranuclear area and t he darkly staining uppe, apical ends 
of the cells, there is one important di fference. T his concerns the height of the epit hel ium and 
thus the lumen diameter. In 80lhyergus the epit hel ium is high columnar and does not di ffer 
much from that of adjacent zones whereas in the rat the epitheliu m of zone 3 is the lowest 
fI.mong the epid idymal ducts in the head. As in the rat zone 3 is high ly secretory. Zone 4 also 
resem bles th at of the rat, bu t subzones 4A and 48 a re not as clearly demarcated. Small vacuoles 
at the apical ends of the cells of bo th these subzo nes are numerous in 8alhycrgus in contrast 
wit h the rat where, although present they do not fo rm suc h a d ist inct feat ure of zone 4. A 
further very d istinct characteristic of zone 4 in Balh)'ergus is that the nuclei sta in considerably 

FI GU RE 7 

Cross section of zone 3 of the epididymis. 
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lighter than any other nuclei of the epididymis. Sometimes these lighter areas surrounding 
the nucleoli resemble minute vacuoles within the nuclei. Active clear cells are very common 
in zone 4B. These cells are easily recognised by the contrast between them and the more deeply 
staining principal cells among which they lie. The juxtanuclear vacuoles that identify this 
part as zone 4 and the indentation of the nuclei could be clearly distinguished in Bathyergus. 
Although the indentation is not so regular and clear as in the rat, zones 4A and 4B could be 
distinguished in Bathyergus. Zone 4A show suprajuxtanuclear vacuoles in contrast with 
zone 4B where the vacuoles appear more peri- to infrajuxtanuclear. Zones 5 and 6 also 
resemble that of the rat. It was however, difficult to distinguish the subzones from each 
other. 

The effect of season on the histology of the epididymis 
The epithelium of zone I is extremely folded in the sexually active animal and eosino­

philic granules are quite common in the lumen. The epithelium was sometimes folded to such 
an extent that the sides of the duct came close to touching each other. Towards the end of 
zone I the folding was less marked. Very few sperm occurred in the lumina and when sperm 
were present in zone 1, they were usually attached to the eosinophilic granules. In the sexually 
active animals the sperm density slowly increases from the end of zone I to zone 3, being 
quite high in zone 3. This is in contrast with the rat where the sperm density increases towards 
the end of zone 2 and suddenly decreases in zone 3. From zone 4 the sperm density rapidly 
increases to reach a maximum in zone 6. 

In the inactive epididymis the epithelium of zone I was never folded. Eosinophilic 
granules appeared in almost all the zones of the epididymis and it was difficult to find any 
sperm throughout the epididymal ducts. Sperm, however, occurred in zone 6 of one animal 
in the inactive period. Other cellular debris, most probably from the testes, was also found 
in the epididymal ducts. Because this debris was usually mixed with the eosinophilic granules, 
it was difficult to decide on its nature. In some cases the debris appeared to resemble primary 
spermatocytes. Whatever the nature of these products, they, with the eosinophilic granules, 
are most abundant in zones 4 to 6. 

Another feature of the inactive epididymis was the large amount of eosinophilic lumen 
fluid found, particularly in zones 5 and 6 but also in zone 3. The fluid found in zones 5 and 6 
filled the lumen completely and stained uniformly. 

Histology of the ductus deferens 
The histological structure of the ductus deferens has the same general plan as that of 

most mammals. The epithelium varies over the length of the ductus deferens from columnar 
to pseudo stratified columnar. Bathyergus does not have a scrotum and thus has a very short 
ductus deferens which widens slightly towards the ampullae. The ductus deferentia enter the 
wall of the urethral sinus more or less parallel with the two ducts from the seminal vesicles 
and various ducts from the prostate. All these tubes run in a longitudinal ventral fold, the 
urethral crest, within the wall of the urethral sinus. The urethral crest bulges into the lumen 
of the urethra which is· here lined with a highly secretory epithelium. The epithelium is of 
the transitional type. 
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EffeCl of season on Ihe hisTology of the duc/!/s deferens 
Sperm were found in the ductus deferens from middle April to the end of October and 

in one animal also in March. 
As the tu bu lar diameter varies greatly along the length of the ductus deferens, it was not 

possible to compare tubular diameters of animals in sexual activi ty with inactive animals. 
It appears also that the muscular wall of the ductus deferens varies along its length, being very 
thick near the epididymis and thinner near the urethral si nus. 

The only clear evidence of activi ty found in the ductus deferentia was the presence of 
sperm and the sec retory activity of the cells of the ampu llae. Th~ are pseudostratified 
colum nar with sec retory prod ucts at their apical borders. The height of the columnar cells 
of sexually act ive animals was clearly greater than in the inactive state. 

FIGURE 8 

Cross section or epididymis (Active). A: Zone S. 8: Zone 6. 

Histology oJ the proslale gland 
The prostate in 8mnyergus is not typical of that found in most roden ts. For example 

in the rat and gu inea-pig, the prostate is clearly divided into lobes. while in Balhyergus it is 
a more or less co mpact orga n. According to Price and Williams-Ashman (1961) there is still 
much confusion in regard to the nomenclature of the prostate. This a rises mainly from the 
general application of the word lobe. The prostate in Bmnyergus forms a "body" arou nd 
the dorsal and lateral sideS of the seminal vesicles and the dorsal wall of the urethral sinus 
and from macro-examinati on. no clear-c ut separation into lobes co uld be made. On histo­
logical grounds, however. it could be divided int o four sections each of which fo rms a clear 
and separate unit, with thick connective tissue separat ing most of them. It appears. therefo re. 
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FIGURE 9 
Diagramatic representation of the prostate gland where the lobes either Jie next to each other or 
where they overlap. A: Section A; lateral prostate. B: Section B; dorsal prostate. C: Section C; 

coagulating gland. D: Section D; ventral prostate. SV: Seminal vesicles. 

503 

that the prostate of Bathyergus is imperfectly divided into three or four pairs of lobes. Fig. 9 
is a diagramatic representation of the position of each lobe as revealed in a transverse section 
where the lobes lie either next to each other or wheJe they overlap. 

Section A: The epithelium of this section is extremely folded and the cells are of the high 
columnar type. The nuclei lie mostly at the basal ends of the cells which are closely packed. 
The apical ends of the cells are serous and the secretory products in the lumen fonn large 
granules or amyloid bodies (Fig. 10). 

Section C: This section resembles section A, but there are certain obvious differences. 
The apical borders of the cells in C are larger than those in A and are of the zymogen type. 
This results in very light apical regions which resemble large vacuoles. The basal membrane 
at the apical part of the cells is also clearer in C than in A. Further differences are that the 
nuclei of C stain darker than those of A and the cells in C are not as closely packed as in A. 
The secretion of C has the same general appearance as A, being granular but C differs from 
A in that the secretion is eosinophilic, while in A the seGretion stains very faintly (Fig. II). 

Section B: The epithelium of this section is never folded and the alveoli are large and 
form very lar~e lumina. The epithelium is of a very low columnar to cuboidal type and stains 
very darkly. The secretory products are very interesting, being rod-shaped, oval bodies sur­
rounded by a very fine granular secretion which is eosinophilic (Fig. 12). 

Section D: This section resembles B in that the epithelium is seldom folded and that the 
lumina are very large. It differs in that the epithelium although of the low columnar type is 
higher than in B. The epithelium and nuclei of D stain lighter than in B and the secretions 
differ greatly, being finely granular to large granular in D and lacking the rod-shaped and 
oval bodies present in B (Fig. 12). 

To compare these sections with prostate lobes commonly found in other rodents purely 
on a histological basis is difficult but the following homologies could be made. Although the 
connective tissue strands are not as clear and well developed between sections Band D as 
between the other sections, Band D clearly differ from each other. Section B resembles the 
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FIGUII.E 10 
Cross seclion lateral prostate: section A. 

F IGUU 11 

CrO$S KCt ion or coagulatina sland; section C. 
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typical dorsal prostate of other rodents such as the ral. The epithelium of section D resembles 
the ventral prostate of the rat in that both have a colum nar epithelium with secretory basa l 
nuclei and the same granular s«retion. The only clear difference between section D of Balhy­
ergus and the ventral prostate of the rat is that the alveoli of the latter are more folded than 
those of Balhyergus. In similarity of position and in close resemblance of epitheli a and sec retory 
products section A of BOlhyergus is homologous with the lateral prostate of the ral. The 
coagu lating gland of the rat shows a marked resemblance to that of section C in Balhyergus. 
These homologies are summarised in Figure 9. 

The effect of season on the histology of the proSlale gland 
The prostate varied in weight through the year and tile following histological differences 

between active and inactive glands were observed. The active prostate is highly secretory and 
the lumina of the alveoli are usually filled with secretory products. Sometimes, and par­
ticularly in the case of the lateral prostate, secretory activity was so great at the apical borders 
of the ce lls that the epithelium of the alveoli was partly obscured by granu les. Although the 
secretory activity of the ce lls did not cease in the inactive prostate it was clearly reduced and 
secreto ry products were only just visible in the lumina. 

Folding of the epithelia of the alve<lli occu rred to a great ex tent in the inactive prostate. 
Thi s was particularly clear in the coagu lating gland where the epithelium of the alveoli partl y 
invaded the lumen. Other cells also seemed to invade the lumen and they appeared to be 
reticular in character (Fig. 13). The epithelia of some of the alveoli of the lateral and ve ntral 
prostate and coagulat ing gland d isappeared, apart from occasional patches. The degenerated 

F IGURE 12 
Cross ~tion of active prostate. B: Dorsal prostate ; section B. D : Ventra l prostate; section D. 
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FIGUIlE 1 3 

Cross section or inactive prostate. 

F1G UilE 14 
Cross section or aCli~-e seminal vesicles. 
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epithelium filled the lumina of the alveoli and stained faintly. The epithelium of the dorsal 
prostate did not show marked folding and the cells had more or less the same histological 
appearance as in the active prostate. The alveoli, however, were much reduced in size, forming 
a narrow lumen in comparison to the active prostate where the lumina of the alveoli were 
large. The columnar epithelium in all the lobes was reduced in the apical region. In the case 
of the coagulating gland the apical portion stained faintly. 

The active prostate on the other hand showed the following characteristics. Lateral 
prostate: the high columnar epithelium was very much folded but less so than in the inactive 
prostate. The secretory products consisted mainly of amyloid bodies which formed a bulky 
mass in the lumina of these alveoli and stained faintly (Fig. 10). Ventral prostate: The columnar 
epithelium secreted very fine granular material. The alveoli were very large in comparison to 
those in the inactive prostate (Fig. 12). Coagulating gland: The epithelium was of a very high 
columnar type. Clear zones were common around the dark-staining nuclei. The secretory 
products were granular as in the lateral prostate but slightly larger and darker staining, forming 
eosinophilic bodies (Fig. II). Dorsal prostrate: The secretory products are mainly eosino­
philic, rod-shaped and oval structures suspended in a homogenous eosinophilic fluid (Fig. 12). 
Smooth muscle fibres and connective tissue strands around the alveoli were better developed 
in active prostate glands than in the inactive glands 

Histology of the semina/l'esicJes 
The wall of the seminal vesicles of Bathyergus consists of three layers; an outer thick 

layer of elastic fibres, a narrow longitudinal muscular coat, a very narrow circular muscular 
coat and a glandular epithelium. Each seminal vesicle is drained by a duct which runs along the 
urethral crest and eventually opens in the urethral sinus. The epithelium of the seminal vesicles 
is strongly folded and the degree of folding and convolution of the tubules increases towards 
the anterior margin of thct gland. 

The effect of season on the histology of the seminal l'esicJes 
The weights of seminal vesicles throughout the year differ markedly between sexually 

active and inactive animals (Table I). The seminal vesicles of animals in sexual activity showed 
the following characteristic histology. The lumina were always filled with seminal fluid clearly 
eosinophilic in character. The very large surface area of the folded epithelium was highly 
secretory. The secretory products at the apical borders of the cells were finely granular and 
the nuclei were large and round to oval in appearance. In areas where the lumina of the 
vesicles were filled to capacity with fluid the folded epithelium was stretched to form an almost 
smooth layer (Fig. 14) and as a result the epithelial cells became low columnar to cuboidal 
but nevertheless highly secretory. 

The epithelia of the inactive seminal vesicles were extensively folded. Secretory products 
could not be discerned and secretory activity was greatly reduced. The epithelium of the seminal 
vesicles also declined, but to a lesser extent than in the prostate. In certain areas a mass of 
cells was observed in the lumen. These were probably mostly epithelial debris but it also 
appeared as if cells other than epithelial, invaded the lumen. As in the prostate these cells 
appeared to be reticular in character. 
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The penis 
The histology of the penis of Bathyergus basically resembles that of other rodents and 

particularly that of the guinea-pig e.g. the very thick tunica albuginea around the corpus 
cavernosum penis and the wide urethra which distally is dorso-ventrally flattened and proxi­
mally, laterally flattened. In certain features, mainly the structure of the glans, the penis of 
Bathyergus differs from the basic rodent pattern. 

In the Bathyergus glans a dorsal groove, possibly the homologue of the sacculus urethralis 
in other rodents, splits distally to fonn a T-slit, dorsal to the tip of the os penis (Figs. 15 and 
16). This dorsal groove is lined with a keratinised epithelium with horny papillae. Towards 
the middle of the glans the groove, here connected to the urethra by a narrow tube, widens 
considerably and possesses sharp horny spikes. These backwardly pointing spikes are also 
common on the surface of the glans (Fig. 16). Behind the connection between the dorsal 
groove and the urethra the groove, although still possessing small spikes, now runs as a 
shallow depression dorsally to the os penis. The horny spikes on the glans itself become more 
numerous and bigger towards the proximal end. A prepuce, lined on the inside with a kera­
tinised epithelium, is very much folded and fimbriated and covers the glans in the normal way. 

In the guinea-pig the spikes are not only larger but there are two large horny spikes 
measuring 4 mm each near the distal end of the glans. The guinea-pig does not possess a 
dorsal groove but has a definite sacculus urethralis, a blind-ending sac found in many rodents, 
particularly in the family Caviidae (Dathe 1937). 

These differences are of functional importance and will be discussed later. 

DISCUSSION 

Gross anatomy of the reproductive system 
The reproductive system of Bathyergus is typical of that found in most rodents. Weber 

(1927) observed that many rodents, particularly the smaller ones, did not have a scrotum 
but only two slight peritoneal evaginations. This is the case also in Bathyergus and it is found 
also in the insectivore moles of the family Talpidae. In moles the lack of a scrotum would 
be of obvious advantage in giving protection to the testis. 

All the reproductive organs except the prostate resemble that of the rat and the guinea­
pig as discussed by Eckstein and Zuckerman (1956) and the hamster, as described by Price and 
Williams-Ashman (196\). Macroscopically the prostate differs from that of most rodents in 
being a more or less compact organ rather resembling that of the rabbit (Krause 1921). Among 
rodents the guinea-pig prostate lobes are also intimately connected to each other, although 
they can be separated by careful dissection. Histological studies, however, confirmed the 
presence of four pairs of lobes in Bathyergus. These lobes were histologically similar to those 
of the rat (Price and Williams-Ashman 1961). 

The large differences between active and inactive reproductive organs of Bathyergus 
agree with the findings of Allanson (1934) on the hedgehog and also on the felJ"et (\ 932). The 
genital tracts of these animals also show marked atrophy during the sexually inactive period. 
Furthennore, there is a close similarity between the length of the sexually active period of 
the hedgehog and ferret and that of Bathyergus. The active period of the male hedgehog 
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FIO U RE 1 5 
Diagramalic representation of glans penis (dorsal view) with prepuce folded backward's to show 

dorsa l groo\<C and T -sli l. 

FI GU RE 16 
Cross section of glans penis. 

A: Dorsal groov<:, B: Urethra, C: Os penis, D: Ho rny papillae wi tir spikes, E : Prepuce. 

'0' 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



510 ZOOLOGICA AFRICANA VOL 7 

starts in January and activity ceases in September. In Bathyergus, in the southern hemisphere, 
activity starts in late March and ceases towards the end of October. The testes during the 
sexually active period reached a weight five times greater than in the inactive period. Such 
large differences are common in rodents. In other mammals, too, large differences are found: 
for example, in the insectivore mole Parascalops brewer; (Eadie 1939) the maximum testes 
weight is also five times that of the testes in the inactive period and in the ferret the testes can 
weigh as much as ten times their inactive weight (Allanson 1932). Allanson, however, con­
cluded that the weights of the testes could not always be taken as an index of their activity. 
My data on Bathyergus agree basically with this, for instance, an animal trapped in October 
with a much lower relative testis weight than an animal trapped in July showed the same 
spermiogenic activity. However, the period of maximum testis weight lasted from July to 
September with reasonably high values in June and somewhat lesser values in October and 
the heaviest testes in the active period could always be correlated histologically with a high 
activity. Also low testis weights in February and November could be correlated with inactivity. 
Moreover, there was a close correlation between maximum testis, prostate and seminal 
vesicle weights and the number of pregnant females caught. Jarvis (1969) found that female 
Bathyergus became pregnant from July through September to the beginning of October. She 
also found that in very dry seasons when food was limited, the females would not breed, and 
that late rainy seasons could delay the breeding period. My results agree with those of Jarvis, 
for in the past two years, when the present investigation was conducted, the winter rains came 
exceptionally late in the Cape. As a result the first pregnant females were not caught before 
August. Embryos of 85-90 mm appeared to be full-term. Jarvis (1969) stated that full-term 
embryos measured 75 mm and that the first full-term embryos were obtained at the end of 
September. I obtained full-term embryos from August to October and also very small em­
bryos in October. One female was pregnant in December. Most lactating females, were, 
however, caught in October. If one correlates this pregnant period with male sexual activity, 
measured histologically, it seems that copulation took place mostly during July, August and 
September. The fact that very small embryos were also found in October and a pregant female 
in December, raises the possibility that a female could produce two litters in one breeding 
season. This is common among rodents. For example, gophers can raise two litters within 
a single breeding season. 

The effect of season on the histology of the testes 
Mossman, Hofman and Kirkpatrick (1955) found that the testes of the infantile fox 

squirrel contain small lumenless seminiferous tubules with a single row of spermatogonia, 
Sertoli cells and a few spermatocytes. Koller (1936) found that the testes of the adult mole, 
Talpa, resemble the embryonic or infantile appearance in the inactive period. In Bathyergus 
this also appeared to be the case. Very smalliumenless seminiferous tubules dispersed between 
the interstitial cells were a feature of the inactive period. In the inactive period, moreover, the 
tubular diameter decreased by approximately 100%, from ]72" to 92,... This decrease in 
diameter may have caused occlusion of the lumen. The lining of these tubules consisted almost 
exclusively of Sertoli cells, spermatogonia and primary spermatocytes and in this way re­
sembled the infantile or embryonic state. This situation is typical for seasonal breeders, such 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

10
). 



1972 VAN DER HORST: REPRODUCTION IN BATHYERGUS 511 

as the American ground squirrel (Johnson, Foster and Coco 1933) and the hedgehog (Marshall 
1911, Courrier 1927, Allanson 1934). 

In the active period there is a sudden and dramatic increase in testes activity in Bathyergus. 
All phases of spermatogenesis and spermiogenesis suddenly appear and the tubular diameter 
increases from 92J-L to 172J-L. In the hedgehog, Allanson (1934) found that the tubular diameter 
increased from 130J-L to 190J-L. In other mammals such as the ferret the increase in tubule 
diameter can be considerably greater. It is of interest to note that in the beginning and at the 
end of the breeding season primary spermatocytes appeared in the lumen of the seminiferous 
tubules of Bathyergus. Rasmussen (1917) made the same observation and also found sperma­
tocytes in the seminiferous tubules of the woodchuck Marmota during dormancy. 

There was a close correlation between the increase in size of Leydig cells and the increase 
in testes activity in Marmota (Rasmussen 1917) and the hedgehog (Allanson 1934) in the 
active period. In the insectivore mole Talpa, also a seasonal breeder, the Leydig cells do not 
vary conspicuously in size and number throughout the year (Courrier 1927). In Bathyergus 
the impression was that more Leydig cells were present in the inactive period, although it 
seems that the size of the Leydig cells did not vary much throughout the year. This impression 
might, however, be false as a result of the large difference in seminiferous tubule diameter 
recorded between the two seasons. In the active period the tubules almost doubled in size 
and the secretory Leydig cells were compressed between these tubules. In the inactive period 
large areas of Leydig cells were found between the compressed seminiferous tubules. In 
Marmota, however, the seminiferous tubules enlarge but become separated as a result of the 
development of the interstitial tissue (Rasmussen 1917). It seems, therefore, that Bathyergus is 
similar to Talpa where the number and size of the Leydig cells do not differ markedJy through­
out the year. The secretory activity of the interstitial cells, however, is reflected in changes in 
their lipid content (Eckstein and Zuckerman 1956). In Bathyergus in the sexually active state 
significantly more lipid material was deposited by the Leydig cells. This is in agreement with 
results obtained in Marmota and many other seasonal breeders. 

In conclusion it was found that the testes increased in size and weight as a result of the 
deposition of lipid by the Leydig cells and mainly as a result of the great increase in tubular 
diameter of the seminiferous tubules. 

The effect of season on the histology of the epididymis 
Mietkiewski (\935) was the first to differentiate between six zones in the epididymis of 

the guinea-pig. Cleland and Reid (1957) remarked that Mietkiewski was fortunate to study 
the epididymis of the guinea-pig first, for the zonation is here very clear and marked. In 1957, 
Cleland and Reid published an impressive paper on zonation of the rat epididymis. They 
remarked that in the rat six fairly distinct zones with subzones occur. Although I only used 
three complete series for an investigation of zonation in the epididymis of Bathyergus it was 
possible to distinguish six zones. It was quite easy to differentiate and to homologise zones 
1,2 and 3 with those of the rat. Zone 3 does not fully resemble that of the rat in that the epi­
theliallining has more or less the same height as adjacent zones whereas in the rat it is lower 
than in any other zone. In other respects zone 3 of Bathyergus resembles that of the rat. Zone 3 
is of great imPortance in Bathyergus as this was clearly the only zone where secretion occurred. 
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Cleland and Reid (1957) also speculate on the secretory activity of this zone in the rat. This 
will however be fully discussed in the effect of season. 

It was far more difficult to homologise zones 4 to 6 with those of the rat, particularly 
their subzones. Although I am fairly certain of the existence of these zones in the epididymis 
of Bathyergus, I feel that further research may reveal some interesting differences between 
Bathyergus and the rat. For example, zone 4 should receive special attention in view of the 
nuclei which differ greatly in their extremely light staining capacity. 

Benoit (1926) and Cleland and Reid (1957) found in the guinea-pig a low density of 
spermatozoa in the lumen of the efferent ducts and initial zone of the epididymal duct, the 
density usually rising rapidly in the duct immediately distal to this zone. In the rat on the 
other hand, Cleland and Reid (1957) found that the sperm density increases from the efferent 
ducts to reach a maximum in zone 2. In zone 3 the sperm density decreases and increases again 
from zone 4 to reach a maximum in zone 6. Bathyergus resembles the guinea-pig where there 
was a steady increase in sperm density f.rom the head towards the tail of the epididymis. 

In zone I of the active epididymis of Bathyergus excessive folding of the epithelium 
occurred and very few sperm were found. In the rat folding also occurs particularly in zones 
IA and IB in the active animal (Cleland and Reid 1957). There was no folding of the epi­
thelium nor sperm present in zone I of the inactive epididymis of Bathyergus. The folded 
epithelium, particularly where the folds of opposite sides nearly met, may be a reflection of 
peristaltic activity for conveying the still immotile sperm but is more probably a reflection of 
secretory or absorptive activity. Peristaltic activity of the duct was first shown in the guinea­
pig by Simeone (1933) and in the rat by Muratori (1953) and has been confirmed by Bishop 
(1961) and recorded cinematographically by Risley (1958). 

Cleland and Reid (1957), Van der Stricht (1893) and Myers-Ward (1897) observed that 
certain zones of the epididymis have a secretory function. Cleland and Reid further state that 
luminal sperm density could give information on this aspect of epididymal function and 
conclude that on this basis zone 3 is one where fluid secretion occurs. It was found that zone 3 
of the epididymis in Bathyergus was highly secretory in the active period. Those regions of the 
tubules that were secretory contained almost no sperm and sperm density increased in zone 3 
where almost no secretion was present. These findings correlate well with those of Cleland and 
Reid. It was also interesting to note that secretion occurred in cells with clear areas in their 
cytoplasm, namely zone 3 and in the initial zone of the efferent tubules. Zone 3 of an almost 
inactive epididymis of Bathyergus was also secretory towards the end of the breeding season. 
Unfortunately not enough inactive animals were examined to establish whether the secretion 
of this zone ceases in the inactive period. In the active epididymis the sperm density increased 
greatly from zones 4 to 6. In the almost inactive epididymis only fluid, eosinophilic granules 
and spermatocytes were found in the epididymis. Rasmussen (1917) also mentions that 
spermatocytes filled the lumen of the seminiferous tubules during dormancy in the wood­
chuck. The duct contents, visible in the inactive epididymis of Bathyergus, may be due to fluid 
and spermatocytes from the testes which are conveyed through the rete and efferent ducts 
to the epididymis. It has also been found that the tail of the epididymis is a storage area for 
mature sperm (Tesh and Glover 1961). In sexually active Bathyergus sperm are most probably 
stored in zones 5 and 6 of the epididymis for sperm concentration here reached a maximum. 
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Moreover, the tubular diameter of these zones is very large and distended to form a large area 
for storage. 

Bishop (1961) mentions that although extensive work has been done on zonation of the 
epididymis of several species, this knowledge has" tontributed very little towards elucidation 
of the function of the epididymis. For example no work has been carried out on the cytology 
of the epididymis of seasonal breeders in activity and in inactivity. Such a study should reveal 
at least some functions of this complex organ. 

Effect of season on the histology of the ductus deferens 
A short ductus deferens is commonly found in mammals with inguinal testes as in Cavia 

(Eckstein and Zuckerman 1956), the short tail shrews Sorex and Blarina (Arnback-Christie­
Linde 1917, Brambell 1935 and Pearson 1914) and many other mammals. Bathyergus is no 
exception. The presence of a urethral sinus is very common among rodents. Examples are 
field mice, voles, rats and the golden hamster (Eckstein and Zuckerman 1956), but not the 
guinea-pig (Hall 1936). Bathyergus falls within the first group. 

No sperm are usually found in the ductus deferentia of seasonal breeders during the 
inactive period. A few weeks after the start of sexual activity sperm were present in the ductus 
deferentia of the mouse (Edwards 1939). This was also the case in Bathyergus. It was further­
more observed that the epithelium of the ductus deferens in Bathyergus was folded in the 
active period and not in the inactive state. Martins and do Valle (1938) showed that sperm 
transport through the ductus deferens was due to peristaltic activity. The folding in the active 
ductus deferens may also be a reflection of secretory activity. 

Allanson (1932) observed that there were cyclical histological changes in the ductus 
deferens of the ferret during the year and that it could be correlated with changes in the 
testes. She found that the cells of the ductus deferens of the active ferret were highly secretory 
and regressed in the inactive period. This was also observed in Bathyergus. Benoit (1926) and 
Allanson (1934) were able to prove that after castration the cells of the ductus deferens undergo 
regression and that androgen affects the activity of the ductus deferens. 

Position of cytoplasmic droplet 
In a recent review Hafez (1962) concludes that the sperm mature or ripen during their 

passage through the epididymis. He also states that the cytoplasmic droplet, which is attached 
to the proximal end of the sperm midpiece at the head of the epididymis, moves distally so 
that in the tail of the epididymis the droplet is attached to the distal end of the midpiece. This 
was also observed in Bathyergus. 

The effect of season on the histology of the prostate 
The epithelial lining of the alveoli of the different lobes of the prostate and their secre­

tions in Bathyergus agree basically with those of the rat. The prostate of Bathyergus can there­
fore be regarded as imperfectly divided into four lobes, the dorsal and ventral lobes are quite 
similar to each other and the lateral lobe and coagulating gland resemble each other quite 
closely. 

Eckstein and Zuckerman (1956) found that in the mouse folding of the epithelium of 
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the coagulating gland occurred, but no such folds were found in the dorsal and ventral pro­
states. This is true also of Bathyergus. 

Eadie (1948) stated that in the insectivore mole Condylura breeding ceased during mid­
winter. He also observed that, although there were no obvious external changes in the size or 
appearance of the prostate lobes, internally a definite change had occurred. The simple 
columnar epithelium disappeared except for occasional patches and was replaced by a mass 
of cells with faintly staining cytoplasm which appeared to be reticular in character. My ob­
servations on Bathyergus basically agree with those of Eadie. Although the epithelia of many 
prostate lobes in Bathyergus degenerated, they did not disappear but filled the lumina of the 
alveoli in the form of cellular debris. Moreover, reticular cells appeared in the lumen. 

Price and Williams-Ashman (1961) observed that the cytologic structure of the prostate 
and seminal vesicles of the rat and mouse is one of the most sensitive indicators of the level of 
circulating androgen. Moore, Price and Gallagher (1930) and Moore, Hughes and Gallagher 
(1930) examined the effect of castration and testosteror.e administration on the histology of 
the rat prostate. They found that after castration the cells of all the lobes were reduced in size. 
After administration of testes extracts the cells again reached peak activity. In Bathyergus the 
cells of the prostate in the inactive period resemble those of a castrated animal. Androgen· 
hormones are in all likelihood responsible ror the high degree of activity of the cells of the 
prostate in the active period and vice versa in the inactive period. The fact that secretion of the 
prostate cells does not completely cease in the inactive period could be explained on the basis 
that the Leydig cells do not degenerate entirely and are slightly secretory during the inactive 
period. There appear, however, to be factors, other than androgens, involved in the decline 
of the cells of the inactive prostate and the invasion of the lumina of the alveoli by other 
cells. The nature of these factors is not known. 

The effect of season on the histology of the seminal l'esic/es 
The histology of the seminal vesicles of Bathyergus is typical of that of rodents such as 

the rat, guinea-pig and hamster (Price and Williams-Ashman 1961). There are clear-cut 
differences in the histology of this gland during the sexually active and inactive periods. 

Moore, Hughes and Gallagher (1930) found that the cells of the rat decreased in size 
after castration and increased in size after administration or testosterone. In the latter situation 
the cells became highly secretory. In Bathyergus the secretory activity of these cells was at a 
maximum in the active period. Although the secretory activity of the cells of the inactive 
animal ceases or nearly ceases there seem to be no significant increase in cell height of seminal 
vesicles in the active period. In ract, the large amount of seminal fluid formed, caused a 
stretching and flattening in some areas of the epithelium. The result was that some cells ap­
peared cuboidal and not columnar as in the inactive animal. The epithelium of the inactive 
seminal vesicle seems to decline but not to the same extent as was noticed in the prostate. The 
factors that influence the histological changes through the year are probably the same as that 
of the prostate, namely the level of circulating androgen. 

The penis 
In mammals the structure of the glans penis shows much variation. In the ram the glans 
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penis has a 3-4 cm twisted filifonn appendage, the processus urethrae, containing the tenninal 
part of the urethra. This filiform body rotates rapidly during ejaculation and sprays the semen 
around the external uterine opening (Hafez 1962). In the shrew Blarina the glans fonns a 
folded tip. When erect, the glans in this species expands laterally at its base and becomes 
much curved in a vertical plane. Its tip is long, slender and very flexible (Eckstein and Zucker-

. man 1956). This flexible tip in Blarina may serve the same purpose as in the ram by assisting 
the dispersion of semen in the vagina. In Bathyergus no such process exists but there is a 
structural adaptation which may assist the dispersion of the semen towards the two horns 
of the uteri. The fact that a T-slit is found at the tip of the penis and that this slit allows the 
urethral groove to circumvent the distal end of the thickened os penis, may influence the 
semen to leave the penis through the lateral grooves of the slit, with the effect that the semen 
will be spread towards the two horns of the uteri duplex. 

Many rodents and insectivores have a glans with horny spikes and papillae. Pearson 
(1944) observed these spikes on the glans of Blarina. Dathe (1937) also noted horny spikes 
and papillae on the glans of several rodents belonging to the family Caviidae. Dathe thinks 
that these spikes may serve a dual purpose: they may serve both the purpose of Wo/lustorgane. 
stimulating the cervix during copUlation and as "anchoring structures" in the vagina. In 
Bathyergus the spikes face posteriorly and it could be presumed that during full erection they 
might become anchored in the folded vaginal epithelium. Similar spikes are found in many 
other mammals such as the cat (Buschke 1909), Ornithorhynchus, Talpa and even in some 
primates, for example, Macacus rhesus (Dathe 1937). 

Em'ironmental factors controlling sexual actil'ity in Bathyergus 
Rowan (1926, 1929) in the Canadian bunting, Junco hyemalis, was the first to prove that 

an increase in the photoperiod was the trigger mechanism for onset of sexual activity. Soon 
after many workers began to realise how important the effect of light was on reproduction. 
For example, it was found that an increasing photoperiod stimulated sexual activity in several 
species such as the ferret (Bissonette 1932), the mink (Aulerich, Holcomb, Ringer and Schaible 
1963) and the raccoon (Bissonette and Csech 1937, 1939). It was also found that the mink 
became sexually active through the addition of no more than eight minutes of extra light to 
the nonnal photoperiod during winter. Conversely a steady decrease in daylength could 
cause onset of sexual activity in autumn breeders such as the goat (Bissonette 1941). 

Before considering the possible trigger mechanism in Bathyergus, its behaviour and 
habitat should first be considered. Bathyergus most probably leaves its tunnel system during· 
the night to feed above ground. In support of this, green plant material was always found in 
the stomach and intestines. Moreover, many Bathyergus are run over by cars during the night 
and animals are very seldom seen above ground during the day. However, moles are able to 
pull green plant material growing above the ground down into their tunnel systems. 

In the present investigation Bathyergus were obtained from only one area where food 
was abundant throughout the year. The relative humidity of the tunnel systems was always 
high as Bathyergus does not appear to burrow in dry ground. It was also observed that the 
drier the ground becomes, the deeper the burrow. Limited temperature data indicated that 
burrow temperatures did not vary greatly throughout the year. Jarvis (1969) also observed 
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that temperature fluctuations in mole-rat burrows were not great. Moreover, Gates (1962) 
demonstrated that diurnal fluctuations in air temperature had no effect on the soil temperature 
at a depth below 30 cm. The burrows and nests of Bathyergus lay at a depth greater tha'l 30 cm. 
This was also observed by Jarvis (1969). It would therefore appear that annual temperature 
cycles are not important in stimulating sexual activity in Bathyergus. 

Although the eyes are reduced in Bathyergus it nevertheless seems that this species is at 
least able to differentiate between dark and light. Dissection showed that the optic nerves are 
present although reduced. It should be remembered that the sudden increase in weight of the 
reproductive organs coincided with the period just after the March equinox when daylight 
length was steadily decreasing. The sudden drop in sexual activity also coincided with the 
September equinox when daylight length was steadily increasing. 

Baker and Ranson (1932) state that light has a direct controlling effect upon the breeding 
season of all wild mammals, but that the mole and nocturnal mammals are unlikely to be 
affected. This is open to question as moles frequently leave their burrows during the night 
and while burrowing during the day they occasionally break through to the surface. It would 
seem therefore that they would at least be aware of cyclical changes in the length of the dark 
period if not of the photo-period. Moreover, Crawford (1966) has suggested that various 
types of signals may be perceived by the mole in its underground habitat: not only seismic 
earth movement, vibration etc. but also light, infra-red radiation and other electromagnetic 
disturbances. 

It would thus seem that nutrition, humidity and temperature can be excluded as trigger 
mechanisms for the onset of sexual activity. The most likely trigger mechanism for sexual 
activity in Bathyergus is the progressive decrease in the photo-period or the progressive 
increase in the dark period, the critical stage being reached just after the March equinox. 

SUMMARY AND CONCLUSIONS 

Male Bathyergus possesses a reproductive system that basically resembles that of many 
rodents such as the rat, guinea-pig and hamster. 

The occurrence of a limited period of sexual activity was demonstrated which extended 
from the end of March to the end of October. 

In the active period the reproductive organs particularly the testes, prostate and seminal 
vesicles increased markedly in size and weight. The heaviest testes, prostate and seminal 
vesicle weights were recorded during July, August and September. 

Maximum cell activity occurred during these months and it was found that maximum 
weights of reproductive organs were correlated with maximum activity and vice versa. 

Although cell activity of the seminiferous tubules ceased in the inactive animal, the 
Leydig cells remained slightly secretory. In the active period Leydig cells were highly secretory 
and spermatogenesis was evident. 

The efferent ducts consist of two distinct histological zones and the initial zone is highly 
secretory during activity. A low sperm density was observed in the efferent ducts during 
sexual activity. 

The epididymis could be divided into six zones with ten subzones. Zone 3 of the epididymis 
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is highly secretory. In active animals the sperm concentration increases steadily from the 
efferent ducts to reach a maximum in zone 6. Very few if any sperm occur in the inactive 
epididymis, while spermatocytes and testes fluid were frequently observed during this period. 

The ductus deferens also reveals cyclical histological changes. In the active animal the 
ampullae are secretory. The ductus deferens as well as zones 5 and 6 of the epididymis also 
serve as a storage organ for sperm during activity. 

The seminal vesicles exhibited a marked increase in secretory capacity during the active 
period. Very little secretory activity was evident in the inactive animal. The fluid secreted 
was eosinophilic in character. 

Although the prostate forms a compact organ it could be histologically divided into four 
pairs of lobes viz., the dorsal, ventral and lateral prostates plus the coagulating gland. Secre­
tory activity was very high in the active animal but did not cease in the inactive animal. The 
epithelium of the alveoli of the prostate declined partially in the inactive animal. It was thought 
that the large number of corpora amylacea in the different lobes may contribute towards the 
formation of the vaginal plug. 

It was concluded that the T-split on the dorsal glans penis may facilitate dispersion of 
spermatozoa during copulation. 

Finally, in assessing the possible environment factors which may control sexual periodi­
city in male Balhyergus, it was concluded that either the progressive decrease in the photo­
period or the progressive increase in the dark period during March equinox was the most 
likely stimulus. 
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