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Naked mole-rats occur in large colonies where usually a single queen monopolizes reproduction.
Queen succession occurs from within usually as a result of aggressive encounters with subordi-
nate females that queue for reproductive succession following colony instability, which inevita-
bly results in death of either the queen or the challenging conspecific. We monitored a queen
succession following the death of the breeding male in a colony of the naked mole-rat,
Heterocephalus glaber, prior to, during as well as after replacement of the original breeding
female. The response of the pituitary luteotrophs was investigated in the non-reproductive
females during this period of instability by the administration of endogenous gonadotrophin
releasing hormone (GnRH) and evaluating the subsequent luteinising hormone (LH) response
in the blood. Larger and older non-breeding females engaged in aggressive encounters that
culminated in death. The new breeding successor which arose from within the colony was
a large female who continued to procreate. The six non-breeding females that were killed
during reproductive takeover were larger and older females which exhibited elevated basal
circulating LH concentrations as well as increased pituitary sensitivity as measured by the
amount of releasable LH to an exogenous GnRH challenge. By contrast, non-breeding females
that survived the succession were smaller and younger animals with reduced basal and GnRH
challenged LH concentrations. Likewise, five non-breeding males which were heavier and older
than those non-breeding males which survived were killed. These animals did not, however,
show elevated basal or exogenous GnRH challenged LH concentrations when compared to the
surviving males. The non-breeding animals of both sexes which survived the reproductive
takeover event represented individuals which posed a minimal threat to the new successor and
hence promoted the continuation of the marked reproductive skew that is prevalent in this
highly inbred colonial subterranean hystricomorph.

Key words: naked mole-rat, Heterocephalus glaber, luteinizing hormone, queen, reproductive
replacement, succession.

INTRODUCTION
The naked mole-rat, Heterocephalus glaber, inhabits
the arid regions of East Africa in colonies typically
containing around 70 animals (Brett 1991). The
colonies are characterized by a primary reproduc-
tive division of labour, whereby one female and
between one and three male consorts are repro-
ductively active (Jarvis 1981, 1991). Other colony
members are reproductively suppressed and are
responsible for varying degrees of burrow mainte-
nance activities (Jarvis 1981; Jarvis et al. 1991; Lacey
& Sherman 1991). Indeed, the naked mole-rat
exhibits possibly the most extreme form of socially
induced infertility or reproductive suppression
currently described in any vertebrate (for review
see Faulkes & Abbott 1997). Although non-repro-
ductive mole-rats remain reproductively inactive

while in the presence of the breeding female, they
undergo rapid reproductive activation if housed
singly (Faulkes 1990; Faulkes et al. 1990).

Queen succession is not a common event within
the laboratory and we know little about queen
succession in the wild. Upon the death of the
breeding female in the colony, several non-
breeding females from within the colony may
simultaneously become reproductively active,
with the eventual result that only one new breed-
ing female will arise from this event. A number of
such successions have been reported (Jarvis 1991;
Lacey & Sherman 1991; Margulis et al. 1995; Clarke
& Faulkes 1997). However, to date no study has
looked at the endocrinological changes which take
place before, during and after a succession. Queen
succession may be rapid or it may be drawn out for
more than a year. It is invariably accompanied by*Author for correspondence. E-mail: ncbennett@zoology.up.ac.za

African Zoology 48(1): 56–63 (April 2013)



intense aggression and the resultant deaths of
several individuals. In contrast, male–male com-
petition over reproductive opportunities is weak
or absent (Clarke & Faulkes 1998).

Although reproduction is usually monopolized
by a single breeding female (Jarvis 1981, 1991), the
occasional presence of a temporary second repro-
ductive female (Jarvis 1991; Sherman et al. 1992)
provides evidence that non-breeding females are
not all equally suppressed to the same degree. It
has been found that close to parturition, when the
breeding female is very gravid, her control on the
non-breeders appears to weaken as indicated by
increased concentrations of urinary oestradiol 17Ä

and opening of vaginal closure membranes in
certain non-breeding females close to parturition
(Westlin et al. 1994). Nearly all natural deaths of
queens occur when they are heavily gravid (Jarvis
1991). It is postulated that the relaxation of repro-
ductive suppression in a select few non-breeders
may ensure that the breeding animal is rapidly
replaced if she dies (Jarvis 1991).

Clarke & Faulkes (1997) found that dominance
position of a female is a good indicator of repro-
ductive status, the breeding female usually being
succeeded by the next highest ranking female, but
this is not always the case. However, other studies
have manipulated colonies by removing breeders
(Clarke & Faulkes 1997) or have not investigated in
detail queen succession (Jarvis 1991).

In this study, we have capitalized on a natural
queen takeover event in the laboratory and inves-
tigated in detail the endocrinological changes
which arise amongst potential ‘new’ breeders and
those animals that remain suppressed prior to and
after the queen’s death.

MATERIALS & METHODS

The study colony
The naked mole-rat colony chosen for this study

was selected on the basis of its long-term behav-
ioural history documented by O’Riain (1996). The
colony was initiated from a breeding pair in 1987
and prior to the takeover event in August 1995
constituted 34 animals of which 18 were female.
The breeding male had died 48 days prior to
disruption within the colony and was probably
the trigger to the takeover event. A few days after
giving birth, the breeding female was wounded by
a non-breeding female ( no. 27) towards whom she
had previously displayed aggressive behaviour
during late pregnancy and a few days post-partum.
A takeover event occurred during which seven
females (including the breeding female), as well as
five males were killed (Table 1). Following the
takeover event three males, nos 9, 11 and 20, were
the only males to engage in ano-genital nuzzling
with the new breeding female (no. 28). This behav-
iour is very characteristic of reproductive males
and hence in this study these three males were
considered ‘putative breeding males’. After the
takeover event the colony consisted of 13 males
and 11 females.

Housing and feeding of naked mole-rats
The colony was housed in an artificial Perspex

burrow system comprised of approximately 3.5 m
Perspex transparent tubing (4.5 cm wide × 5.3 cm
high), with a removable lid, connected to four
chambers which served as a nest, food chamber and
two latrines. The containers were covered with
glass lids, which facilitated easy observation of the
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Table 1. Details of the animals that were killed, and the dates of their respective deaths.

Animal Sex Mass Litter Date died Days after initial fighting

14 F 57.5 3 1 Sep 95 16
23 F 54.4 5 10 Sep 95 25
25 M 47.5 5 14 Sep 95 29
26 M 60.5 5 16 Sep 95 31
4 BF N/A 1 19 Sep 95 34

27 F 55.9 5 19 Sep 95 34
31 F 51.5 6 20 Sep 95 35
36 F 39.8 7 27 Sep 95 42
29 M 43.3 6 2 Oct 95 47
30 F 46.6 6 3 Oct 95 48
35 M 37.9 7 18 Oct 95 63
34 M 42.5 7 25 Oct 95 70

F = female, M = male, BF = breeding female.



animals. The animals were held in a room kept on
a continuous dull light regime, a temperature of
30°C and a relative humidity of 50%. Shredded
paper towelling was provided as nesting material
and the floors of the tunnel and chambers were
covered with wood shavings. The toilet areas and
food chamber was cleaned daily.

The mole-rats were fed a variety of fresh fruits
and vegetables, all of which had been cleaned in a
solution of Biocide™ to prevent the introduction
of pathogenic bacteria into the colonies. The
mole-rats were fed daily and occasionally the
colony was provided with a small amount of
hydrated ProNutro™, a high protein breakfast
cereal. Mole-rats obtain all of their water require-
ments from their food and consequently no free
water was provided.

To facilitate identification, each mole-rat was
numbered on its back with a black felt-tipped
permanent marker. The marking usually lasted for
about five days. Data were collected prior to and
after a reproductive takeover event in the colony.

Behavioural observations
All behavioural observations were collected

using the Psion organizer (Psion, U.K.) on which
the Observer was installed. The Observer™, a soft-
ware package for behavioural recording and
analysing developed by Noldus Information
Technology (Wageningen, the Netherlands), was
used to score the behavioural acts. Data were
recorded prior to reproductive takeover, during
the period of late pregnancy and again following
parturition for two days prior to the initial fight-
ing. In total, 13 h of behavioural data were
recorded as a series of 30 min and 1 h focal samples
on the breeding female (Altmann 1974). Sexual
and agonistic behaviours were recorded ad libitum.
Agonistic encounters included: 1) biting, where
the teeth of one animal cover the body of the other.
2) Shoving, where two animals face each other
with their heads touching and one animal pushes
the other backwards. 3) Sparring where animals
face one another and lock with their incisors.
Furthermore, a further 17 hours of behavioural
observation was carried out over a period of two
weeks following the onset of fighting at 30 min
and 1 h focal samples. All behavioural data were
recorded between 09:00 and 17:00.

Blood sampling
Blood samples were collected, prior to and after

administration of 0.1 µg GnRH, from all animals

above 26 g in body mass, except the queen, who
had already been killed. Exogenous GnRH admin-
istration is given to investigate the degree of
LH manufacture and storage in the luteotrophs of
the pituitary. Blood samples were collected prior
to and after GnRH administration following repro-
ductive takeover on all surviving colony members.

To obtain blood, animals were hand-held and a
clearly visible superficial vein on the hind or fore
foot was pricked with a 22-gauge hypodermic
needle. Blood (80 µl), was collected by capillary
action using heparinized micro-haematocrit tubes
with 2–6 tubes filled per bleed. There was no
evidence of tissue damage 1–2 days following
bleeding of an animal. The blood was centrifuged
at 3000 r.p.m for 10 min and the plasma stored at
–70°C (Bennett et al. 1993).

GnRH administration
The GnRH was synthesized in the laboratory

of R.P. Millar at the MRC Regulatory Peptides
Research Unit at the University of Cape Town. The
purity of the GnRH was >98% homogeneity
(Millar et al. 1987). Following an initial blood
collection, a 0.1 µl dose of GnRH was administered
subcutaneously as a single 200 µl bolus injection. A
further blood sample was then taken 20 min later
from each animal

Luteinizing hormone bioassay
Luteinizing hormone (LH) was measured using

an in vitro bioassay based on the production of
testosterone by dispersed mouse Leydig cells (Van
Damme et al. 1974) as previously described in the
naked mole-rat (Faulkes et al. 1990). Details of the
assay have been described by Harlow et al. (1984),
Hodges et al. (1987) and Bennett et al. (1996, 1997).
Plasma samples were assayed in duplicate at a
dilution of 1:20 and 1:40 as a routine check for
parallelism and compared to the human LH pitu-
itary preparation (2nd International Standard
1988, code no. 80/552 NIBSC, Hertfordshire,
England) over the range 360–1.4 µiu ml/100 µl.
The testosterone produced was measured by
radioimmunoassay as described by Bennett
(1994). Checks for parallelism to the standard
curve were also carried out to validate the
LH bioassay for plasma taken from animals after
GnRH treatment. The curve was parallel to
and not significantly different from the reference
preparation.

The sensitivity of the assay (determined at the
95% binding) was 14.4 µiu/tube, which is
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equivalent to 2.8 miu/ml. All standard curves for
assays were fitted with the program Curvefit 1.2
(Macintosh). Intra and inter-assay coefficient of
variation for repeated determinations of a quality
control were 10.7 and 17%, respectively.

RESULTS

Body mass and circulating LH

concentrations in females

The body mass of non-breeding female naked
mole-rats that were killed were significantly
greater than those that were not (mean ± S.D. =
51 ± 2.7 g, n = 6 (36 ± 3.0 g, n =11) (U = 58, 0.005 <
P < 0.01; Mann Whitney U-test).

The basal concentrations of bioactive LH of
those non-breeding female mole-rats that were
killed (2.2 ± 0.34 miu/ml, n = 6) was significantly
greater than those that were not (1.0 ± 0.0 miu/ml,
n = 6) (U = 33, P = 0.01; Mann Whitney U-test).
Likewise, post-GnRH challenged LH concentra-
tions were greater in those that were killed (5.8 ±
1.5 miu/ml, n =6) than those not (2.2 ± 0.6 miu/ml,
n =6) (U = 29, P >0.05) (Fig. 1).

Body mass and circulating LH

concentrations in males

The body mass of the non-breeding males that
were killed (mean ± S.D. = 46 ± 3.9 g, n = 5) were

significantly higher than those of the non-
breeding males that were not killed (36 ± 2.6 g, n =
5) (U = 30, P = 0.025; Mann, Whitney U-test).
However, the killed males were significantly
lower than that of the putative breeding males
(63.2 ± 6.3 g, n = 3) (U = 14, P = 0.05; Mann
Whitney U-test).

The basal bioactive LH concentrations of the
non-breeding males killed during the takeover
event (mean + S.D. = 4.8 ± 2.3 miu/ml, n =5) were
not significantly different from those of the
non-breeding males that were not killed (3.9 ± 2.0
miu/ml, n =7) (U = 18, P > 0.1; Mann Whitney
U-test) nor from those of the putative males
(12.7 ± 6.3 miu/ml, n = 3; U = 11.5, P >0.1) (Fig. 1)

Post-GnRH stimulated plasma LH concentra-
tions were significantly lower in killed males
(mean ± S.D. = 8.6 ± 1.6 miu/ml, n =5) than in the
non-breeding males that were not killed (14.0 ±
1.9 miu/ml) (U = 29, P = 0.05; Mann Whitney
U-test) (Fig. 1).

Behavioural interactions initiated by the

breeding female (prior to reproductive

takeover)

Females
Prior to the takeover event, four of the six

non-breeding females received agonistic interac-
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Fig. 1. Basal plasma LH concentrations and the response to a GnRH challenge (mean ± S.E.M.) of those non-
breeding female and male mole-rats either killed or surviving the queen takeover event.



tions from the breeding female. Three of these
females (nos 14, 23 and 27) were subsequently
killed in the takeover event, whilst the fourth
animal became the new breeding female (no. 28).
No agonistic interactions were observed between
the breeding female and any of the other
non-breeding females.

Males
The breeding female directed agonistic interac-

tions towards all three putative breeding males
(nos 9, 11 and 20) and three of the non-breeding
males (nos 49, 26 and 29).

Male no. 26 received 61.5% (n =13) of the total
queen aggression initiated towards males and
received 20% of the breeding female’s agonistic
interactions (n = 40). Both non-breeding males nos
26 and 29 were killed in the reproductive takeover.

The primary recipients of the sexual interactions
(ano-genital nuzzling) initiated by the breeding
female were the three putative breeding males
(nos 9, 11 and 20 who received 28.9, 34.6 and 32.7%
of sexual interactions, respectively).

The only non-breeding male to initiate any
sexual interactions towards the breeding female
was no. 26, who was observed nuzzling her geni-
tals once, and the only males to regularly initiate
sexual interactions towards the breeding female
were the putative breeding males nos 11 & 20,
who were responsible for 58% and 29% of the total
sexual interactions initiated towards the breeding
female respectively.

Behavioural interactions during the

reproductive takeover

Females
Prior to reproductive takeover, which coincided

with late pregnancy, the breeding female began to
display heightened aggression towards female
no. 27, the third largest female in the colony.
Non-breeding female no. 27 did not retaliate when
attacked, but rather adopted a submissive posture.

Post-partum, the attacks on female no. 27 became
heightened and more vicious, the frequency
changing from 2.1 attacks/h prior to parturition
(10 h observation) increasing to around 8.0
attacks/h after parturition (3 h observation). Three
days post-partum, both no. 27 and the breeding
female exhibited severe injuries, in the form of
deep puncture wounds.

One week after the initial fighting had broken
out, female no. 27 became the most dominant

animal in the colony. She was involved in far more
interactions in the colony than previously re-
corded and exhibited behaviours characteristic of
the breeding female. She patrolled the burrow sys-
tem and regularly attacked the breeding female.
Female no. 14 then started to attack no. 27.

Sixteen days after the initial fight between
the breeding female no. 4 and female no. 27,
female no. 14 was killed. Nine days later non-
breeding female no. 23 was killed. In the following
two weeks non-breeding female no. 28 emerged as
the most dominant animal in the colony and
began to initiate frequent attacks on the three
oldest and largest non-breeding females in the
colony (nos 30, 31 and 36). The five non-breeding
males (nos 25, 26, 29, 34 and 35), which were
killed during reproductive takeover, were seen to
engage in frequent sexual encounters with each
other and non-breeding female no. 31.

Both the breeding female no. 4 and non-breed-
ing female no. 27 died 34 days after the initial fight-
ing had broken out. The following day no. 31 was
found dead. Female no. 36, was killed seven days
later. Female no. 28 directed her attacks against
male nos 29 and 30, both being killed within seven
days of each other.

Female no. 28 became the new breeding female
49 days after the initial outbreak of fighting. She
gave birth 84 days after the death of her last rival
(female no. 30). Although no more females were
killed; a further two non-breeding males (nos 34
and 35) were killed within a month of the out-
break of fighting. It was uncertain who had killed
them. The chronology of the killings is presented
in Table 1.

DISCUSSION
The factors which trigger a reproductive takeover
in naked mole-rat colonies, where a subordinate
non-breeding female challenges the supremacy of
the breeding female’s reproductive status are
unknown. The levels of aggression displayed
by breeding females are variable (Jarvis 1991).
Assuming that breeding females do in fact use
agonistic interactions to maintain reproductive
suppression in non-breeders, it is possible that if a
breeding female displays a high level of aggressive
behaviour, it may indicate that she has less control
over her colony than more placid breeding females
have over their respective colonies, and therefore
have to continuously exert dominance in order to
maintain control.

It is possible that the death of the breeding male
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may sometimes act as a trigger for takeover events.
Indeed, the breeding male had died 48 days prior
to the commencement of takeover. It is of interest
that the previous takeover event in this colony had
occurred seven months earlier and had also coin-
cided with the death of the original breeding male.

Previously reported cases of natural takeover
events in captive colonies of naked mole-rats have
not considered the role of the breeding male, prob-
ably because of the difficulty in identifying them.
Margulis et al. (1995) removed both the breeding
male and female within a colony in order to inves-
tigate breeding female succession. They assumed
that the removal of the breeding female alone was
the overriding factor that governed the subse-
quent takeover event. In this study the breeding
male died from the injuries sustained from inter-
colonial fighting resulting from the escape of an
individual from a neighbouring colony into the
study colony. The invading male may have possibly
brought about the activation of several breeding
females. Jarvis (1991) and Westlin et al. (1994) have
shown that the breeding female is most vulnerable
to takeover when she is highly gravid just prior to
parturition. Interestingly, in this case, the repro-
ductive takeover began only three days after
parturition and when the queen had begun to
display aggressive behaviour.

Non-breeding female naked mole-rats are capable
of becoming reproductively active within a rela-
tively short time of being removed from the colony
(Faulkes 1990; Faulkes et al. 1990). However, since
all non-breeding females have the potential of
becoming breeders, the question arises, what
determines whether an individual becomes
involved in aggressive interactions with the queen
and who eventually takes over as the new queen?
In most instances of natural succession in the labo-
ratory, involving the death of the breeding female,
it is the oldest or largest female in the colony that
becomes the new reproductive (Jarvis 1991;
O’Riain 1996). Under experimental conditions,
Clarke & Faulkes (1997) have shown that those
females which succeed as the new reproductive in
addition to being the oldest and heaviest are usually
the most dominant. Margulis et al. (1995) found
that following the removal of the breeding pair,
the female that eventually emerged as the new
breeding female was not the largest, but the oldest.
However, Lacey & Sherman (1991) demonstrated
that the breeders are not necessarily the oldest
animals in the colony.

In the present study, non-breeding females that

were killed during reproductive takeover were
both older and heavier than those which were not
killed. Female no. 28, who became the new
breeder, was the heaviest, but not the oldest
female. It is of interest that female no. 28 only
became involved in fighting once the three oldest
females had been killed (nos 14, 23 and 27).

Interestingly, prior to the takeover event, all the
females that survived, including no. 28, had very
low basal plasma LH concentrations. However, all
females that were killed had higher circulating
basal LH concentrations. The mean plasma LH of
those females that were killed (2.2 ± 0.3 miu/ml;
n = 6) were higher than previously measured
plasma LH concentrations from non-breeding
females (1.6 ± 0.1 miu/ml; n = 57). Furthermore,
the mean GnRH stimulated plasma LH concentra-
tion of the non-breeding females that were killed
(5.8 ± 1.5 miu/ml, n = 6) in addition to being
higher than those of the non-breeding females
that survived, were also higher than those previ-
ously measured in non-breeding females (2.9 ±
0.5 miu/ml) measured prior to a succession
(Faulkes et al. 1990). These slightly elevated
basal plasma LH concentrations and the greater
pituitary sensitivity to exogenous GnRH in the
non-breeding females suggest that there was a
degree of reproductive relaxation in these females
prior to reproductive takeover.

The death of non-breeding males during repro-
ductive takeover was unexpected, since they were
not involved in competition over breeding status.
Three males in the colony were seen to engage in
ano-genital nuzzling with the original breeding
female, so called putative breeding males which
survived the ordeal. Jarvis (1991) has suggested
that when males are killed by the breeding female
it may be the result of them showing increased
sexuality but they are not however, closely bonded
to the breeding female. In such a case they would
represent a threat to the breeding female by mating
with perforate non-breeding females when she is
heavily gravid and unable to exert her dominance
effectively (Jarvis 1991). Clarke & Faulkes (1997)
have reported the deaths of four non-breeding
males following the removal of the breeding
female from the colony. These males had been four
of the most dominant males in the colony prior to
the planned removal and post mortem examina-
tion showed the reproductive tracts to be full of
sperm.

In this study, five non-breeding males were
killed in the course of the reproductive takeover.
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These five males, apart from the three putative
breeding males were amongst the heaviest and
oldest non-breeding males. However, it is uncer-
tain why these males were killed since their
hormone profiles, unlike the non-breeding females
that were killed, did not exhibit a greater circula-
tion basal LH concentration than those which
survived. In addition they exhibited a reduced
pituitary sensitivity to an exogenous GnRH chal-
lenge. It is in the interests of the breeding female to
actively maintain suppression of reproduction of
non-breeding animals even during a period of
apparent stability in a colony, in order to retain
reproductive supremacy. This is achieved by
aggressive shoving bouts, directed towards animals
that pose a threat. It would thus appear that the
breeding female directs her aggression towards
the older colony members. Indeed, O’Riain (1996)
found that the adult colony members are usually the
primary recipients of aggressive interactions such
as shoving, whereas juveniles are rarely if ever
shoved. He also reported that those individuals
that are never shoved show no signs of sexual
activity following the death or removal of breed-
ers, whereas those individuals that are frequently
shoved are usually the first to show external signs
of reproductive activity. The common factor to all
the animals (both male and female) that were
killed during the course of the reproductive take-
over event was that they were all the offspring of
the original breeding pair and therefore the oldest
colony members.

There is a great deal of variability in both the
time taken for colony succession to be completed,
in addition to the levels of aggression accompany-
ing successions. Jarvis (1991) found that when the
colony structure has been heavily disrupted, by
for example the removal of the queen, colony
succession is almost always accompanied by fierce
fighting. Margulis et al. (1995) reported that it took
67 days before another non-breeding female
challenged the breeding female which had taken
over as dominant following the removal of the
original breeding female. Clarke & Faulkes (1997)
on the other hand had colonies in which breeding
began 54–65 days after queen removal, while a
third colony did not exhibit reproductive activa-
tion until after nearly 20 months following queen
removal.

The maintenance of reproductive skew is an
important component of naked mole-rat sociality.
It is postulated that the non-breeding animals of
both sexes which survived the reproductive take-

over event represented individuals which posed
minimal threat to the new successor and hence
promoted the continuation of the marked repro-
ductive skew that is prevalent in this highly inbred
colonial subterranean hystricomorph.

ACKNOWLEDGEMENTS

The authors thank R.P. Millar, Department of
Chemical Pathology, University of Cape Town, for
donating the mammalian GnRH. We also thank
the National Institute of Biological Standards and
Control, Hertfordshire, England, for the LH
pituitary preparation (2nd International Standard
1988, code 80/552). The work was supported by
research grants from the then Foundation for
Research Development (to N.C.B. and J.U.M.J.),
the University of Pretoria (to N.C.B.) and the Uni-
versity of Cape Town (to J.U.M.J). This study was
approved by the Animal Ethics Committee of the
University of Cape Town

REFERENCES

ALATMANN, J. 1974. Observational study of behaviour:
sampling methods. Behaviour 49: 227–267.

BENNETT, N.C. 1994. Reproductive suppression in
social Cryptomys damarensis colonies – a lifetime of
socially-induced sterility in males and females. Jour-
nal of Zoology, London 219: 45–59.

BENNETT, N.C. FAULKES, C.G. & MOLTENO, A.J. 1996.
Reproductive suppression in subordinate, non-
breeding female Damaraland mole-rats: two compo-
nents to a lifetime of socially induced infertility.
Proceedings of the Royal Society of London, Biological
Sciences 263: 1599–1603.

BENNETT, N.C., FAULKES, C.G. & SPINKS, A.C. 1997.
LH responses to single doses of exogenous GnRH by
social Mashona mole-rats: a continuum of socially-
induced infertility in the family Bathyergidae.
Proceedings of the Royal Society of London Biological
Sciences 264: 1001–1006.

BENNETT, N.C., JARVIS, J.U.M., FAULKES, C.G. &
MILLAR, R.P. 1993. LH responses to single doses of
exogenous GnRH by freshly captured Damaraland
mole-rats, Cryptomys damarensis. Journal of Reproduc-
tion and Fertility 99: 81–96.

BRETT, R.A. 1991. The population structure of naked
mole-rat colonies. In: The Biology of the Naked Mole-rat,
(eds) P.W. Sherman, J.U.M. Jarvis & R. Alexander,
pp. 137–184. Princeton University Press, Princeton.

CLARKE, F.M. & FAULKES, C.G. 1997. Dominance and
queen succession in captive colonies of the eusocial
naked mole-rat, Heterocephalus glaber. Proceedings of
the Royal Society of London, Biological Sciences 264:
993–1000.

CLARKE, F.M. & FAULKES, C.G. 1998. Hormonal and
behavioural correlates of male dominance and repro-
ductive status in captive colonies of the naked
mole-rat, Heterocephalus glaber. Proceedings of the Royal
Society of London, Biological Sciences 265: 1391–1399.



FAULKES, C.G. & ABBOTT, D.H. 1997. The physiology of
reproductive dictatorship: regulation of male and
female reproduction by a single breeding female in
colonies of naked mole-rats. In: Cooperative Breeding
in Mammals, (ed.) N.G. Solomon & J.A. French,
pp. 302–334. Cambridge University Press, Cambridge
and New York.

FAULKES, C.G. 1990. Social suppression of reproduction
in the naked mole-rat, Heterocephalus glaber. Ph.D.
thesis, University of London, London.

FAULKES, C.G., ABBOTT, D.H., JARVIS, J.U.M. &
SHERRIFF, F.E 1990. LH responses of female naked
mole-rats, Heterocephalus glaber, to single and multiple
doses of exogenous GnRH. Journal of Reproduction and
Fertility 89: 317–323.

HARLOW, C.R., GEMS, S., HODGES, J.K. & HEARN, J.P.
1984. The relationship between plasma progesterone
and the timing of ovulation and early embryonic
development in the marmoset monkey (Callithrix
jacchus). Journal of Zoology, London 201: 272–282.

HODGES, J.K., COTTINGHAM, P., SUMMERS, P.M. &
YINGNAN, L. 1987. Controlled ovulation in the mar-
moset monkey (Callithrix jacchus) with human chori-
onic gonadotrophin following prostaglandin induced
luteal regression. Fertility and Sterility 48: 299–305.

JARVIS, J.U.M. 1981. Eusociality in a mammal: coopera-
tive breeding in naked mole-rat colonies. Science 212:
571–573.

JARVIS, J.U.M. 1991. Reproduction of naked mole-rats.
In: The Biology of the Naked Mole-rat, (eds) P.W.
Sherman, J.U.M. Jarvis & R. Alexander, pp. 384–425.
Princeton University Press. Princeton.

JARVIS, J.U.M., O’RIAIN, M.J. & McDAID, E. 1991.
Growth and factors affecting body size in naked
mole-rats. In: The Biology of the Naked Mole-rat, (eds)

P.W. Sherman, J.U.M. Jarvis & R. Alexander,
pp. 258–383. Princeton University Press, Princeton.

LACEY, E.A. & SHERMAN, P.W. 1991. Social organization
of naked mole-rat colonies: evidence for divisions of
labor. In: The Biology of the Naked Mole-rat, (eds) P.W.
Sherman, J.U.M. Jarvis & R.D. Alexander, pp. 209–
242. Princeton University Press, Princeton.

MARGULIS, S.W., SALTZMAN, M. & ABBOTT, D.H.
1995. Behavioural and hormonal changes in female
naked mole-rats (Heterocephalus glaber) following
removal of the breeding female from a colony. Hor-
mones & Behaviour 29: 227–247.

MILLAR, R.P., FLANAGAN, C.A, MILTON, R.C. & KING
J.A. 1989. Chimeric analogues of vertebrate gonado-
trophin releasing hormones comprising sub-
stitutions of the variant amino acids in positions 5,
7 and 8. Journal of Biological Chemistry. 264: 21007–
21013.

O’RIAIN, M.J. 1996. Pup ontogeny and factors influenc-
ing behavioural and morphological variation in
naked mole-rats, Heterocephalus glaber (Rodentia,
Bathyergidae). PhD thesis, University of Cape Town,
Cape Town.

SHERMAN, P.W., JARVIS, J.U.M. & BRAUDE, S.H.
1992. Naked mole-rats. Scientific American 267(2):
72–78.

VAN DAMME, M-P. , ROBERTSON, D.M. &
DICZFALUSY, E. 1974. An improved in vitro bioassay
method for measuring luteinizing hormone (LH)
activity using mouse Leydig cell preparations. Acta
Endocrinology Copenhagen 77: 655–671.

WESTLIN, L.M., BENNETT, N.C. & JARVIS, J.U.M. 1994.
Relaxation of reproductive suppression in non-
breeding female naked mole-rats, Heterocephalus
glaber. Journal of Zoology, London 234: 177–188.

Responsible Editor. J.H van Wyk

Van der Westhuizen et. al.: Natural queen succession in a colony of naked mole-rats 63



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AmazoneBT-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.14286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.14286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00583
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [5952.756 8418.897]
>> setpagedevice


