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Individual recognition and incest avoidance in eusocial common mole-rats rather than

reproductive suppression by parents
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Abstract. Non-reproductive females in families of eusocial common mole-rats (Cryptomys sp., Rodentia) are not
suppressed by their mother, (either behaviourally or pheromonally) as is generally assumed. They do not mate with
their father and brothers simply because they are not sexually attractive for them (and vice versa). The incest
avoidance is based on the capability to recognize (and keep in memory for up to three weeks) each family member
individually. A ‘sterile’ daughter may conceive and deliver young in her parental family if given the opportunity to
mate with an unfamiliar mate in a separate cage. In this way, two females may breed side by side in one family.
Key words. Eusociality; reproductive suppression; incest avoidance; individual recognition; monogamy; memory;
subterranean rodent; mole-rat; Cryptomys; Heterocephalus.

During the last decade, following the demonstration that
naked mole-rats (Heterocephalus glaber)' and common
mole-rats (Cryptomys sp.)>* are eusocial, considerable
attention and publicity have been given to these endemic
African blind subterranean rodents of the family
Bathyergidae*~7. Mole-rats of both genera live in
colonies whose social system resembles that of the euso-
cial insects: a single breeding female (queen) and her one
to three mates produce all the young. Most of the
offspring remain with their parents throughout their
lives, and become the work-force for foraging, and for
extending, maintaining and defending the burrow sys-
tem. A non-reproductive mole-rat may, however, be-
come a breeder if separated from its parental family and
paired with an appropriate mate.

While the evolution of this unique social system is a
subject for speculation® '°, the mechanisms by which it
is maintained are open to experimental study. According
to the current state of knowledge, the methods by which
the breeders suppress reproduction in other colony mem-
bers are different in the two genera. While in Hetero-
cephalus the queen suppresses reproduction in subordin-
ate females through behaviourally-mediated stress*!!-!2,
there are no signs of aggressive behaviour in breeding
Cryptomys females®7-8.19-13.1% Tt has been suggested that
non-reproductive Cryptomys females are reproductively
suppressed, most probably by semiochemical mecha-
nisms orchestrated by the reproductive female'?,

The actual mechanism of suppression is, however, far
from being clear. While in Hererocephalus another fe-
male assumes the reproductive role within a short time
after the queen has died or been removed?, this is not
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the case in families of Crypromys>7-%1%1%15 In fact, a
colony from which the breeding female or the breeding
pair has been removed remains sterile. A removed
breeding male can be substituted for, however, by some
of the elder sons®*'. Captured incomplete colonies
(without the breeding female) transferred to captivity
are cohesive but do not reproduce. The successful
breeding of Cryptomys in captivity occurred only after
a) a complete colony had been captured®, or b) mates
from different colonies had been paired together!'®'s.
Frequency of copulation is very high in a newly-formed
Cryptomys pair, but it may decline after a social bond
has been established®!s. Nevertheless, even an old
breeding pair is engaged in frequent mating, which may
be solicited by any of the partners, and which occurs
daily, independently of estrus, even during pregnancy
(which lasts about 15 weeks) and shortly before, during
and after parturition®!>. On the other hand, within a
family, copulation between siblings has never been ob-
served. Similarly, a father has never been observed to
mate with his daughter, even if she has been (for years)
his only partner after removal of the breeding female.
These findings on captive mole-rats are corroborated by
the results of field studies. While in Heterocephalus new
colonies are founded through fissioning*, in Crypromys
they are apparently founded by pairs composed of
mates originating from different colonies”®.

The above experience, and a long period of observation
of Cryptomys, led me to suggest that ‘voluntary’ incest
avoidance may explain the apparent sterility of female
offspring better than reproductive suppression imposed
by breeders. Here I bring experimental evidence for my
hypothesis that 1) daughters/sisters do not reproduce,
not because they are suppressed by the breeding female,
as suggested in the literature'?, but primarily because
they are not mated; 2) they are not mated because they
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are sexually unattractive for the male family members
(and vice versa); 3) the lack of attraction, resulting in
incest avoidance, is based on the ability to recognize
each family member individually.

Materials and methods

The subjects of my study were several captive colonies of
Zambian common mole-rats, Cryptomys species (kary-
otype 2n = 68, population Lusaka). (We called these
animals C. hottentotus in our earlier studies. The Lusaka
population, is, however, specifically distinct from typical
C. hottentotus from South Africa and should be consid-
ered a new species, not yet formally named'’.) The
housing conditions, etc. are described in detail else-
where!'S,

The following experiments were repeatedly performed to
test the hypothesis. (Animals and families involved in
pilot experiments are not considered here.)

A) Four non-reproductive females, aged one to three
years, were selected from three families (with 17, 12, and
9 members), (two females being selected from the largest
family), and mated in a separate cage with a non-repro-
ductive male from a foreign family. After 6 to 48 h a
female and a male were returned to their respective
parental families. The mating sessions were repeated,
always after a pause of 6 to 48 h, for altogether 7 to 15
weeks until pregnancy was determined. (The embryos
can be palpated as early as 4 weeks after conception's.)
B) In two larger families, selected siblings (one and three
non-reproductive females, and one and two non-repro-
ductive males) were alternately isolated for 1-2 days
from their parental families and thus continuously sepa-
rated from each other. In this way, the contact between
the two tested siblings was prevented, yet the relationship
of each of them to its respective parental family was not
disrupted by the relatively short periods of separation.
The two siblings were then put together and their be-
haviour was recorded when they were in a separate cage,
as well as within the parental family, after 3, 7, 10, 12,
14, 16, 18, and 20 days of separation from each other
(and after a longer period in some pilot studies done with
other animals). Before testing the next step, 1.e. a longer
isolation period, the siblings were left together within
their respective parental families for at least 3 days.

Results

The experiments gave the following results:

A) In agreement with the previous observations®'?,
animals which were not familiar with each other copu-
lated immediately after being put together. In this partic-
ular experiment, however, not all the mating sessions
were equally successful, since the available subordinate
males were rather inexperienced. Usually, the female was
sexually more aroused and more active than the male,
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with the result that she mounted him. Dominant breed-
ing males (kings) living as one of an established pair
attack every unfamiliar female and cannot be used for
mating sessions.

After each mating session, the returning animals were
sniffed and greeted by other family members. The inten-
sity of this behaviour depended on the length of separa-
tion. The breeding male and some of the siblings were
more interested in the home-comers than the breeding
female was (and sometimes also harassed them). Interest
in the home-comers usually ceased within a few minutes.
Even after multiple mating outside the parental family,
the animals remained sexually unattractive for their own
family members of the opposite sex (and vice versa).
Three of the four tested females conceived within 3 weeks
to 3 months of continuing mating sessions. Pregnant
females were not harassed by the breeding female or any
other family members, and remained sexually unattrac-
tive for their brothers and their father. In fact, these
pregnant females spent most of their time in the nest in
the close vicinity of the breeding female.

There was no obvious difference in the intensity of care
(cleaning, retrieving) dedicated by other family members
to the pups of the two mothers. Similarly, the mothers
did not obviously differentiate between the two litters.
Pups of both litters were nursed by both mothers.

B) The second experiment showed that after more than
14-16 days of separation, the males apparently did not
recognize their sisters. They sniffed them and were inter-
ested in them for a long time, as if contacting unfamiliar
females. Eventually they tried to mate with them. The
females allowed mating (and/or exhibited similar be-
haviour to that shown when they were confronted with
unfamiliar males) after about 16-18 days. In control
experiments, the isolated males were confronted - in
their temporary cage — with their mothers, or with sisters
not involved in the experiment. These females were
immediately recognized and ignored, and were not
mated, indicating that it was not the possession of his
own territory and the absence of the father, but the
presence of an unknown female that elicited sexual
behaviour in the male. Mating with an unrecognized
sister took place even in the cage of the parental family,
but the intensity of mating attempts declined soon. A
sporadically open vagina, indicating that mating (and/or
estrus) had taken place, was observed in two experimen-
tal females even two months after the separation exper-
iment had been stopped and the contact between the two
siblings renewed.

Discussion

The results of both experiments fully support the hy-
pothesis proposed in the introduction, and allow a new
interpretation of the previously-available histological
and endocrinological findings. The ovaries of non-
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reproductive Cryptomys females show normal follicular
development® *1¢ The follicles fail to ovulate, however,
and luteinize instead. It has been suggested that proges-
terone produced by the corpora lutea may feed back
to the neuroendocrine system, to maintain a form of
pseudopregnancy and thus prevent ovulation® '3, The
unusual luteinization of unovulated follicles and/or fail-
ure of ovulation has been attributed to pheromonal
suppression by the queen'’. However, (pseudo)preg-
nancy itself cannot be a primary reason for suppression
of sexual behaviour, as even pregnant females are
mated. Since corpora lutea developing from unovulated
follicles are a common feature in hystricomorph ro-
dents'®, this form of pseudopregnancy is probably not a
particular ‘invention’ of eusocial common mole-rats. It
is possible that all (i.e. even dominant) Cryptomys fe-
males are primarily pseudopregnant. It is possible that
pseudopregnancy can be interrupted by frequent multi-
ple mating, for example as a result of the luteolytic
effect of oxytocin'®, which is normally released during
coitus. Even if this is not the case, frequent mating in
Cryptomys may serve not only to establish and reinforce
the pair bond as previously suggested®'*, but may also
be necessary for provoking ovulation.

Since no special pheromones are necessary for repro-
ductive suppression in common mole-rats, which would
be missing in naked mole-rats, it is also not necessary to
assume® that the mechanisms of suppression and euso-
ciality in the two genera have evolved independently.
The behavioural suppression in naked mole-rats may
have evolved from a Cryptomys-like system, when indi-
vidual recognition failed in larger families with too
many individuals and/or when a breeding female and
not a male became the most dominant animal in a
family. Incest avoidance, considered here to be a mech-
anism responsible for the ‘sterility’ of offspring, may
have evolved not only for its genetic benefits but also as
an evolutionarily stable strategy ensuring that a family
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would not grow too big. Intrinsic or extrinsic (i.e.
imposed by breeders) control of the breeding of off-
spring, particularly of females, may be necessary as long
as the offspring stay in their parental families. By such
control, uncontrollable growth of the family and the
resulting competition for resources is prevented. From
this point of view, the question about the eusociality of
mole-rats is not “Why do the offspring not reproduce?
but “Why do they not disperse in order to reproduce?.
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