Lk il g,
/ %’/ ADDIg ABAR Hrhgrip N

A STUDY ON SOHE BCOLOGICAL ASPECTS OF
THE GIANT MOLE«RAT TACHIORYCIES MACROCEPHALUS
(RUPPELY, 1842 ), IN B/LE MOUNTAINS, ETHIOPIA

A Thesis
Presented to
School of Graduate Studies

Addis Ababa University

In Partial Fulfillment
of the Requirement for the Degree

Master of Beience in Biology

By
Shimelis Beyene
June 19386




e

ABITRACT

Toe gian® mole-rat (Zachyoryctes macrocephalus) which is
endemic to Wthiopia, was stuldied in two ohssrvation arsas at
Bale Mountains National Fsak in south ecastern Bthiopia. The
burrow system excavated revealed extensive underground tunnels,

one functional nest »er system, one nest enfrance, and nesting

material consisting exclusively of grasses knitted into a hollow
ball., One to several blind tunneles were founda Ffilled with
foodstoies and faeces. “The underground tunnel systems were
marked by soil mouads, savth plugs, foraging holes and haypiles

on the surface, Soil mounde =2nd earth plugs of T. macrocsphalus
resembled those of nocket gophers,
HMole~rats spent an average of about 70 minutes a day on the

surface, mainly foraging dul also obsarving and digging. The

time spent on the surface by mole-rats at high altitude was

significantly greater than that spent by mole-rats at low
altitude. This difference appeared to be related fo the

difference in vegetation covar,

The population density of mole-rats was estimated to be
about 6000 mole-rats per kma at SBanettl and 570 mole-rats per
km2 at Badeae. This difference in population density was
probably due to differeances in so0il and vegetation types,

Compoetion with domastic live stock at lower altitudes might

have also contributed,

HMole-rats restricted their activities to the parts of their
burrow system at higher ground in the wet season and became
frequently active in the tunnels at lower ground in the dry
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The major predatoc apveared to be the Simien fox (Canis

simensiﬁ).

Comparison with otaer rodent moles (Bathyergidae, Spalacidae
Geomyidae) showed many convergent characteristics as a result of

. t ; .
their suberranean adaptations.
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ENTRODUCTLION

Tachyoryctes is the only genus that forms a truly

subterranean group of the family Rhisomyidae in Africa. There
are two important species, one of which is the root-rat Tachyorycte#
g.splendens (Ruppell, 1835), type locality Gondar, Ethiopia., %The

other species is the giant mole-rat Tachyoryctes macrocephalus

(Ruppell 1842}, type locality ""Shoa, Abyssinia, "but probably not

the modern province of Shoa (Yalden et al., 1976; Yalden, 1985).

The two African species of Rhizomyidae are readily identified

by size. T, macrocephalus is much larger than T. splendens, but

has a short tail (Less than 65mm) which makes even very young

specimens readily identifiable (Yalden et al,, 1976). The body

\

weight of adult T. splendens ranges from 160 to 280 g and

weighs 300 to 1000 g and has a condylobasal length which is 51
to 70 mm long (Yalden, 1985), The giant molde-rat is stocky
short-limbed cylindrical bodied rodent with a relatively large
head. The pelage is generally a pale brown color, with some
slight variation to more ginger or more silver shades of brown,
and paler ventrally. A conspicuous black patch occurs on the
upper eyelid in 1life, Some individuals have a faint crown and
mid-~dorsal stripe. Dyes are large; extornal pinnae are visible
although not conspiciuvous. The tail is whitish, short, thick

at the base and tapers sharply (Yalden, 1975; 1985),

The external appearance of T, splendens is basically

rat-like, and is the least modified for fossorial life of
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the. Fast African mole-rats (Jarvis and Sale, 1971; Kingdom,1974),
Afowork Bekele (1983%a; 198 5b) uoted that the jaw muscles of
T, splendens arc large as an adaptation to subterrancan existence.

Yalden (1985) comparcd the jaw muscles of T, magrocephalus with

specialized to subterrancan life than T, splendens. Nevertheless,

T. macrocephalus is specialized for the subterranean niche and
shares with other rodent moles such as bathyergids, spalacids and
geomyids morphological feafur:s like c¢ylindrical body, a truncated
skull with large incisors and rosirum, wide strong zygomatic arch,
a broad occipital arch and a relatively small brain case (Yalden,

1985), Because Tachyoryctos is loss spocialized, it is a dominant

and a more effective colonizaor than the bathyerigid mole-rats

(Kingdon, 1974).

L. splendens is widely distribuled in Bast Africa, including
Ethiopia, Somaliland, Konya, Uganda, the Eastern Conge (Ellerman,
1956), Burundi angd Tanmania (Kingdon, 1974 ), Because it is a
puisance in agriculture and gardens and because of its wide dist-l
ribution, the biology of this species is fairly well known (Jarvis,
1969, 1973%a, 1973b; Rahm, 1969; Jarvis andVSalé, 1971; Hickman, 1983),
The giant mole-rat, howcver, is confined to the Ethiopian highlands
in distribution and the only reliable record for this species is

from Bale Mountians. T. macroccphalus is the most poorly known

of all rodent moles, the total primary bibliography for the

species containing only six references,

According to Yalden (1975) there are two valid subspecies,

T.m.macrocephalus (Ruppell, 1842) and T.m.hecki ¢ Yeumann ana
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Rummler, 1923) type, locality of the latter, "Abakkara, about
150 km West of Lake Awasa, in the boundary region between
Djamdjem and Arussi.Gala, “but west is in error for cast.
Revised to Abakkara, Soufh of Adaba, Hthiopia, ca 06°50" N,
39°15'E (Yalden et al., 1976).

Although very poorly knoﬁn the giant mole-rat illustrates
interesting ecological phenomena. It is the small mammals,
ratherg than the plants, which are "dominants" of the afro-alpine
communityy and in many places more than 50% of the ground cover

is bare soil thrown out by burrowing mammals. T. macrocephalus

is the most important of.these, by virtue of its size as well as
its abundance (Yalden, 1975). On the Afro-alpine zone the
instability of the soil is made more pronounced by the burrowing
of the giant mole-rat, whose activities keep most of the afro~
alpine vegetation in a permsnent pionecr phase. As a result

the afro-alpine vegetation of the area, which otherwise is
similar with afro-alpine vegetation of Bast Africa, has been
significantly altered (Hedberg, 1975). The burrowing activity
of this animal has also played an important role in chemical and
physical processes of soil formation in the moorland zone as
suggested by Weinert and Mazurek (1984), The giant mole-rat has
also an ecological importance as a source of food for the

endangered species Canis simensis in Bale Mountains (Morris and

Malcom 1977; Yalden, 19855.

A study of the little known giant mole~rat, which plays a

peculiar ecological role in the afro-alpine community was




necessary and with this in mind this rascarch was conducted.
The main objectives of this study were:

To compile ecological data on this cndemic mole-rat

To understand the burvowing activiiy and burrow patterns

To study the fecding aciivity of the mole-rat

Field observations were carried out on two observation sites.
The first was a large plateau called Sanctti about 4000m above sea

leVQlwﬂasl) with afro-alpine moorland zone and the second was Badeae,

a grassland arca with Artemisia afra and Kniphofia foliosg shrubs
\
and Giant Health on well drained arcas; the altitude was 3300m asl.
Field trips were made irregularly to these areas from August 1984
to May 1986, On both study arcas observations were made on the
surface (above ground) activitics of the animals, the physical
characteristics of the exposced part of the burrow systews were
measured, and attempts werc made to trap the animals using nylon
string slipknot and Victor gopher traps. Only one animal was
caught with the gopher trap. Another mole-rat was obtained soon
after it was killed by a simicn fox. 5Stomach contents, gonads
and external parasites were preserved from the two specimens. In-
ternal parasites (Cestodes and Nematodes) were found in the
trapped mole-rat. Two more or less complete burrow systems were

excavated at lower altitudes, and a portion of a burrow system was

1 ] bl s e
excavated at Sanetti,




THE STUDY AREA

The proposed Balc Mountains National Park (BMNP) is
situated in the Bale Mountains which form the south-castern
limit of the eastern highlands of Ethiopia (Fig. 1). The
major part of the mountain massif which is included in the park
is in the form of a plateau with an altitude over 3,500m .asl.,
The mountain slopes down to the north to %,000m .asl., and to the

south to 1500m.asl (Hillman, 1986a).

The two obzervation sites for the mole-rat study i.e.
Sanetti and Badeae lie within the boundary of the proposed
BMNP. (Fig. 2). The park is in south castern Ethiopia, with
an area of 2200 km2 encompassed by the coordinates N6029'—

N7%10', and E39°28'- E39°57' (Hillman, 1986a).

SANETTTI PLATEAU

This is the widest central portion of the park including
the main mountain massif at over 3%,900m asl which originated

from recent lava flows {(Hillman, 1986a),

The vegetaion of this arca is characieristically afro-
alpine moor-land. Plant species diversity is low, and
according to Hedberg (19?5) the most important vascular plants
can be assigned to five main 1ife forms. These are giant
rosette plants represented by the Giant lobelia, Lobelia

rhynchopetalum; tussock grasscs such as Festuca spp; acaule-

scent rosette plants like Orcophyton falcatum; cushion plants

represented by Helichrysum spp and sclerophyllous shrubs represented

by Alchemilla spp. The vegetation cover varies from 100 $ at the




lower end of the altitude vange in well sheltered sites, to less

than 10% at highcr and cxposed altitudes (Hillman, 1986a).

BADEAR
This study area lies in the northern part of the park at
3300 asl. According to Weinert and Mazurek (1984) the

vegetation of this area is characterized by Hagenia-Erica

forest, Hagenia-Juniperus forest, Hagenia-ﬂypericum forest

on rocky and loamy sandy slowves, and secondary Ferula

communis-Artenisia afra pasture land. The actual study site

afra shrub and the giant health in well-drained arecas., The
grassland becomes inundated during the wet season. Huge
numbers of cattle and horses graze in this area every day
throughout the dry and much of the rainy scason, This has

sevaerely affeclted the vegetation and soil in the grassland.

Climate is highly variable over the park area because of
the high range of altitudes {(from 1,500 to 4377m asl) and by
the very bulk of the mountain massif itself (Hillman, 1986a) .
The rainfall is characterized by an eight month rainy
season (from March to October) followed by a four month dry
season {(from November to February)e This long rainy scason
is due to the fact that rain is received from both cquatorial
westerlies and Inqian Ocean air strecams at different times of
the year (Daniel Gamachu, 1977; Hillwan, 1986a)., The annual

rainfall received varies from 600mm to 1000m at lower altitude,
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and from 1000mm to 1400mm a% higher altitudes {(Daniel
Gemechu, 1977) In general, rainfall increases with altitude

up unitl 3%,850m altitude and begins to deci sase above this al

altitude (Hillman, 1986a), ' :

According to Hillman (1986a), limited records of tcomp-
erature in the park arca show daily maximum and minimum temp-
erature falling with an increasc in altitude, The lowest
temperature he recorded, was minus 1500 at Morabowa {(3,70( u
asl) in February 1984, with plus 2600? being recorded next day
at midday. Lowest temperatures occur at night during the dry
season when the sky is clear. The greatest water and femp—

erature stress occur in the dry season (Hillman, 1986a).

DISTRIBUTLON AND HABITAT

The giant mole-rat 1. macrocephalus which is one of the
several vertebrate speciecs restricted to high altitude moorlang
and grassland habitats (Yalden, 1985), is endemic to Ethiopia,

Two valid subspccies are known,l.m.macrocephalus (Ruppell, 1842)

from Shoa, Bthiopia and V.m.hecki (Neumann and Rummler, 1928) from
Abakkara, Bale, Ethiopia (Yaldgn, 1975). The type locality of

the nominate race is unknown. Although Ruppell described it as
Shoa he did not collect animals as far south as the modern Shoa
Province and a locality in Begemdir or Wollo scems likely (Yalden

et al., 1976).

T.me hecki is relatively well known and has bsen collected

limited arca of Balc provice betwesn 35,2000 to h4,150m asl
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(Yalden, 1985). This animal is much more numcrous in the
moorland zmonc above awnout 3900m asl than at lower grassland
areas, At high altitude the afro-alpine moorland vegetation

dominated by species of Alchemilla, Helichrysum, Kniphofia

and Lobelia rhynchopetalum, replaces the giant heath Erica

arborea, and extends to the top of the ridges, though the
vegetation becomes more sparse with altitude (Yalden, 1975).
The giant mole-rat, therefore, is characteristic of the
afro~alpine moorland zone, although it is known to extend to
heather moorlands (Hillman, 1986a) and grasslands (Yalden

et al., 1976) at lower altitudes.

The giant mole-rat occurs abundantly in open grasslands and
moorlands, it does not occur in forested areas and in woodlands.
In Sanetti the distribution of this mole-rat is associated with

large symmetrical mima mounds upto 27m in diamster and 1.5m high,

The term "mima mound’” was introduced by Dalgquest and Sheffer
(1942), It refers to the type locality of this terrain, Mima
Prairie, Thurston COULtE&, HJashington, UV.5.A, The mima mounds
are well formed and numsrous in the northern half of Sanetti
.plateau, where the vegetation is dominated by Alchemilla, par-
ticularly on the mounds, HMole~rats occur here at maximum
density. The western half of the plateau is dominated by

Helichrysum cushions, and very few mima mounds occur with

a much lower density of mole-rats. The presence of mima mounds
in the giant mole-rat habitat provides support for the
Dalquest-Scheffer hypothesis that fossorial rodents produce

mima type wmicrorelief,




In the grassland habitat molc-rats avpearcd to he abundant
in short grass grasslands and they tended to be Less abundant in
tall grass grasslands. In Gaysay, for instance, mole-rat activity
was restricted to just outside the fence of the park where the
grass was ..short due to grazing by livestock, whereas there was
no fresh sign of mole-~rats { though there werc old holes and
soil mounds) inside the fence, where the grass was tall. The
specles might be adapted to open habitat, where predators
could be easily detected, and reduction in cover might improve

survival,




MATERTALS AND MEYHEODS

Burrow systems of the giant molo-rat weroe exeavatad at
Gaysay, Badecae and Sanetti,. BExcevation sites were selected
in areas where barriers such ns rocks, and shrubs woulsd not
prevent complete excavation, It was not, however,ipossible to

find such an area in Badercz as certain y-t%inn of each

burrow system were loca®ed in the Kuiohofia-Artemisia shrubh.

Before cmzavation was commenced, the pattern of surfaco
signs, earth plugs, soil meovnds and hay piles, wes mrarked.

L, A
nt

I{ was, however, difficult to follow lateral tunnels rig
upto the surf-ze signs, sincc they were usuallv plugged for a
long distance from the surface back to the main tunnel,
Excavation was usually started from active holes, because it

was often difficult to leceate tunnels starting from soil mounds
or earth plugzs, becausc the soill of the plug was pocked to the
firmness of the enrrounding grovaud. During the excavalion
tunnels ﬁere folleowea nntild ther disanmenved yhore they vere
well mlugged, whon they became water logged, o rarely ud o

the su: Toces The main tunnel ways were not normally plugged
and could be followed throughout unless barriers obshiructed
digging., At Gaysay and Badeae digging was done with picks since
the gound was hard,.whéréas ét Sanettl it was possible to
dissect tunnels with barc hands. The excavated tuircls were

cleaned of excess soil. The pattern of tunnels was then



recorded using a tape-meter and compass.

Physical charactcoristics of oxposcd parts of burrow
systems including fecding hole diaweter, Fforaging arca

diameter, inter-hole distance, diameter of hay pile and

s0il mounds (Fig,%) were measured with a tape meter.

The surface activities of mole-rats foraging, ocbscrving
and digging were rcecorded on both study areas as categorized
by Yalden (197%). The recording of daily mole-rat activities
was made from as early as possible in the morning (around 800)
up to the end of the day's activity whenever it was possible.
During the first half of the study period the total time spent

by a mole-rat for a certain activity was recorded in seconds.

Although this kind of timing enabled the recerding of the
actual time spent by a single mole-rat for differrmt ~ots-

it was impractical whcn-several mole-~rats were simultancously
active. Later during the study period from October 1985
onwards, a standard record sheet was preparcd. On this record
sheet, activities of five or more animals were recorded even
when they were simultancously active, The activity of each
mole~rat was recorded cvery five minutes. This method of
timing actually ecexaggerated the amount of time spent for
various activites sfecially for observation, since mole-rats

normally observe for only a few seconds.,

The population'density of mole~rats was estimated by counts
of surface signs, particularly active foraging holes. These

signs were chosen because they roprescnted the activity and
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hence the prescnce of meole-rats at the time of counting.

This method was bascd on thc following assumptions. a) the
count was made at aboul noon because it was assumed that all
mole-rats were active by this time b) It was assumed that

all the mole-rats had pefformed half of the day's activity

¢} It was assumecd thaﬁ once a foraging hole was opened, it
remained éo until late in the afternoon, The last two as-
sumptions have gome drawbacks, for mole-rats could start
their activity late in the morning or rarcely even in the
afterncon. Although onc animal could open a second and a
third foraging hole beforec plugging the first one, sometimes
the first hole was-blocked before the second was opened. The
number of foraging holcs opened by one mole-rat in a day was
on the average 3.4 at Sanctti and 1 at Badeae. Therefore, at
Sanetti the number of mole-rats in the sampling areas was the
totoal number of active hole counted, divided by 1.7. At Badeae,
however, this correction was not important as only ons hole
was opened by a mole-rat; besides the burrow system of each

mole rat could be casily determined.

Estimation of cover-abundance of plants was made in
gquadrats of 20 x 20 m using a 1-9 modificd Braun-Blanquet
(1932) scale {van der Maarcl, 1979). Quadrats werc placed
at mima mounds and intermound areas at Sanetti, and at
the grassland and Kniphofia-Artowmisia area to sce any dif-

ferences in the abundancc of taxa cncountered in the quadrats.
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TRAPPING

In July 1984, an attempt was made to trap the animals using
Nylon string., The trap was set up by making a loop around an
active hole, with a slipknot, The loop was held in position by
mud coated match sticks. The other end of the string was held
by the observer about 15y away from the hole, It was hoped
that pulling of this end of the siring while the mole-rat
appeared from the hole wéuld tighteon the loop and trap the
mole-rat. The attempt was not, however, successful at hoth

study arecas.

And during the period of 28/9/84-2/12/85, several attempts
were made to trap the animals using a Victor gopher trap. But,
agaln it was not possible to itrap the animals with this trap,

although one animal was caughti.
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LITERATURE REVIEW

Many mammals live in holes in the ground, dug by themselves
or other species, and emerge by night in search of food, but
subterrancan mammals sach as mole-rabts have advanced much further
towards a completely subterrancan existence (Ellerman, 1956).
Mole~rats live in extensive undergeound burrow systems of their
own making n~nd Sﬁeﬁd most of their lives underground, they rarely

come above ground (Jarvis and Sale, 1971)

Burrow System

The burrow systems of subtorranecan mammals consist of a radial
to a frequently deeper (Miller, 1964) or shallower (EBloff, 1954;
Nevo, 1961; Jarvis and Sale, 1971; Hickman, 1979) central Sys£em
of chambers used for nesting, food storage, sanitation (Nevo, 1961)
and retreat (Jarvis and Sale, 1971). The pattern,.extent and
depth of these components vary considerably, not only between

a result of environmental influencgs such as temperature, seil

moisture and texture, vegetabive cover, land contour, availability
of food and number of animals occupying one burrow system

(Jarvis and Sale, 1971). Hickman (1979) believes, however,
discrete variables of the burrow system such as number of nests

per system, number of nest ent&rances and the presence or absence
of defaecation chambers, which may be less influcnced by the

environment, do not vary in different burrow systems. He also

suggests that the order of magnitude of continuous variables
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such as burrow depth and total length of tunnels, wbich are

influenced by the environment, does not vary greatly.

Hole-hill (Soil mound)

All fossoriel rodents moke open burrows, and hénce must
transport and disposc of loose soil (Hildebrand, 1982), Mole-rats
dig a side branch (lateral tunnels) or reopen an# existing branch
when they are engaged in extending their burrows (Jarvis and Sale
1971). Once the side branch is opened, the mole-rat pushes loads
of excavated soil out of the tunnel entrance on to the surface.
The mole-rat repeatedly pushes loads of loosened soil until the
gide branch is clear. The formation of soil mound begins as the
first few loads of excavated soil are pushed out (Jarvis and Sale,
1971). The tatal number of loads of soil pushed before the
mound is comﬁleted varies from 16 to 102, where as the total time
required to complete the mound varics from 5 to $3 minutes for

Geomys pinetis (Hickman and Brown, 1973%a), The size of a finished

mole-hill varies from 15 to 40 cm in diameter and 7 to 15 cm high
for T. splendens (Jarvis and Sale, 1971) and averages 15 cm i3

diameter and 20 cm in height, for Cryptomys hottentotus, becoming

less conical and more flattened with age (Hickmann, 1979). Two
types of soil mounds are made by aduvlt T. splendens. First,

large mounds composed of soil excavated during burrow construction;
second, small earth plugs used to plug up holes to the surface
made when mole-rats forage above ground. Young animals produce

small mounds which can be easily confused with earth plugs made




by aduit animals (Jarvis snd Sale, 1971). T. macrocephalus is

also known Lo produce carth plugs (Yalden, 1975),

Haypile

One characterigtic feanture of T. macrocephaluscolonies" is the
large hay piles, made up of discarded nesting materi;ls, or perhaps
discarded food store, mixad up with old faeces (Yalden, 1975) .
Jarvis and Sale (1971) have noted that neriodically small guantitie
of nest material aﬁd faeces are thrown up as part of a mole-hill by
T. splendens, although frequently such materials are accumulated
underground. From the quaniity of the material ejected, they
suggested that the mole-rat is simply disposing of a subsidiary nest
when it no longer scerves its purposc. Genekly (1965) mentioned

that one featurc common to the mounds of Cryptomy hottentotus was a

collection of fraguments of thce basal sheaths of grasses on which
2 g

pal

the animals had been fceding.

Foraging ftunnels

The f&raging tunnels are longitudinal, occasionally branching
tunnels with circular cross seciion and a diameter of 5 to 7 cm
for T, splendens and ran at fairly constant depth of 19 to 22 cm
(Jarvis and Sale, 1971), 10 to 15 em for L E&Qﬁ@Q&ﬁb&%&i (Yalden
1975); 8 to 20 cm for Cryptomys (Genelly , 1965; BRickman, 1979);
and 20 om for Spalax (MNevo 1961). Jarvis and Sale, (1971) belicve
that the depth ofhthesé exploratory tunnels is regulated by the
root or rhigome level of the plants on which the mole-rats feed,
the burrows usually run just below the root level and thus ensure

that the food supply remains fresh until it is needed. The depth
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of the tunnel ways.could vary depending on the position of the
tunnels in relation te the nest (Hickman, 1979), and the breeding
season and waterlevel (Nevo, 1961). Deeper tunnels in Cryptomys
burrows were near the proximity of the nest and counnected to the
shallower tunnels by a-series of gradually sloping "ramps" and
steep "shafts" (Hickman, 1979). Thesc deeper portions near the
nest may serve in protection against potential predators (Javvis

and Sale, 1971).

The total length of forﬁging burrows ranged from 58 to 34Om
for Cryptomys (Hickman, 1979), 18 to 52m for T. splendens and
is determined by the availabllity of food, the feeding uneed of the
animal and number of occupants (Jarvis and Sale, 1971), ‘These
tunnels are élmost always plugged (Hickman and Brown, 1973%a;
Hickman, 1979) to keep predators out and burrow temperature
constant (Jarvis and Sale, 1971) while new ones are constantly dug
or reopéned in search of food and/or nesting materials {(Jarvis

and 8ale 1971; Jarvis, 1973a; Yalden, 1975).,

Nest

Hole-rat burrows contain either one functional nest per
system, e.g. cryptomys (Geneclly 196%; Hickman, 1979), T. splendens
(Jarvis and Sale, 1971) or accessory nest chambers may also be
present as in Spalax (Nevo, 1961), Nests are usually situated in
raised areas (Eloff, 1954), beneath tcrmite mounds (Hickman, 1979)
in mima mounds (Jarvis and Sale, 1971; Gakahu and Cox, 1984) or in
specially constructed breceding mounds (Mevo, 1961) and at a relatively
shallower depth (Table 1a) to avoid flooding., The diameter of
nests varies for different specics (Table 1a). This difference
appears to be related to the size of the animals, number of occu-

pants and the function of the nest.




Table 1a. Nest
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dimensions »>f different mele-rats

. Mest -
Species Denth Entrance Source
Diamcicr
Tachyoryctes splendens 10-60 25 single (Jarvis and Sale,1971)
(Hickman, 1983)

Cryotomys hottentotus 17 20 ?u}t?Ple (Eickman, 1979)
Spalax z. chrenbersi 50-8C 20 multiple . (Nevo, 1961)
Heliophobius argentescingreus 20 8-10 - (Javie & Sale, 1971)
Heterocenhalus glaber - 25 mulsiple (Hill et al., 1957)
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The nest chamber is primarily a sleeping, resting, and
breeding area for Cryptomys {(Floff, 1951a; 1958; Hickman, 1979},

Heterocephalus and Helipphobius (Jarvis and Sale, 1971). Spalax is

known to construct nests in breeding and resting mounds during
breeding and non-Dbreeding seasons respectively (Nevo, 19617 .
T, splendens, on the other hand, has a large all purpose unest
chamber in which feeding, sleeping and defaecation take place
(Jarvis, 1973a) and no special nest is built by the pregnant

famale (Jarvis and Sale, 1971).

Food store chamber

Fossorial rodents secure food from the ground such as tubers,
rhizomes, roots and aerial shoots of plants, and store them in
special underground chambers where they are safe from other
animals and the weather (Hildebrand, 1982). A special food store
chamber is conastructed by Spalox (Hevo, 1961), Cryptomys
Genelly, 1965), and Heliophobius (Walker, 1964), 1T, splendens
stores food in its nest (Jarvis and S,le, 19%1; Jarvis, 1073a),
Food storing behaviour seems to have considerable importance in
supplying food to the wole-rat during the dry season (Genelly,
1965) to the females during the gestation and lactation period
(Nevo, 1961) and the decomposition of store contents may provide

warmth (Jarvis and Sale, 1971).

Bolt-hole

T. splendens and Heliophobius (Jarvis and Sale, 19741) and

Cryptoms (Hickman, 1979) have a special chamber, the bolt-hole,
at the deepest part of the burrow system., It is a blind-ending

tunnel which dives down steeply. It is associated with the nest
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in the burrows of T. splendens (Jarvis and Sale, 1971), When

the mole-rat is alarmed, it retreats in to this tunnel and plug
up the connection with the rest of the system. It is frequently
difficult to locate the bolt-hole, as the escaping animal packs
501l between it and the source of danger (Jarvis and Sale, 1971).
Theseé investigatoréﬁ;o;;g-égg;, in the field, two month old mole-
rats have been found hiding down the ﬁolt-hole‘of their home
burrow, and in young laboratory rearecd animals, this behavior
develops as early as 22 days,. Hickman (1977) suggested, however,

that this deep tunnel may primarily function to keep humidity

high in the burrow system,

Sanitory chambers

Several studies suggested faecal pellets were present only
in certain parts of the burrow system of many mole~rats, feeding
and resting chambers were devoid of faeces. This has been found
for Cryptomys (Geneily, %965; Hickman, 1979), for Spalax (Nevo, 1961).
Genelly (1965) found a single sanitary region in a burrow of
Cryptomys which was a 3 ft branch of an active tunnel that had
been plugged off from the surface and packed tightly with dried
facces throughout its length, Hickman (1979) has also found
tunnels 30 to 40 cm long packed with faecal material in burrows
of this species. The sanitory chambers of Spalax were small
rooms of approximately 7 cm iﬂ diameter; when filled with
droppings they were walled up and new ones were formed (Nevo,
1961), The all purpose nest chamber of I. splendens has a

sanitory area (Jarvis and Sale, 1971),
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Empty chambers

Hickman (1979) found that onc to five empty subspherical
chambers occured in the burrow system of Cryptomys. They were
with one entrance, devoid of contents, and un associated #ith
anastomosis or deepdtunnels as were the nests. He suggested that
these empty chambers might have heen storage chambers, and the
absecnce of food stored in these chambers could be due to the
excavation being undertaken at the end of the dry season when

the stores would be expended, or they might have functions

as resting sites raiher than food caches,

ACTIVITY ABOVE GROUND

Mole~rats live in semi permanent burrow systems and rarely
come above ground., It will therefore be appreciated that the
study of mole-rat populations is hampered by the fact that direct
observation is seVe;ely limited (Jarvis, 1973b). The problem of
subsurface moitoring of fossorial mammals has been approached
in a number of ways. The development of radiocactive tagging
techniques has made it posaible to study the activity of ‘
subterranean mamnals (Jarvis, 197%a). Behavior of mole-rats can
also be studied in captivity by keeping the manimals in glass-

sided cages filled with moist soil (Eloff; 1958; Genelly, 1965)

In spite of the fact that mole-rats are truly subbterranean
rodents, many authors report that they are active above ground
at night or even during the day. Mature individuals can be
seen above ground during avtumn possibly searching for a mate
(Nevo, 1961). The fresh green food found near the nest of
Spalax (Nevo, 1961) and the nesting material in Thomomys (Get-

tiner, 1975) must have been collected from the surface as the
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plants are entirely without roots. Young mole-rats of the genus

Spalax are freguently found on the surface possibly in earch
of their future territory (Nevo, 1961) or when they are flooded
or driven out by their parents (Jarvis and Sale, 1971}, The
rhizomyid mole-rats of Africa are known to forage briefly above

ground, This has been found out for Tachyoryctes splendens

(Jarvis and Sale, 1971; Jarvis, 1973z) and for T. macrocephalus

(Yalden, 19753 1985). When mole-rats are active above ground their
activities can be classified into three catagories, observing,

foraging and digpging.

Observing

Agcording to Yalden (1975) this behaviour consisted of the
animal. appearing with its head and shoulders out of its hole,
with its body vertical, apparently looking, but perhaps listening,
for any danger. Jarvis (1973a) noted that T. splendens, after
opening a foraging hole frequently spent 5 or more minutes‘
sniffing the ailr with only its nose exposed., The animal will
disappear completely in response to any loud noise. . Similar
behaviour was also observed in pocket gophers (Hickman and
Brown, 1973 a). Pocket gophers characteristically freeze at their
burrow entrances before pushing dirt ocut. This behavior secms
to be an important adoptation promoting survival during the
vulnerable period of mound building. A ﬁocket gopher could
detect the motion of a predator while only partially exposing
itself in the open tunnel, The pocket gopher will disappear
into its burrow in an extremely rapid backward lunge, if alarmed

(Hickman and Brown, 19%3a),
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Foraging

Jarvis (197%a) noted that one met@od of collecting food_
and nest material by T. splendens was through surface foraging.
The animals opened foraging holes to the surface and partly
emerged to collect plants above ground. The mole-rats appeared
from the hole with short Jjerky movements and uttering soft snorts,
With their hind quarters inside the hole, the wmole rats suddenly
jerked forwards, siezed a piece of vegetation with their incisors
and dart backwards into the burrow. The mole-rats never
completely leave tﬁé burrow (Jarvis, 1973a), Gettinger (19?5)
feels that Thomomys talpoldes might collect nesting materials

from the surface. Yalden (19?5) noted that Tachyorycteg,

macrocephalus forages above ground in much the same way as T, .

splendens. During foraging, food is gathered in quick snatches,
with the hind quarter remaining inside the foraging hole, only
ol one occasion, did one animal stretch almost completely out of

its hole., The animals retreat backwards into their burrows when

alarmed, or when a full load of food has been gathered (Yalden,'1985).

Dipgin

This surface activity consists of the giant mole-rats
shovelling earth out of the foraging holes, and finally blacking
them from inside (Yalden, 199%), Jarvis and Sale (19?1) noted
that, the activity that can be obscrved on the surface while
T. splendens is digging, is the pgrowth of the mole-hill, as the
axpelled soil is heaving and new partly broken plugs appear
near the center of the mole-hill, Similar activity i.e uplifting
of soil and/ or thé plugging of openings by Spalax were recorded

by Nevo et al. (1982),
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Peeding
The giant mole-rat L. pmacrocephalus depends largely on

aerial parts of plants for its food (Yalden, 1975} in marked

contrast with the root-rat 7. splendens, which depends almost

exclusively on roots and tubers {Jarvis and Sale, 1971). Yalden

(1975) noted that I. macrocephalus gathered indiscriminately

whatever vegetation grew around their feeding holesi this was
mostly grass and other herbs such as Erigeron sp. and Alchemilla.

Stomach content analysis made by Yalden (1975) revealed that the

following plants made up the major food items, Fesiuga- abyssinica

Poa shimperiana, Agrostis sp, Iuzula abyssinica, Veronica cf. .

ellenbeckii, Helichrysum citrispinum, Erigeron sp and Polygonam

sp. Surprisingly enough, "{wo specimens which came from the same
arca as the reference material, contained every plant for which
reference material was available, coxcept the rather unpalatable-

looking Helichrysum™ (¥Yalden, 1975), . Other mole-rats also seen

to eat what is available., Gonelly (1965) noted that Cryptomys
hottentotus seemed to prefer the bulb like base of black seed
grass. He believes, however, that availability may have been
a more important reéson for the prominence of this item in the
mole-rats diet, since other bulbous plants, although occuring

to some extent, are very raro.

Population Density

Mole-rats spend most or all their lives underground
(Hildebrand, 1982), and their presence is indicated by fresh

mole-hills. The study of mole-rat populations is therefore,



(Jarvis, 1973b), The “EEEE%F?}9§??" or "Lincoln index" method
cannot be used because mole-rats are difficult to live trap
repeatedly and also because their discrete burrow systems and
solitary naturc severely limit the mixing of marked individuals
with the rest of the population, and thus the sccond sample

taken from such a population would give a false picture of true
population (Jarvis, 1973b). Number of mole~hills has been uscd

by many investigators (Hill et al., 1957 Genelly, 1965; Reid ot al,,
1966) to express the density of populations of rodent moles,
Estimation of population density from counts of mole-hills was
unsatisfactory because soil moisture, the availability of food

and the sex of the animal all influence the number of mole-hills
produced per unit tine {(Jarvis and Ssle, 1971; Jarvis, 1973b).
Variation in soil and vegetafion rcsults in heterogeneous and
variable mole-rat population densities. Thus the number of

individuals per unit area varies with in and between species and

populations in diffq{gpﬁmhgbitgﬁg_(Nevo, 1979) According to

Genelly (1965) animals of low mobility such as mole-rats have
spobty distributions., Ried et al. (4966) have found a positive
relationship between the number of wocket gophers and amount
of sign (mole hills and earth plugs) and concluded that, by
recognizing behavioral characteoristics and seasonal differcnces
in amouqt of sign produced by the animals, fresh sign may be

employed to approximate population densities,

Yalden (1975) estimated the population density of the giant

mole~rat of Urgana Valley, in BMNP, by counting the number of
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animals he observed and Tound the density te be 63/ha. He also

. . 2.
calculated the biomass and it was 33,5 kg/ha or 3360 kg/km™ .,

Predation

One important advantage provided to fossorial mammals by the
subterranean niche is protection from potential predators

(Hildebrand, 1982), 'Tachyoryctes differs from many rodents of

comparable size in living in a closed burrow system where
predation pressures arc low (Jarvis, 1972b). This is borne out
by the low litter sizc and number (Jarvis, 1969) and by the low
annual recrultment Dhown by Tachyoryctes populations. Except
for a possible vulnerable period when young animals leave or
are driven out from the mother's home burrow, to establish an
independent burrow systen, équal protection is offered by the
fossorial habits to all age groups (Jarvis, 1973b). Young
animals were found wandering on the surface on very rare
occasions, and these occasions were frequintly associated with
heavy rainfall; this suggests that the mole-rats were flkooded
out of their burrows and were not voluntarily wandering in
gearch of a place to establish their burrow system (Jarvis,
197%b), Genelly (1965) alsé found that Cryptomys were forced
to surface by burrows flooded during the rainy season,
Predators known to have taken 1, Splendens include the
domestic dog and cai, jackal, puff adder, mole-snake, augur
buzzard, crowned hawk-cagle and Mackinder's owl. Other possible

predators include the genet, civet cat, serval cat, caracal,

ratel, zorilla, the larger mongooscs and birds of prey (Jarvis, 1973)
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Honey badgers, foxes, jackals and possibly hyaenas, dig the
mole-rats, Cryptomys out of their burrows on occasion

(Genelly, 1965),

The Simien fox Canis simonsis is a major predator of

T+ macrocephalus (Yalden, 1975, Morris and Malcolm, 1977;)

because a limited sample of Simien fox droppings, collected by
these investigators, yiclded the remains of 25 individuals of

T. macrocephalus, represcnting about 47% by weight of the fox's

diet, Yalden (1973) found T. macroccphalus from pellicts of the

long cared owl Asio abyssinicus, Other possible predators

e e e

included various birds of prey such as augur buzzard Butceo

rufofuscus, lammergeier Gypaectus barbatus, cape ecagle owl Bubo
capensis and various cagles werc recorded in the giant mole-rat
habitat and, at lower altitude, scpval Fglis serval (Yalden

1975, 1985) Hillman, 1986a; 1986b),
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RESULTS

A e s e e ey

The basic structure of the burrew system and patterns of
surface activitios (discribed below),/;rc two of the most important
ecological aspecis of the giant mole-rat that have been observed.
Other ecological asnects that have been studied included population
density, predation, breeding, social structure and seasonal

migration of the animal,
LRAPPTIG

Attempts to trap the mole-rats, using nylon string slipknot
victor gopher trap, were not successful although one animal was
caught‘with gopher trap. The main reasons for the failure of
trapping appeared to be the following: First, the behavior of
the mole-rats; any human activity, especially walking around an
active hole by the observe to sel up traps, was noticed by the
mole-rats, and the mole~rats reacted in the same way as they would
react to danger, whenever a trap is setup,either the animals never
came back or, more commonly they plugithe tunnels in which the trap
was setup. Secondly, thes gopher Erap was designed'to trap pocket
gophers which are much smaller than the giant mole-rat, This was
confirmed by the fact that traps were triggered several times

and later found with fur on the spikes.

BURROW S5YSTIOM

One complete burrow system (Fig. 9) of T, macrocephalus

was excavated at Gaysay and in addition burrows were partially
excavated at Badeae and Sanetti (¥ig, 10 and Fig, 11). The
basic burrow pattern consisted of a longitudinal net work of
feeding tunnels, with short lateral tunnels filled with food

and faeces, radiating from a central nest.




S0IL MOUND Two types of soil mounds are produced by the
giant mole-rat. First, large mounds of soil which are conical in
shape with a crabter~like deprossion, in the centre of which

is the plugged hole through which the soll is ejected.

These type of soil mounds were between 24 and 103 cm in
diameter at badeae and between 24 and 62 cm in Sanetti, In
.general few so0il mounds of this type were produced in either of
the study areas, althousgh relatively high number of soil mounds
observed in Badeae than in Sanctti. Most of these mounds were

produced during *the dry seasoh.

The second type of soil mounds are earth plugs over old
feeding holes (Fig. 4), and are wore numerous at higher altitudes,
These earth plugs are either surrounded by a zone of grazed vegetation
or had channels or groovés dug by the animals on the surface between
a hole entrance and a clump of vegetation (Fig. 5). The number of
holes .mpened and plugged per animal per day is on average 3.4 at

Sanetti and 1 at Badceae.

. HAY PILE Large amounts of dricd and/or fresh plant materials
mixed up with faeces arc periodically discarded through old feeding
holes to form hay piless. These piles have a similar shape as the

s0il mounds as they are cjected in the same way (Fig. 6).

The bases of these haypiles ranged between 59 and 124 cm in
diameter. The considerable variation in size is due to the periodic
addition of small quantities of hay on already formed haypiles

by the mole-rats,

The composition of the hay pile rofelected the composition of
vegetation surrounding the burrow system. In Sanetti, for instance,
the hay piles in :Alchemilla dominated areas were made up of almost

exclusively Alchemilla, while in Badeae grasses were the dominant




The Giant mole-rat makes earth plugs which
are 0ld foraging holes filled with fresh soil
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componcents of the hay pilz, although Alchemilla and

other herbs were also prusent (Fig. 7).

FORAGING TUNNELS, The main part of the burrow system was composed

of two sets of undergfdﬁnd tunnels (¥ig, 9). One sct of tunncls
ran at a ShallOWer:dépth, fro@ about & to 26 cm. below the surface,
whercas the other set of tunncls ran at a greater depth from 26

to 52 cm. Both BQ£%¥Of tunnals were interconnected by gradually
sloping " rapmps'. Thc dceper tunnels which constituted only 17.4%
of the total tunnel.longth, were adjacent to; but not-connected

to the nest which was part of thé shallow tunnel systems In
general all the tunnels were circular in cross-section with a
fairly constant diaméter of apéroximately 14 o¢m, Branches from
the shallower tunnels led to old or active feeding heles on the
surface, although the actual routes of these blind tunnels were
difficult to locate as the entrance and part of the tunnels had
been refilled with soils The total length of the tunnels ways in
the completely excavated burrow was greater than 90 m., These
tunnels covercd an area of greater than 360 m2 of which less

than 10% was covered by recent scil mrounds and'carth-plugs.

NEST One functional nest was found per burrow system of T. macro-
cephalus. Details of the nest structurc apa shown in Table 14k,
The nests were lined by a hollow ball of nesting materials which
was almost exclusively grass. However, only nests from low altitude
were examined, where grasses were generally the dominant species
and it is probable that at higher altitude other material. may

be used. The nests were devoid of any faeoal material. The nests
were normally heavily infosted with mites and fléas.

FOOD STORE Short side branches, probably plugged feeding tunnecls,
were used as storage chambers, and the depths and sizes of the
various storage chambers is shown in Table 2. In general, all

of the storage chambers wore filled with graéses and/or herbs

and faeces.




Table 1b. Structure of nests of £. mzerocevhalus in burrow system I & II

(measurements were in cm)

Burrow N&gst' Depth \
Locality ' frow Diameter Width Height

system chamber surface

Gaysay I I/4 20,0 27.0 25.0 19,0

I 1/2 2L .0 3040 22.0 18.0
Bzdene Iz IZ/1 14,0 29.0C 36.0 189.5

II I1/2 18,0 20.0 37,0 NE
Mean 19,0 - 26.5 30.0 18,8
Range 14.0-2%,0 20.0-30.0 22.0-37,0 18.0-19.0

NR Dot recorded



m AR

Table 2. Measurements of storage chombers in

Depth
Locality Burrow Storage from Diamster Length
gyetem - MChomber! Surface
Gaysay I /1 35.0 1.0 22.0
Badeas “IT IT/19 22.0 12.0 16.0
Sanetti IiI III/1 18.0 13.5 270
Sanetti IIT - III/2 55.0. 17.0 37.0
Sanctti IIT IIT/3 32,0 14,0 22.0
Sanetti I1I III /% 42,0 14.0 50,0
Mean 28.5 13.0 20.5
LOW ALTITUDE
RRANGE 22.0-35.0 12.0-14.0 19.0-22.0
éIGH ALTTTUOE Mean 36.8 4.6 34.0
Range 18.0-55.0C 13.5=17.0 22,0—50.0
OVIRALL Hean z4.0 14.0 29.5
Range 18.0-55.0 12.0-17 .0

19.0-50,0
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The number of storage choambers was very high in Sanetti, In
this area four storagelchumbers WGré found in 6m of a partially
excavated burrow éystem.. At lower altitude (Gaysay) only one
such chamber was found in the whole burrow system of more than
90 m. In addition, at Badeae fresh grasses and herbs were
foﬁnd accumulated_in one of the main tunnel ways only 121 cm

from an active holes

EXPOSED PARTS OF BURROW SYSTENM, Measuremchts made on the

exposed parts of the burrow system are show in Table 3. Foraging
hole diamciter remained constoant particularly in fthe burrow system
of 6ne mole~rat, whore the ranpge was between 7 and 12 cm. The
average diameter of foraging aren was slightly greater at high
altitudes. This difference might be that at this altitude the
foraging areas did not normally have regular circular shape due
to the sparse vegetation, and hence only few foraging areas were
measured, 'Whereao in the lower altitudes the circular grazed

sones around a foraging hole were clearly defined (Fig. 8),

The distance bhetween holes of similar age, inter-hole
distance, was mecasured, It was intended to measurec the distance
between holes produced consecutively because there were definate
differances in distance between such holes at high and low
altitude areas. Otherwise the areas eppeared honeycombed with
holes, 60th‘old and active, particularly at Sanetti, The inter-
hole distance were highl& vafiable and roanged betwcen 13 and
340 em at Sanetfi, 12 and 14%0 cm at Badeae and between 9 and
100 em at Gaysay. Using ﬁhé Z test, inter-hole distance at higher
altitude was significontly greater than inter-hole distanoe at

lower altitudes,
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Fig, 8. Aictive hole Open foraging hole: (4) sur-
rounded by a zone of grazed vegetation
(near Badeae), (B) opened on an almost
bare ground {Sanetl).
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Table 3. Physical characteristics of surface parts of burrsw system (measurements in

cm except altituda)

‘ Foraging area Inter-Hole Hzypile So0il mound
Locality’ Altitude Hole-diamster . . , .-
ol diamster distance diameter ~dlameter
Gaysay 3000m  10.5+1.7(n=24) 29.0+3.7(n=8)  48.0:23.5(n=22) NR NR
“Badeze 3300m 8.9+1.0(n=21) 235.0+5.3(0=20) L42.4+22.6(n=36) 87.0+9.9(n=2) 77.5+20.5{n=15)
- Szmetti  4050m 9.631.2(n=24) 30.6:8.7(n=15) 85.3482.7(n=33 94.9+63.5(n=25) 39.5+15.4(n=14)

{NR= not recorded
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ACPIVITY ABOVE GROUND

e

Giant mole-rats (E, Epcrchﬁpalus) came out of foraging

holes and spent brief periods of activity on the surface of the
ground almost everydany at both observation areas. The activities
performed on the surface were classified into three catagories

(a) ovserving (b) foraging(c) digging.

OBSERVEﬁE The activity consisted of the giant mole-rat appearing

out of its hole and frcezing for a few seconds, looking and listening
for any danger in the surrounding areas Whenever a mole-ral comes
out to the surface through a foraging hole, it first observes the
surrounding area before it starts other activities. When mole-rats
appear for the first time, they make a relatively long period of

observation (30 seconds or more).

The duration and frequency of observation is higher when
the mole-rat is disturbed by humans or other animals and when
i1 suspects danger, for example, when it is aware of the

ohserver.

Moienrats have acute sight and sense of hearing. “hen they
are on the surface they will readily respond to 2 flying Augur
buzzard, and even slight movement of an object such as humans or
cattle, HMole-rats are extremely sensitive fo sound, all wiil
retreat inte their burrows in response to human conversation
from more than alhundred meters away, even when the source of

the sound is not visible to them.

FORAGING The activity classified as foraging represents the

A
gathering of plant shoots {(grasses and herbs) from around a




feeding hole by the mole-rat. In genéral, the animals come out
of the hole, scize the vepgetation with their incisors and pull

of a piece of vegetation. The mole-rats make from onc to several
snatches and when the mouth is full they retreat into their
burrows. In rarc occassions mole~rats masticate while on the

surface,

Mole-rats normally forage while their hind quarters are still
inside the foraging hole when the hole is surrounded by 2 good mat
of food plants. At higher altitudes, however, they usually come
out of their burrows or even moved a distance of about a meter
or more from the foraging hole to gather the scattered vegetation.
In Sanettd many feeding holes are usually opened on to hare soil,
and the animals have to make surface channels to a near by cluster
of vegetation. These channels cnabled the mole-rats to find the

feeding holes while retreating backwards.

An actively foraging mole-rat will repeatedly come out of its
holes and gather the vegetation and dart back into the hoie.
While vigorously foraging, the time spent under ground between
each appearance is usually only a few seconds (typically 3 to 8
secs), This vigorous toraging lasts fyom 1.5 to 16 min (Average
.5 min) and is then followed by the disappearance of the mole-rat,
for from a few to several minutes, The animal then may rasume
its foraging activity, until apparently the vegetation around
the feeding hole is eleared or becomes difficult to pull off,

or when the animal is disturbed.




- 46 -

In the lower altitude grassland areas mole-rat preferably
gathered grasses, even though they also collected other horbs.
In Sanetti, however, mole~rats gathered indiscriminately any

vegetation found close to their feeding  hole,

DIGGING The activity termed digging represented mainly the

process of plugging old Toraging holes. During this activity
mole-rats did not usuvally come to the surface; rather the activity
became evident when the observer séw the.soil that was being

pushed from insgide to block the hole. Occasionally mole-rats might
push excess soil out of the holes before they actually plugged the
holes. In most cases,; this activity went unnoticed by the

observer as only small amounts of soil were pushed out.

The actual time mole-rats spent in blocking old feeding
holes was greater than that recorded on Table 4. This was
because, whenever the vegetation around a fgraging hole was
cleared or when the moleerats were disturbed, they accumulated
loose soil until the tunnel just behind the entrance was filled,
then pushed the soil out through the hole. It was only this final

process that could be timed.

In both observation sites mole~rats were observed while
extending the process of plugging of old foraging holes. The
animals repeatedly brought out loose soil through the holes,
and each time they pushed the soil a few centimeters away from
the holes in every direction, with the sides of their hcads.
As a result crater-like soil mounds were formed. The holes

were then finally plugged.,




Table 4. Time (in minutes) spent by I. macrocephalus on differesnt activities. and their

percentage of the toizl observotion period in parenthesis.

Total

Locality Date Mole-rat Foraging Observing Digging Total activity observation
period
Sanetti 20/6/84 A 80.3(15.9) 17.7(3.5) 0 98.2(19,.4) 505.0
Sanetti 20/6/84 B £5.0(16.8)  7.7(C.73) 0 98.7(17.5) 505.0
Badezo 22/6/84 A 31.3(19.8)  2.7(1.7) 0 3k.0(21.2) 160.0
Badeas 20/8/84 A 16, 0(41) 0.5(0.1) 0 16.5(4.2) 90,0
Badeas 20/8/84 F! 14h.003,6)  1.k(0.4) 0 15.4(3.9) 390,0
Badeae 20/8/84 Fro 87,00(12.0) 343{0.8) 0 50.1(12.8) 390.0
Sanetti  ‘29/9/84 i 61.0(16.9)  1.0(0.3) o 62.0(17.2) 360.0
Badeas 1410/8k B! 24.0(5.0 3.0(0.6) 0 27.0(5.6) 480.0
Badeas 1/10/84 7! 11.0(2.3 1.5(0.3) 12.0{2.5) 25.5(5.1) 480,0
Sanetti 29/10/8% A 6£.0613.0) 30.0(9.0) 5.0(1,3) 55.0(28,.6) 332.,0
Sanetii 29/10/84 B 55.0{16.6) 9 0 55.0(16,.6) 332.0
Sanstti  29410/84 o 65.0(19.6) o o) £5,0(19.6) %32.0
Sanctti 29/10/84 D 75.0(22.6) 20.0(6.0) 0 95,0{28.5) 3%2.0
Sahetti = 29/10/8% E Lo,0(12.0) fzo.o_(e,o) -0 60.0(18.0) 33%2.0
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Table 4 continued

Locality Date Meolz~-rat Foraging Ovserving Digging Total activity Obgggiition
period
Sanetti 28/12/8% D 75.0(20.,2)  20.0{5.4) 10.0(2.7)  105.0(28,3) 3700
Sanetti 28/12/84 T 25.0(6.7) 10.0(2.7) 10.0{2.7) 45,0(12,.0) 370.0)
Badene 31/12/8% At 20.0(%.5) 10.0(2.2) 0 30.0(6.5) L65.0
Badeze 31/12/8+  B° 85.0(18.2) 15.0(3.2) 0 100.0(21,5) L55,0
Badene 26/3/85 At 55.0(10.5) 20,0(3.8) 0 75. 0014 4) 520.0
Badeas 26/3/85 Bt 75.0(14.4)  20.0(3.8) 5.0(1.0)  100.0(19.2) 520.0
Bzdeae 26/%/85 cr 20.0(3.8) 10.001.9) e 30,0(5.8) 520.0
Sanetti 21/12/85 A 80.0(16.7)  10.0(2.1) 10.,0(2.1) 100.0(20.8) 480.,0
Semetti 21/12/85 B 105.0(21.8)  20.0(&.2) 5.0(1.0) 130.0(27.0) 480.0
Sanetti 21/12/85 ' 8C.0(12.5)  10.0(262) 75.0(15,6) 145.0(30.2) 480.0
Badeae 2k/12/85 At 75.0{12,5) _ 10.0(1.7)  5.0(0.8) 90.0(15.0) £0C.0
- MEEN 39.4(841) 8.101.7) 1.3(0.8) 49.3(10.1)* 483.3
RANGE 11.0-85.0 0.5-20.0 5.0-12.0 15.4=100.C  180,0-600.0
R — MEAN 66.7(16.6)  12.5(3.1)  8.9(z2.2) 88.0(21.9)" 400,.8
RANGE £0,0-105.0 0-30.0 C=75.0 Ls, 0-145 332.0-505.0
OVERATL MEAN 5%,6(12.7) 10.4(2.%)  5.4(1.3) 59.4(16.4) 23,6
RANGE 11.0-105.0  0.5-30.0 0=75.0 15.4-145.0 160.,0-600.0

* 4 t=test shows that there is a2 sigrificant difference in the fteotal time spent zboveground

by mole-rats at Sanetti and Badeaec.
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In Badeae a mole-rat was found digging on a big soil mound.
The animal was completely out of the hole and was shovelling
the soil with its mﬁzzle in every direction. I did not bring
out loose soil from the burrow but pushed the soil away from
the hole, that was already there. A similar observation was
made at Sanetti, but here the mole-rat was shovelling hay in
an old hay pile. These activities showed that formation of big
haypiles and soil mounds were probably long preocenses taking

months or even years.

TOTAL ACTIVITY. The total time spent hy mole-rats for different
activities is shown in Table 4. The total period of surface
activities represented from 3,9 to 21.5% (average 10.1%) at
Badeae and from 12 to 3%0.2% (average 22.5%) at Sanetti, of the
total observation period. The total activity period varied
considergbly between differcent mole-rats on both study areas
(Table 4), The total period of surface activity at Sanetti was
significantly greater than the total period of activity at

Badeae.

On average foraging activity contributed avout 77%,
observing about 15% and digging about 8% of the total period of
activity. The distribution of these activities are shown in
Fig 12 for individual mole-rats and Fig, 13 for pgroups of
mole-~rats in both observation sites. Surprisingly enough,
there was no significant difference between wet and dry

season surface activities.

In general, activity usually began in the morning at about

8:00 and ended around 18:00 in the evening on both observation
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sites, although individual mole-rats could start activity
late in the morning or cven at midday. Normally, mole-rats
that started activity late ended their activities late in
afterncon. The beginning and cnding of activities were
clearly noticed by the opening ané blocking of foraging holes

in the morning and I#H the dusk respectively.

The relationship between air tcemperature and mole-rat
activities is shown in Figures 12 and 13, Air temperature and
mole~rat activities do not sceem to have direct correlation,
although the mole-rats restrict their surface activities frém
about 8:00 in the morning to about 18:00 in the afternoon in

order to avoid extremely cold temperatures.
POPULATION DENSITY

The population densitiesrof the giant mole-rat were
estimated on both study arcas by counting fresh signs, active
holes, in a belt transect of 40001112 (see materials and wethods).
The density of population was estimated to be 1 mole~vat per
?67m2 or 5988 mole-rats per km2 area at Sanetti and 1 mole~rat

per 1333m2 or 570 mole~rats per km2 area at Badeae.
PREDATTON

The most important predator of T. macrocephalus was the
Simien fox, (Canis simensis), particularly at higher altitudes,
In Sanetti foxes were regularly secen hunting for mole.-rats and
other rodents (Fig. 14). On one occasion a fox was seen eating

a mole~rat, In this area many of the mole-rat bhurrows had been
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dug, presumably by Simiecn fox, since there was no other

digging predator in the arca.

Augur buzzar (Bufice rufofuscus) were frequently observed
in Sanetti and between 3 and 8 wers recorded each day (Fig. 15).
The fact that mole-rat eyes are located at the fop of the head
indicates that aerial enemies are important, though eyes in this
position are also advantageous to look in every direction while
foraging.

BREEDING

Disappointingly little information was obtained on breeding.
One juvenile mole-rat was seen in September 1984 at Sanetti. This
suggested that breeding may occur towards the end of the rainy
geason., This was further supperted by the fact that the rate
of s0il mound formntion was high during the dry season, possibly

when the juveniles were making their own burrow system,
SOCIAL ORGANIZATION

All observations made during this study suggested that

T. macrocephalus is solitary. One mole-rat almost always

occupied one burrow system, although the burrows of two mole-rats

could be close enough, so that mole-rats could appear from two

-

holes as close as Zm. apart. In Sanetti, each mima mound
appopr o’ ; . 3
PPee™™ 45 e occupied. by a single mole-rat. However, on two

different occasions and locations two mole-rats were observed on

one mima mound. One juvenile and one adult were scen on the
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Fig. 14. 5Simien fox (Canis simensis) hunting.

#ig. 15. The Giant lobelia (Lobeliz rhynchonetslun)
serves as &z look-out nercl for thre
Augur burzerd (Cuteo rufofuscus)




same mound in September 1984, and two adult-sized molc-rats were
observed on one mima wmound in December 1985,
SEASONAL MIGRATION
Mole~rats were observed to make seasonal movements within

their burrows. At Badeae for instance, part of the burrow system

of each mole~rat was found to beg within the raised areas of

Kniphofia-frtemisia shrub, where as the main part was located
in the lower ground grassland, During.the rainy season, the
grassland became swampy and all wole-rat activity was restricted
to the higher gfound in the shrub, Few tunnels were dug in the

Kniphofia-Artemisia area, as the number of soil mounds observed

were very few. This indicated that this part of the burrow

was a permanent system which was more frequently used during

the wet season, because of its more favourable moisture conditions.

As the swampy grassland began to dry up btowards October, the
mole-rats moved slowly deown the grassland by excavating new
tunnels or recons%ruoting the o0ld ones. When mole-rats followed
old tunnels,. as indicated by the appearance of active holes near
0ld soil mounds of the previous year, little soil was ejected
onto the surface. However, when mole-rats followed new under-
ground routes, by excavating new tunnels, the amount of soil

ejected and the number of soil mounds produced were very high.

This kind of restriction of molc-rat activities to raised
areas, during the rainy scason, was also observed at Gaysay and

Sanetti. At Gaysay, deep tunncls and even shallow tunnels




in the low level ground, werc waterlogged in the wet season.
During this period mole-rat activity ﬁaé restricted to the

shallow tunnels in higher ground., At Sanetti, in areas with
well formed wima mounds, mole-rat activities were restricted
to the top of the mounds specially when the intermound areas
became inundated, In aréas with Soasoﬁally flowing streams,

mole-rat opened foraging holes right up to the stream bed

during the dry season and resiricted their activities to higher

grounds during the wet season,

ESTIMATION OF COViER ABUNDANCE OF PLANTS

The cover-abundance of the plant genera was estimated at
Sanetti and Badeae, 8ix 20 X20m quadrats were sampled at
Sanetti. Threc of those guadrats were placed on mima mounds
and the other three on intermound areas. Three quadrats were
gnmpled at Badeae. Two of these were sampled on the grassland

and the other in the Kniphofia-irtemisin shrub.

Table S5a and 5b indicate the plant genera encountered in
samﬁling areas and their cover percentages. The data in Table
Sa show that, at Sanctti; the percentage of plant cover is
much smaller (about 10%) on mima mounds than on intermound
areas where vegetation cover is greater (about 20%). This

difference in vegetation cover appears to be related with mole

the

rat activity. Hole-rats are more frequently active on mima mounds

than on intermound arecas. As a result much of the ground cover
(about 90%), on wima mounds,; is bare soil thrown up by the

mole-~rats,




The data in Pable Sa indientes also that Alchemilla spp.
are the dominant herbs on mimn mounds‘cont?ibuting about 95%
the ground covered by plants. Alchemilla is characteristically
the dominant genus on aima mounds at -Sanetti, It can, thercfore,
be inferred that spociés'of alchemilla are well adapted to

colonize the soil herps thrown up by the giant mole-rat,

The data on Table Sb indicate thnt-aﬁ Badeac the ground is
well covered by vegetotion at the grassland, This appears to
be related to mole-rat densities. The mole-rat density here
is so low that mole-rat activity dovus not seem to have influence

on the vegetation,

On both observation arcas mole-rats were observed to
gather vegetation indiscriminately around their foragihg holes.,
Thus, duration of the time spent on the surface and number of
holes produced by mole-rats was probably related to the per-
centage of plant cover., In areas of high plant cover such as
Badeae mole rAts sperit shoit periods in surface activities and

opened few foraging holes per day.
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Table 5a. Cover percentage of the plant genera

at Sanetti

Genus Mima mound Inter-mound
Alchemilla~1 0,9% 1.7
Alchenilla-2 5.0% 0.8%
Alchemilla-3 345% -
Haplociadum sp. 0.1% -
Galium sp. 0,15 -
Pancium spe. 0.15% -
Festuca sp. 0.,10% 8.75%
Helichrysum-1 0.07% 5.0%
Helichrysum-2 0,019 1.7%
Cynotis sp.. - 0.0%% -
Trifolum sp. 0,01% 0.07%
Romulea sp. 0.01% 0.01%
Un jdentified-1 0.01% -

Un identified-2 0.03% -
Thymus sp. - .87
Helichrysun-3 - 0.9%
Helichrysum~4 - 0.03%
Luzula sp. - 0.01%
Swertia sp. ~ 0.03%
Unidentitied 3 - C.01%
Unidentified & - 0.03%

Total : 9,7% 19.92%

Total average 1. 8%
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Table Eb. Cover percentage of the plant

genera at Badeae

Genus -~ Grasland Kniphofia-~
Artemisia
Cotula sp. 18,75% -
Alchemilla-h 11.88% -
Alchemillia-~5 2507 -
Alchamilla~6 - 5.00%
Ciiparus #pv 2.4 50% 0.10%
Ranunculus sp. 1435% -
Trifolium Spe 1. 30% -
Poa Sh. 4, 38% -
Kniphofia - 8.75%
artemisia - 0.10%
Urtica - 0,104
Bohinops sp - 0.10%
Unidentificd~1 4 Q.10%

Total Lo ,66% 14 . 25%

Total average 28464




DISCUSSTON

Burrow Sysien

Complete and partially excavated burrow at Gaysay, Badeae

and Sanetti revealed that . .: Tachyoryctes macrocephalus burrow

gystem has remarkable similarities with and some differences from

the burrow system of other fossorial rodents.

SOIL MOUND The two types of soil mounds produced by T. macroce

phalus are strikingly similar in shape to large soil mounds

which are concentric piles of crumpled cores of soil, and

earth plugs of the mountain pocket gopher (Thomomys talpoides)

described by Reid et al, (1966)., Other pocket gophers are also
known to produce similar earth plugs (Hansen and Ward, 19663
Hickman, 19??). The giant mole-rat, howéver, does not produce
winter casts which are characteristic of pocket gophers. This

is because Tachyoryctes macrocephalus lives in tropical highlands

where little or no snow is formed during the dry season.
T, splendens also produces two types of soil mounds (Jarvis
1973a), However, the large soll mounds of this species are

conical unlike the crater-like mounds of T, macrocephalus .

This discrepancy is due to the manner in which the soil is
pushed out. T, splendens ejects loose soil while it is inside

the tunnel while T. macrocephalus comes out of a hole and shovels

loose earth.

The formation of two types of soil mounds appears to bhe
associated with different activities, Large soil mounds are
thrown up when mole-rats are engaged in excavation, and earth

plugs are produced when mole-rats bhlock up foraging holes
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(Jarvis, 1973a; Yalden, 197%), Barth plugs may also be
produced when extremely shallow tunncls are excavated or
during the dry season when mole-vats redistribute loose soil

(Hickman, 1977).

The fact that few s0il mounds are produced in the giant
mole~rat habitat particularly at high altitudes, may indicate
that a burrow system is used for a longer period of time
probably by a series of generations. Young mole-rats can
accept an abondoned burrow and repair 1T (Hickman and Brown,
1973b), The greater number of soil mounds produced at Badeae
during the dry season may be duec to cextension of tunnels towards
the grassland as far doun as the soil moisture permits; however
it may also be related to breeding. Hiller and Bond (1960)
suggest that the rate of mound formation is more affected by
seasonal change in feeding habit and breeding than by

precipitation.

The use of small number of holes to eject large amount of
§oil and hay (1arge soil mounds and hay piles are produced due
to periodic addition of small quantity of soill or hay through
the same hole) has the advantage of minimizing the amount of

energy needed to excavate additional tunnels.

HAY PILE Hay piles mixed up with faeces are characteristic of
the giant mole-rats burrow system (Yalden, 1975), Similar
plles of vegetation are alse produced as part of soil mound

I. splendens (Jarvis and Sale, 1971) Cryptomys hottentotus

(Genelly, 1965) and Paprogeomys castanops (Hickman, 1587,
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Yalden (1975) sugresty the sourco of these haypiles to be

food storage and noeating materials. The present study,
however, indicates that food stores are the main and probably
the only source of hay piles. O01d nests were found at Gaysay and
Badeae with nesting moterials being decomposed. If nesting
materials were discareded as hay piles, as Yalden (1975)
suggesﬁed, these decompésed nesting materisals would not be
found, Besides, all nesting materials examined were devoid

of faeces. If nesting materials were the‘main sources of

hay piles, facces would not be found mixed up with the hay,
Secondly, hay piles are not always made up of dried vegeta-
tion, but can also be composced of fresh grasses and herbs,.

In fact, towards the end of the rainy season, vegetation added
to hay piles are uvsually fresh., 41l this shows that hay piles
are discarded food materials, the sources of which are the
storage chambers that are found filled with fresh and dried

vegebtation mixed up with faeces.

FORAGING TUNNELS Hickman (1979) noted that deep and shallow

tunnels occured in the burrow of C. hottontotus and the deep
tunnels were located near the proximity of the nest and con-
nected to the shallow tunnels by gradually slo;ihg ramps and
steep shafts.. Similar pattern of tunnels were obsgerved in
this study although steep shalfts were not found., Anastomosis
(which enables mole-~rats to by pass cach other in the burrow)
and spiral tunnels (which enable molc-rats to escape from
predators without losing secure Footing) which were charact-
erstic of the burrow of Cryptomys (LEloff, 1951a); Genelly,

1965; Hickman, 1979) were not found in this study. The,
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former may be rolatedto the solitary naturs, of T. macrdsephalus

and the latter to minimum underground predator pressure in the
giant mole-rat habitat. The foraging tunnels of the giant mole-
rat, however, were usually,branched into two or three branchss,
just a short distance behind a foraging hole. This might be a
significant anti-predator device, particularly for Simien fox

which frequently attempts to dig the mole-rats out,

The foraging tunncls of T, macrocephalus were circular in

cross scction like tunnels of other substerranean rodents. The
average diameter of these tunncls was, however, very much higher
than the tunnels of I. gplendens reported by Jarvis and Sale
(19?1), This was probably due to the size of the giant mole-
rat, The depth of therforaging burrvows of the giant molew-rat
was variable (range 8.-52 cm)-unlike tunnels of T, splendens
(Jarvis and Sale, 1971) and Spalax (Mevo, 1961)., The depth

of the tunnels of T, macrocephalus revorted by Yalden (1975)
was much smaller because he excavatoed small portions of
differnt burrow systems. Jarvis and Sale (1971) suggested that
depths of foraging tunnels are regulated by the level of roots
of food plants. The level of rhizomes and tubers, however,

does not scem to influence the depth of tunnels of T, macrocephalus

because this species feeds largely on aerial shoots of plants

(Yalden,_1975). The importance of having a variable burrow depth
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in this spscics may be associatoed with temperature regulation

in addition to nroftection Ffrom predators. The micro-environment
of a closed burrow system is very stable, unlike the variable
and cyclic terrestrial situvations (McNab, 19663 1979; Gettinger,
1975; Taylor et al,, 1985). McNab (1966) noted that the daily
temperature fluctuation in the burrow of Geomys was inversely
related to depth, there was little fluctuation at deeper
tunnels, Mole-rats therefore, could move to parts of the
burrow with Tavourable temperature ( Jarvis, 1978). They can
movy to deeper burrows if the superficial burrows become too
cold or too hot (Gettinger, 1975)., This bechavioural thermo-
regulation may be important in the ggiant mole-rat habitat

where air temperature fluctuation is extremely high (Hillman;
1986a) particularly during the dry season. During this period

the deeper burrows can be used since they will be dried up.

Deep tunnels besides offcering protection against predators and
extencs temperatures, may alsoe maintain the burrows at higher
levels of humidity as they are ¢lose to the water table (Hickman

1977).

Spalax is also know to construct shallow breeding mounds
during winter and to rencw construction of the deep tunnels
during the dry scason, so that they accommodate the animals

during the hot and dry summer climate (Costa and Neve, 1969).

The total length of tunnels recorded in this study was

much higher than that suggestcd by Yalden (1995) and greater
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than that recorded Zor 1. splendens (See Jarvis and Sale 1971).
In the fully excavated burrow systom the area cbvered ﬁy

recent (about onz2 month old) surfacs signs such as solil mounds
and earth plugs was 8,;3% of the total arca covered under
ground-by the net work of tunnels, This extensive under-
ground tunnel system appeared to be the means to exploit the
habitat maximally. It covered wide areas for feediné and
facilitated seasonal migration to different parts of the burrow
system., The arca had a 4 slowe; thus all the tunnels were not
located at the same level. During the wet season, the mole-
rats could move to parts of the burrow at higher levels and
restrict their activities there and during the period of
minimum rainfall, when rain was not sufficient to make the area
swampy, the animals could move to burrows at lower levels and
feed. This scasonal movement of mole-~rats to raised parts of their
burrow system_during the rainy season was observed at Badeae
and Sancetti, In Sanctti, mole~rat activities were restricted
lto the top of mima mounds during the wet season particularly

in arcas where the lower intermound areas were inundated. Similar
abbreviation of burrow system as a result of flooding was
reported for T. splendens (Hickman, 1983%; Gakahu and Cox, 1984)

Thomomys talpides (Hanscn, 1962) and other pocket gophers

(Scheffer, 1958),

Extensive underground tunncl system can be a means by
which solitary animals such as mole-rats communicate for the

purpose of mating (Hickman, 1977) although some mole-rats can
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migrate over land cithoer to establish a now burrow system
or to search for a mate (Nevo, 1961; Hickman and Brown,
1973b).

NEST AND NESTING MALGRIALS In this study one functional nest

per system was found., A similar finding was reported for Cryp-

tomys (Genelly, 1965; Hickman, 1979) and Tachyoryctes splendens

(Jarvis and Sale, 1971). Nests of T, macrocephalus were

located at relatively shallower depths from 18 to 24 cm below
the surface, as were nests of T, splendens (Jarvis and Sale,

1976) Cryptomys (Hickman, 1979 ), The average diameter of nests

of T, macrocephalus is similar to the diameter of nests of

T, splendens and Heterocephsalus glaber (Jarvis and Sale, 1971)

and is greater than the diameter of nests of Cryptomys (Hickman,
1979) and Spalax (Nevo, 1961), This differences in size of the
nest can be related to sizc of the animals., The giant mole-rat
is greater in size than many fossorial rodents (Table 6), and

hence has to construct relatively bigger nests. The similarity

in size between nests of I. macrocephalus, and nests of

T. splendens is probably due to the fact that nest of %he

latter are nmultipurpose. The similarity between nests of

T. macrocephalus and H, glaber, despite the enormous difference
in size between the two (Table 6), is related to the social
structure. H. glaber is a colonial rodent and thus has to

constuct a bigger nest to accommodate several individuals.

The nesting material of T, maorocephalus in common with

other mole-rats, was composed of grasses made into a hollow




Teblz: & Some foszorial rodents of the world
Bedy

Gznus Common nams Family Distribution ﬁody weight Refercnces
Gzomvs Pocket gopher  Geomyidac Z.N.imerica  Upto 45Cg “Jalker (136L)
Thomonys Pocket gopher  Geomyidac W N.America  Upto 1hb1g Turner (1974)
Spalax Blind molae-rat Spalacidac Middie Bast  Upto 295g Walker (1964)
Cryptomys Blesmol Bathyergidae I&S. Africa 200g Kingdon(19?4)
H:iigvhobius Blesmol Bathyergidae . Africa 160g Xingdon(1974)
Hetsrccephalus Naked mole-rat IZathyergidae E. Africa Upto 80g Kingdon{(197%)
Tachyoryctes Root rat Fhizeounyidacs E, Africa Upto 300g Yalden (1985)
Tzchyoryctas Giant mole-rat Rhizomyidae Ethiopiz {€ocg - Yalden (1985)
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hall, Hven the unrelsted insectivo$e moles use grasses

and other vegetation as nesting materials (Armsby et al.,
1966). The most important advantage of such material is in
increasing insulation and decreasing the rate of heat loss.

The insulation provided by the nest of Peromyscug leucopus was

found by Glaser and DTustick (1975) t{o retard the loss of
metabolic heat and effectively raise the ftemperature surrounding
the mice at lower ambient temperature. Survival of small
mammals during periods of cold weather and minimum activity is
very much influenced by the degree of protection offered by

the nest (Sealander, 1952). Thermal insulation is as important
in tropical lowlands as it is in the cold temperate regions,
where successful utilization of habitiat includes the ability

to circumvent prolonged exposure to extremes of climatic

conditions (Taylor et al., 1985),

T. macrocephalus is a highland species as is T.splendens
and apparently needs the warmth generated from the deoompositon
of faeces, food store and nesting material., Nests of T, macrogc-
ggﬁélgﬁ were devoid of faecal pellets unlike the nests of 22

T. splendens reported by Jarvis and Sale (1971).

FOOD STORE Burrows of T, macrocephalus consist of special food
storage chambers as do burrows of Spalax (Nevq, 1961), Helio-
phobuis (Walker, 1964) and Cryptomys (Genelly, 1965). However
incontrast to the storage chambers of these mole-rats, the
storage chambers of I. macrocephalus contain faccal pellets

mixed up with food items., The presence of faeces in storage




- 70 -

chambers is probably due to the fact that the mole-rats

spend relatively longer period of time feeding in these chambers
and may defecate there, The contamination of stored food with
faecea is probably the main reason for the frequent ejection of
contents of storage c¢hambers as hay piles. Further research is,
s hovever, needed in captive condifions before one could fully

conclude on such reasoning.

T. macrocéphalus frequantly discards contents of storage

chambers as haypiles in contrast to L. splendens which accumulates
such materials in the nest to get the warmth generated from
decomp&sition. The advantage gained from deaomposition of store
contents might he offset by the expenditure of energy needed to
construct new store chamhers pariicularly in view of the fact

that numerous storage chambers occur in burrows of the giant mole
rat at high altitudes. The importance of having high numbers

of storage chambers at high altitudes where the vegetation

cover is only about 15% of the ground may be related to the
availability of food., Storing greater amounts of food is important
to supplement the limited amount available on the surface seasonally
Besides, having smsll size but numerous storage chambers than

few bigger ones reduces the amount of food that is contaminated
with faeces during feeding and hence the amount of food that

is discarded.

BOLT-HOLE Bolt hole which is characteristic of the burrows

of T. splendens and Heliophobius (Jarvis and Sale, 1971)

and Cryptomys (Hickman, 1979) was not discovered in this study.

1t seems probable that the burrow of T. macrocephalus also

has bolt-hole, but was overlooked during excavation, since




EXPOSED PARTS OF BURROW SYSTEM — The cxtonsive underground

tunnel systems of molc~rats are usually marked by earth plugs

and/or_soil mounds over vach entrance on the surface. Table 3
shows that there is a differcnce betbtwoen the magnitude of
surface signs at high and low altitudes specially with regard
to inter-holc distance., The inter--hole distance at high
altitude (Sanectti) is significantly greater than that at lower
altitude (Badeae). This appears to be related with the vege-
tation cover. In Sanetti gquict a considerable portion of the
ground cover {about 85%) is bare boil. On many occassions,
therefore, the mole~rats have to move some distanoe from

their foraging holes, to collect the scattered vegebation
which is not uniformly distributed around the hole as in Badeae
where bare soil covers only 15% of the ground. In areas where
the vegetation is sparsce, it is important to have the feeding
holes far apart since it provides a wider foraging arca and
increases the chance of getiing food plant between two
foraging holes. In Badeae and Gaysay howevér, the ground is
almost Qompletely covered by vogctﬁtion and hence distance
between foraging holes are smaller. The higher number of
foraging holes produced by each animal per day at high
altitudes is also related te vegetation cover. At Sanetti,
where vegetation cover is extremely low, the amount of vege-
tation required per day by a mole-rat can be gathered from 3
or more foraging holes, where as at Badeae the vegetation
around one foraging hole suffices. As a result higher

nuntbers of foraging holes are produced by a mole-rat per day

at higher altitude than at lower altitudes.




ACTIVITY ABOVE GROUND

Subterransan momnals such as mole-rats spend their lives
essentially underground nnd rarely come above ground, Some-ﬁolew
rats are so specianlized to underground 1ife that their eyes are
degenerated (Eloff, 195123 1951byg 1958; Nevo, 1961), @n rare
occasions, mole rats may briefly appear on the surface
searching for a mate (Nevo, 1961); to collect nesting materizls
(Gettinger, 1975)and food materials (Jarvis and Sale, 19713
Yalden. 1975) or when their burrows are flooded (Hickman, 1978;
Hickman et al., 198%). The giant mole-rat, however, is a more
frequent visitor of the surface than other African mole-rats,
as 1t largely feeds on aerial shoots of plants. This behavior
has made the recording of aboveground activities such as

observing, foraging and digging possible.

OBSERVING When mole-rats appear on the surface either to forage,
dispose of loose soll or for any other acbivity, they invariably

make some kind of obscrvation to detect any potentinl predator

that may be present around their burreow systems. This behavior

has been recorded for T. splendens (Jarvis and Sale, 1971) Zimacroce~
phalus (Yalden, 1975) and for pocket gophers (Hickman and

Brown, 1973a), Mole-rats becowme vulnerable to predators when

they leave their protected underground burrows and the ability

to detect predntors during this vulnerable period is an important
behavioral adaptation promoting survival (Hickman and Brown, 1973a),

T. macrocephalus, which is the least specialized mole-rat for

subterranean life (Yalden, 1985) has well developed senses of




gight and hearing which ennble it Lo detect the wmotion and

sound of predators effectively.

The extended period of observation made by the'giant
mole~rats, whenever it comes out of o foraging hole for the
first time or when it suspects danger, indicates that the
animal carefully surveys the cnviroument before it -engages in

other activites and becomes susceotible to predators.

FORAGING Fossorial rodents colledt aerial shoobs of plants for
nesting material (Gettinger, 1975) and feeding (Nevo, 1961;

Jarvis 1973%a; Yalden, 19753 1985) T, macrocephalus spends more

time foraging above ground, because it feeds largely om aerial
shoots of plants (Yalden, 197%). One important advantage of
surface foraging is bto minimize energy exvenditure. The giant
mole-rat can harvest vegetation in an area of about 500 cm2

by opening only one foraging hole, thus reducing the amount

of energy that would be needed to extend foraging tunnels, if

it fled only from underground,

Yalden (1975) analyzed stomach contents of gisnt mole-rats
from both high and low altitudés. Specimens collected from
high altitudes fed entirely on acrial shoots of plants while
the two specimens which included roots and grit were from
lower altitude grassland areas. These differences might suggest
that the availability of tubers and bulbs was limited at

high altitude,

L. splendens fecds largely on tubers and bulbs, although

it sometimes surface forages (Jarvis and Sale, 1971) unlike
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L. macrocephalus. I. macrocephalus being a highland animalg
has higher energy reguiremenis and has Lo consume more food
than animals of lower altitudes such as T. splendens. The
giant mole-rat appears to have succeeded in obtaining more
food by the behavioural mgdification of extended above ground
foraging, although a detailed study of the physiolopgy of this

species and the aboveground and belowground productivity of its
i

habitat is important fo support this explanation.

DIGGING Most of the digging activity that can be observed at the
surféce is mainly blocking up of old foraging holes although
uplifting of loose soil and hay are also conspicuous. Mole-rats
constantly open new holes in search of food and plug up old
holes to keep predators out and the wmicro-climate of the burrow

constant.

While on the surface, T. macrocephalus pushes loose soil
usually with its muzzle and at times with the sides of its face.
This is slightly different from the way T, splendens transports

soil (Jarvis and 5ale, 1971) in that, when T. macrocephalus

uses the side of its face the corresponding fore foot does

not seem to bhe involved,

Hodification of the upper lip, which meets behind the pro-
truding incisors, and the well developed incisors suggest that

L. macrocephalus in common with East African mole-rats (Jarvis

and Sale, 1971), digs with its incisors.




TOTAL ACTIVITY The total perioeds of surface activities rcgcrded
in this study are much higher than those recorded by Yalden
(1975) especially at higher altitude., This discrepancy is
probably due to differences in habitat and method of recording.
Yalden (1975) observed mole-rats at Urgona Valley (BMNP) where
the vegetation cover appears to be better (50% of the ground
cover) than at Sanetti where the vegetation cover is only

about 15%. At lower altitude, in fact, the average total activity
period recorded in this study is lower than the average total
period of activity recorded by Yalden for adult meole-rats. The
method of timing used in this study specially towards the latter
half of the study period, increased the time spent by mole-rats

for various activities (see materials and methods),

Of the total time spent on the surface 77.2% was spent on
foraging, 14.9% on observing and 7.9% on digging. It is not
surprising to see that more time was devoted for foraging because
all other activities were performed primarily for the purpose of
feeding. Nevo (1979) noted that all the activities of sub-

terrancan mammals were linked with feeding periods.

Surprisingly enough the pattern of surface activity
recorded in this study is very similar to the activity
patterns of T. splendens and more or less so with the activity
patterns of Heliophobius (Jarvis, 1973%a) and Spalax (Nevo,
et al. 1982), although nothing is known about the subsurface acti-
vities of the gisnt wole-rat, . macrocephalus restricts its por-

iod of surface activity to a clearly defined time of the day as




...76._

does T. splendens (Jarvis, 19Y3a). Jarvis (1973a) suggests

that the distinct dailly activity pattern is triggered by

exposure to light when the mole-rats forage above ground.
Endegenous rhythunicity appears to be synchronized with, and

selected by, the environment as an adaptive strategy (Enright,

1970). The surface activity pattern of T, macrocephalus has

adapltive value to conserve metabolic energy and promote survival,
The mole-rats become active, on the surface, during the day
when.the air temperature is fairly high. This diurnal activity
reduce the amount of energy needed to maintain body temperature
in contrast to nocturnal mtivity, ﬁhen night temperatures
normally dip below freezing. In addition the giant mole-rat

can clearly detect the presence and approach of predators on

the surface during the day because of its well developed sense

of sight, The restriction of ahove ground activities during

the day is, therefore, an adaptive stirategy.

PCPULATION DENSITY

Subterranean rodents live in a closed burrow system, their
presence is thus indicated by surface signs such as soil mounds
and earth plugs. Because of their subterrancan existence,
population densities of mole-rat are usually estimated indirectly
(Jarvis, 1973b). The number of surface signs and the rate of

their production have been used Lo ecstimate population density

(Hill et al., 1957; Genelly, 19653 Hansen and Ward, 1966 Reid

'

s
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et al., 1966), Nevo (1961) Jarvis ond Sale, (1971) and Jarvis
(197%b) believe, however, that estimation of population density
from counts of surface signs are unsatisfactory because
environmental variations in zo0il moisture and texture and
vegetation influences the number of surface signs produced.

More accurate estimation of population density of subterranean
rodents can be gained by trapping oult all rodent moles in a unit
area. Hansen and Ward (1966) and Reid et al. (1966) have found
a positive relationship between number of pocket gohpers trapped

and surface sign counts,

In this study population density of the giant mole-rat was
eatimated based on surf%ce sign mcethod, active holes were counted
to estimate mole-rat numbers., The population density was esti-
mated to be about 6000 mole-rats per km2 at Sanetti and 570 mole-
rats per km2 at Badeae. The population density at high altitudes
was similar to the density of population estimated by Yalden
{1975) but, contrasted with thé mole-rat density suggested
by Hillman (1986a), This discrepancy is probably related
to the specific area where the density was estimated, although
the methods, of estimation used might also have contributed
to the difference in the estimated densities. Neither
Yalden (1975) nor Hillman (1986a) used counts of active holes

to estimate Mole-rat densities.

The difference in population density between the two
observation sites, Saneiti and Badeae, may be due to differences
in vegetation and soil types. Although the vegetation cover

is very high at lower altitude, the area covered by prefered
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food plants is actually small. Besides severe competion appears
to occur between the mole-rats and domestic livestock at lower
altitude, Hansen and Wari (1966) suggest that population
densities of pocket gophers cannol be predicrted by the
availability of food, even though high population densities may
depend, in part, on large amounts of available food., This may
well be true for the giant mole-rat, Although the avallability
of food seems to be small from the vegetation cover, large
amounts of food can be harvested and stored underground during
the growing season. TIrom the higher number of storage chambers
and higher number of large hay piles at Sanetti, it appears

that food is not a limiting factor at high altitude. A

Though the soil types of the two observation sites are
similar chemically (Weinert and Hazurek, 1984), they are not
physically so. The soil at Sanetti is so soft that it collapses
under the foot at nearly every step, whereas at Badeae the
s0il is very compact, and cattle and horses graze in this area,
which may help in compacting. The difference in mechanical
propertieg of the soil at the two observation sites, may also have
contributed to the difference in population densities, mole-
rats expend energy during excavation and the amount of energy
expended to excavate a unit length of tunnel depends on the
nature of the soil. It is, therefore, obvious that at Sanetti
where the soil is soft and easly workable; mole-rats expend far
less energy in digging than at Badeae. Detailed vegetation
and so0il studies are necessary before the factors that contributed

differences in population densities are fully understood.
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Predation

Subterranean rodents, such as mole-rats, that live in
closed burrow systems arc effectively protected from potential
predators {(Hildebrand, 1982; Jarvis, 1973b). Mole-rats become
vulnerable to predators when they come to the surface either
to forage (Ja?vis & Sale, 1971; Jarvis 19732) or when the young
disperse to establish their own burrow systems (Jarvis 1973b) or

when they are driven out by flooding (Genelly, 1965, Jarvis, 1973b)

T, macrocephalus seems to be more vulnerable to predators because
it spends more time on the surface than other African mole-rats.
Howsever it has a well developed sense of sight and hearing which

enable it to detect predators more effectively than othef mole-rats,

The data in this study and in the literature suggest that

the most important predator of T, macrocephalus is the Simien

fox (Canis simensis) (Yalden, 19753 Morris and Malcolm 1977;

Hillman, 1986a; 1986b), The Simien fox and the giant mole-rat
both occur at higher density in the afro-alpine zone. Other
mammalian predators that may feed on mole-rat are Zorilla

(Ictonyx striatus) (Hillman, 1986b) and Serval (Felis serval)

(Yalden, 1975). Various birds of prey have also been recorded
in the mole-rat habitat (sec Yalden, 1975; Hillman, 1986a)

although Augur buzard (Buteo rufofuscus) is the most frequent

and probably the most important avian predator, Further work,
however’is needed to uﬁderstand‘the effect of predation in
regulating mole~rat densities and the influence of mole-rat
population on the population of the endangered Simein fox

(Canis simensis)
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BREEDING

Nothing is known about the gestation period and litter size
of the giant mole-rat nor is the brecding season well known.
Litter size is very low in subterranean mammals (Wevo, 1979). The
litter size of T. splendens is usually one, although on rare
occasions it can be two or more (Jarvis, 1969; Rham, 1969; Jarvis
1973%b), A similar pattern has been found for Bathyergus (Jarvig,
1969), Spalax (Nevo, 1961) and for pocket gophers (Hansen
and Bear, 1965). One juvenilc observed in this study and
one immature observed by Yalden (1975) indicate that litter

size of T, macrocephalus is also small, probably one. These

juveniles were obscrved in September and January, and this
may indicate that breeding occurs towards the end of the rainy

season or nossibly throughout the year.

The gestation pcriod of T, splendens ranges from 40 to

48 days (Jarvis, 1969; Rham, 1969). Since T. macrocephalus is

a larger mole-rat the gestation period might he expected to

be a little longer.

SO0CIAL ORGANIZATION

Observations made in this study suggest that T, macrocephalus

is  solitary, as is T, splendens (Jarvis and Sale, 1971;
Hickman, 1983). However, Yalden (1975) described the group of
individual mole-rats he obscrved as a colony although, he
presented no evidence to support this contention. There was
in the present study, however, good evidence to show that the

giant mole-rat is solitary, as there were no foraging holes




that had been used by more than one mole-rat. At Sanetti each
mima mound was occcupicd by a single giant mole-rat similar to
that described for T. splendens (Gakahu and Cox, 1984) and Thomomys
talpoides (Hansen, 1962)., On two different occasions, however,
two mole-rats were observed on one mima mound, On the first
occasion one of the mole-rats was juvenile, aﬁd on the second
both mole-rats appeared to be adults. These plural occupancies
of a burrow system were probably related to breeding. During
the breeding season territorial behavior becomes subordinate to
reproductive instincts and male and female may tolerate cach
other. This has been described for other solitafy mole-rats

such as Sypalax (Nevo, 1961) and pocket gophers (Hansen and

Miller, 1959).
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SUMHKARY AWD RECOMIENDATIONS

This study vrovides information on burrow structure, patterns
of the surface activities, population density, social structure

and seasonal movements of the giant mole-rat (Tachyoryctes

macrocephalus Ruppell, 1842) on the basis of field observations

in Bale Mountains National Park. This species is endemic to
8p

Ethiopia and found only in Bale Mountains %% far as is known.

Extensive network  of underground tunnels, marked by soil
mounds, easth plugs and hay piles on the surface, are dug by
this animal., A portion of this tunnel system occurs at greater
depth about 50cm from the surface, and remains waterlogged
during the wet season, The burrow system contains one to several
hlind tunnels serving =as food caches,., The food store is normally
contaminated with faecces. One functional nest per burrow

system appears to be characteristic,

Mole—-rats spend brief periods of time above ground collecting
plants, shovelling earth snd observings An individual mole-rat
spends, on the average, 54 winutes foraging, 10 minutes ohserving
and 5 minutes plugging up old foraging hole, shovelling earth

or hay a day.

The population density of mole-rats was estimated to be
. 2
1 mole-~rat per 167 m” area at Sanetti and 1 mole-rat per 1333m2

area at Badeae.

The ginnt mole-rat is a solitary rodent. It makes seasconal

movements with in its burrow system.




Simien fox {(Canis simensis)oppeors to be the major
predator,

Based on this study it is recommended that:

a)

b)

c)

d)

e)

~ 8%

Studies of the giant moléurat in captivity will

provide information on subsurface activity of the
mole~rat which is totally unknown, breeding biology

such as gestation period, litter s7ze and sexual
behavior,. . Important physiological studies can also

be made on captive mole~rats.

Many more burrows have to be excavated over large areas
to determine varlability of burrow structure and factors A

that influence the construction of burrows.

Studies on the vegetation types at different altitudes,

and their above-ground and below-ground productivity

are necessary bto understand factors that affect mole-rat's !

feeding habit.

Studies on physicnl and chemical properties of soill at
different hobitats are neceessary to understand the

impact of these factors on mole-rat densities.

The effect of livestock grazing on mole-rat population is
not well known at lower altitude. A detailed study of hthis
will be important to regulate mole-rat densities, At
Sanetti, however, cattle grazing will have adverse effect
on mole-rat populations. Very high numbers of cattle arc

now grazing on Sanetti platenu due to a recent



£)

g)

Can

settlement in Rira., This hcavy cattle grazing
will have detrimentnl impact on mole-rats not only
due to competition for food plant but also due to
trampling as the cattle walk on the extremely soft

soil.

Study of population dynamics of the giant mole-rat
is important to the conservation .f the endangered

Simen fox as the mole-rat is 1ts major prey

The giant mole.~rat is not only endemic to ®thiopia, but
occurs in limited arcas in Bale Mountains. It is,
therefore, important to visit other highland areas

of Ethiopia which seem to harbor this species to

determine its range and distribution.
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