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ABSTRACT

The mai n objective of this study was to assess the damage to grazed
pastures in the Mokwa area of the Southern Quinea savanna zone of N geria

by Trinervitermes gem natus (Wasnmann) (lsoptera, Ternitidae, Nasutiternitinae)

and to determne its role as a conpetitor with grazing livestock. In
N geria, T. geninatus is the only species which cuts down standing grass
and at the sane time is sufficiently abundant to be considered a potenti al

threat.

T. gem natus buil ds doned-shaped nounds which are highly aggregated
and serve as breeding and storage sites. Sone of these nounds are sub-
sequent |y abandoned and are either eroded away or are reoccupied by the non-
mound bui | di ng species of the same genus or other termtes notably Cubi -

termes sp., Promirotermes sp. and Mcrotermes spp. During the rainy

season, new nmounds are constructed and ol d nmounds are enl ar ged.

Popul ation density of T. gemnatus was estimated in grazed and
ungrazed areas of a secondary woodl and, as well as in a primary savanna
woodl and. Popul ations were low (203/m; 232 nounds/ha) in the areas of
study and seasonal fluctuations in themwere indicated. Decrease in pop-
ulation during the dry season, coincided with the period of active foraging
and intense predation, and they increased during the rains. Follow ng the

flight of alates in July/August, popul ati ons agai n decli ned.

The foraging habits of T. gemnatus and the quantity of grass renoved
were investigated. Foraging in the Mokwa area was in early morning or late
afternoon and | asted about 2-3 hours. It was greatly influenced by
environnental factors such as rain, soil surface tenperatures and relative
hum dity. QGass production was estinated at approxi mately 3000 kg/ ha/ annum

and of this quantity cattle consuned approxinately half the annual prod-



uction 48%).

A met hod was devel oped for quantifying the anmount of grass harvested
by T. gemnatus, and follow ng this method, the quantity of grass renoved
by this species was estimated as representing 3.5%of the total annual
grass production. Therefore, the quantity of grass renoved and hence made
unavai l abl e for cattle consunption was insignificant in this locality.

Al though, field and | aboratory investigations on the choice of grass

indicated a strong preference by T. geninatus for Andropogon gayanus, a

grass species equally preferred by cattle, they hardly conpeted for it in
the Mokwa area. It is however suggested that the inpact of grass harvesting
by T. gemnatus would be relatively greater in areas with high popul ati ons
of termtes and in overgrazed pastures especially during periods of drought

when grass production is |owered by poor managenent or |owrainfall.
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INTRODUCTION

Damage to pastures by grass harvesting termites and probable competition
with grazing livestock has never been assessed in Nigeria. Such an assess—
ment was made possible with the establishment of a Termite Research Project,
based ab Mokwa in the Southern Guinea savanna zone of Niperia, and jointly
financed by the Overseas Development Ministry in the United Kingdom and the
Institute for Agricultural Research-of the Ahmadu Bello University, Zaria,

Nigeria.

The overall aim of the termite project was to study termite populations
in crops and pastures, with o view to assessing their status as pests. The
aim of this particular study, was to investigate the role played by the
grass harvesting termite T. geminatus (Wasmann) (Isoptera, Termitidae,

Nasutitermitinae) in grazed pastures.

The worl principally involved measuring population density, seasonal
foraging activity and harvesting rates of T, geminatus with a view to
assessing its significance in the pasture ecosyatem, and in particular its

role as a competitor with grazing livestock.



SECTICN I. GENERAL DESCRIPTION OF THE BIOLOGY OF TRINZRVITERMES SPP.
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1. Distribution of Trinervitermes and other prass-egtins termites

In tropical and subtropical grasslands, and savanna woodlands, grass—
eating termites are asbundant and widely distributed. In Africa, the most
common and widely distributed grass eating termites are various species of

Hodotermes, Microhodotermes and Trinervitermes, together with certain

Macrotermitinae such as Macrotermes sp. amd Qdontotermes sp. {Naude, 1934;

Emerson, 1938; Coaton, 1951, 1954; Anon., 1960; Sands, 1961; Hartwig, 1955,

1966 and Harris, 1961).

In Australia similar grass—eating fermites abound, such as species of

Anitermes and Drepaunotermes, some Nasubtitermitinae, such as Nasutitermes

and Tumulitermes and Schedorhinotermes (Saunders, 1959; Watson & Gay, 1970;

Wood & Lee, 1971). In Central Asia and the Indian subcontinent some species
of Anancathotermes eat grass while in the semi arid grasslands of the Seuth

Western United States and in South America, Gnathamitermes and Syntermes,

fall within the category of grass harvesters (Harris, 19613 Bilova, 1949;

Luppova, 1958;Weesner, 1970; Bodine & Ueckert, 1975).

In YWest Africa several species of [rinervitermes occur with T.

geminatus as the most abundant in some areas (Sands, 1965). The renge
extends from the near coastal forest savanna mosaic to the sub-desert

éteppe around 10°-12% (Sands, 1965a). : _ 1

In Nigeria, Sands (1961) identified five species which were widely
distributed. Their distribution extends from North of the rain forest into
neighbouring couniries to latitude 15-16°N (Sands, 1965a). Other grass

eating termites such as Macrotermes subhyalinus (Rambur) occurs throughout

various savanna regions northwards to the borders of the Sahara desert

(Ruelle, 1970) and various species of Odontotermes are present throughout

the country (Sands, unpublished datal.
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~ In spite of the wide distribution of Trinervitermes and other grass

eating termites in Nigeria, there has been little information on their
loc 2l distribution in relation to soils and vegetation, Sands quotes
KLemp (1955) as studying the distribution of termites in relation to
vegetation zones and soil condition in Tenzania, and Harris (1963) made
analysis of termite numbers found in soil cores from variocus vegetation

types in the Congo.

A brief survey of parts of North West, North Central and Kano States
of Nigeria, by the Termite Research Team, indicated a close relationship

between s0il type and distributicn of Trinervitermes sp. (Wood & Chiagu,

1975). TIn areas surveyed, the majority of soils were derived either from
rocks of the basement complex or from sandy zmeolic sediments interspersed
with agueous deposits along river valleys. In the Rima-Sokote river basin,
the deposits were of fine-sand texture (Sombroek & Zonneveld, 1974), 1
metre to several netres deep. In the areas surveyed there were vast

portions where Trinervitermes did not occur, possibly because theze soils

did not favour mound building.

Hacrotermes spp. on the other hond occurred throughout this area znd

construcied large mounds. Trinervitermes spp. were only found sparsely

distributed in areags where erosion had stripped off much of the =sand cover,
on certain loamy terrace deposits and to some extint on the Sangiwa cover
sand deposits, which were relatiwvely poorly sorted and contained signi-
ficent amount= of silte (6%) and clay (8%) (Sombroek & Zommeveld, 1971).

Tn contrast, soils developed on the basement complex supported large

‘nunbers of Trinervitermes mounds. This contrast was readily seen on the

Sokoto~Zaria road a few miles South West of Talata Mafara, where the land~

scape chanmed from the flat depositional basin with few or nc Trinervitermes

mounds to more uwndulating country of the basement complex where Triner-
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vitermes mounds were abundant. DBoth Odontotermes spp. and Macrotermes

subhyalinus were evident in all the areas. ‘Yood and Lee {(1971) noted that

the distribution of Amitermes vitiosus in Northern Australia was related

to soil texture, more abundant mounds being built in areas of increasing
clay proportion, as against less abundant mounds in sandy or sandy loam

soils.

Similar relationship of soil structure and abundance of larze mounds

of Macrotermitinae was noticed in the Congo by Sys (1955) and Meyer (1960).

In relation to vegetation, the abundance and distribution of termite
mounds has been noted by several workers. Vegetation not only provides the
source of food, but also has an important impact through its effect on the
amount and distribution of shade (Lee & Wood, 1971). Calaby and Gay (1956),

observed that the distribution of Coptotermes acinaciformis followed closely

the distribution of Bucalyptus sp. which provided shade. Sands (1965a)
studied the abundance and distribution of termite mounds in relation to
vegetation in Northern Nigeria and noted that T, geminatus built 90% of all
its nests in fully exposed sites while 75% of the mounds of T. oeconomus

and T. occidentalis were found in shaded areas. Wood and Lee (1971) showed

that mound building Amitermes lauvensis in Australia, built most mounds in

completely and heavily grazed areas (210-268 mounds/ha), where less number
of mounds were built in undisturbed (28-58 mounds/ha) and highly grazed

(142-154% mounds/ha) savanna woodlands.

2. S8pecies, nest bulilding and size distribution of mounds

The genus Trinervitermes belongs to the subfamily Nasutitermitinae in

which the head capsule of the soldier caste has been modified into a tube
and the mandibles greatly reduced or atrophied. The five species which
occur in MNigeria are present in the Mokwa area, and are as follows:

1T, geminatus (Vacmann)
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I3

occidentalis (Sjostedt)

e
-

oeconomus {Yragzardh)

i

togoensis (3jostedt)

13
.

trinerviuz (Rambur)

Their nest building, structure and size distiribution were studied by Sands
(19612, 1961b, 1965z, 1965b). T. geminatus. T. trinervius and T. oeconomus

build low domed shaped mounds, On the other hand, I. togoensis and T.

occidentalis do not build mounds of their own but occupy abandoned mounds

of other species. Mound building commences after a rain (Plate 3) or
shower enough to scak the soil, or else if the subsoil is moist, building
could commence. 0ld and abandoned mounds are subject to erosion and new
mounds are recruited during the rainy season. The rate at which mounds are
eroded and revlaced must be of pedeological importance (Lee & Wood, 1971).
The intermal structure of the mound consists of a frame work of curviag . ~
floors and pillars (Sands, 1961) which are lined with black or brown faecal
material., The genus is polycalic, each colony consisting of several mounda
which very from large sized mounds used for breeding and other smaller

. gurrounding mounds which serve as temporary shelters from which termites
éan mount foraging expeditions to areas remote from the breeding colony

(Plate 1).

The mounds of T. geminatug are highly aggregated while those of T.

oeconoms appear to be randomly distributed (Sands, 1965).

A study of mound building termites in Australia (Wood & Lee, 1970)
showed that eleven out of the 13 populations studied were overdispersed,
and where slight aggregation was indicated, overdispersion cccurred within

the aggregation.
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3, Mound density and pepulation

Densities of termite mounds in different habitats have been listed
(Vood & Lee, 1971). Murray (1938) estimated mound densities of about

S34/ha for T. trinervoides in a South African savanna. Harris (1961)

estimated mounds of Trinervitermes spp. to be of the order of 35-50/acre.

Bouillon & Mathot (1964) estimated mound density of Cubitermes exiguus at

650/ha while Sands (1965b) estimated mound deunsity of T. geainatus in an
area near Zaria at 753/ha., Estimates of 350 mounds/ha have been made for

Drepanotermes spp. in Australia (Watson & Gay, 1970) and Josens (1972)

working in Lamto, in the Ivory Coast estimated €5 nests/ha for Triner-

vitermes &pa

Estimates of population of mound building and subterranean termites
are few and there are no reliable estimates of the total numbers of any
habitat (Lee & Wood, 1971). This has been attributed to the difficulty in
sampling termite populations whick are cryptic and very aggregated (Wood,
1975). 1In spite of these difficulties, severnl attempts have been made in
estimating populations of mound building species. Sands (1965a), estimated
the population of 1. geminatus in the open savanna woodland of Nigeria to

be of 494—1235.5/&2.

Lee and Wood (1968) estimated the population of the mound building

Nasutitermes exi tiosus in Australia at GOO/hZ. Bouillon {1970) obtained

an estimate of 519/&2 for Cubitermes exipuus. Josens (1972) estimated the

population densities of several species of Trinervitermes in the Ivory

Coast, T. geminatus 128/h2, T. topoensis 13.2/&2, T. trinervius 3.3/h2 and
T. occonomus at 7.0/m2. Lepage (1974) working in the Sahelian savanna
estimated populations of different species of termites, T. geminatus 2 b=
8. /hz and E. trinervius at 12.1*23.3/&2, and in Malaysia Hatsumoto {1975)

eatimated four mound building species at a density of 1330Xm2.
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4, CGrass harvesting and storage

Several genera of the grass-eating termites harvest and store grass in

their nests. Trinervitermes is one of several termite genera in which

grass eating has been developed as a specialized habit. For four species
which occur in Nigeria, grass is the main item of diet (Sands, 1961; Chiagu
& Wood, 1976)., The termites climb up standing grass which is cut down into
small pieces and carried back to the nest, (Plate 2). T. geminatus, T.
trinervius and T. togoensis feed mostly in this way. In other parts of the

world, species such as Hodotermes mossambicus in South Africa (Coaten, 1954),

Drevanotermes sp. in Australia (Watson, 1970) and Amitermes sp. (Ratecliffe
et al., 1952), not only attack standing grass but also collect various
types of plant debris lying on the surface. Other species such as Macro-

termes subhyalinus and Odontotermes sp. feed largely on plant material

lying on the surface of the soil. The habit of storing grass is however

not general in the West African species of Trinervitermes (Sands, 1961a),

but in T. geminatus is a coadaptation with the habit of seasonal foraging
which is very active during the dry season and almost ceases in the wet

season (Sands, 1965c).

There has been little published quantitative data om the amount of
food stored in the nests of grass-harvesting termites. Watson et al (1970)

estimated that moderately sized nests of Drepanotermes perniger in Australia

stored about 200-500 g of dry grass and leaf litter when foraging ceased in
early winter, and that larger nests (of unspecified sizes) contained more
than 1 kg of grass. In the Ivory Coast (Bodot, 1967b) noted that T.

trinervius which foraged all the year round stored no food in the nest.

The sizes of the fragments stored in the nests varied with the species
(Lee & VWood, 1971). Sands (19612) showed that T. geminatus stored larger

fragments (6.26 mm) than T. trinervius (3.76 wm) and T, togoensis (3.97 mm).
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In Australia, Lee and Wood {1971) studied three grass harvesting species

and determined the length of grass fragments stored by Nasutitermes

triodiae (8.61 + 0.51 mm) and Drepanotermes rubriceps (6.50 + 0.23 om).

Watson (1969) noted that Schedorhinotermes derosus ~ a harvester termite in

Morthern Australia felled grass and cut them into pieces of average length
(9 mm) but ranging from (3-17 mm). 7The harvested and stored grass not cnly
served as food during adverse foraging conditions but also served an

insulating function (Coaton, 1958; Watson, 1970; Lee & Wood, 1971).
It is unknown whether other organisms utilized the food ztored in the

nests, but indications are that inhibitory substances produced by termites

{(Lee & Wood, 1971a) could impede the growth of other organisms in the nests.

%. Domage to pastures

In areas where grass—-eating termites are found in large anunbers, they
have been acknowledged as perhaps the most important herbivores in denudation
of range lands (Lee, 1972). Damage to pastures by termites occasionally |
resulting in almost complete denudation and accelerated erosion has been
reported from various parts of the world. In South Africa, Naude (1934)
reported that veld destruction was largely due to Hodotermes sp. and that
extensive denudation occasioned by harvesters probably had considerable
bearing on erosion and loss of rain water by run off. Coaton (1948, 1951,
1954), Hartwig (1955), Nel (1947), Van Ark (1967) and Hickens (1971) have
all identified H. mossaabicus as a pest in the dry districts of South Africa.
Anon (1960) observed that certain areas in Zululand, had a 20% reductioq in

carrying capacity before control msasures were instituted.

In the semi arid regions of Central Asia and in Turkemenia in the
U.8.8.R., (Bilova, 19%9; Luppova, 1958; Hickens, 1971), bare areas caused

by the nest of Anancathotermes sp. occupied 20% of the surface and alsa

caused 20% of loss of pasture. Saunders (1969) noted that in the low-
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rainfall inland areas of Norfhern Rueensland, grass-eating termites '

rendered almost valueless areas of low cattle carrying capacity. Drepano-—

termes rubriveps and D. perniger were said fo have caused denudation in

South West Queensland (Watson & Gay, 1970).

In thé mulga 1ands.of Australia, lasting denudation, caused by the .
combined effects of drought, grazing pressure and nesting habits of D.
Eerniqef have been reported (Watson, lendon & Low, 1973). These authors
further suggested, that where denudation und erosion had oc¢curred, the hard
tops of the nests impeded the recovery of the system. The desert termite

@Gnathamitermes tubiformans {Buckley) was reported as destroying large areas

of prowing vegetation on grazing lands in the South Western part of the
United States (Synder, 1949, Weeaner, 1970; Bodine & Ueckert, 1975). Over-
grazing leads to intense competitioun between cattle and termites and by
creating more cpen spaces influences the establishment of new termite
colonies (Harris, 1961). Locusts and grasshoppers can also denude large
grassland areas, but their effects, though spectacular, are sporadic and

may not be as significant as those of termites (Lee, 1972).

Observations made on an area of sown grassland in Holwa (Wood & Ohiagu,
1976), indicated the potential danger of denudation from the activity of

Hacrotermes subhyalinus and Odentotermes sppe. These scavenging species are

capable of killing off dry grass tussock, that would otherwise grow
following rains and thereby create erosion hazard by baring the soil
surface. It was estimated that 9 kg of grass was removed in a period of 2

months from an area of 0.1 ha by these two species. Odontotermes sp. and

Macrotermes sp. were said to have destroyed areas of pasture (Andropozon
gayanus) in the North Western State of Nigeria. As a result extensive
areas had to be resown after the drought ended in 1974 {Johnson, Ohiagu &

Wood-Tour reports 1974). At the Shika experimental station in the Northern

one a&pect of this complex . v Te wuSLRIOPe been Confined to
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SECTION II. STUDY SITE, VEGETATION ANALYSIS, ADUNDANCE AND SPATIAL

DISTRIBUTION OF MOUNDS
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1. Materi:Lls and methods

1.1 Study site, history, climate and soil

The study site, represented as B (Fig. 1), cove?s an area of abﬁut
2.5 hectares and is in a zone of regrowth savanna woodland belonging to the
Mokwa Cattle Ranch (Nigerian Livestock and Meat Authdfity). This site was.
chosen for two reasons (a) There was a substantial higher density of

Trinervitermes mounds compared with other areas in the locality. {b) The

area was large and uniform enough, for setting up large sized experimental
plots envisaged for the study and was within good distance for herdsmen,

when animals were required from the cattle raanch, for grazing the plots.

It is located approximately 12 kilometers north of Hokwa (90018‘N,
505'E). Moxwa, with an altitude of 230 m is close to the southern houndary
of the Southern Guinea savanna (Fig. 1), and has a mean ammual rainfall of
1175 m, and a pronocurced wet and dry season; with the latter extending

approximately from -itd CGctober to mid April.

The area is gently undulating osnd is occupled by soils of.the Kulfo
association which are developed on coarse-grained Nupe Sandstone {Valette,
197%5). The site occupies a mid-upper slope position on undifferentiated
red ferrisels which have s sandy surface layer, with low water retention

capacity and clay content gradually increasing with depth. The area was

cleared during the 19%9-53 Colonial Development Corporation groundaut scheme

{Baldwin, 1957), and cultivated for two years. When this project collapsed,
the land reverted to bush and since 1959, when it was partially recleaored,

has been used for grazing cattle.

The dominant speeies of grasz is Androporon gayarus Kunth var,

‘biscramulatus (Hochst) Hack; and Hyparrhenia di:soluta (Nees ex stend) C.

E. Hubbard. Other species present include Ctenium newtonii {(Hack) and
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Microchloa indica (Linn.f) Beauv. (Table 1).

Tree species present include Afzelia africana Smith ex Perr; Bukea

africana (Hook.f) and lIsoberlinia sp.

1.2 Experimental layout

The experimental layout (Fig. 2) consisted of four plots A, B, C, D,
two of which were grazed (B and C) and two ungrazed (A and D). Each plot
was separated from the other by a fence to prevent the intrusion of cattle
into ungrazed plots. Similarly the periphery of the 2.5 hectare experi-
mental area was fenced, Each plot was further divided into three blocks

as follows:-—

(a) A block measuring 45 m x 50 m per plot in which 5 strips, each
measuring 3 m x 30 m were randomized and marked with iron pegs at 1 m inter-
vals. Observations on foraging activity of T. geminatus were made in these

five strips.

(b) Two blocks per plot, each measuring 20 m x 50 m (Agi, Ag2; Bgl, Bg2;
Cg1, Cg2; and Dgl, Dg2), in which grass production and decomposition were

estimated.

Originally it was planned that grass production be estimated from one
plot where termites were present, and also in a termite free (chlordane
treated) plot. However, with the low population of termites eventually

encountered in the area of study, this idea was discarded.

Within each of the grass production blocks, ten sub-blocks measuring
10 m x 10 m were marked out, and in each of these, two strips (1 m x 6 m)
were randomized to provide one sguare metre sample to be clipped every two
months. Aﬂ area of 20 m x 50 m, acted as a buffer between the two grass

production blocks in each plot.
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1.3 DBotanical analysis of experimental area

To complete the description of the habitat, an analysis was made of
the vegeltation by determining percentage cover using the 10 point cuadrat

method (Fenton, 1933%; Greig=Smith, 1952a).

The quadrat consisted of two vertical wooden frames 1 metre in height,
held 1 metre apart by a wooden crossbar. On the crossbar were 10 holes

holding vertical pointed rods.

Each quadrat consisted of 10 measurements and 30 were randomised in
the grass production as well as in the foraging blocks of each of the four
plots respectively. In each of the foraging blocks with 5 strips (3 m x
30 m), all hits were recorded from six random positions of the frame/strip,
while in the grass production blocks, the hits were recorded from three
random positions of the frame for each of the sub-=blocks measuring 10 m x
10 m. Measurement was done by lowering the peinted rods one at a time and
as the fine end of the rod touched a species of grass, it was identified
and recorded and the lowering of the rod was continued until the bare
ground or leaf litter was hit on the way down. This procedure was for each
of the ten rods in each quadrat. The cover was calculated from the
following formula (Goodall, 1952).

Number of times a species was hit
Total hits on vegetation

x (100 - Percent bare ground)

1.4 Grass production measurements

Grass production was measured by estimating standing grass biomass (H),
litter biomass (L) and decomposition (L d) rate at intervals of two months.
Grass production was calculated from (Wq = ¥g) + / (L1 - Ig) + Ld / where
W1 and Wo and 11 and LQ were the dry weipghts of grass and litter respect-

ively on successive sampling dates and Ld was the rate of decomposition for
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the pericd between these dates. Litter production was calculated from (L1
- Ig) + Ld. Preliminary studies were carried out to determine the total
number of qudrats,‘knzin area that would be required to give a reliable
estimate of grass and litter biomass at the 5% level of accuracy.

Calculation was based on the following formula (Southwood, 1962).
N = (E§ where
ﬂ Dx
N = Humber of guadrats required

D = Level of accuracy required (5%) _ N b

t = Quantity obtained from tables
s = Standard deviation
X = Mean of samples taken

The preliminary study showed that 48 quadrats were adequate for this
purpose, The area used for wvegetation sampling, two in each block are
shown in (Fig. 2). Each was divided into 10 plots each 10 m x 10 m, and on

zquadrats were sampled within each plot. All

each sampling occasion two Tm
tha litter was carefully collected before the vegetation was clipped to a

height of 1 cm from ground level and collected.

Decomposition rate.was estimated from the loss in weight of pre-
welghsd cut samples of grass retained within wire cages. Five cages each
containing 4.0 g of grass were located in each area (Agl, Ag2 etc) (Fig.
2), and fresh samples were used for each two monthly period, The dimension

of the wire mesh allowed access to foraping termites both Trinervitermes

spp. and various subterranean Macrotermitinae, which were suspected of

beinz a major factor in the removal of grass litter, particularly in the

- dry s=ason. Samples of cut grass for decomposition were placed in the field
in April 1974, so that the rate of decomposition for the period, February

to April had to be estimated by an alternative method.

i e e e o
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1.5 Abundance and spatial distribution of T. geminatus mounds

In December 1973/January 1974, mounds within the areas marked out for
the study of foraging behaviour in the four blocks, were counted and
numbered by narrow aluminium labels on which the number of each mound was
engraved. The aluminium labels were attached by string to 1 metre iron
rods fixed firmly in the soil beside each mound. Measurements of the
height, basal circumference and two arcs at right angles were taken for
each mound and recorded. Termites present in each of the mounds were
identified and the mounds classed as active, (if occupied by T. geminatus),
abandoned, or occupied by other termites including other species of

Trinervitermes. Abandoned mounds were easily recognized by their poor

state of repair and the absence of stored grass fragments. Identification

of other Trinervitermes spp. were done through their solider castes.

Similar measurements were made in the Zugurma bush, (area C, Fig. 1)
an area of undisturbed primary savanna woodland, 6 km from the study area,
on 4 plots each measuring 30 m x 90 m, between September and October 1974.

Identification of different Trinervitermes spp. was carried out in each plot

and the number of mounds occupied by each species counted and recorded.

In December 1974/January 1975, number of mounds in the area was
reassessed. New mounds built within these plots were identified, measured
and counted, Old ﬁounds, where new mound structures were added, were
remeasured and recorded. The distance between nearest neighbours was
obtained by measurement of mounds in plots A, B and C to provide information

on the spatial distribution of mounds within the study area.

1.6 Number of mounds/colony

The tests were carried out in two plots at the experimental site.

Each of the plots (B and C) had in several locations, some mounds that were
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aggfegated.together.- These mound aggregates were often separated from one
another by a distance of several metres. The method consisted of testing
soldiers from mounds maldng up these agpregates against one another as well
as against soldiers from other aggregates in a different location. These
tests were often carried ou% early in the mornings since the termites were

less active at high day tomperatures.

Mounds were slightly opened at the base and lightly tapped. This led
to the immediate out-rush of soldiers {major and minor). Five major
soldiers were collected from each of the mounds by means of very pliable
tweezers into a series of labelled petri dishes which were covered at the
base with filter paper. The termites were allowed to settle on the petri
dishes to get used to the new enviromment, Seldiers from one mound (say,
X) were released inte a petri dish containing soldiers from mnother mound
(¥). This process was repeated using soldiers from mound (X) to test
soldiers from other mounds making uv the aggregate. The mean distance be-
tween mounds of the same aggregate was measured and recorded. A negative
response, which indicated that the soldiers mixed freely, suggested that
the soldiers were of the same colony. A positive response represented by
the incessant vibration of the head and the squirting of a sticky fluwid
frem the fontanalle, indicated that soldiers did not mix freely and probably
were from different colonies. The number of negative and positive
responses were scored. The experiment was repeated using soldiers from
mounds already examined to test soldiers from mounds in other locations.
The distance between nearest neighbours of different aggregates was
measured and recorded. HMounds which stood singly and widely separated were
not tested nor were mounds ahbandon=d and reoccupied by other termites

incluvd.ug other species of Trinervitermes.
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1.7 Plant tissue analysis of stored_grass in mounds, standine grass and

grass liltter

Grass fragments stored in mounds from each 20 mound samples taken
during the d&ifferent sampling periods within the year, were bulked, and
samples sent to the International Institute for Tropical Agriculture in
Ihadan for plant tissue analysis. Similar samples from clipped grass and
grass litter collected during grass production measufements were also sent
for osnalysis. Analysis was carried out to determine tetal percent Nitrogen,
Phosphorus, Potassium, Calcium, Magnesium and Organic carbon content of the

samples. All samples sent for analysis were oven dried.
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2. Results

2.1 Botanical analysis of study area

The results are shown in Appendices 1a - 1f, The mean percentage of
each species in the foraging and grass production areas within a plot and
the mean percentage total for each species in a plot are shown in Table 1.
15 grass species were identified in the study area. The identification of
the different grass species was done at the Shika herbarium. There was
variation in ground cover and species composition in the plots. Hyparrhenia
dissoluta was the most abundant species in each of the plots with a mean
total of 37.12 + 7.0%. MNext in abundance and of fairly even distribution

in plot B, C and D was Andropogon gayanus with a mean total of 23.1% + 1.9%,

but it was much less abundant in plot A. Other grass species occur in

varying amounts. Microchloa indica, a fine-leaved grass species, with an

overall mean of 8.27 + 2.05% was fairly abundant in plot A, B and C, but

almost non-existent in plot D. Ctenium newtonii with a mean 7.33 + 2,44%

was more abundant in plot C (12.46%) and D (10.46%) than in plots A (4.07%)
and B (2.36%). 'There was a fairly low proportion of small shrubs e.g.

(Zornia glochidiata) with a percentage composition of 9.28 + 1.70.

2.2 Measurement of standing grass biomass, litter biomass, rate of decom-

position

The standing grass biomass, litter biomass and percent decomposition
of grass sample for the ungrazed plots is shown in Table 2. The dry weight
of litter decomposed during successive two month periods was calculated
from the percent loss in weight of decomposition samples for that periocd
and the litter biomass at the beginning of that period with the following

exceptions:-

(a) Decomposition for the period February to April 1974, for which no

measurement of Ld was made, was obtained from estimated litter disappearance
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Hean percent comvosition of species

in study area.

Species

Andropozon gayanus Kunth.

ilyparrhenia dissoluta Nees
ex stend.

Cymbo on gipanteus
EHochstj chiov.

Ctenium newtonii (Hack)

Brasrostis tremula {Hochst
ex stend)

Mierochlos indiea (Linn,.f)
Bea\"a

Cyrerus ep.

Cynodon dactylon Linn, Pers.

Bracharia brizantha (Hochst
ex A. Rich) stapf '

Chloris gayana Kunth

Imperata cylindrica Linn.

Pennisetum pedicellatun Trin.

Brachiaria jubata

Rottboellin exaltata

Dipitaria diagonalis (Nees)
stapf. .

Small shrubs

Leaf litter

17.60

56,44

0.97
Loz

0.00

9.39

0.55

0,00
1.18

C.00

0.00

1.01

Q.00
0.00

5.G0
3.11

23.13
30.72
3.73

2,36

0.28

8.27

3.58

0,00

12.79
6.48

26.49

24,0

1.15
12,46
1,19
8.?6

4 46

0.00

C.76

9.86
3.68

25.29

37.32

0.30
10,46

0.67

C.66
4,86
0.61
3.49

0.34h
0.00
0.37
0.00

c.09
0.00

?.56

Mezan % total

2314 + 1.97

37.12 + 7.0

1.5% + 0.75

- 7.33 % 2.44

0,54 + 0.25
8.27 + 2.05

3.36 + 0.98

0.15 + 0.05

4,16 + 1,16

1+

0.39 + 0.26
0.21 + 0.06
10.23 + 0.4
0.33 + 0.11

0,18 + 0.15
0.19 + 0.19

9.28 + 1.70
3.76 + 0,98
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(Lb - L1) plus litter production (Ho - w1). Grass production was assumed

to be zero, which is reasonable for the end of the dry season.

(b) When (LO - L,) exceeded the calculated figure for decomposition as in
April-June (e.g. Plot A, 422 exceeds 661 x 0.132), the former figure was
used as a minimum estimate of decomposition and since litter production

would be expected during this period, it could be small.

(¢) When net litter disappearance, (WO - w1) - (Lb - L,), was positive and

1
exceeded the calculated value of Ld (e.g. Plot D, February 1975; %05

exceeds, 166 x 0.937) decomposition was calculated from (wo - w1) + (Lb - L1).

Plots B and C were grazed in June and October at a stocking rate of
20 cattle/plot, and obviously grass production could not be calculated for

i HO would

include an unknown loss in standing biomass due to grass consumption by

these periods in the same way as for the ungrazed plots, W

cattle. Theoretical figures for grass production on these plots were
calculated assuming that the rate of growth would have been similar to that

on plots A and D and related to the initial standing grass biomass.

The calculations are shown in Table 3. The two monthly production
figures obtained in this way have been compared with the measured "prod-
uction" figures for June-August and October-December to calculate the

amount of grass consumed by cattle (Table 4).

2.3 Abundance of mounds

The results of mound counts taken in December 1973/January 1974 and
December 1974/January 1975 are shown in Table 6. The total number of
mounds in plot A (104), B (126), C (118) were significantly higher than in
plot D (56) during 1973/74; but the percentage of abandoned mounds was

fairly constant in all plots. The highest number of active mounds was
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Table 3. Production of grass in two uncrazed plols as percent of initial

standing hiomass and caleulation of theoretical values of

praducticn for two prazed plots.

Ungrézed Theoretical Production
S on Plots Mean of of grazed plots
eas A&D

A D : B ' C

Feb. - April 1974 0 o] o 0 0 ,

April - June 18,8 | 31.8 | 25.3 388 485
June - Aug. 2.3 | 59.2 L5,.8 703 878
Aug., -0Oct. - | 3.5 | 65.7 | 48.6 746 933
Oct. = Dec. 5.7 { 21.5 13,6 209 261
Dec, = Feb. 1975 %47 0 1.9 29 26




*(9%93 99s) Te303 Tenuus 938TNOTEd 03 pasn saandtg ,

gzil He og L99L LEGL T230] Tenuuy
o o644 624 |veL |osE coc 416 LSh glLe €L6L *q3I Y30l
<A Loz h6h = | 941 921 =049 062 #°€9 1119 £2oL *090 Y30L
143 « 964 L2n  |8Le  |8ne 9 geag LSH céHe *390 U30L

€L6 048 6 - | oL g, =501 - (4 411 28 Ghie *3ny U3Q
o84 +296 0 Gel =296 2L Lcz LGL 0sez sunp Y39
0 0 €9 |G6L -|LE9 - 994 e8¢ g2g2L TTIdy 43oL

LeY 6L6L K461 Q9 U3b

D 3014

LgoL on9 2 Hiel cLelL T®30] Tenuwy
£2 «56% coe |L8 L6L g4l #°96 L2 023L GL6L *Q23 U3oL
904 602 L6L - | &3 9L ~-|2gz - ¢ee 9°Q4 43GL €991 *290 Y30L
+Shd +528 462 |goL |Les 62L i 7. gze LLGL *300 Y30L

€L9 «S04 g2 ¢zL  |es e = Ld G 60 HEL Ohtl *Zuy U3z
88¢ +H08 0 86 =|#H0< g6 bl 4 2oL gecL amp Y39
0 0 #0&  |OLL =|%0S = 419 002 LEoL TTxdy Y30l

oLe sl H46L *Q8I W36

g 10Td
(1=1) (L) cohMMWwE I33371 ey /3% % (T) (")
oT3qe0 | TEOTARIONULI oo sy O brp |Opty TO3ITI|99BIY FUTPVEIS| soswes pue 30Ta
Lq pasumsuoy
uoTIoONpPOIg ] ucT31s0dwoIsp 293311 SSBUOTg

*813382 AQ uOTIUMSUOD

PO3EWTIS? PUW S30TA Pazely OM3 U0 JA33TT PU® SSBJIS JO (Vy/IX) uoT3onpold TedsT3alosyj PU® UOT41S0QWO09D 'Sovwotg  *4 9Tqel



3?

Table 5. Grass production, litter oroduction and litter decomposition
. cemnared with grass consumption by cattle on praved and
ungrazed plotsa.
Grass Litter Litter Consumption
Production Production Decompostition by cattle
Ungrazed
A 2759 1927 2342 e
D 2702 1175 166? | -
Mean 2730 1551 2004 -
Grazed . _
B 2640 1214 1313 1081
c 3674 1597 . 1637 1728
Hean 3157 1406 1475 1404
_‘"’e‘gzﬁ o) | 2 1478 | 1739 - 3hok
Consumption by
cattle ;
glanste : -
grass

production

[ R U U P

e

[T Yo
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recorded in plots B (86) and C (82), as compared with A (56) and D (45).

The density of active mounds within the year was estimated at 269/ha.

In the 1974/75 mound census, the number of mounds decreased in plots
A (96) and plot B (98) as compared with the number of mounds the previous
year., Even though the number of mounds was lower than the previous years
count by (28, plot B) and (8, plot A); the percentage number of abandoned
mounds was fairly constant in both plots (A, 5%.1) and (B, 55.1). In plot
C (131) and D (62), there were more mounds in 1974/75 than in the previous
year. The perceatage number of mounds abandoned in plot D (32.2) was
similar to that in plot C (3%.5). The number of active mounds in plot D
remained constant in both years. The number of active mounds/hectare
during 1974/75 was estimated at 194, giving an overall mean number of

active mounds in the study area for the period as 232/ha.

Host of the abandoned mounds were reoccupied mostly by T. togoensis

and T, occidentalis. Other termite species found in the abandoned mounds

included Cubitermes sp., Promirotermes sp. and Microtermes sp. Mounds of

T. oeconomus were few in the study area and were mostly found in tree-
shaded areas. Field observations occasionally showed some abandoned mounds

of T. geminatus taken over by black ants (Crematogaster sp.) and other

larger ants particularly Dorylinae sp.

2.4 Mortality loss and recruitment of mounds

The increase in abandoned mounds within the year in the various plots
is given in (Table 6). 7This was calculated by subtracting the number of
abandoned mounds in 1974-75 from those in 1973-74% counts., Plot A (4), had
the lowest number as compared W%Fh plot B (14), C (9) and D (9). Within
the year, new mounds were built and these were counted for the various

plots as shown in Table 3. The highest number of newly formed mounds was



counted in plot C (21) as against A (8), B (9) and D (8). The number of
mounds that died within the year (calculated new dead) was found by adding
the number of the newly formed mounds within the year to the original
active mounds in 1973/7% and subtracting the number of active mounds in
1974/75. The results indicated that 20, 51, 17 and 11 mounds died in plots
A, B, C and D respectively within the year. The number of mounds lost was
calculated by adding the new recruits to the total number of mounds in
1973/?# and subtracting from the total, the number of mounds counted in
1974/75. The highest number of mounds was lost in plot B (37), followed by
16 mounds lost in plot A, In plots C and D, & and 2 mounds were lost

respectively.

2.5 ZEnlargement of old mounds

Since the number of old mounds with new additions per plot was
negligible, it was not possible to make a comparison between grazed and
ungrazed plots. Rather, measurements were made of a random sample of
mounds within the experimental area in 1973-74 and 1974-75 to show the rate
at which they increased in size within a year. Table 7 shows the results,
The sum of arcs which incorporated the dimensions of height and basal
circumference was taken as the simplest index of size. There was an
increase in size of each of the 17 mounds remeasured within the year. This
increase varied from 0.02 m to 0.9% m. The increase calculated as a
percentage of original size in 1973/74 is shown in the last column in Table

7

2.6 Spatial distribution of mounds

The mound density as obtained from 1974/75 census figures in plots A,
B and C each of 0.25 ha, the mean nearest neighbour distance between mounds
and the dispersion coefficient (a) is shown in Table 8. The relationship

between density of mounds and the mean nearest neighbour distance is given
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Table 8. Mound density, mean nearest neighbour distances and dispersion

. coefficient.

Plot Ho. Actgiiséﬁﬂnas Total area ifeﬁiiiﬁiﬁ Dispersion
| 1974/75 50« M. distance (m) Coefficient
A | b 2500 1.85 0.06

B _ S Ly 2500 2.65 0.12 .
¢ '_ o 86 2500 1.77 0.11

I'.
by m = % {Blackith, 1958; Yaloff & Blackith, 1962; Sands, 1965; Wood &
T _ : .

where m = density of mounds o .
r = mean nearest neighbour distance
a = coefficient of dispersion L

The mean nearest neighbour distance {(m) as measured at the plots range from
1.77 m to 2.65 m. The dispersion coefficient calculated for the three

plots gave values of 0.06, 0,12 and 0.11 with an overall mean of 0.097.

L] S

© 2.6.1 Frequency ond sige distribution of mounds

Measurements made of mounds at the plots in 1974=75 were used in_
detefmining frequency and size distribution of mounrds, The various size
ranges and percent frequency of cccurrence is showm in Table 9 and Fig. 3.
From the results, mounds in the size range of 61-80 cm made up 20% or
more of the total mounds measured. Mounds in the size range of 41-60 em
and 81-100 cm. occurred frequently 16% of the time. Mounds measuring &1-
140 em . were considered to be medium sized mounds and these occurred quite
frequently at the plots. However, very large mounds over 200 cm 3ia sise
were not encountered but those in the range of 141~160 and 161-180 had a

percentage occurrence of 4.2% and 1.2% respectively. The results indicated



Table 9.

Size-range (cm )

0
21
i
61
81

101
12
141
161

181

b3

Size ranpe, number of times encountered and percent frequency

20
4o

100
120
140
160
180

of occcurrence.

No. of times encountered
G
33
3
57
4
37
21

11

% Frequeacy

2.70

12,74

16.60

22.0

15.83

.29
8.11
k.25
1.16
0.39

O
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that the different size groups followed a fairly normal distribution.
Sands (1961) showed a frequency distribution which departed from normal in

his area of study.

2.6.2 Number of mounds/colony

Tables 10 and 11, show results obtained from tests in two plots

(B and C) at the experimental area.

In plot C, eipght locaticns where mounds were aggregated were
discovered and tested for mutual aspgressiveness, The mean nunber of active
mounds counted per aggregate varied from 3-9. In location four, the nine
mounds discovered were more or less in a straight line ranging from small
sized mounds to relatively big ones, with a mean distance of 3.22 m between
them. These mounds were thought to be following a straight internal gallery
of the colony. The overall mean distance within aggregates in the eight
locations was 2.13 m; while the distance between nearest neighbours of
a-rregates varied from 6.4-10.7 m with a mean of 8.0 m. The number of
mounds with negative responses varied from 3 to 9 with a mean of 4.8 and
this figure was taken to represent the number of mounds constituting a

coleny in this plot.

In plot B, fewer locations (5) were discovered and tested. The
number of mounds/ageregate, excluding mounds abandoned or occupied by

other Trinervitermes spp. varied from 3 to 7. Mean distance within

agepregates were estimated at 3.3%2 m, while distance between aggregates in
different locations averaged 11.02 m. Both within and between aggregate
distances were higher in mounds discovered in plot B than in C. The number
of mounds with negative response and hence the number of mounds/colony

varied from 2 to 6 with a mean of 4.5.

The mean number of mounds per colony for the two plots was
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estimated at 4.6. Sands (1965) suggested that a colony of T. geminatus was

likely to consist of 3 to & mounds.

2.6.3 Results of ficld observation on surface area occupicd by T.

geminatus
In Scuth Africa, (Naude, 1934; Coaton, 1948) suggmested that the

area occupied by mounds of T. trinervoides (Sjostedt) might be a significant

proportion of the total available. However, no data were given to support

this suggestion.

Measurements of I. geminatus mounds in the study area showed fhat
the average area occupied by mounds of this species was 0.1 to 0.3 m2. in
the area of study with a mound density of 232/ha, and in an area near Zaria
{Sands, 1965b) with a mound density of 735/ha, only 1.0 to 2.0% of the
total area was occupied by mounds. Allowing for an extra ‘bare’ area
ar>uwad the basc of the mound and also additional areas occupled by mounds

of other species of Trinervitermes, the area occupied by mounds of this

species will rarely exceed 2.0% of the total.

2.7 Relationship between nest size and quantity of food stored

The results of food stored in mounds sampled at the different periods
within the year are given in Appendices 2a-2d; and summarized in Table 12,
In the December/Jamuary (1973/74%) series, the largest mound of size (201
em. ) had no foed store, but a mound about half its size {114 cm ) contzined
91,5 g of food stored. The highest quantity of food {172 g) was recorded
in a mound of size {177 cm'). During this sampling period 73% of the

mounds contained some food store varying from 5 g to 172 g with a mean of

48 g/mound.

In the April/May sampling period, the la-eat mound of size (161 enm)

contained the largest amount of food (64 g), while the smallest mound (43

o Ay

[y U
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em) héd no food store. 50% of the sampled mounds within thisteriod cén—
tained queatities of grass varying from (& g - 64 g) with a mean of 15 g/
mound. In the August/September series, 65% of the sampled mounds contained
grass fragments with welehts ranging from 5 g - 83 g with a mean of 37 g/
mound. The largest mound in the series (210 ¢m ) had a food store (62 g)
far below the small mound cof size (35 cm) with a food store of (83 g).
Conversely in the December 19?4/Uanuary 1975 sampled series, all the mounds
stored food, far in excess of those stored in the mounds at the same time
in the previous year. The largest mound in the series (262 ecm ), though
with a large quantity of grass stored (183 g) was not the mound with the
largest quantity of stored gress, neither did the small  mound (90 cmi)

in the series have the least guantity of stored material.

Similar resultc were obtained from mounds in the primary savanna wood-
land (Zusurma bush), where 70% of the mounds had food stored in them. The
largest quantity of grass (211 g) was stored in a fairly large (200 cm: )
mound while the largest mound of the series (285 cm } contained only one-
sixth of that quantity. "These results indicated that there was no relation-

shlp between nest size and quantity of food stored.

2,7.1 Percentase of larvae and quantity of feod stored

The percentage larval composition of mounds and quantity of food.
stored during the various sampling periocd are shown in Appendices 2a - Ze,
In the December/January 197% sampled series, the largest amount of food
(172 g) was stored in a mound with a very low larval percentage (0.5%), -
while a mound with the largest larval composition (11.7%) had no food storé.
The mounds sampled at other periods within the year showed variable results.
However, it would appear that an inverse relationchip existed between |
percentage larvae in the mound azmd the quantity of food stored. This

relationship seemed to be consistent with the observation (Sands, 1961) of

e e —
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f

Table 12. Number of mounds, % mounds with grass and mesn dry weight of

. o stored grass per mound during different samplinz periods.

% mounds ”Quanfity Méan dfy
‘" Sampling Feriod No.sgi ?Zgnds with stored range  wt./mound
e food store (g) (g)
Dec/Jan 1974 20 73.0 5.3 = 171.6 48.2
April./May 1974 20 50,0 3,5 = 63.6 15.5
August/Sept 1974 20 65.0 5.3 ~ 82,5 36.6
Dec/Jan 1975 20 . 100,0 8.1 -~ 323.3 142.9
Primary Savanna Wood- . .

land o0 20,0 4.5 -~ 72.5 46.6

Zugurma Bush
(Sept/Gct 197L)

e ey
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the existence of a 'breeding' mound in a colony of Trinervitermes sp.

2.7.2 Suantity of food stored in mounds at situdy site

Since no obvious relationship existed between mound size and
quantity of food stored, estimates of the guantity of food stored in
mounds at the plots could not be calculated by relating mound size to the
amount of food in the mound. However, the different size group of mounds
followed a fairly normal distribution (Fig. 3), and it was assumed that 20
mound samples taken at random from this area during the different sampling
period would follow a similar distribution. On this basis, the quantify of
food stored in the mounds at the plotz was caleulated by multiplying the
mean dry weipght of food estimated for each sampling period (Table 12) by

the mound density/plot in the study aresa.
The results are shown in Table 13.

The quantity of food stored in the grazed plots (B and C) was

estimated at 17.70 kg/ha at a mound density of 317/ha, while in the ungrazed

plots (A and D) food stored amounted to 10 kg/ha at a mound density of
17%/ha. There was no significant difference in the amount of food stored
per mound in grazed (55.8 g ) and ungrazed (57.8 g ) plots. Similarly
there ﬁas no significant difference between the amount of food stored per
unit area in grazed plots (1.77 aﬁng) and ungrazed plots (1.0 g /%2). How-
~ever, quantity of food stored per unit (1000 termites) of population was
significantly greater in grazed plots (8.43 g/1000 termites) then in -
ungrazed plots (4,76 g /1000 termites) assuming the population density in

~ the study area to be 2,03%00000 termites per hectare.

2.8 MNutrient composition in mound stored pross, standing srass and grass

litter

Tables 14 and 15 show the results of the analysis. Table 16 shows the

G s admainezocas
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Table 13. 1lMean mound density, quantity of food stored in grazed and

ungrazed plots,

Grazed Plots

(B & C)

Mound density/ha 317
Mean dry wt. of grass

stored kg/ha e
Quantity of food stored 55.8

/mound (g .) :
Fbogfggored/hnit area 1.77
Food stored per 1000 8.43

termites (g )

Ungrazed Plots
(A & D)

173

10.0

57.20

4,76
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Table 16a, HMean % total N, P, K, Ca, Mz, Organic Carbon and C : N ratio of

stored prass, standing grass and prass litter during the

dry season (October-April).

"aﬁzgglgf N | p K Ca Mg | 0. Carbon | C : N ratio
Stored grass 0.78 | 0.06 | 0.12 | 0.33 | 0.15 28.66 36.74%
Standing grass | 0.50 | 0.05 | 0.52 | 0.0 | ©.22 28.67 57.33
Grass litter 0.46 | 0.05 | 0.27 | 0.45 | 0.20 28.86 62.75

mean figures for samples taken during the dry season (October-April), since
foraging and storage were restricted to this period. Termites prefer their
food dry and hence the stored material, standing grass and grass litter
were low in Nitrogen (£ 1%). The percentage Nitrogen in mound stored grass
(0,78) was however higher than in standing grass (0,50) and grass litter
(0.46) respectively. Percentage P, Mg and Ca were not significantly
different in the samples, but percentage K, seemed to be much higher in
standing grass (0.52) than in mound stored grass {0.12) and grass litter
(0.27). Percentage organic carbon in the various samples were relatively
constant, The C : N ratio was significantly lower in stored grass (36.74)

than in standing grass (57.33) and prass litter (62.75).



3. Discussion

1. An initial visual estimate of the area indicated that the plots were
fairly homogenous in species composition, but the vegetation analysis
indicated variation in composition. Zven though H. dissoluta was the most
abundant species of grass in the area, accounting for over 4 of the species
present, its distribution within the plots was less than even, accounting
for only 24% of the species present in plot C as against 56% in plot A,
However, H, dissoluta together with A. gayanus accounted for 50% or more of
the herbaceous vegetation in the area while the remaining 13 species
accounted for about 30% of the vegetative cover. The results confirmed the
suggestion (Kershaw, 1967) that in nature, plant communities were never

fully homogenous.

2. The results of the grass production measurement indicated that standing
grass was at a minimum in April. Rate of growth was approximately 500 kg/ha
between April and June, but was almost doubled in June to August and August
to October. There was a marked reduction in growth after October and at the
end of the dry season, standing biomass fell due to litter production
exceeding growth. Litter biomass was at a minimum at the end of the dry
season. The rate of litter decomposition was greatest in the dry season

and coincided with the period of intense foraging by certain Macrotermitinae

(e.g. M. subhyalinus, Odontotermes spp.). Production on the grazed plots

was similar to that on ungrazed plots but there was a significant difference
in that there was notable growth and increase in standing grass biomass in
the grazed plots, during December-January, almost certainly as a result of
grazing in October to December. Cattle consumed 1404 kg/ha, approximately
half (48%) the net oroduction and an amount equivalent to that was being
decomposed (Table 5). In contrast, on the ungrazed plots, more than two

thirds of the net production was channelled through decomposer organisms.
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3, ‘The higher number of mounds recorded in the grazed plots (B and C, mean
114) as compared with the ungrazed plots (A and D, mean 82), could be

attributed to the effect of grazing on the establishment of mounds. Sands
(1965), found out from his studies on the effect of shade on the establish-

ment of mounds of various species of Trinervitermes in Northern Nigeria,

that T. geminatus mounds were more abundant in open or cleared grasslands
than in shaded areas. It would therefore appsar that the effect of grazing
was to create open spaces for the construction of mounds in the grazed
plots, but in the ungrazed plots, the tall grasses that resulted, created
shade which limited the number of mounds established. The high number of
dead mounds recorded in grazed plot B (51), would appear to have arisen
partly as a result of the effect of grazing, and partly through "human
interference" since plot B was used as the standard plot for fortnightly
foraging observations, However plot C (grazed) showed a much lower number
of dead mounds (17), comparable to those recorded in ungrazed plots A (20)
and D (11) reepectively. Nusber of mounds lost, through erosion aided by
trampling and buffetting by cattle in grazed and ungrazed plots showed no
particular trend, since as many as 37 mounds in plot B and 16 in plot A
were recorded, as compared with only 8 and 2 mounds lost in plot C (grazed)
and D (ungrazed) respectively. The mean number of active mounds estimated
in the study area (2%2/ha) compared favourably with the mean of (251/ha) in
two areas of the Northern savanna zone of Nigeria, (Sands, 1965). The
results are also paralleled by those of similar mound building species

(Amitermes vitiosus and Tumulitermes hastalis) in Australia (Wood & Lee,

1971) with mound densities of approximately 240 mounds/ha. Number of dead
and abandoned mounds within 1974/75 was caleculated at 100/ha, out of which
6li/ha were lost through erosion aided by trampling and buffetting by cattle

in grazed plots.



The number of newly formed mounds was greater in plot C (grazed,
21) than in ungrazed plots A and D with 8 mounds each. However, in plot B,
a comparable number of mounds were recruited as in the ungrazed plots. If
the mean number of recruited mounds in both grazed and ungrazed plots was
expressed as a percentage of mean total of mounds in the plots there was
no significant difference between the number of recruited mounds in grazed
plots (B and C, 13.7%) and ungrazed plots (A and D, 9.7%), indicating
probably that a longer period was required for the effect of grazing on

mound recruitment to be noticeable.

The percentage addition to existing mounds did not seem to follow any
particular trend. Some mounds were enlarged 1% times their original sizes
(e.g. mounds 47, 64, 162 and 342). Other mounds had smaller additions
ranging from 2.8% to 97%. Fifty percent of the mounds measured had
enlargements exceeding half their original sizes. Englargement of mounds
therefore appeared to result in the doubling or trebling of the size of the
original mounds. Building of new mounds and the enlargement of old ones
were often simultaneous activities most noticeable during the rainy season

( Plate 3) -

The coefficient of dispersion as indicated from the results showed a
mean of 0.097, indicating aggregation in mounds of T. geminatus with
approximately %4-5 mounds making up a colony. The results were consistent
with those of Sands (1965), which showed that mounds of several species of

Trinervitermes in Northern Nigeria were aggregated, even in the densest

populations. Wood and Lee (1970), suggested that overdispersion could occur
within the area occupied by the aggregation of mounds. The agpressive
behaviour shown by T. geminatus when soldiers from different colonies were
mixed togetﬁer, would suggest overdispersion within the agpgregation,

probably leading to competition, but such competition for nesting site or
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food was most unlikely in the study area. Nel (1968) noted aggressive
behaviour between workers of different colonies of H. mossambicus leading

to the apportioning of areas inte cclonial territories.

4, There has been little published quantitative data on the amount of food _.“

stored in the nests of grass harvesting termites. The only quantitative
estimate was that reported by Watson et al (1970) on D. perniger - a grass
harvesting termite in Australia. This species was said to have stored
approximately 200-500 grams of grass per mound at an unspecified mound
density. Frommy results, grazing did not appear to have any significant
effect on the total quantity of grass stored per mound. However, the
quantity sto;ed per unit of termite population was sipgnificantly greater in
grazed than in ungrazed plots. This differeace could be atiributed to the
affect of grazing and trampling on the amount of grass litter produced.
Prampling knocks down standing grass tussocks and together with grazing,
contribute to larpge quantities of grass litter seen after each grazing
activity. OCrass fragnents could then be easily picked up by foraging
termites and stored in nests. Thus, the rate at which grass fragments are
collected and stored seem to be greater per given unit of termite pap-

ulation in grazed than in ungrazed plots.

5. Attempts made to identify the various species of grass stored in mound
failed, because of the difficulties invelved in identifying dried grass

fragments. However the more obvious species of Hicrochloa indica {thin

leaved) and the hairy grass fragments of Andropogon gayanus were identified.

The low C : N ratio in stored grass might be partly due to the
conditioning effect of microorganisms and partly by the favourable condition
of temperature and moisture, which not only favoured the growth of micro-~

organisms but also tended to favour the mineralization of the Nitrogen

L LA ke rnk pm sk i g, Em—
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contained in the organic matter content of the mounds. Since plant tissues
;ontain little Nitrogen (Lee & Wood, 1971}, protein supplementation in T.
peninatus, like many other termites, could be achieved through the eating
of dead and injured meubers of the caste. Moore (1969} noted extensive
cannibalism in termites, in cases of severe nitrogen deprivation, but
Rateliffe et al (1952) maintained that nest sanitation rather than protein
conservation might be much more important, sinee 1little or no information

existed on the incidence of cannibalism under natursl conditions. .
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SECTION III. MOUND POPULATION ESTIMATES OF T. GEMINATUS
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1. HMaterials and methods

1.1 Whole mound sampline

Mounds were selected at random from two adjacent areas close to the
study plots. As a result of the time involved in excavating mounds, sorting
and counting termites, sampling was limited to 20 mounds taken over a
period of 1 month, at 3 monthly intervals during a 12 month period.

Samples of mounds were taken early in the mornings, there being a higher

proportion of the population in the mound at this time.

Measurements were made of the height, basal circumference and two
arcs at right angles of each mound, and dug up to depths of 0,5-1 m in
order to ensure that a greater proportion of the population were included
in the mounds. Mounds were carefully lifted, and termites remaining in the
underground galleries, collected and placed in polythene bags. One or two
mounds were sz 'led each day depending on the size of the mound, each being
taken to the laboratory for extraction and counting. A similar sample of

20 mounds was taken in the Zugurma plots between September and October 1974,

1.2 Mound core sampling

The method was based on that of Sands (1965b). The core equipment
consisted of a tubular iron pipe of diameter 1.5" (3.6 cm), welded to an
iron handle, From the welded end to the free end measured 7" (16.8 cm).

The free end was sharpened so that it could easily cut into the mound. The
iron pipe was hammered into the base of the mound and a core sample contain-
ing termit :s was obtained. Core samples were taken from 20 randomly chosen
mounds which were measured, and later dug up, taken to the laboratory for

extraction and counting.
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1.3 Extraction of termites

1.3.1 Heat extraction

This method involved breaking up the mounds and placing the frag-
ments in a heat extraction box measuring 3' x 1' x 2" (86.4 cm x 28.8 cm x
21.6 em). This is a modified Tullgreen funnel consisting of an upper lid
fitted with six -~ 100 watt electric bulbs which formed the source of heat.
The base of the box was made of wire gauze on which the broken mound frag-
ments were placed. The base of the box was channeled into two large
aluminium funnels, below which were receptacles in which the termites and
grass fragments were collected. The heat extraction box was capable of
accommodating fragments of one medium sized mound. These fragments were
left for a period of 12-24 hours. This ensured that all the termites were
driven out of their compartments into the receptacle. The termites and
grass fragments were separated by flotation in water. The grass which
floated on top were sieved off, dried and weighed, whi 2 the termites were

removed and stored in 70% alcohol.

1.%.2 Manual extraction

The method consists of breaking the mound, a little at a time and
removing the termites by means of aspirators. The termites were then
stored in 70% alcohel. This method, even though tedious and time consuming,
ensured that the various castes were removed fresh. Usually a team of

2=% people were capable of handling one mound per day depending on the size.

1.4k Determination of the number of * rmites/mound

Two methods were adopted depending on the size of the mounds. (a)
For small sized mounds, the number of termites were determined by direct
counting of the inhabitants of the mound. (b) For large mounds, the method

of Maldague (196%4) was used. The method consisted of taking several
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_aliquot sub samples in 10 mm vials, counting the number of termites in each
subsamﬁle and obtalning an average number per wial. The number of vial
samples obtained from a mound population was then muliiplied by the mean
nunber of termites for aliquot subsample to give an estimate of the total
number of termites in the mound. The constancy of the estimates was checked
by allowing twe different people to count 20 ~ ten mm vial samples. The
mean and standard error for each individual count was obtained., The
difference between the means and the standard error of the mean difference
was calculated and a t-test showed no significant difference between means.,
Each 10 mm vial sampled contained approximately 558 + 4.7 termites which

was used as a multiplying factor.

1.14.1 Determination of the proportion of each caste in total pop~

ulation
;ujgi% Termites counted were mixed together thoroughly by shaking in a
big Eonical flask. Five aliquot samples were taken from this mixtures with
10 mm vials and the different castes in the samples were sorted cut and
counted. The total munber of each caste from each of the five aliquot
subsamples was summed, to give totals for all castes. From these figures
(Table 16 ) the proportion of each caste and hence the % of each caste in

the total mound population was calculated.

1.5 Colony develooment in T. geminatus

In T. geminatus the alates appeared in the nests in mid-June and
flight took place late July or early August in the Mokwa area. The winged
reproductives emerged from their nests, flew for a short period, fell to
the ground and shed their wings. The female first assumed a 'e¢alling!
position which attracted the male, znd the result was the formation of a
tandem with the female in front and the male following very clesely behind,

They burrowed into the ground through some erack in the surface and
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constructed a nest chantber or copularium.

The incipient colonies were reared according to the method described

by Sands (1965b). Handling of the termites was minimized by allowing the

- tandem pairs to crawl into tubes which were then plugged with cotten wool

pending their introducticn into the culture plates.

The culture apparatus consisted of two window glass plates 6" x &V
(15 cm x 10 em) separated by 3" wide glass strip round the perimeter. The
space go formed was filled with sterile scil sifted and watered with about
2 ¢c of water per plate at intervals of 3-4 days. In this way soil
moisture was maintained at approximately 10%. The culture plates were
kept in a culture roocm with darkened windows with minimum fluctuation of
temperature (mean 30°C). The plates were examined at 2 day intervals. 16

colonies were altogether egtablished. - PECERREEL R
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= Resﬁifs

2.1 Correlating nest size and numbers

A total of 80 mounds were sampled during the year from areas adjacent
to the study plots. The results showing mound size and total number of
termites per mound sampled during different occasions are shown in

Appendices (2a ~ 2d). Results of a similar sample of 20 mounds taken be-

tween September-October 1974 from the Zugurma area is also shown in
Appendix (2e)., From the results, it would appear that a sample of 20 mounds
tzken on each sampling occasion was unlikely to reflect exactly the

frequency of different mound sizes. In order to relate nest size te

numbers, the log numbers of population were plotted against the size of

mounds (sum of two arcs) at the different sampling periods. A linear
fegression equation was obtained for each sampling occasion {Fig. %a = cla
After the reascessment of the mounds in the various plots between December_;_jw
497% ~ January 1975, (to take account of the construction of new mounds - ,
and expansion of existing mounds, as well as the erosion of abnndeoned

mounds), a similar regression {Fig. 4d) woa calculated for the 20 mound

samples taken during this period. A similar ¢alculation was made for the

20 mound samples taken from the Zugurma bush, (Fis., he). The regression

equations and the correlation coefficient calculated for the different -
sampling periods are shown in Table 17. The number of termites per mound
4in each plot at the different sampling occasiona was calculated from the
regression equations and these together with the various mound sizes are
shown in Appendices (3a — 6b}. Similar results for the % plots in the -

Zugurma area of primary woodland are shown in Appendices (7a - 7d).

As the size of termite population is a function of the mound density
in a given aren and the number of individuals per nest, the population

density was calculated by nultiplying the mean number of termites per mound
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Table 17, Rerression eauations and correlation ceefficients obtained

during the different sampling periods,

D Corrleation
Sampling Period Regression Equation coefficient
()

Dec./Jan. 1974 Y = 2.4 +0,012X 0.774
AprilMay 1974 Y = 2.96 + 0.007X 0.603
Aug./Sept. 1974 T = 3.4 +0.,007X 0.52
Dec./Jon. 1975 Y = 3.0% + 0.007X% . 0.65
Zugurma Bush
(Primary Wood-

land) o
Sept./Cct. 1974 Y = 3.59 + 0.0048 0.55 .
¥ = Populaticn

X = Size of mound (cm )

0.599
0.364

0.27

0.h2

o
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Table 19. Population estimate = primary woodland (Zucurma bush) (plot
size 30 m x 90 m).
fean No, of
termites/mound | , “ :
Niig:r Species present calculated ::;uozp?lg’u;gi Population
from pied/p /m2
regression

13 T, geminatus 13,045 Lo 193.3
2. occidentalis 10,820 3 12.0

14 T. geminatus 15,087 56 312.9
T. occidentalis 12,356 3 13.7

T. togoensis 11,750 1 L.

15 T. geminatus 10,792 hg 195.9
T. occidentalis 6,920 8 20,5

T. togoensis 9,215 6 20.5

16 T. geminatus 11,939 45 199.0
T. occidentalis 11,522 3 12.8

T. togoensis 74140 8 21.6

Mean T, geminatus 12,804 L7.5 225,0
T. occidentalis 9,380 h,2 14.8

T. togoensis 8,277 3.0 135
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by the density of mounds per plot, The results obtained from the 4 plots
in the study area as well as from the plots in the primary woodland
(Zugurma plots) are shown in Tables 18 and 19 respectively. Graphs (Fig.
5) were plotted to show how termite populations in the different plots

changed during the year.

2.2 Percentage of caste composition at different sampline periods

The proportion of the different castes and hence their percentage
composition in the population per mound during each sampling period within
the year including the Zugurma sample is shown in Appendices (2a - 2e) and

summarized in Table 20.

Table 20. Percentage caste composition at different sampling periods.

% Soldiers
Sampling Period [|% Workers 7% Nymphs > Larvae|¥% alates
Major jMinor
Dec. 1973 - ~
Jan. 1974 66.6 L6 111.7 0.88 3.20 0.00
April - May 1974 68.5 5.8 |18.2 2.88 b, 34 0.00
August - Sept. 1974 8.2 7.11)14%.1 1.0 1.3 2.99
Dec. 1974 -
Jan. 1975 72,06 |10.1 |13.7 0.33 4,81 0.00
Heﬂn 71 .0 6.9 1"{'-1’ 1'28 3‘2{' "~

Sept. - Oct. 1974

Zugurma Bush

(primary savanna
woodland)

81.5 8.8 7.8 0.0 27 0.00

YWorkers were the most numerocus individuals in the colony ranging from

66-00; with a mean of 71.0%. 'The highest population of workers was recorded
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in August/September. The soldiers were next in numerical abundance

. comprising about 21% of the colony. The minor soldiers were in the majority
(14%) as compared with the major soldiers (7%), giving a ratio of major:
minor soldiers at 1:2. Except for the months of December/January 1974,

when soldiers formed 16/ of the population, their numbers remained fairly
constant (23-24%) during the sampling periods. ‘orker: soldier ratio in

the samples were on the average 3:1. Larval population were generally low
ranging from (1.3%-4.8%5) with a mean of 3.4% throughout the differen-
sampling periods. MNymphs comprised on the average 1.28#%, though a higher
percentage was obtained in April/May with an average of 2.88% and insign-~

ificant proportions in December/January (< 1%).

Alates appeared in August in the Mokwa area. Mound counts taken at
that period showed alates present in 6 out of the 20 mounds sampled and
percentage of alates in the mounds ranged from (0.03%-8.%’) with a mean of
2.99%. The queen and king were rarely found in the mounds of T. geminatus

except on two occasions when they were encountered in the sampled mounds.

In the 20 mounds sampled in September/October, in the primary savanna
woodland, a similar picture was shown in caste composition. Workers
constituted 76-87% of the entire population with a mean of 81%. Soldiers
made up (16¥) with major soldiers comprising 8.8% and minor soldiers 7.8%.
Larval population was low (2.73%). In the course of sampling, some mound-
sharing species such as (Formicidae) and other termites such as Microtermes
sp. and Cubitermes sp. were observed. In one case, it was estimated that

Hicrotermes sp. made up 12.8% of the total mound population.

2,3 Timine of major events durine colony development

The timing of major events during colony development are shown in

Table 21. Following the introduction of the reproductives into the plate
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Table 21. Develovmnent time and commencement of forapging in I. geminatus.

Days from introduction of tandem pair to Mean 3.7
.OV}??Elt}Oﬂ Range 3 - 5
Days from oviposition to first hatching of Mean 20
eees P o : o Range 28 - 31
Days from hatching to the formation eof st Hean 2.6
functional worker Range 23 - 27
Mean 15.6

Days from appearance of 1st worker to

commencement of feraging Range 8 - 20

F;nests, seven pairs burroﬁed into the s0il following a tunnel maae for them
at the centre of the plate nest, whilec the remaining nine pairs constructed
their own tunnels close to the sides of the plates, and commenced the
 construction of the nest chamber (copularium), Some of the colonies
constructed well rounded nest chamber about (2-3 cm ) in diameter. There
was intensive grooming between the parent imagos and oviposition commenced

between 3-5 days after introducing the pair. The eggs were laid singly but

", . were packed together to form egg ¢lumps with an average of 10-20 cgp per

- elump. These egg clumps were carefully removed towards the perimeter of
the copularium and some were consumed by the reproductives. The first
larvae were seen in the nest from 28 to 31 days. The larvae were tended by

both parents and the queen continued to lay egrs.

The firgt functional workers with sclerotized mandibles were observed
in the nest between 23-27 days after the hatching of the eggs. Nine of the

16 colonies became inactive probably due to their small nest chambers which
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became overcrowded. As a result further observations on them were not
carried out. In three of the remaining seven plates, brown headed minor
soldiers emerged at the same time with the workers, but in the rest of the

plates, minor soldiers emerged 1-4 days later,

Gallery formation was observed in only three plates and this occurred
between 8~20 days after the formation of the functional workers. These
tunnels radiated from the nest chamber towards the soil surface. Workers
were seen extending their tunnels and covering the chamber walls and glass
plate with soil, making observations fairiy difficult. Ten grass fragments
were placed by the fron' edge of the culture plate., It was observed that
only one colony succeeded in dragging three grass pieces into their nest
chanber. ¥Further covering of the chamber walls made it impossible to make

further observations.,

These observations seemed to compare favourably with those of Sands
(1965b). He observed that oviposition in his colony of T. geminatus
commenced about 4 days after entry, with an incubation period ranging from
a minimum of 26 days to a maximum of 42 days. First functional workers
apneared between 26-36 days after hatching, with the excavation of the

first tunnel occurring 3 weeks after the appearance of the workers in the

nest.

2.4 Numbers, biomass of caste in mound population

Estimates of individual biomass of the different castes were made by
weighing individuals taken from two mounds belonging to two different
colonies, lMean percentage caste composition as determined from samples

was used in calculating the number of each caste in total population.

The mean $ caste composition and the individual biomass of the differ-

ent castes are summarised in Table 22a. From the data, the numbers and
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Table 22a. Caste composition and individual biomass.

*Individual Biomass (mg)

Castes % Composition
Fresh wt. Dry wt.
Workers 71.0 5.5 1.2
Major soldiers 6.9 3.4 0.7
Minor soldiers 14,42 0.8 0.4
Larvae 3.k 1.2 O.h
Alates 2.99 12.30 973

* Each figure revresents mean weight from 10 samples each of 20 termites/

caste.

Table 22b, Number and biomass of termites in study area.

No. of termites/ha as calculated from regression = 2030000 (203/m2).

No. of each caste/ha (using % caste composition)

Workers Major Sol., Minor Sol, Larvae Alates

1441300 140070 292726 69020 60300

Biomass g/m® (fresh weight) 0,800 0.047 0.023 0.008 0,075
" " (dry weight) 0.173 0.010 0.013 0.003 0.059
Totzl Biomass g/m2 (fresh weight) 0.99

" " W (dry weight) 0.258
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biomaSS 6f termites in the area of study has been caleculated. At 0.0127 g
or 12.3 mg/individual (wet weight) and 9.73 ug {(dry weisht), the winged
reproductives were the heaviest tcrmites. Uorkers weighed on the average
almost 2 times the weipght of major soldiers and 2.6 times as much as the
minor soldiers. Individual larvae dry weight was swmall but with an overall
mean of O,% mg, The biomass or standing crop of each caste in the pop~
ulation was calculated. On fresh weipht basis, biomass of the termites was
estimated at 0.95 g/m?; 0.26 g/m2 (dry weipnt). This represeuts 9.5 kg/ha

live biomass or 2.6 kg/ha dry weight.

2.4.1 Estimation of potential production in 7. geminatus

then the duration of larval development into mature worker is
known, as well as the total larval population, it is vossible {o calculate
the total production. Total production is caleulated as the sum of the

production of alates plus sterile castes and calculated as Iollows:=-

Population of termites/ha (mound estimate} = 2,030000
Mean % larvae (as per samples) - . 3.4
No. of larvae/ha = 0,034 x 2030000 = 69020

Development time from larvas fo mature functional worker as shown from lab-

oratory culture . = 24%.6 days
No. of epps hatehing/day = 69020 = 24.6
R N - 2805069

2805.69 x 365
= 1,024,077.2

No. of eggs hatching/yr

1

Larvae production = 102,51 /m2/yr

Alate Production:

% alates as per sample = 3.0%
Mumber of alates/ha = .03 x 2030000
= 60500

Alate production = 6.09/m2
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Worker/Soldier Production:

Worker/Soldier Production

n

Larvae Production = Alate Production
102.41 -~ 6,09

96.32/m2/yr.

Ratio of Worker/Soldier has been shown to be 3:1

Worker production 72.24%/me/yr

Soldier production 96.%2 - 72.24

Production MajorAlinor Soldiers

Ratio of Major: Minor =

I

Major soldier production

Minor soldier production

24,08/m?fyr

132
8.03/me/yr

2.4.,2 Production/biomass ratio in T. geminatus

On dry weight basis, production in T. geminatus for the different

castes was calculated using the individual dry weicht biomass (Table 22a),

Workkers 72,24 x 0.0012 g

]

Major soldiers 8.03 x 0.0007 g
Minor soldiers 16.05 x 0.00045 =

Alates 6.09 x 0.00973

it

Total production =

0.087 g
0.006 g
0.0074 g
0,0593
0.1597

Biomass of workers + soldiers (Major and Minor) + larvae

=

Production/bicmass ratio

[}

Oa“m B

0.1
0.1990

0.80
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2. Discussion

LI
w

1. An %ﬁéiysis of the data obtained from 20 mounds from which cofe samples_{L 
ware taken showed nolcorrelation between number of termites in the core |
sample and totasl population in the mound (r = 0.05). As noted.by Lee an&l
Wood (1971), the core sampling method as adopted by Sands (1965b) was based
on the assumption that the concentration of termites in the core sample was
the same as that in the rest of the inhabited part of the mound. The lack
of correlation as obtained from the results could be explained from the
fact that core samples were taken from different sized mounds, where |
different proportions of the population were sampled. In large mognds..the
core saupled termites in the outer portions of the mound, while in small
mounds, the core sampled not only the outer portion but also the central

vorticn of the nest with a high density of termites. The method proved

"’ unrelioble and was subsequently not used in estimating mound populations.

| é. .The 'whole mound count method' used by Holdaﬁay ggwél (1935), Gay and
Greaves (194%0), Maldarue (1964), Bouillon and Mathot (196%), Gay and Weiherly
(1970}, Josens (1971) and Lepage (1974), gave a fairly reliable estimate of
ganpled mound populations. The coef.iicient of correlation (r, 0.77; r2,
0.599), obtained from the December/January 1974 sampling between mound size
end numbers in the mound, suggested that about 60% of the variation in the
population could be accounted for by mound size. The correlation was
significant (p<0.,01). The correlation coefficients for the other sampling

© periods (Table 17) were lower than those of December/January 1974, but

- were positive and significant at the 1% and 5% levels of probability.
“Although some large but o0ld mounds were sometimes found with low populations,
an indication that such meunds were in the process of being abandoned, the
‘resulis indicated that the size of a mound could be regarded_as a fairly =

goed index of its population.
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3 ﬂﬁuﬁd poéulations calculated from the results indicated that populations
in_ the various.plots were low in December/Januzry 1974 and remained low
through April (TFig. 5). The highest population was recorded in the months
of August/September. The fipgures obtained at this time of the year (rainy
seascn) could be regarded as the most accurate estimate associated with
most of the mounds in the study area, since foragers would be expected to

be in the mounds at this period. The effect of grazing was not apparent

on mound populations within the year, since there was no significant

di fference in population between grazed (238.7 + 116.8/m2), and ungrazed
(166.3 + 78.6/n2) plots in the study area. The mean population density was

calculated at 203/m2 in the study area with a mound density of 232/ha.

In the Zugurma plots of a primary woodland, T. geminatus was similarl&
the most abundant species with a mean population of 225/&2 at a mounad |
density of approximately 175/ha. The population density in this area, evﬁn
at a lower mound donsity compared favourably with those at the study plots

with a mean density of 232/ha. The population of T, occidentalis and T.

togoensis which generally occupied abandoned mounds were low and estimated
at 1%.8/m? and 11.5/m2 respectively. As rightly noted by Holdaway, Gay
and Greaves (1935), it was often impossible to find all termites associated
with a mound, present in the mound at the same time. Mound populations,

as indicated bj the results, would therefore appear to be underestimated
for the following reasons {(a) Thers was an unknown population outside the
mound at any sampling period and (b) The depth of penetration of the
termites which often extended to about 2 metres; especially in the dry,j.

£2a500 .

h. lMound populations indicated seasonal variation in numbefs and activity.
The low populations in December to April coincided with the dry season

which could have affected populations in two ways (i) Loss in numbers from

B T —
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obtained a figure of 0.006 gybz/&r (ary weight) for neuters of T. geminatus
in the Sahelian savanna in Senegal. This figure is comparable to the

caleulated figure of 0.0104 g/ha/&ear obtained in the study area.

The calculated production: biomass ratio (0.8:1.0) compares favourably
with Josen's (1972) figure of 1:1 for the same species in the 'derived'
savanna zone of the Ivory Coast. The higher production: biomass ratio
(10.2:5.4) obtained in the Macrotermitinae was attributed to the high
production of Neuters in response to predation pressure, (Wood and Sands,

in press).
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.ﬁounds Lhrough active foraging, (ii) Deeper penetration of the termites into
the s0il as a result of the cold harmattan during the months of December
through Februafy. Foraging ceased in May/June with the onset of the rains
and populations increased by 2-3 times by the end of the wet season (Aug/
Sept). Foraging started in October/Novcamber and reduction in numbers during
this period appeared to be a reflection on foraging activity. Sands (1965)
obtained similar variable results in the Northern Guinea savanna zone of

Nigeria.

5. Production in termite colanies takes two forms, alates and sterile
castes; Wood and Sands (in press). Alates are produced over a short period
annually during the rainy season (May-October) in the Mokwa area. These
alates which have the potential for founding new colonies represent a loss
in biomass and energy to the parent colomy. Alate composition of approx-
imately ¥ obtained from the results agree with similar low figures for the
same species ranging from 1-5% (Sands, 1965b; Josens, 1972). Higher
percentages have been recorded in other termites, for example, Bouillon

{1970) recorded 10% alate composition in Cubitermes exiguus, Pterotermes

occidentis 35 (Nutting, 1966b); Odontotermes obesus (Rambur), 28-43.3%

(Roonwal, 1960) .

Séﬁ&s <1965b) calculated an annual production of 240-470 alates/'m2 for
'2. geminatus in the Northern Guinea savauna of Nigeria., This figure is
quite higher than the calculated alate preduction (6.09/&2/&r) in the Mokwa
area bf the Southern Guinea savanna zone, On dry weight basis, alate
production was calculated at 0,059 g/hafkr comparable with Josen's (1972)
figure of 0.045 g/hzjyr for the same species, quoted by Wood and Sands (in

press).

Few measurements exist on the production of Neuters. Lepage (1974)

Senpm—— o ia —n
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SECTION IV.  FORAGING AND GRASS CONSUMPTICN



Q0

Ll
KRt

1. Materials and methods

1.1 Lahoeratory food preference studies

Medium sized mounds of T. geminatus of about 0,25 m high and basal  ':
circumference of 0,8 - 1.0 m were dug up from the field in different
locations and transplanted into wooden bins 120 em x 120 em x 22.5 cm,
covered at the bottom and sides with corrugated iron-sheets. The bins were
filled to depths of 22 em with top soll free of grass fragmenfé and the
edges were smeared with vaseline to prevent the escape of foraging termite
parties. The bins were kept in a room with more or less constant temp- |
erature, and watered cnce a week. Within 24 hrs termites established their  =

galleries and commenced foraging on the surface of the bins,

Six different grass species - A. gayanus, H. dissoluta, P. pedicellatum,

C., gigantens, M. indica and Cyperus sp. were tested for preference by T.
geminatus. The grass species were presented in the form of artificial
stending grass tussocks of standard lengths 10 cms and dry weight of 0.5
gns. The tussocks were arranged in two 3 x 6 randomised blocks at opposite

corners of the bin with the mound in the middle (Plate 6).

Each blockIConsiated of 3 rows with each row having a réndamly 1odated
tussock of each species of grass. At the end of each days foraging, the
remains of the attacked tussocks were dried, weighed and replaced with new
tussocks weighing 0.5 g. Thus each day, the termites had a choice of equal
gquantities of each grass species. A control was set up with gross tussocks
but no mound. The experiment was carried oul over a period of eleven days

with five mounds from different locations repre..-ating different colonies.

i

1.2 Measurenent of amount of prass harvested and carried back to the nest

The selection of a random sample of foraging holes for observation

was limited because of certain restrictions imposed through the foraging
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behaviour of T. geminatus. As holes were not continuously used and as
there were no permanent trails, it was not possible to make observations

at permanently marked holes or to measure "traffic" past fixed reference
points. A random selection had to be made separately for each foraging
period. Initially attempts were made to select, from a predetermined area,
a random sample of foraging holes and to count the number of pieces of
grass carried down the holes during 5-minute periods at intervals of %0
ninutes. Thus two ohservers could take observations at a maximum of 12
holes. After several trials, this method had to be abandoned as it was not
possible to make the reguired number of observations at holes where

activity was low without seriously disturbing the termites.

However, it became apparent after observing several holes on many
different days that foraging activity at individual holes could be described
in the form of a curve (Figs. 6a, 6b and 6¢). The curves for different
holes on the same day were similar in shape, being determined by the timing
of onset, peak and cessation of foraging which were roughly synchronous,
although the amplitude of the curves was determined by the level of activity
at each hole. After several trials the following method described below

was adopted.

The observations were made on four 0.25 ha areas set aside for studies

of foraging by Trinervitermes (Fig. 2), one on each plot.

VWiithin these areas 5 strips, each measuring 3 m x 30 m were laid at
random and marked with pegs. At the beginning of the foraging period one
observer systematically ~arched each strip and marked foraging holes that
were open. When there were many holes open, usually every 3rd hole was
marked giving approximately 15-20 marked holes in the five strips. If

there was little foraging, it was necessary to mark every hole. A second
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observer counted the number of pleces of grass carried down each marked

hole in 5 minutes. Meanwhile, the first observer, having finished marking - :

holes, commenced similar 5-minute observations on selected very active
holes (usually 3 in number) and repeated these observations at intervals of

30 minutes. Thus for each foraging period the following data were obtained

{(a) Single observations, at different times of the foraging psriod, at

all marked holes. These observatioons, started shortly after foraging
commenced, were usually completed part way through the foraging period-_.
The duration of these obgervations were dencted by t4. '
{b) Repeated observations at 3 holes for the complete foraging peried (tp).
As the onset, peak and cessation of foraging at different holes on any

particular day were roughly synchronous, and independent of the level of

activity then if

Xst{ = mean of single observations over the period tq
Ert1 = mean of repeated observations over the period t4
Xrts = mean of repeated observations over the entire period (t»)

Then the mean harvesting rate for all marked holes over the entire period
(Estg) was given by ;St] . §rta .....(ﬁ)

S xrty
and the number of pieces of grass harvested per m? on the five strips of

total area 450 me over the entire foraging period t> in minutes was given

by'_ . J-Estz « 1 . t2 ..-.-(2) . IR . ‘

vwhere n was the total number of holes opened.

In order to express the amount of grass harvested on a weight basis, pleces

of grass'being carried by workers were collected at random at a number of
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different foraging holes. Thesé were dried and weighed and the mean weight
of grass fragments was calculated [rom varying samples of 100 fragments
each. The foraging sampling described above was carried out in 4 plots,

two of which were grazed and two ungrazed at fortnightly intervals.
Cbservations were made on plot B {grazed), which was taken as the standard
plot, during four successive days within a fortnisht to determine the
pattern of activity within this period. On the L4th day of sampling, in
addition to the sampling in plot B, all other plots (A, C and D) were
equally sampled., Thus within a fortnight, plot B was sampled on 4 successive
days while ﬁther plots were sampled on the 4th day. The harvesting rate/m2/
day was calculated for each of the plots on the Uth day from mean activity
curves. The mean rate/m2/day for the 4 days was calculated for plot B.
Knowing the rate of harvesting/m2/day for each plet and the mean rate/m?/day
for the standard plot, than the mean rate/m2/day for the & days for plots

(A, C and D) was ¢alculated by proportion.

Bxample: Taking plot A.

L

the rate/m2/day in plot A on the Uth day

Suppose Ay

B, = the rate/me/day in plot B on the hth day

" Bx

the mean rate/m2/day for plot B on the 4 days of successive

ohservations

Then Ax which represents the mean rate/ha/aay for plot A for the 4 days is

given by BX » A  sesse(3)
o By .

Similarly the mean rate/mZ/day for the 4 days of observations for plot C

and D were calculated.

1.241 Heasurement of grass cut down but left as litter
20 (0.5 m2) quadrats were laid at random in areas within 3 plots

'(B,_C and D) where foraging activity was mostly observed, Fach quadrat was
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Method of calculating rate of grass harvesting by T. geminatus.

Values of rtq and rtp are number of pieces of prass

harvested/5 minutes/foraging hole and are obtained from

the mean activity curve in Fig. 6a. (Symbols as in text)

5th March 1974

s t, = 120 tp = 210
riq rto
06.00 0 0
06.%0 15 15
07.00 24 28
07.30 ko 4o
08.00 52 52
08.%0 - 74
09.00 - 50
09.20 - 0
Xrtq = 27.0 xrt2 = 33.1

xstq = 33.8
xsty = 23.8 x 33.1

27.0

= 41,5



95

cleared of litter and swept clean with broom. Quadrats were examined every
four days within a fortnight between January te April 1975. All the grass
cut down and abandoned by termites (easily recognised by the characteristic
chewing marks left by the termites on grass fragments), were collected from
each of the quadrats which were again swept clean. The fragments so

collected were dried and weighed.

1.2.2 MHeasurement of the amount of grass consumed while foraging

Observations in the field indicated that worker termites returning
to the nest had full crops, indicating ingestion of food while foraging.
In order to guantify the amount consumed, measurements were made to deter-
mine weight differences between outgoing and incoming workers after foraging

had commenced.

Fifty outgoing workers vere carefully piclted up with forceps at
random just before the commencement of foraging. These were placed in a
clean preweighed glass bottle., 30 minutes after commencenent of foraging,
50 each of ocutgoing and incoming laden workers were again picked up at
random and sut separately in preweighed glass bottles, This process was
repeated after 1 hour and 13 hour intervals respectively, The bottles with
their contents were oven dried at 60°C for two hour and reweighed. The
weights of the different categories of workers during the different
collecting periods were found. Weight differences between outgoing workers
before commencement of foraging and ingoing laden workers at 30 minutes,

1 hour and 1% hours were obtained,

1.3 Age detemination in the worker caste

Two criteria were adopted in determining age, firstly, mandibular wear
measured by the length of the apical tooth of the left mandibles and

secondly the head width, which could vary at each moult of the workers.
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Random collections of both categories of workers were made from
foraging parties in the field by means of fine forceps, kept in separately
labelled tubes and taken to the laboratory for measurement. A total of

105 termites of each category were measured on different dates.

1+3+1 Heasurement of the head width and avical tooth of srass carriers

and gross cutting workers

In order to investigate whether any differences in function
existed between workers that carried grass to the foraging hole and those
that actually cut down standing grass tussocks, measurements were made of

these two categories in the manner already described.

Fifty termites each were collected from grass carrying workers
returning to the foraging hole and from termites on grass tussocks cutting

down grass blades.

1.4 Relating foraging cycle to subsoil and soil surface temperatures

The effect of temperature on foraging cycle was investigated. Soil
surface, subsoil and mound temperatures were measured between November
1974 = April 1975; at intervals which coincided with foraging observation
periods. Temperatures were recorded by means of thermistor sensors
connected to a Grant temperature recorder Plate ?. The thermistor sensors
(temperature probes) were protected from outside influences by passing
them through aluminium tubes open at both ends and cut into different
lengths. This device made it easier to push the probes through the soil
and mound structures. The Grant recorder was set in such a way that
temperatures at the different sites were recorded at hourly intervals during
each 24 hour period. The foraging cycle for each day and the hourly sub-
s0il, soll surface and mound temperatures were recorded and the data looked

at with two main objectives (a) To see whether foraging was related to sub-
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s80il and s0il, surface teaperatures, and if so at what temperature ranges
foraging occurred. (b) To investiga:e whether foraging was in response to
changes in temperature as foraging occurred in the morning/or late after-

noon when temperatures were either rising or falling.
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2. Results

2.1 General observations on foracine behaviour

liixed parties of workers, major soldiers and minor soldiers ffavel
from the mound via subterranean galleries to the soil surface where they
emerge through circular foraging holes approximately % mm in diameter.
MHore rarely foraging parties emerge from holes cut at the base of the mound.
Thg_holes are opened at the beginning, and ¢losed with a plug of soil at
'tﬂélénd ef the feoraging period. Some heles were reused on successive days,
whereas others were used only once and thers appeared to be no way of
predicting which holes would be used on any particular day. The foraging
hbleé could be scattered throughout an area with no specific¢ arrangement
but quite often holes were scen arranged in a line stretching from the
mound to varying distances away from the mound. Measurements of the
distonces between foraging holes, the distance covered by foraging holes
and the number ol holes, indicated that they were excavated nt fairly
uni form distances from one another rangiag from 0.28 - O.44 m. The mean
mumber of foraging holes in a column was estimated at 21 and the distance

covered by these holes was about 7 metres.,

It was obzerved that the foraging holes were opened by workers
breaking open the thin plug of soil. The first individuals to emerge were
the minor soldlers which took up outward-facing positions on the edge of
the hole. More minor soldiers and a few workers emerged, thé workers often
returning to the hole in the initial stages until eventually, a mobile
foraging column, flanked by minor soldiers was formed., Usually 3045
minutes elapsed between the breaking of the plug and establischment of
active foraging. Usually, there was a single column from each hole which
extended for distances of up to 2 to 3 m from the hole. The ¢olum was

well defined, usually no more than 3-5 individuals wide, except at its
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extremity where the termites spread out for the purposes of collecting
grass. There might be as wmany as 500-800 workers on a single grass tussock
.(Plate L) -and often 40-50 workers might be occupied in cutting the same
'é£em or blade of grass at different points. On grass blades of large

diameter, (e.g. Andropogon gayanus), 3~4 termites were observed cutting at

a point and the cutting time was estimated at 2-3 minutes; but on thin

.grass blades of (e.g. Hicroechloa indica), a single worker termite could cut

down the grass within less than 1 minute. Lenpgths of grass could be
severed near the base and fall to the ground with their load of workers,
whereby the latter either commenced cutting it into shorter pieces, or they

disbanded leaving the grass {(often 20-3%0 cm long), lying on the ground.

The process of harvesting on any particular pgrass tusseck did not
appear to be well organised, as in addition to grass being 'wasted', smaller
pieces could be piclked up, put down and other pieces nicked up, but at the
end, a proportion (20-30%) of workers returning to the foraging hole
carried back pieces of grass ranging in length from 2-20 m (Plate S).
Cessation of forapging wasz evidenced by o strong stream of workers, few of
which carried grass, returning to the foraging hole. Heanwhile, the minor
soldiers moved rapidly in all directions around the periphery of the
colunn; their function appeared to be two-fold, firstly to protect the

workers from marauding ants (Crenamtosaster sp. which were particularly

active around foraging parties and frequently carried off workers that
wandered away from the main foraging party), and secondly to 'round up' ﬁny
straggling workers. Closure of the hole took only 2-5 minutes and
occasionally a few individuals might be left outside where they were rapidly

taken by ants.,

These field observations led to the investigation of the activity of

workers, and whether any age differences existed between grass and non-
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grass carriers., Quantitative estimates were also made of the amount of
grass cut down and carried back to the nest, amount cut down and left as

litter and quantity consumed while foraging.

2.2 TField observation on food selection

Field observations on feeding were recorded whilst developing a method
for quantifying the rate at which grass was harvested by T. geminatus.
Field observations were mainly confined to the dry season. During this
period, dead standing grass was more abundant than green grass. Observations

indicated that Andropogon gayanus was the species most often attacked by T.

geminatus. It foraged less commonly on the fine-leaved species, although
as these were much less abundant, this was not indicative of any preference
for A. payoanus. Also observations indicated a preference for the fine-

»
leaved Microchloa indica by T. topgoensis, though no quantitative data were

available.

T. geminatus was observed feeding on most of the species listed

(Table 1) and some low lying vegetation such as Zornia glochidiata. During

the period of observation, harvesting was almost exclusively confined to
dry grass. During periods when green grass was more abundant just at the
beginning of the rains, sporadic foraging Ey‘g. geminatus showed a distinct
preference by the termites for the dry grass and approximately 60-70% of

the harvested pieces were in this category.

2.3 Reaction to disturbance

T. geminatus, like other species in the genus was very sensitive to
disturbance and this imposed certain restrictions on attempts to quantify
harvesting. Slight vibration of the ground or vegetation or too close an
examination of the termites was often sufficient to cause severe disruption

of foraging.
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The first signs of disturbance was given by the minor soldiers leaving
their {lanking positions and running arcund rapidly in all directions. ;I
The final outcome however appeared to depend on the degree of disturbance
and intensity of foraging. The foraging party might settle down or
foraging micht prematurely cease with the termites returning to their

foraging hole which was then closed.

During the early stages of foraging, I. geminatus was very easily

 disturbed and the close presence of an observer (e.g. while attempting to
monitor activity), might cause sufficient zlarm to result in the hole being
closed. However, once forapging was well established and several hundred )
individuals were out of the hole, observations could readily be made and

individual termites collected without or with only temporary disturbance.

The same reaction was observed in response to certain predators, Lizards

and mantids were often observed moving from one foraging column o the next

resulting in rapid closure of the foraging hole.

R .f'.:.-'i I .
The curtailing of foraging in this way might have more impact on the

colony than the loss of individuals to the colony. The following ants were

observed preying on T. geminatus, Myrmicaria sp., Polyrachis sp., Cremato-—
gaster sp., Monomorium sp., Meganonera sp., and some species of Neuraoptera
(e.g. ant lion larvae) which constructed shallow *‘pits’ in which straying

foragers were entrapped.

2.4 Lavoratory choice exveriments

Table 24z and Fig. 6a show the total and mean dry weights of each :é
éﬁécies collected by each termite colony for the entire duration of the
experiment. A total of 3% m of each pgrass species was supplied to each
colony within an eleven day period. A greater weight of A. gayanus (7.h4 g)

and H. dissoluta (2.3 g) was harvested by termites in colony 1, than other

_,m
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colonies. Zven though colony 3, harvested less A. gayanus (2.8 g) as
compared with other colonies, it harvested a greater quantity of M. indica
(2.6 g) compared with other colonies. Colony 5, harvested more of A.
gayanus (4.3 g) and C. giganteus (2.3 g) than other grass species. Results
also showed that T. geminatus harvested on the average 0.1 g/day of A.
anus, 0.14 g/day E. dissoluta, 0.11 g/day C. giganteus, 0.18 g/day M.

indica, 0.10 g/day P. pedicellatum and 0,10 g/day of Cyperus sp. respect-

ively.

An analysis of variance was carried out on the results as shown in
Table 24(b). There were variations in the mean quantity of each species
harvested. Differences between means were highly significant at the 5%
level of probability (F = 11.15). The standard error of the difference
between any two means was calculated as 0.562 with an L.S.D. (1.173, t-test.
A comparison of this figure, with the mean difference between species
showed that the weight of A. gayanus eaten by T. pgeminatus was significantly
greater than the weights of other species consumed. Hean dry weight

differences between other grass species tested were not significant.

Table 25(a) and Fig. 6(h) show the numbar of times or frequency at
which each grass species was attacked. A total of 66 tussocks of each
grass species was presented to the termites within an eleven day period.
During this time, T. geminatus attacked 40% of the tussscks of A. gayanus
and 22% of M. indica respectively, while less than 20% of the other grass
species were attacked, (H. dissoluta, 17.0%; C. giganteus, 10.6¥%; P. pedi~-

cellatum, 15.5% and Cyperus sp. 12.4%), during the same period.

An analysis of variance of the results (Table 25(b)) showed also a
wide variation in the mean frequency of attack of each species, significant

at the 5% level (F = 15,76). A standard error of 2.5 and L.5.D. (5.3) were
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Table 24b. Variance analysis of weipghis of grass species harvested by T.

geminatus.
Degrees of Freedom Sum of Sguares Mean Square F
~ Mowmds - . &  3.087 0,772
Species 5 | _ bh 102 8.820 11.15**
Error . 20 o 15.817 0.791 o i
Ei 5,E. for the difference between 2 means = 0.562

to .05 (2) : 2.086

L.S.D. (0.05) = 1.173
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calculated and the mean difference between species similarly showed that
the frequency of attack was significantly greater in A. gayanus than other

species.

Attack on M, indica was significantly greater than on C. giganteus and
Cyperus sp. respectively, but there was no significant difference between

M. indica, H. dissoluta and P. pedicellatum.

2.5 Monitoring the activity of various categories of workers in a foraging

party
Field observations on several occasions indicated the presence of

three categories of workers in a foraging party, namely outgoing, incoming
laden and incoming unladen. Their pattern of activity during foraging was
investigated. This was accomplished by two people sitting near a fairly
active foraging hole with a stop watch and recording the number of outgoing,
incaning laden and incoming unladen at time intervals, from the beginning
of foraging till the end. One minute count was taken at intervals of 15

minutes for each category of worlers.

Figs. 7(a) and 7(b) show graph of numbers of termites in each category
counted per minute against time., With the onset of foraging, which normally
started 30-45 minutes after the holes were opened, there was a high number
of outgoing workers (54/minute) as compared with incoming laden (2/minute)
and incoming unladen (35/minute). As the number of incoming laden and

unladen increased, the number of outgoing workers declined. The flow of
these two categories of workers often resulted in the blocking of the
foraging hole, caused mainly by the incoming laden workers which occasion-
ally carried unusually thick and long pieces of grass, which they success-
fully manoevered to the foraging hole, resulting in the disruption of the

flow of outgoing workers.
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Table 25h, Variance analysis of frequency of attack of grass species by

T, geminatus.
Degrees of Freedom Sum of Squares Mean Square F
Mounds L 110.802 27.70
Species 5 1276.167 255.233 15.76**
Error 20 323,998 16.200
S5.BE. of difference between 2 means = 2,546

to.05 (20) 2.086

L.S.D. (0.05) 5.310

L}
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When foraging was about to end, there was a considerable increase
(67/mimute) in the number of ingoing unladen workers and a corresponding
decline in the number of outgoinz (18/minute) and incoming laden workers
(7/minute). However, throughout the period of activity, the number
counted per minute of ingoing laden was low compared with the other two
categories. From these activity curves, it was possible to estimate the
proportion of carriers (ingoing laden) in a foraging pariy to be about
28-30%.

2.6 Age determination in grass and non--rass carrving workers

The mean head width and apical tooth length of a total of 105 termites
of each category measured at different dates is shown in Table 26(a). lMean
head width of grass carriers varied from 1,48 + 0.060 to 1.6% + 0.045 mm
with a mean of 1.59 + 0.052 mm. Head widths for non-grass carriers varied
from 1.49 + 0.052 to 1.69 # 0.055 mm with a mean of 1.61 # 0.048 mm. The
apical tooth lengths of the left mandible in the grass carriers varied from
0.066 + 0.059 to 0.080 + 0,067 mm with a mean of 0.072 + 0,058 mm while
those for non-carriers varied from 0,048 + 017 to 0.052 + 0.019 mm with a

mean of 0.049 + 0,018 mm.

The results indicated no difference in the head width of both categories
of workers. However, the apical tooth length showed a significant differ-
ence. Non-grass carriers had a shorter apical tooth than grass carriers,
indicating that the former were older. In some samples measured workers in
this category had almost completely worn apical teeth of about 0,01 - 0,02
mm in length. The indications were that older workers with worn teeth

could not carry grass fragments.

2.6.1 Head width and apical tooth measurements of grass carrying and

grass cutting workers

The results indicated that the mean head width of grass carriers
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Table 26b. Measurements of the head width and apical tooth of grass

carriers and grass cutting workers.

Grass Carriers Grass Cutters
No. measured 50 50
Mean head width (mm) 1.565 + 0.076 1.623 + 0.064
HAN ST Raosh Sk 0.083 + 0.0155 0.088 + 0,0218

in the 50 termites measured varied from 1.44 mm to 1.68 mm with a mean of
f.565'1 0.076 mm, while those of grass cutters varied from 1.48 mm to 1.76
mm with a mean of 1.623 + 0,064 mm. The apical tooth measurements of grass
carriers were similar to those obtained in the previous measurements,
ranging from 0.06 to 0.10 mm with a mean of 0.083 + 0.0155 mm. Grass
cutters had apical tooth length which varied from 0.06 to 0,14 mm with a

mean of 0.088 + 0.0218 mm.

From the results it appeared that grass cutting and grass carrying
was a function of the young workers. The function of the old workers in a
foraging party remained unclear. However, field observations revealed that
some of the foraging termites nibbled through the vegetation and removed
the epidermal layer of the grass blades, and in this way ingested food into
their guts. It would appear that the old workers equally participated in

this activity during foraging.

2.7 Harvesting rates and quantity carried back to the nest

Harvesting rates at holes where repeated observations were made are
shown in Figs. 8a, &b, 8c. The mean activity curves calculated from this
data are shown in Figs. 8a, 8b, 8c. The curves in Fig. 6a were for a day

when the selected holes in addition to being similar in shape, were also
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SRR
similar in amplitude._ In contrast Fig., 8¢ illustrates chrvés 6b£éiﬁéd for..
3 holes on a different day, with similar shape and different amplitude.
For the purposes of caleulating the mean rate of harvesting over the entire
foraging period, the mean activity curve was extrapolated to zero foraging
at the beginning and end of the foraging period. By reading off values for
the rate of hervesting at equally spaced time intervals (3 hour was selected
as a suitable interval), on the mean activity curve, it was possible to
calculate the value of irtg. The value of Ert1 could be similarly
caloulated. These calculations are illusirated in Table 23 for the mean

activity curve shouwn in Fig. 8a.

The resulis of observations made on & plots for a period of 13 weeks
(182 days) between May 197h and April 1975 are shown in Appendices 8a~8h

with the summary of the resulis shown in Table 27 for the different plots.

The length of the foraging period varied in zll plots, being 1arge1f-”
::&éfermined by the time foraging ceased as the onset of foraging {(06.00 -
06,30} for morning foraging and (05,00 - 05.30) for the evening foraging

- period were fairly constant throughout the period. 1In plot B average
foraging period varied from {105 - 293 with a mean of 177.,3 minutes), plot
A (120-210 with z mean of 166.5 minutes), plot C (65-255 with a mean of

| 173.4 minutes) and in plot D varied from (145-270 minutes) with a mean of

188.1.

Thelnumber of holes opened for foraging activity were gquite variadb e
in different plots; plot B {66-1452 holes/ha), A (66-9950 holes/ha), C {(6-

1122 holes/ha) and plot D (#4-726 holes/hal.

The curves of activity show a gradual build up of activity to maximum
" rates of harvesting followed by a relatively rapid decline until the holes

were closed. The mean rate of harvesting (Estz) varied in the plots
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ranging from (8.76-46.3 pieces/hole/5 minutes) with a mean of 24.1 in plot
B; C (9.58-51.29 pieces/hole/5 minutes) with a mean of 29; A (14.4-39.7)
with a mean of 23.6, and in plot D (14.2~66.9) with a mean of %0.0 pieces/
hole/5 minutes. At the peak of activity, harvesting rates on very active
holes yielded counts varying from 160-220 pieces/hole/5 minutes. Harvest-
ing rate/m2/day calculated from equation (2) also indicated a wide
variation with a range of 2.0/n2/day to 121.8/w2/day with a mean of 31.5/
m2/day in plot B; 3.6-47.4/m%/day in plot A; 5.8-58.7/m2/day in plot C, and
3.3-43.0/m2/day in plot D.

The mean dry weight of 100 pieces of grass fragments collected from

different foraging holes ranged from 0.10-0.21 g.

The mean dry weight harvested ranged from 0.0023-0.009 g/ha/day for
plot A with a mean of 0.0261 g/w2/day; plot B, 0.011-0.167 with a mean of
0.045 g/m2/day; plot C, 0.004-0.098 with a mean of 0.0362 p/m2/day, and in
plot D, 0.003-0.090 with a mean of 0.0253 g/m2/day. The mean dry weight of
grass/m2 harvested at fortnightly intervals/month recorded throughout the
year is illustrated in Fig. 9. In order to obtain the amount of grass cut
down and carried back to the nest in each plot, the mean dry weight/m2/day
was multiplied by the total number of days 182 at which foraging activity
was recorded throughout the year (Table 27). In the grazed plot B (81.9
kg/ha/yr) and C (65.9 kg/ha/yr) the mean quantity cut down was calculated
as 73.9 kg/ha/yr, while in the ungrazed plots A (47.5 kg/ha/yr) and D
(46,0 kg/ha/yr), the mean was 46.75 kg/ha/yr.

In the Zugurma area of undisturbed primary savanna woodland 2 days
observations were made on the 13th and 1%th March 1975 on 5 strips of the
same dimensions as those in the experimental plots. The figures obtained

during the two doy period were compared with those from the standard plot
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Table 27. Mean foraging time, number of holes/ha, rate of grass harvest-
ingéma/ﬁax_and the mean gquantity harvested ' n/me/yr
during 182 days of foraging.

Plots A B c D
Mean foraging time
Citin) 166.5 17273 173.4 188.1
No. of holes/ha. Lr - I
Consige) 66 - 990 66 - 1452 66 - 1122 bl - 726
Mean rate of
harvesting pieces/ 23.61 2k, 14 28.99 30.03
hole/5 mins,
Mean rate of
i 2
""‘“‘(‘g‘gw wt/m%/day 0.0261 0.045 0,032 0.0253
Amount harvested/ha/
. 47.5 81.9 65.9 46,0
(kg)
Mean harvested grazed plots -  73.9 kg/hafyr
n " ungrazed plots - U6.75 "
Mean quantity of grass cut down and carried
back to the nest by T. geminatus 60.33 kg/ha/yr
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B on the fortnight of 19/3 = 22/3/75. The average foraging period was 180
minutes, average number of foraginz holes was calculated at 814 holes/ha.
The rate of harvesting varied from 1%.7 - 19.9 with a mean of 17.3 pieces/
hole/5 minutes and a daily rate of 50. The mean dry weight of 100 pieces
of grass fragments was 0.22 g and the mean dry weight harvested was

0.123 g/m2/day. The quantity of grass harvested in the area for 182 days

was calculated by

x Zug. (19-22/3) .x plot B for 182 days
% plot B (19-22/3)

X Zugurma for 182 days

= 0.123 . 81.9
0,120
= 83.95 keg/hafyr

The quantity of grass harvested in the Zugurma bush plots by T. geminatus

 ———

was comparable with the quantity harvested in the grazed plots.

2.7.1 Quantity of grass cut down and left as litter

The data obtained within each fortnight was compared with data
for grass harvesting (i.e. grass cut down and carried back to the nest),
during the same period, as shown in Appendix 9 and summarized in Table 28.
The mean weight of grass for the six week period was calculated to get the
quantity cut down, and was multiplied by the total number of foraging days

to obtain the quantity cut down within the entire foraging period.

The mean dry weight cut down and left as litter within the period
varied from 0.,0046 g to 0.21 g/m?/day with a mean of 0.0118 g/m2/day.
Quantity of grass cut down and carried back to the nest within the same
period, from figures extracted from plots B, C and D on the same dates

varied from 0.0327 g to 0-118 g with a mean of 0.0537 g/n/day. The



Table 28, Guantity of grass cut down and carried back to the mound and

© quantity cut down but left as litter Januvary -~ April 1975.

; Mean cquantity cut down Mean gquantity cot down
Period and carried back but left as litter
w2 (2/m2)
22/1 - 25/1/75 - 0.0327 | O o210
5/? 8pps o037 o 0.0049
19/2 - 22/2/75 © 0.0000 | - 0.0079 :
5/5 - 8/3/75.  ommes oo
/5 - 2230 0.09567 I 0.0162
2;"1? - 5/‘+/75 R 0.0000 R 0.0046
Total . - 0.3222 0.0708

Mean wt g/m2 0.0537 0.0118
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quantity of grass cut down but left as litter for the entire foraging
period of 182 days was calculated as follows using plot B as the standard

plot.

X cut and left from Jan/April X
quantity cut and carried back for
182 days (Plot B)
quantity cut and carried between
Jan/April

x cut and left for 182 days

= 0.0118

W x 81.9

= 17.99 k&/ha/yr

Quantity left as litter represented 28.9% of total grass harvested.

2.7.2 Quantity of food incested while foraging

Table 29. Weirht of workers of T. geminatus at different times of the

foraging cycle.

x dry X dry wta i -

Babibad wt. 20 mins after x dry wt. x1grgr:t.
of u gkzia before commencement 1 hr. after after.
° foraging of foraging (g) ()

(g) (g) &
* Outgoers 0.086 0.096 0.106 0.08%
* Ingoers (laden) 0.106 0.096 0.081

* Each figure represents a mean of 10 days record and 50 termites of each

category.

Table 29 shows the results obtained from | days measurements.
The results showed that weight differences between outgoing and incoming

laden workers were only detectable 30 minutes after the commencement of
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T foraging (0,106-0.086 = 0.02 g/50 termites). The mean weight of the two
categories remained constant 1 hour later, but there appeared to be a -
decreass in weight 13 hours after foraging. This difference could be
accounted for by loss of water and defeacation by the termites during

| feeding activity.

T
Since there were several unknown factors which could influence .
the quantity of food consumed e,g. (i) the number of times each termite
returned to feed, (ii) whether or not they fed at the same rate on each

occasion, the quantity consumed could be estimated making several

assunptions.

(1} (a) Assume consumption in the first 30 minutes was carried out for
full period of foraging.
(b) Assume individual workers went out once OR

(e) If individunls went out more than once, they fed at the same rate,

{(2) Assume no feeding after 30 minutes. On the basis of the first
aasumption, using plot B as the standard plot _
 Mean rate of harvesting/m2/day (as per plot B) = 31.47 pieces.
Weight of grass consumed in the first 30 minutes for full period of .

182 days by laden workers

0532 x 182 g/m?/yr

31 ol{'? X

'”:ﬁﬁ. L 2.29 g/m’/yr
If the second assumption is applied, then it is necessary to know the %
pieces of grass carried back in the first 30 minutes of foraging. This was
caleulated as follows using data in plot B.

g

BRI
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Example On the 22/1/75,
The mean number of grass fragments harvested/5 minutes, in the first
30 minutes, as read from the mean activity curve for the day
= L.,6 pieces/5 minutes.
Total number of holes opened in the five strips each measuring 3 m x 30 m
= 17

Rate of harvesting/m2/day in the first 30 mins. = 4.6 x 17 x
450 x &

= 1.04 pieces/m2/day
Rate of harvesting/m2/day for the entire foraging period on 22/1/75 .
= 24, b4 pieces

% rate of harvesting/m2/day for the first 70 minutes = _1.04
2mnn

= ‘i.ﬂ

The above calculation was made on 10 foraging dates selected at random from
plot B data (Table 29(b)). The mecan percent rate of harvesting for the
first 70 minutes was calculated at 11.4%’. Using this figure, the mean rate
of harvesting in the first 30 minutes during the entire foraging peried in
plot B was estimated at 11.43% of 31.47
= 3.59 pieces/n?/day
Quantity consumed by laden workers in the first %0 minutes of foraging

= 3.59 x 0.02 x 182 g/me/yr
50
= 0.261 or 26.1 kg/ha/yr

In the case of non-carrying workers, their function in a foraging
party remained unclear, as stated earlisr on and ne measurements were taken
of this category of workers, but if it is assumed that they fed during
foraging, then similar calculations could be made to determine the quantity

consumed (a) during the entire period and (b) for the first 30 minutes. To
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Table 29b. Rate of grass harvesting in the first %0 minutes after

Foraging Date
22/ /75
&/ 2/75
16/11/74
19/ 3/75
8/ 1/75
& 3/75
';  21/12/7h
2/ 25
20/41/2h

22/ 3

cormmencement of foraging.

Calculation asz in text.

" Total mean rate
of harvesting/m=/day

2k by
37.02
26.59
54.33
2h.62
79,70
12.89
84.58
5.6

75.07

Rate/m®/day ] . _
first 30 mins. %
of foraging

0k b3
5.49 IIZ ' 1%,8
375 1h;04
2,40 _'. b L
2,98 12,13
480 ... 6.03
3.00 L 23,27
672 7.9
0.99 19,78
7.8 9.57
= 11.43

.~ Mean %

-
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Table 30. Total primary production in relation to consumption by cattle

and T. geminatus.

Quantity

Quantity consumed removed by

Grass production

by cattle
I Y a
2944 1404 104,33

Consumption calcul-
ated as % of total - 47.69 3.54
grass production
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do this, the proportion of non-carriers to carriers in a foraging party was

determined from activity curves (Figs. 7a and 7b). From the graphs (Figs.

7a & 7b) the proportion of non-carriers _ 2.8
carriers 1

i.e. 72% of the foraging workers were non carriers while carriers only

contituted 28%. On the basis of this figure

- The quantity consumed by non-carriers for the full period
= 2.29 x 2.8 g/m2/yr = 6.42 g/mfyr
Quantity consumed in the first 30 minutes assuming no consumption
after this period
= 0.261 x 2.8 = 0.7% g/m/yr
?3.0 kg/ha/yr

2.8 Relating foraging cycle to subsoil and soil surface temperatures

Subsoil and soil surface temperatures together with periods when
foraging occurred were recorded from November 1974% to April 1975 and are

shown in Appendix 10 and Fig, 10.

Subsoil temperatures varied little during each 24 hour period and were
revresented in Fig, 10 as the daily mean of both foraging periods (morn ng
and evening). In contrast, soil surface temperatures fluctuated more
during each 24 hour period on some days. During the second quarter of
Novesber 1974, subsoil temperatures averaged 26°¢ (morning and evening),
while soil surface temperatures varied from 21°%-21% during the same period,
Foraging occurred at each of these periods (morning and evening). In the
last quarter of the same month, subsoil temperatures varied from 2#0-28.500
(morning and evening periods), while soil surface temperature varied fram
19°-22°C in the morning hours and from 20.5°-34,5°C during the evening
period. Foroging during this aquarter was restricted to the evening period,

with warmer soil surface temperatures.
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Inlthe months of December and January, subscil temperatures in the
morning hours ranged from 220*3000 and in the evening period from 25.50-3400.
S0il surface temperatures in the morning hours ranged from a low of 16.50—

' 21.2%C and in the evening periods from 24.5°-33.6°C. Throughout this
period, evening surface temperatures were warmer than morning soil surface

temperatures and hence foraging was restricted to the evening period.

Comas
S

During the first quarter of the month c¢f February, morning soil surface
temperatures were between 20.60-2600, while evening soil surface temper~ "
atufesxeefe very high, mostly above 40°%:. During this period, (except for
the 5th February when foraging occurred in the morning and evening),
foraging was restricted to the morning hours. During the third gquarter of
the month, morning soil surface temperatures were low (17.8-21.0%), and

evening temperatures very high above hOOC, resulting in no foraging activity

" within this period, The cause of this lack of foraging activity was

gttributed to the resurgence of the cold harhattan winds within the period

- resulting in cold morning temperatures and hot evening temperatures.
AR

Foraging patterns similar to those observed in the months of December
and Jamuary were repeated during the month of March, when soil surface
temperatures were moderate (25.600—29.790) and evening soil surface temp-
eratures high (35.200-4400). In April no foraging was observed during the
first quarter partly because of high soil surface temperatures (morning,
29.30°-34.5%C) and (evening, 36.8°~48°C), and partly by the onset of the

o

rains.

The results indicated that foraging activity was influenced by soil
surface temperatures. A lower and upper temperature limits were also
indicated. Vhen morning soil surface temperatures were below EOOC, Rno

-foraging activity was observed. Similarly, when evening soil surface

P O
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temperatures were above 3500 foraging activity did not occur. There was
therefore a lower temperature threshold of 20°C and an upper teumperature

threshold of 35°C, below or above which foraging was restricted.

2.8.1 Foragins frequency at different soil surface temperatures

(Morningz and Evening activity)

The indication of an upper threshold of 3500 and lower temp-
erature threshold of 20°C led to the investigation of a probable preferred
tenmperature within this range at which foraging occurred. Table 31 shows
soil surface temperatures between 200-3500 and the percentage frequency at
which foraging activity (morning and evening periods) occurred at these

temperatures.

1t was observed that during the twenty occasions at which
foraging was recorded in the evening period, foraging occurred as often as
(10%) at 21°C, as at 35°C. Similarly, on eleven occasions when morning
foraging was recorded, it occurred as often as (8%) at 21° as at 29°C, the
lowest and highest soil surface temperatures respectively recorded on these
occasions. There was therefore no indication of preferred temperature with

upper and lower threshold values of 20° and 3500.

2.8.2 Differences between nest temperature and soil surface temp-

erature and how these affected daily foraging pattern

Differences between deep nest temperatures and soil surface temp—~
eratures during morning and evening periods respectively were compared to

see whether the termites responded to changes in temperature.

The results are shown for both periods in Tables 32a and 32b with
observations made on 26 days and 28 days respectively during morning and

evening foraging periods.
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Results indicated that during morning hours, temperatures deep in
the nest (4 cm) showed less variation and were warmer than soil surface
temperatures., The difference between nest and soil surface temperatures
ranged from 0.?50-13.600. On the 26 days of observations, nest temperatures
were warmer 815 of the times with only a day when nest and soil surface |
temperatures were the same; and soil surface temperatures 15% of the times
warmer than nest temperature. During this period differences between nest
and soll surface temperatures did not seem to have an important effect on
the daily foraging pattern, since foraging occurred when nest temperatures
were warmer than soil surface temperature as well as when soil surface
temperatures were warmer than nest temperatures. IHowever, on the three out
of four occasions when soll surface temperatures were warmer than nest

temperatures, ne foraging occurred.

During the evening periods observations made on 28 days, showed
that nest temperatures were warmer 57% of the times than soil surface _
temperatures which were 39% of the times warmer than nest temperatures.
The range of temperatures at wnhich nest temperatures were warmer than soil
surface was closer (1.0°-9.16°C) during the evening hours than in the
. morning hours (0.?50—13.600) indicating that the greatest difference be-
tween nest and soil surface temperatures occurred early in the mornings.
Similarly, during this period temperature differences did not affect

foraging.
i _ . . .
Holdaway and Gay (1948) observed that in mound building, wood-

eating Nasutitermes exi tiosus in Australia, t :seratures in the centre

.nursery chamber were always higher than soll or zair temperature and also

showed less variation.

. .‘!1._:“'1



140

Table %2a. Differences between nest temperature and soil surface temper-

15 .
SLS ature and the effect on daily foragzing pattern. (Morning

temperature differences)

Temp. diff. S0il surface

_; Dgée ' Deegc?est Soil ggfface 2giieiuzigge th:zrﬁzzt gz;;;zgg
T nest by ©C. by °cC. activity
Nov. 13 25 23 2 e o
- 25 22 3 - +
5 2 23 1 - .
16 24 2 o - e
- 22,7 Can - __ 1.30 0
.28 = 28 Lo - 0
29 23 25 - 2 o
20 1.6 28.5 .’ 3 . - 0
Dec. 12 2 - 20.4 11.8 - 0
| 1w 322 18.60 136 e 0
Jan. 22 215 133 22 - 0
23 21.5 - 8.5 3=z e 0
24 21,0 o675 ks 0
25 21.8 16.50 5.0 - 0
Feb. 5 28,75 C 26,0 - 0.75 L - +
6 28.0 246 340 - +
7 29,0 23,0 60 - +
.8 28,50  20.60 2.9 - +
March 19  29.0  29.75 - B 0.75 +
20 RS 26.67 - +
21 3.5 2820 3.5 L ‘e
S 22 33,5 25,60 7.90 - - e
April 2 33.8 . 3%.5 - 1.3 0
3 B 36 1.9 - o
4 5.0 20,8 - b2 o - "o
0

5 35 | 29.30 | 5420 -

T

+ indicate when foraging occurred

o] h no. foraging
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Table 32b, Differences between nest temperature and soil surface temper—

ature and the effect on daily foragine pattern. (Evening

temperature differences)

Temp. diff. S0il surface

Date Deeg nest Soild 3urface 5oil surface warmer ?giﬁizﬁg
c. . C. cooler thp than nest L
L nest by Ce. by C. aCtlflty
Nov. 15 25 21 4 - -
b 24 22 2 - +
15 24 . 23 1 | - "
16 2k 24 0 - :-l- '
27 29,2 34,5 - 5.3 e
23 27.0 21.0 6 _ - "
29 0.3 3.5 | - b2 o
: o) 23.66 . 20.5 ' 9.16 ' - +
Dec, 11 20.16 33.3 - _ 3,14 e
12 20.8 28.3 - - 8.5 +
13 - 30.8 332 - 3.6 .
o 25.66 24.5 e - .
Jan. 22 20.3 24,2 : 6.1 - .
23 30.0 21.50 8.5 . e
2, 20.66 - 28.50 2.46 L w .
2 3100 - 27.33 3.67 - e
Feb. 5  36.0  33.8 | 2.2 e .
3640 - k2.0 - 6 o
2.8 4p,2 - R o
. 37.66 - 42,60 - _ 4,9 0
March 41,16 35020 5.9 : - 0
42,0 %5 .66 5.3 - 0.
42,30 hy,0 - - 1.7 0
2.0 39.75 42,33 - L 2.58 0"
April 2 42,5 - 36.83 6.67 - 0
B kS  38.08 S - 0.
IPRRE SR X 39.00 s .. - 0
 ;35{ - has . k8.0 - : . 5.50 0

+ indicate when foraging occurred

0O " no. foraging
St o
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2.8.3 Relative humidity and effect on forawing

Relative humidity was measured by means of a portable hygrometer
during foraging hours. The soil surface temperatures and relative humidity
on different dates of foraging both morning and evening periods were
recorded as shown in Tables 33a and 33b. These parameters were recorded at
the start of foraging which in the case of morning hours was roughly between
(05.20-06.%0 hrs) and when foraging holes were about to close (08.320-09.7%0
hrs) and during evening hours beginning from (16.3%0-17.20 hrs) and ending

roughly about (18.30-20.0 hrs).

The results showed that during morning hours foraging started
when morning soil surface temperatures were between (21.5-29.000) and
relative humidities ranging from 60-85%. At the end of foraging temper-
atures ranged from 35°-40°C and relative humidities were low ranging from
18-48%. During the evening hours, soil surface temperatures were in the
range of 28-35,0°C when foraging started and relative humidities at the
range of 24-L&¥%. Towards the end of foraging, temperatures were fairly
lower ranging from 20,5-31.5°C and relative humidities fairly high (50-82%).
These results indicated that during morning hours, high temperatures and
low relative humidities limited foraging in other words temperatures were
limiting at their higher values above 35°C while relative humidity was
limiting at its lower value. During the evening periods, the position was
not very clear since temperatures were still reasonably high for foraging.
However relative humidities were higher ranging from (50-82%) as opposed to
24-%65. at the beginning of the evening foraging activity. There was a
suggzestion however that during this period temperatures were limiting at
their lower values and relative humidities at their higher values. These
results corroborated with those of Bodot (19567b) who showed that T.
trinervius which harvested grass in the open, displayed a negative

correlation with menn minimum relative humidity; in other words temperatures
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Table 33a. Soil surface temperature and relative humidities at the he-
.. i ginning and end of foraging. (Morning period)
S. surface °C at R.H. (%) S. surface °C at R.H. (%)
Date start of foraging 1 at start of end of foragiag at end of
(05.30~06.30 hrs) foraging (03.30-09.20 hrs) | foraging
. 6/ 2/75 26.0 8s - 37.0 2%
/2 2h.9 - 80 36.0 2h
8/ 2 22.0 84 39.0 18
6/ 3 27.0 67 36.5 ¥4
7/ 3 29.0 &0 38,0 L3
8/ 3 21.5 65 40,0 25 .
19/ 3 26.0 . 68 - 36,0 ok
21/ 3 26.0 77 28,5 48
22/ 3 28.3 70 35,0 47
Table 3%b. Soil surface temperature nnd relative humidities at the be-
’ ginning and end of foraging, (Evening period)
, S. surface °C at R.H, (%) S. surface °C at [ R.H, (%)
" Date start of foraging § at start of end of foraging at end of
(16.30-17.30 hrs) foraging (18,30-20.00 hrs) | foraging
20/11/74 33.0 2k 26.0 70
11/12/7% 32.0 32 29.0 68
12/12 3.5 375 26.5 7
13/12 53.5 50 30.5 59
14/12 32,5 26 26.0 75
18/12 1.0 b 27.0 67
25/42 32.5 ks 28.0 78
9/ /75 28 %0 20,5 82
10/ 1/ 25.5 33 235 58
11/ 1 30.0 a7 25.0 52
5/ 2 35.0 Le 31.5 50
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were limiting at their higher values while relative humidities were limit-

- ing at their lower values.
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3. Discussion

1; A strong preference for A. gayanus was indicated, when T. geminatus was
presented with a range of choice of grass species. Although laboratory
results might not necessarily reflect the true picture of field situation,
field observa'.ons on food selection seemed to corroborate these laboratory
results. Furthermore, from the vegetation analysis of the species present
in the study area, A. gayonus was not shown to be the most abundant species,
thus its preferential attack by the termites would seem to suggest some
degree of selectivity by T. geminatus. The results indicated that other
species tested were palatable to some degree, however, there were indications
that C. g' -nteus and Cyperus sp. were least preferred but total avoidance
of any species was nok demonstrated. Sands (1961a) showed that 'I. geminatus

accepted many different species of grass, though Aristida kerstingii Pilger

and Cymbopozon citratus (Hochst) were list favoured of all. Vatson gl al

(1970) noted differences in food preference amongst at least nine species

of Drepanotermes in Australia.

2. Cuantitative field estimates of foraging and food consumption by grass
harvesting termite are limited. Watson and Gay (1970) noted that moderately

sized nests of Drepanotermes perniger in Australia was capable of opening

1000 or more holes/ha during the summer, and that larger nests opened
active holes numbering 4000-5000/ha. These foraging holes were used for at
least an hour but commonly for 2-3% hours. An estimate of 30-40 pieces of
forage/minute was carried underground with the average weight of stored
pieces approximately 0.6 mg. Harvesting rates were estimated at 1 kg dry
weight/nest/annum while at heavier infestations, several hundred kilograms/

nest/yr were said to have been removed.

Nel (1968) noted that Hodotermes mossambicus in South Africa carried back to




146

N

the nest pieces of grass {mean weight 6.4 mg); with maximum.fates of.:
harvesting of approximately 100 pieces/hole/S minutes, with a mean of 20
pieces/hole/5 minutes. He estimnted that this species removed 14.6 kg/ha/
yr or 1% of the totsl production of dry material. Bassen (1972) working on
the same species in a different arca estimated that H. mossambicus cemoved
274 kg/ha/yr from the veld in South Africa. Lepage {1973) estimated that
M, subhyalinus consumed 53 kg/ha/yr of litter. DBodine (1973) working an

Gnathamitermes tubiformons estimated that this spacies removed %00 kg/ha/

vr of grass or 12% of the nett primary production. Josens (1972} working

in Lamto, Ivory Coast estimated Trinervitermes sp. to have consumed 6-4%

kg/ha/yr.

Results of this study showed that in the Mokwa area of the Southern
Guinea savamma zone of Nigeria, foraging by T. geminatus was an early
morning or late afternoon activity lasting for 1-b hours daily. The nunber
of foraging holes was estimated at 303/ha. The rate of harvesting was
about 53.38 pieces/hole/5 minutes with maximum rates of about 160-220

pieces/hole/S minutes. Mean dry weight of fragments carried underground
ﬁarie&ﬂ}fom 1.0~2.0 mr. .  Foraging activity in terms of rate of grass-
harvestingﬁma/aayfand hence the mean weight of grass harvested in g/n®/day
was highest in the months of February and March than in other months within
the year (Fig. 9). DBowever, during the last quarter of February (13/2 -

22/2/75), there was a resurgence of the cold harmattan weather which- .

prevented the termites from foraging within the period in all the plots.

_ The mean quantity of grass cut down and carried back to the nest was
" estimated at 60.33% kp/ha/yr. Quantity cut down but left as litter on the
soil surface was estimated at 17.99 kg/ha/yr, approximately 29.8% of the
quantity cut down; giving a total of 7?8..2 kg/hafyr as the quantity of

grass harvested.

Coard



147

BT e

Since no weight difference wés.detected between‘oufgoing ;orkers.and
ingoing laden workers after 30 minutes of foraging, the quantity of food
ingested during the first 30 minutes after commencement of foraging was
assumed as the most likely estimate. This quantity was calculated as 26.1

kg/ha/yr for grass carriers and 73.0 kg/ha/yr for non-grass carriers. As
| actual measurements of the weipghts of the later ¢ategory of workers were‘
not made, the figure of 73 kg/ha/yr estimated as the quantity of food
ingested was probably unlikely and consequently unreliable. If the estimate
was therefore based on the quantity of food consuméd by the grass—cérrying
workers zlong, then the amount (26.1 kg/ha/yr) represented & significant

proportion (33.3%) of the total quantity of grass cut down.

The grass removed by T. peminatus and hence made unavailable to cattle
amounted to 104.33 kg/ha/yr. When this quantity is related to totgl grass
production (2944 kg/ha/yr) Table 30, the quantity removed by T. genminatus
amounted to 3.54% of total grass produced, hence T. pgeminatus did not |
appear to be economically significant in the Mokwa area. Cattle, on the
other hand, consumed approximately 48.0% of the total primary production,
therefore competition with 1. geminotus was unlikely in this locality.
However, the lack of competition could i :rther be attributed to the fact
that in this loeelity, grazing intensity by cattle was low and also termites

were atile to feed on grass (litter) unavailable to cattle.

3+ The occuprence of diuvrnal pattern of foraging mostly in species which
forage in the open has been noted by several workers. Kalshoven (1958)

ohserved this pattern in the 'black termites', Hospitalitermes sp. in

Malaysia and Indo China. Sands {1961b) noted that most of the foraging in
T. pgeminatus took place in the nignt and could alsc take place during the
day in dull weather. DBodot {1967h) noted that in the Ivory Ceoast Triner- %

vitermes trinervius foraged all the year round. Nel (1968) noted that
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Hodotermes mossanbicus foraged during the day in winter buﬁ in summer could
forage early or late in the evening. Gay and Calaby (1970) noted diurnal

foraging in Drepanotermes sop. and Ha verty et nl (1974) noted similar day

and night foraging pattern by Heterotermes aureus (Synder) in the Sonoran

desert of Arizona. Obsgervations in Mokwa throughout the pericd of study
showed thal foraging pariies of 1. geminatus emerged twice during a 2k hnurl
- period. Forapging was an early morning and/or late afternoon activity from
{06.00-09.20 hours) and from (16.20-19.30 hours). This meant that foraging
- eccurred largely during daylight and in the last half hour of the morning
period, and first half hour of the evening period was carried out in bright
sunlight., The time at which foraging commenced and the duration of the

_ foraging period appeared to depend partly on the prevailing weather |
éonditions; and partly by the requirements of the colony. Rain inhibited
foraging and one day's rainfall was capable of inhibiting foraging for a

- week or two. High winds were observed to cause the closure of foraging
haiéé.and hence the cessation of foraging. The daily pattern of foraging
of ¥. geminatus, however seemed to he determined largely by soll surface,

. temperatures and relative humidity.
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¥ .. GENERAL DISCUSSION
-

Host of the points raised by this study have been discussed at the end

of the appropriate sections, but a few general considerations remaine..

'As:£here are no well authenticated reports of termite damage to past-
ures in Nigeria, it is of interest to predict whether or not a potential
for damage exists. As indicated, I. geminstus is the only species with the
potential for removing significant quantities of grass that would otherwise
be consumed by livestock. At the study area, estimates of harvesting rate
of 10% kp/ha/yr of grass were made for an estimated population of 203
fermitesjhz. Annual grasé production was calculated at appfoximately
2000 kg/ha/yr. In this situation, the amount harvested by L. pgominatus
would appear to be an insignificant proportion (less than 4%) of the total
grass produced. However, Sands (1965) estimated populations of g.léemingfus
at 500-1250/':112 near Zaria and if it is assuned that the rate of harvesting
is directly proportional {0 population density, these particular populations
could harvest 375-94%0 kg of grass/ha. This would represent 10-30% of the
expected grass production at Zaria of less than X000 kg/ha (de Leeuw, 1971),
a significant proportion of expected production. In the light of the
above, it is necessary to consider the role of grass harvesting termites in
pasture ecosystems and the cirecumstances under which they may be in

competition with grazing livestock.

1. HMost of the grass removed by 4. geminatus is dry and dead and is not
fresh green material, as harvesting is largely curtailed during the rainy
season. As a result, they do not seem to coantribute directly to the loss

in photosynthetic putential of pastures.

However, the removal of dry grass and other organic debris from the

soil eurface promotes loss of soil by erosion by exposing the soil to wind

RC R

TR
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and rain. This point is illustrated by the denudation of the South African
veld by grass-harvesters (Hodotermitinae). Coaton (1954); Anon. (1960)

noted that the removal of the grass cover by termites led to the encroach-
ment of the 'karoo' or scrub, which poorly protected the soil and bound the
particles less efficiently than the grass it replaced. The end result was

the transformation of the veld into wasteland.

2. In pastures that support notable populations of mound-building termites,
the influence of the termites on the quantity, distribution of organic
matter and other plant nutrients, and on the cycling of plant nutrients may
be of considerable importance. In the absence of termites, one can only
speculate on the possible fate of the organic matter (plant debris) in
pastures. One possibility is that the dry material with its nutrients
would fall to the ground surface, and as is the case in temperate pastures
where earthworms and other microorganisms are abundant, would be broken
down by such organisms and be incorporated into the soil. On the other
hand, in tropical pastures, where earthworms are scarce and termites are
the dominant group of soil animals, {Wood, 1975) the organic matter would

possibly accumulate undecomposed and become a fire hazard.

Grass harvesters forage for food over a wide area away from their
nests and return the materials so gathered to it, The degredation or
consumption of the plant tissues collected, and the use of the excreted end
products of digestion for mound building and lining of galleries, result in
their removal from participation in the plant/soil system for long periods
and hence may have an influence on the soil organic matter content. The
accumulation of the organic matter in mounds would therefore appear to
involve the transference of fertility from the surrounding soil to the mounds

where invariably plants are unable to grow.
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3. Most pasture grasses are perennial. During the dfylseason the aerial
structures die and form a protective mulch over the shallow root systems,
which often regenerate following the raina in the wet season. The consump-
tion of dry grass and other plant debris by termites results in the removal
of thig mulch und exposes the root systems to intensive insolation in the
dry season, leading to their death or at best diminishing their chances of
regeneration. In improved pastures, this activity may necessitate resowing
of the pastures, as indeed was the case in an area near Katsira (Kaduna

State) where extensive areas of pasture (Androporon gayanus) had to be

resown. The activity of the termites was apgravated by the drought which

ended in 1974 (Johnson, Ohiagu & Wood = Tour reports 1974).

L, There are other ways in which the activities of grass harvesting

termites might be harmful in pastures. Most of these termites construct mounds
which occupy pground that would otherwise support pasture.. Nande, (1934)

and Coaton (1948) suggested that in South Africa, the areéloccupied by

mounds of Trinervitermes trinervoides (Sjosted:) constituted a significant

proportion of the total area available, although no data were given to sub-
stantiate the claim. Lee and Wood (1971) indicated that in certain areas
in Africa and Asia, mound building grass—eating termites occupied 105-30%
of the area. In the lickwa area, however, this is not considered to be a
threat, as even at maximum densities of the dominant mound building species,

the area occupied by mounds is very small ( € 2% of the total area).

Another detrimental effect may be that mounds ef Trinervitermes spp.

~are constructed from seil brought to the surface from deeper horizons and
go afehdeficient in organic matter and other constituents necessary for
plant growthe When these mounds are subsequently decomposed and redistri-
buted by rain and wind, the resulting soil is also nutrient deficient and

support sparse vegetation,
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S. The beneficial role which grass harvesting termites may play in pasture
gcosystems has not been fully zssessed, but some of their activities may
resemble those of earthworms in temperate grasslands. Howewver, the similar-
ity betwsen termites and carthworms is best illustrated with another group
of termites called 'humus feeders' (e.g. Cubitermes sp.). In Europe, the
weight of earthworms (Lumbricidae) in pastures can be greater than the
'weight of grazing livestock (Russel, 1959), and in permanent pastures,

their influence is recognised. These include their beneficial physical
effects on soils resulting from the burrowing, ingestion of soil and

organic matter and deposition of c¢asles on the soil surface or beneath the
soil. These activities enhance soil aeration, drainage and water absorption
and limit soil erosion by reducing run off; also plant materials are
incorporated into the soil by earthwornm activity. Grass harvesting termites
especially T. pgeminatus has been chserved defecating while foraging on grass
resulting in a recycling of ingested moterizl, a situatioﬁ akin to earth-
worm activity. However the proportion of materials recycled in this way
would appear to be negligible when compared with the smount 'logked up' in
mounds. Furthermore, through their extensive galleries in mounds and
surrounding soll, aeraticn and water absorption of the soil are enhanced.
Though there is lack of information on the effects of the network of 3
galleries concentrated in the wvicinity of nests of mound building terﬁitea
on the growth of plants, these galleries must have some effects similar to

the burrowing in soil by earthworms,
: 1% -

6. In termites, energy locked up in temmite population and their mounds:
must be dissipated and this is vhere predation on termites and decomposition
of termitaria seem to be of significance in the nuntrient cycle. The pathw
way of nutrient return to the ecosystem appears to be through (a) predation,
(b) transfer to the bodies of emigrant alat:s and (e) by decomposition of

nounds.
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(a) Predation: Termites, especially those which forage on the surface
of the soil are preyed on by ants of various species which mill arocund
foraging holes at the time when termites are foraging. However, quantit-
ative estimates on predation are lacking. Sheppe (1970) found that the
main ant predators of the surface foraging termites such as Hodot- —ses,

Trinervitermes and several Macrotermitinae in Zambia, were lMyrmicaria

eumenoides (Gerst) and Pheidole mesacephola (Fabr.). Perhaps the most

spectacular predation occurs on alate reproductives during colony found-
ation. Lee and Wood (1971) regard this type of predation as opportunistic
since the flight of alates are seasonal and cannot therefore provide a
regular food supply. Wood and Sands (in press) quote Ward (19G5) as
considering alates of termites as contributing significantly to the diet of
certain weaver birds (Quelea) in the Sahalian zone of West Africa, as the
swarms cane at a time when the normal diet of seceds was unavailable. Event-
ually, when these predators die and decompose nuirients are released to the

soil.

(b) Dispersal of bodies of alates: After the mass flight of alates,
which in T. geminatus may make up 3% of mound populations, shed termite
vings are seen on the soil surface, which may contribute to nutrient content
of the soil when they decompose, Furthermore, the total amount of nitrogen
leaving the colony annually in the bodies of alates of T. geminatus, based
on the annual production of alates from individual colonies (Sands, 1965),
has been estimated at 7.0 mg/m2 (Lee & Vood, 1971). When it is realised
that the majority of alates perish before a colony is established, the
bodies of termites would seem to make a significant contribution to the
dispersal of nitrogen and other nutrients. This factor is likely to be

especially imnortant in areas of low rainfall where leaching is minimal.

(c) The decomposition of mounds may in some cases contribute positively



to the nutrient status of the surrounding soils. Some termite mounds'hﬁig'
contain, relative to the surrounding soils, more carbon, nitrogen, calcium
and slirhtly more potassium and more exchangeable calcium and magnesium
(Lee & Wood, 1971), the redistribution of which, enriches the surrounding
s0il. I% has also been recognised for many years that mounds of certain
Haprote;mitinae support a more luxuriant vegetation than the surrounding
.éf;;é.ljéﬁélimﬁortant factors résponsible for this plant growth stimulation
on termitaria include among others, chemically sltered soils and improve-

ment of drainage in areas subject to waterlogging. O©On the contrary, Tield

" observations indicate that mounds of Trinervitermes sp. do not appear to

‘support plant growth even when sbandoned by the termites. Similar obser-
vations have been recorded for mounds of Cubitermes spp., Amitermes spp.

" and Contotermes sp. (Glover et al, 1964; Lee & Wood, 1971}, In addition to

.. the poor soil from which mounds are constructed, Lee and Woed (1971) found

substances in the excreta of Nasubilitermes exi tiosus in Australia which

inhibited microbial activity. Although these substances were unidentified,
if it is assuned that their presence is a general phencmencon in most
termite excreta, this might partially explain the lack of plant growth

observed in mounds of Trinervitermes spp.

7.. Since grasé harvesfing térmites prefer dry material to.green.vegefafian,
it is pertinent to speculate on how they might be in competition with

- cattle which prefers green to dry grass. In the dry season, especially
during periods of drought, when suitable grazing wmaterial in unavailable to

cattle, they may be left with no alternative but to eat the dried grass.

. The removal of this material by termites at this time could result in

competition between termites and cattle for the available food material.
On the other hand, grazing by cattle results in the removal of green

- vegetation, which as in the study area accounted for 48% of the total
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Péfass biéductioﬁ. .Grazing may iherefore ieéd to a loss of phﬁtosynthetic
potential and production 28 well as removal of leaves that would become
dried grass suitable for termites. A1l these processeé are likely to
reduce the amount of food subsequently available to termites during the dry

BeasS0lle

As already indicated, grazed pastures support in addition to grass-

eating termites many other termite spe¢ies which feed on wood, various

kinds of plant debris, dwnpg and soil. Their total blomass may exceed that
| of grazing livestock. In the study area, the biomass of T. geminatus is .
estimated at approximately 10 kg/ha and the total biomass of all termite
species at 75 kg/ha, while cattle even at a high stocking rates (Sokoto
Gudali bulls at 1 beast/ha/6 months), will not exceed 50 kg/ha, As a
resuli, the impact of termites on pastures might seem in some circumstances
" to be pgreater thuan those of grasing livestock, but it is virtually certaiﬁ
that their effects would be relatively pgreater in cver prazed pastures |
particularly in periods of drought when the potential for grass production
is lowered by poor management or low rainfall. Despite these considerations,
present evidence supgpests that prass~harvesting termites in the Southern o
CGuinea savanna zone of Nigeria may be regarded as low-level competitors to
be tolerated or possibly maraged, in ways which will prevent them from
becoming more abundant, rather than treated as important pests. This is
perhaps fortunate because chemical control, besides being uneconomic, could
" have overall detrimental effecis on pasture ecosystems through destruction
of organisms, including some termite species that are important in main- |

taining soil structure gnd fertility.

L
g
!
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" SUMMARY AND CONCIUSIONS

o ks

e ol

it

The thesiz is divided into four major sections. The first section
deals mainly with the review of the general aspects of the bioclogy and

- ecology of Irinaorvitermes spp. Sections TII, III and IV discuss specifically,

the biology, population and feood consumption of the most abundant species
in this genus - T. geminatus. Resulis and discussions are given within

each section, but the main results are swmmarized below.

' 1. The study site, an area of secondary savanna woo&land covering 2.5

_ hectares was divided into L plots, two of which were grazed and two ungrazed.
A botanical survey of the vegetation was carried out to determine which
species of grass were dominant and which were present in each of the four
plots. Even though, there was fariation in ground cover and specles

: composition in the plots, H. dissoluta and A, gayanus were the dominant

species of éraés and made up 50% of the herbacecus vegetation.

2. Four species of Trinervitermes were present in the study area occupying

slightly different ecological niches. . One might argue as Ross
(1957) did, that the species were able to coexist because in this area,
iﬁférspecific competition for food or space was not the chief factor
governing the density of population of the species. There was evidence to
show that there could be mutual aggression between colonies of the same
spéciés, presunably an attempt to maintain a fairly well defined colonial

territory over which to forage for food.
A

3, The species is polycalyic, with highly aggregated mounds in which four
' tq fivgnlqw domed shaped mounds constituted a colony. FEach colony had a
Iiargé mouﬁd used for breeding and other smaller mounds., An average of
60-70% of the mounds were used for storing grass collected from the

surrounding area. The stored grass provided foed for the termites especizlly
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during the wet season with little or no foraging activity.

b, Mound density was estimated by direct counts in the field and mound
turnover was alse determined., Even though ne definite conclusion could be
drawn based on 2 years counts on the effect of grazing on the mortality,
loss and recruitment of mounds, indications were that prazing influenced

the rate at which mounds were abandoned and lost, probably through trampling
and buffetting by cattle. Equally by creating open spaces, it also
influenced the formation of new mounds of T. geminatus. The area occupied
by these mounds, which would otherwise support pasture, constituted an

- insignificant proportion of the total, (< 2¥).

5. Standing frass biomass, litter biomass and rate of decomposition vere
estimated in the study area. There was femarkable reduction in standing
grass biomass at the end of the dry season, &5 a result of conversion to .
litter at this time, However, because of the high rate of decomposition in

the dry season, litter biomass was at a minimum during the same peried.

While cdnsumption by caﬁtle was estimated as half the total grass
production, it was apparent that in the ungrazed vlots, more than half of

- the net production was being removed by decomposer organisms.

6. HNutrient analysis of stored grass, standing grass and grass litter

indicated that the primzry food of this species was low in nitrogen and

©. other nutrients. The lower GiN ratio recorded in stored grass as compared

with standing grass or litter, indicated the influence of micro-organisms

as well as the moisture and temperature regimes in the mounds.

Lo : _
7. Two methods were adopted in sampling mound populations., The first

method involved taking core samples from mounds and relating the number of
- termites in the core to total wound population. This proved unreliable and

was subsequently abandoned. The second method was much more reliable even
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though laborious end time-~consuming. It invelved whole mound sampling "
which was however limited tc 20 mounds taken over a period of one month at
three monthly intervals. Termites in the mounds were heat extracted and

. counted. B S C S

8. A linear relationship was obtained when %the size of the sampled moundé,
measured as the sum of two arcs at right angles, was plotted apainst log
numbers of the population, indicating that mound size was a good index of
total numbers of termites in the mound. The linear reéréssioﬁJQQGétiént
obtained from the data at each sampling period was used in calculating the
termite population in the mounds at the plots at the different periods.

h Population density of the study érea wag estimated at 203/@2. There wés ﬁo -
significant difference between population densities in grazed and ungrazed

‘plots. Similar population densities were estimated for the three specles

o of Prinervitermes in the primary savanna woodland area. Dstimated termite

populations were low in the Mokwa area and probably conservative, because
oflthe_obxious difficulties in finding all termites within any particular
moﬁnd pi;;ent at the same time,

9. Seasonal vafiation.in populafion was.indiCaféd, pépﬁlatioﬁéaﬁéing low
during the dry season (December-April) coinciding with the period of
intense foraging and predation; increasing with the onset of the rains

{(May) and reaching a peak sround June/July and falling off again Sept./

October following the flight of zlates and the commencement of foraging.

~ . 10. The foraging behaviour of T. geminatus was described. Grass cutting

and grass carrying wWwere shown to be the function of the young feoraging
workers, which constituted approximately 30% of the foragers. The function

of the old workers remained undetected.

11. I. geminatus harvested standing grass which was cut into pieces and
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'”eérried haﬁk ﬁia foraging holes at the soil surfacé and subtefranean
galleries to its nest, During this activity a certain proportion of the
harvested grass was 'wasted' and some quantity ingested. Harvesting
started slowly, gradually bﬁilding up to peak rates (maximum recorded was
220 pieces/5 minutes) before declining rapidly. The shape of the mean
activity curve was constant for different holes on the same day, though the
amplitude differed due to variation in harvesting rate at different holes;
but differed from day to day largely due to the time at which foraging .
ceased. The onset of foraging {morning and evening) were relatively
constant but the length of the foraging period varied, averaging approx-

imately 2f3 hours daily.

12. A method was developed for quantifying the quantity of grass harvested.
Different holes were nsed on successive days and in other to express the
amount harvested quantitatively the following procedure was adopted.

{a) A random selection of holes were made for single counts of the pumber

o of pieces of grass harvested per 5 minutes. - |

(b) Counting of total number of holes open in the sampling area aﬁd also
determining the duration of the foraging pericd.

{(c) Selection of three active holes for repeated half hour interval counts
of the number of pieces of grass harvested/9 minutes throughout
the entire foraging period. |

(d) Determining the mean weight of grass fragmenté carried back to the

nest and using this in caleulating the daily harvesting rates.

13. The quantity of grass cut down but left as litter as well as quantity
ingested while foraging were estimated and from these results, it wes
estimated that foragers removed grass at the rate of 104.32 kg/ha/yr

representing 3.,5% of the annual production of grass.

PR
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14. Cattle consumption was estimated as 48¥% of the.totai grass frﬁduction
Iand although both termites and cattle showed preference for the grass
species, A. gavanus, they hardly competed for it, partly, &s a result of
the low intensity of grazing in the area and on the ability of the termites
to feed on grass unavailable to cattle. Therefore, T. geminatus was ”
neither in competition with cattle nor did it couse any economic damége.éﬁ

pastures in this area of Southern Guinea savanna zone of Nigeria.

‘ﬁﬁﬁ Since grass harvesting occurred during the dfy seasén, p?obébly N
resulting in the removal of grass tussocks that would otherwise regrow
following rains, the impact of T. geminatus was likely to be felt much more
during periods of Qrought, especially in high termite densitfy area and

particularly in overgrazed pasStures.

Vi

16. Time of commencement and duration of foraging appeared to depend partly
on envirconmental factors and partly by the requirements of the colony.
Mbrning foraging activity was limited by low soil murface temperatures and

high relative humidity while the converse was true for evening fcraging":‘
. i |

activity. #

A low and high temperature thresholds were estimated at 20°C ana 3500
feapectively. Rain completely inhibited foraging. Temperature differencea
between nest and s50il surface did not appear te have an important effect on

daily foraging pattern.

17. Predation by lizards, mantids and grasshoppers, as well as a nunber

of ants especially Crematozaster sp., Meganonera sp. and Myrmicaria were

recorded in the field. Although the soldiers protected foraging parties

-

against the predators, for example, the varlous ant species, those termites
that were left on the soil surface after the closure of the foraging holes

- were rapidly carried away.

a ) . " B " . . L
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Prinervitermes spp. in the

PLATE 2 Mound of T. reminatus broken to show sitored grass frag ments.
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PLATE 4. Grass harvesting activity = foragers cutting down standing
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grass tussock.
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LATE. 5. Forasing party with grass carrying workers returnings to the

foraging hole.
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APPENDIX I(f). BOTANICAL ANALYSIS -~ POINT QUADRAT METHCD.

PLOT No, C.
GRASS PRODUCTION AREA

¢ Composition of each species/quadrat

2CIE QYT
Quadrat SPECIES SYMBQLS

#6. A.ge | Esde |Cupge] Cons jEote] Meie |Cospe |Code] Bobe |CHeze]llece]Pep.}Beje

7y
o

10.81| 70.27] - - - - 16.21 -

1 - - = = = =

2 28.57| 52.3 - - - - - - L6l - - - - 9.52
3 25.81| 41,93 =~ | 32.25| - - - - - - - - - -
4 22.2 | 48.14] - - - - - - 3.70| = - - |18.52] 7.40
.m mo-o - - <] o _N-N-u = - ..—m-.Am - - - s n_._.am-..v
6 L8.14 - - - - | 1.11] 22.2 - - - - - - 2,70
.N WW-AW = - Nmno - .N..PO ._v_..J.O = r_qum_. = - - - .Na._,_.o
8 31.57] 21.0 | =~ - - | 36.84 - - - - - =1 - 5426
9 9.37| 56.25] = 8.751 - | 12.50 - - - - - - - 3.12

10 22,0 | 48.0 - - - | 12.0 - - - - - - - 8.0

11 8.69] 29.13] = | 52.17| =~ - - - -~ - - - -

12 2k,0 | 52.0 - 8.0 - | 16.0 - - - - - - E -
13 25.92] 48.14] - | 25.92| - - -
14 15.38] 42.3 - - - .84 23,07 - - - - - - 7.69
15 20.0 | 44.0 - 4.0 - - - - | 12.0 - - - - 12,0
16 26.08| 52.17| - - - - - - | 17.39) - - - - -
17 6.25] 56.25] =~ | 25.0 - - - - - - - 12.50
18 52.38] - - - - | 28.57| - - - - -1 -1 = | 1%.28
19 35.0 - - | 3.0 - | 15.0 - - - - - - - 15.0
20 4.61 1.53] - - - | 11.32] 26.9 - 3,84 = - - B 7.69
7.40] 444 - - - | 14.81] 25.9 -
22 66.66 - - - - - 24,2

a8t
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Legend to Appendices Ia - Ih

A.g. = Andropogon gayanus
H.d. = Hyparrhenia dissoluta
Cags = Cymbopogon giganteus
Cun, s Ctenium newtonii

B.t, = Erarrostis tremula
M.i. = Microchloa indica
C.sp. = Cyperus species

C.d. = Cynodon dactylon

B.b. = Bracharia brizantha
Ch.g. = Chloris gayana

Lty = Imperata cyvlindrica
P.p. = Pennisetum pedicellatum
B. 3. = Brachiaria jubata
R.e. = Rottboellia exaltata
D.d. = Digitaria diagonalis
S5 & Small shrubs

1L - Leaf litter
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APPENDIX IITI(2)., TERMITE POPULATIONS/MOUND CATGULATED FROM REGRESSTONS

DURTNG DIFFERENT SAMPLING PLRIODS.

April - May 197k

Block Ho. Ae Dec, 1973 - Jan. 197k  August ~ Sept. 19?h'
Mound! Sum of Regression BEquation [Regression EquationiRepression Equation
No. |Ares (cm Y = 2,44 4 0,012X | ¥ = 2,95 + 0,007X | Y = 3,41 + 0,007
5 109.76 5,720 5,350 15,100
6 62.72 1,556 2,510 7,064
8 12%.20 8,290 6,643 18,730
12 71.68 2,000 2,900 8,162
13 76,16 2,260 3,113 9,400
16 51.52 1,130 2,093 6,320
21 94,08 3,700 4,155 12,560
25 40,32 839.2 1,750 5,275
29 73.92 2,124 3,003 9,070
30 62,72 1,556 2,510 7,064
272 ha .56 893 1,811 5,470
279 h2.56 893 1,811 5,470
284 58,24 1,380 1,253 7,042
285 76.16 2,260 3,113 9,500
286 M 80 950 - 1,880 5,670
287 31,36 655 1,511 L, 57k
291 64,96 1,660 2,600 7,850
296 38.08 789 1,685 5,090
297 73.08 789 1,685 5,090
298 72,20 - 2,025 2,920 8,820
701 85.12 2,893 3,597 10,840
202 W, 80 950 1,880 5,670
303 56.00 14292 2,250 6,792
204 12544 8,816 6,890 20,800
305 47,04 1,011 1,950 5,850
307 89.60 3,270 3,870 11,650
310 71.68 2,000 2,900 8,162
1| 43036 14,500 9,19% 27,800
312 7840 2,400 3,222 9,745
313 53.76 1,220 2,170 6,551




APPENDIX III(a).

Block llo. A,

201

Continued

Dec, 1973 - Jan, 1974

April - May 1974

August ~ Seot. 1974

Regression Equation

Regression Equation

Regression Equation

Y = 2.44% + 0.012X

Y = 2.9 + 0,007X

Mound Sum of
No. |Arcs (cm
N7 71.68
318 64,96
322 105.28
323 85.12
324, 143,36
326 22.ho
327 133.88
329 58.24
330 87.36
331 179.20
332 136.64
355 31.36
33h 10%.0k
337 53.76
338 64,96
340 I 48
342 67.20
343 136,64
Bhiy 69
350 80.54
351 62.72
352 56,00
353 105.28
554 136.6%
355 53.76
356 116,438
357 100.80

2,000
1,660
5,051
2,893

14,500

511.4

12,800
1,380
3,080

38,950

12,020

6551
b, 750
1,220
1,660
1,772

12,020
1,680
2,560
14550
1,292
5,051

12,020
1,220
6,883
L, 463

2,900
2,600
44970
34597
9,19k
1,310
8,560
1,253
2,003
16,5400
8,251
1,513
4,801
2,170
2,600
2,695
8,251
2,793
3,350
2,510
2,250
k,980
8,251
2,170
5,962
4,630

8,162
7,850
15,030
10,840
27,800
3,685
25,630
7,042
11,290
49,500
24,920
b, 574
14,500
6,551
7,650
8,140
24,920
8,440
10,110
7,064
6,792
15,030
2k,920
6,551
18,000
14,000



202

APPENDIX III(b). December 1374 -~ January 1975

Block A.
Mound|Sum o Jre01y = 5,04 + 0,007x] pandfSum 0T WSty 2 5,04 + 0.007%
5 5 1,930 56 106 6,053
6 71 3,440 57 93 4,910
7 60 2,884 62 163 15,200
9 50 2,455 63 140 10,500 ,
10 78 3,855 65 %8 11,910 :
g 71 3,450 66 s 22,650
12 89 4 ,603% 67 120 74590
13 72 3,500 68 54 2,620
4% 74 3,614 69 175 18,410
15 98 5,321 70 45 2,265
TS 26 1,670 71 8 k,385
T 68 3,281 72 104 5,861 ..o
25 1o 2,090 73 75 3,560
28 39 2,050 74 20% 28,910
29 95 5,070
30 97 54235
33 81 4,0L0
24 104 5,861
36 135 9,660
33 15 11,350
39 66 3,180
Lo 152 12,710
41 124 8,091 "
L2 64 3,075
43 43 2,193
Ly 102 5,675
45 69 3,534
L6 74 3,614
L7 27 1,695
L8 35 14930

g g
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APPENDIX IV(a). TERMITES POPULATIONS/MOUND CALCULATED FROM REGRESSIONS

DURING DIFFERENT SAMPLING PzRICDS,

Block No. B. IDec. 1973 - Jan. 1974] April - May 197% QAugust - Sept. 1974

Mound| Sum of Repgression Zquation |Regression Equation]Regression Equation
Noo |Ares (em )l v _ 5 4y 4 0.012¢ | Y = 2.95 + 0.007% | ¥ = 3.51 + 0.007%
3h 76416 2,260 3,113 9,400
35 60.48 1,465 2,420 6,814
36 51.52 1,130 2,09% 6,320
37 87.36 3,080 2,003 11,290
38 96.32 3,943 k310 12,200
39 3%.60 697 1,570 4,420
4o 80.64 2,560 3,350 10,110
Ly 114.24 6,470 5,750 16,210
L2 125 .14 8,816 6,890 20,800
L3 82.88 2,720 3,470 9,76C
Ly 91.64 3,495 4,010 11,300
L5 100.80 4 463 L, 630 14,000
L6 89.60 3,260 3,880 10,900
L7 24,64 54k .1 1436 3,624
Lo 75.92 2,125 3,003 8,462
50 k9,28 1,075 2,020 5,690
51 80 .64 2,560 3,350 10,110
52 147.84 16,400 9,883 27,860
53 L7 .04 1,011 1,945 5,490
5% 35.84 7.5 1,625 4,580
57 51.52 1,130 2,093 6,320
58 31.36 655.1 1,511 b, 574
59 143,36 14,500 9,194 27,800
61 80.6% 2,560 34350 10,110
62 87.%6 3,080 2,003 11,290
63 82.88 2,720 3,470 9,760
65 100.80 4,463 670 14,000
66 60,48 1,465 2,430 6,814
70 103,04 4,750 4,800 14,500
72 71.68 2,000 2,900 8,162




APPFNDIX IV(al.

E: sk No. B.

Continued

Dec. 1973 - Jan. 1974

April - May 1974

¢ e i Ak g o g ——

[ Auzust - Sept. 197%

Mound Sum of
No. fAres (cm

Regression Zquation

Regression Egquation

Regresszion Equation

Y = 2.4% + 0.012X

Y = 2,96 + 0.007X

Y = 3.4 + 0.007X

C Y3 64,96

74 132,16
75 89.60
76 42.56
.77 64.96
78 103,04
79 69. ik
80 71.68
81 76.16
&6 11 .12

« 58 67420
.91 94,08
92 136,64
ob Ly.ob
099 168,00
102 91,84
103 85,12

104 102,04
105 31.36

109 22.40
110 76.16
111 49,28
112 73,92
14 87.36
119 35.84
120 58.2k
121 6%.96
122 k2,56
12% 73.92
124 20.16

1,660
10,610
3,275
893
1,660
4,750
1,880
2,000

2,260

1,600
1,772

3,700 -

12,020
1,011
28,600
3,495
2,893
4,750
655
511
2,260
1,075
2,124
3,080
741
1,380
1,660
893
2,124
481

24,600
7,680
3,870
1,811
2,600
4,800
24790
2,900
3,113
8,870
24695
hy155
8,251
1,945
13,700
4,010
3,597
4,800
1,511
1,310
3,113
2,020
3,003
2,003
1,625
1,253
2,600
1,811
5,003
1,263

74850
21,630
10,900

5,470

7,850
14,500

8,440

8,162 i

9,400 '
25,000

8,140

12,56

5,490
38,550

11,300
10,840

4’5?'!"'
3,952
9,h00
5,690
9,070
11,290
4,580
7,042
7,850
5,470
9,070

3,560

24,920 _ ;i

14,500 c



205

APPENDIX IV(a). Continued

Block No, B. Dec, 1973 - Jan. 1974} April - May 1974 JAugust - Sept. 1974

Mound| Sum of Regression Equation |Repgression Equation]Regresaion Equation
No. |Ares (em )|y _ 5w 4 0,012% | Y = 2,95 + 0.007X | ¥ = 3.41 + 0.007X
125 60.48 1,465 2,430 6,814
126 29.12 613 1,460 4,110
128 51.52 1,130 2,093 64320
131 62.72 1,550 2,510 7,064
25 53.76 1,220 2,170 64551
237 31436 655 1,513 by 574
240 78.40 2,400 3,222 9,745
2l L. 48 - - -
242 147.84 16,400 9,833 27,860
243 114.24 6,470 5,750 16,210
24y 53.76 1,220 2,170 6,551
248 L. 48 - - -
249 33%.60 697 1,560 5,420
250 29.12 613 1,460 4,110
251 80.64 2,560 %4350 10,110
252 Lo,%2 839 1,750 5,275
254 | 100.80 063 h,620 14,000
257 b 48 - - -
258 78 .40 2,400 3,222 9,745
259 67.20 1,772 2,695 8,140
260 85.12 2,893 3,597 10,840
261 127.68 9,380 7,141 20,130
262 62.72 1,550 2,510 7,06k
264 k2,56 8§93 1,811 5,470
265 | 103.04 b, 750 4,800 14,500
266 53,76 1,220 2,170 6,551
267 44,80 950 1,880 5,670
268 35.8k 741.5 1,625 %,580
270 116.48 6,883 5,962 18,000

! ! | i




APPENDIX IV(b).
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December 1974 - Jaauary 1975

Block B.

”gz?d S“m(gi_frcs Y = 3.04 + 0.007X “ngd S“mcgi Aresly - 3.04 + 0.007X
2 82 4,113 39 51 2,495
3 110 6,460 L0 140 10,500
i 68 %28 Ly 52 2,535
5 85 4,315 2 98 5,321
6 86 4,385 I3 69 34334
7 53 2,580 Ity 135 9,561
8 117 7.230 L6 116 7,112
9 6l 3,075 b7 50 2,455

10 79 %4920 50 62 2,980
1 147 11,730 52 L8 2,380
12 146 11,540 54 1% 6,890
16 155 13, 540 55 69 3,334
17 97 54236 57 33 1,870
19 48 2,380 58 107 6,152
20 27 1,700
21 51 2,495
22 92 4,830
23 70 54390
24 165 15,700
25 71 3,440
26 91 4,751
27 73 3,560
28 148 11,920
29 97 5,236
30 166 15,920
31 66 3,180
32 110 6,460
35 54 2,620
36 159 14,230
33 8o 3,981




APPENDIX V(a).

Block No. C.
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TSRMITE POPULATIONSAMOUND CALCULATED FROM REIGRESSIONS

DURING DIFFERZNT SAMFLING PERIQDS,

Dec. 1973 - Jan. 1974

April - May 1974

August - Sept. 1974

Regression Equation

Regression Equation

Regression Equation

Y = 2.4 + 0.012X

Y = 2,96 + 0,007X

Y = 3.41 + 0.007X

Mound Sum of
No. |Arcs {(em )
1 185.92
2 123.20
3 103,04
L Lo, 32
5 53.76
6 143,36
7 145 .60
8 127.68
9 82.88
10 96.32
1 107.52
12 120.96
13 80.64
1 69 . 4k
16 Lo.32
17 114 .24
18 35.84
20 56.00
27 105.28
28 136.64
29 129.92
30 120.96
31 116.48
34 112.00
35 78.40
38 123.20
%9 64,96
4o 123,20
43 49,28
Ly 58.24

46,900
8,290
%, 750

839
1,220

14,500

15,400
9,380
2,720
3,943
5,380
74790
2,560
1,880

839
6,470
741
14292
5,051

12,020
9,980
74790
6,683%
6,081
2,500
8,290
1,660
8,290
1,075
1,380

18,250
6,643
L, 800
1,750
2,170
9,19%
9,532
7,141
3,470
4,310
5,160
6,410
5,350
2,793
1,750
5,750
1,625
2,250
h,980
8,251
7,410
6,410
54962
5,552
3,222
6,643
2,600
6,643
2,020
1,253

51,440
18,730
14,500
5,275
6,551
27,800
26,900
20,130
9,780
12,200
14,530
18,100
10,110
8,440
5,275
16,210
4,580
6,792
14,030
254,920
20,900
18,100
18,000
15,640
9,745
18,730
7,850
18,730
5,690
7,042
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Continued
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Dec, 1973 - Jan. 1974

April - May 1974

Regression Equation

Regression Equation

Y = 2.44 + 0,012%

Y = 2.96 + 0.0072X

Block No. C.
Mound] ©Sum of
No. |Arcs (cm
45 87.3%6
57 71.68
48 58.24
51 107.52
2 156.80
54 107.52
55 120,96
56 116.48
58 91.84
60 4o.3%2
61 87.36
62 71.68
64 44,80
68 b 48
69 L 48
70 98.56
71 L 48
73 L7 .04
74 91.84
75 42,56
726 89.60
78 35.84
79 60.48
&o %3.60
86 67.20
87 62,72
88 100.80
89 L2,56
90 78.40
95 78,40

3,080
2,000
1,38
5,380
21,000
5,380
7,730
6,883
3,495
839
3,080
2,000
950

4,195

1,011
3,495
893
3,280
741
1,465
697
1,772
1,550
b, 463
893
2,400
2,400

2,003
2,900
1,253
5,1€0

11,420
5,160
6,410
5,962
4,010
1,750
2,003
2,900
1,880
b 20
1,945
h,010
1,811
3,880
1,625
2,4%0
1,570
2,695
2,510
l, 630
1,811
3,222
3,222

11,290
8,162
7,042

14,530

32,200

14,530

18,100

18,000

11,300
5,275

11,290
8,162
5,670

12,600
5,490

11,300
5,470

10,900
4,580
6,814
Iy, 420
8,140
7,064

14,000
5,470
9,745
9,745

[August - Sept. 1974
Regression Equation

Y = 3.41 + 0,007X



APPENDIX V(a). Continued

Blocl No. C. Dec. 1973 = Jan. 1974] April - May 197% [August - Sept. 1974
Mound| Sum of Regression Equation |Regression Equation|Regression Equation
No. lAres (em M v _ 5wy 4 0,012k | ¥ = 2,95 + 0,007% | ¥ = 3.1 + 0.007X
102 35.84 741 1,625 4,580
103 Ly.0h 1,011 1,9%5 5,490
104 87.36 3,080 2,003 11,290
105 53.76 1,220 2,170 6,551
109 76.16 2,260 3,113 9,400
110 44,80 950 1,880 5,670
111 38.08 789 1,685 5,090
112 109.76 5,720 54350 15,100
114 67.20 1,772 2,695 8,140
119 38,08 769 1,685 5,090
120 40,32 879 1,750 54275
121 89.60 3,280 3,880 10,900
122 78 .40 2,400 3,222 9,745
123 33,08 789 1,685 5,090
124 26.88 579 1,410 3,965
125 69, bl 1,880 2,793 8,550
126 22,40 511 1,310 3,685
128 35.84 741 1,625 4,580
130 58.24 1,380 1,253 7,042

132 4,48 - - -

133 78.40 2,400 3,222 9,745
134 85.12 2,893 34597 10,840
136 89.60 3,280 3,880 10,900
14 82.88 2.720 3,470 9,780
145 136,64 12,024 8,251 24,920
146 35.84 741 1,625 4,580
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APPEMDIX V(b). December 1974% - January 1975

Block C.

Hound [Sum OF 631y o 3.0 + 0.007x|"ound|Sum OF LSSty L 5 04 4+ 0,007

L ko 2,415 %3 55 2,661
5 b7 24340 39 59 2,840

6 78 3,855 ko 109 6,351

7 107 64152 i1 78 3,855

9 60 2,084 I 90 L, 680
10 103 5,770 ks 127 8,492
11 134 9,505 46 66 3,180
12 27 1,695 48 67 3,230
13 160 14,450 L9 120 6,912
14 134 9,505 50 26 1,670
15 188 22,700 52 bz 2,19%
16 160 14,450 53 28 1,722
19 118 74,345 54 55 2,661
18 169 16,710 55 153 12,910
20 153 12,910 56 31 4,040
21 151 12,500 57 8o 3,981
22 163 15,200 58 102 5,675
24 107 6,152 59 14 6,820
25 121 7,710 60 110 6,460
26 119 7,464 61 5 2,265
27 118 74345 62 135 9,660
28 z 1,930 65 61 2,931
29 133 9,354 66 &0 2,684
30 126 8,355 67 ha 2,160
31 103 5,770 68 33 1,870
32 168 16,400 69 179 19,640
33 206 30,340 70 101 5,585
3h 37 1,991 7 96 5,152
35 65 3,113 72 63 3,030
37 2,580 73 N by 75k

23
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APPENDIX V{b). Continued

S

”Sz?d s“m(iiﬂﬁrcs ¥ = 3.04 + 0.007X “gg?d S“m(zi‘ﬁrcs Y = 3.04% + 0.007%
2 227 42 550

75 103 5,770

77 39 4,603

78 119 7,464

&0 30 3,981 . o .
81 57 2,750 | ‘ L
&2 85 4,315 RN '
83 69 3,554 -

84 53 2,580

85 103 5,770

86 135 9,660

37 158 14,000

88 oh 4,990

89 57 24,750

91 106 6,053

92 50 2,455

93 120 7,590 | _

95 bt 2,230 : : .

96 125 8,222 :

97 106 5,053

98 65 3,113

99 5 3,673

100 37 1,991

101 67 3,230

102 63 3,025

10% 62 2,960 S o
10k | 137 9,980 | N E o

l ! 1 o | ' .
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Block Ho, D.
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TEZRMITE POPULATIONS/MOUND CALCULATED FRCOM REGRESSIONS

DURING DIFFERENT SAMPLING PERTIODS.

Dec. 1973 = Jan. 1974

April - lay 1974

August - Sept, 1974

Regression Equation

Regression Equation

Regression Equation

Mound| Sum of
No. Jaros (@)l 'y _ 2 +0.012X | ¥ = 2.96 + 0.007X | ¥ = 3.51 + 0.007X
150 82.88 2,720 3,470 9,780
151 94.08 3,710 4155 11,710
152 96.32 3,943 4,310 12,200
153 105.28 5,051 4,970 15,030
155 118.72 7,322 6,182 17,420
156 69.44 1,880 2,793 8,440
157 109,76 5,720 5,350 15,100
158 67.20 1,772 2,695 8,140
159 | 127.68 9,380 7,141 20,130
161 112.00 6,081 5,552 15,640
162 49,28 1,075 2,020 5,690
163 58.24 1,380 14253 7,042
164 | 100.80 L h63 4,670 14,000
165 20,16 481 1,263 3,560
168 49,28 1,075 2,020 5,690
170 7392 2,124 5,003 9,070
172 38.08 789 1,685 5,090
174 118.72 7,322 6,182 17,420
176 132.16 10,610 7,660 21,6%0
179 172.48 32,340 14,700 41,430
180 109.76 5,720 5,350 15,100
183 | 107.52 5,380 5,160 14,530
184 150.08 17,420 10,300 28,900
185 12504 8,820 6,890 19,450
189 80,64 2,560 3,350 10,110
190 69 .4tk 1,880 2,793 8,440
191 112.00 6,081 5552 15,640
192 114,24 6,470 5,750 16,210
193 62.72 1,550 2,510 7,064
201 | 145.60 15,400 9,532 26,900




APPENDIX VI(a).

Block No. D.
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Continued

Dec. 1973 - Jan. 1974

April - May 1974

Aurust - Sept. 1974

Regression Equation

Regression Equation

Regression Equation

Mound| Sum of
No. |Ares (emd| v _ 5 44 4 0,012 | ¥ = 2.96 + 0.007% | ¥ = 3.41 + 0.007X
202 165.76 26,900 1%,200 37,200
203 49,28 1,075 2,020 5,690
204 40,32 839 1,750 5,275
205 35.84 741.5 1,625 4,580
206 22.40 511.5 1,310 3,685
207 k9,28 1,075 2,020 5,690
208 125 i 8,820 6,990 19,450
209 49,28 1,075 2,020 5,690
210 96.30 3,943 4,310 12,200
211 112.00 6,081 54552 15,640
212 38,08 7289 1,685 5,090
213 35.84 741.5 1,625 4,580
214 73.92 2,124 3,003 9,070
215 105.28 5,051 4,970 15,030
216 100,80 b 463 b,670 14,000
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APPENDIX VI(b). December 1974 - January 1975

Block D.

H;zfa S“”(gg ?rcs Y = 3,04 + 0.007X ”;ﬁfd S“m(zé ?rcs Y = 3.04 + 0.007X
b 112 6,670 9 &0 3,981
5 83 4,180 n 121 7,710
6 131 9,055 b5 36 1,960
8 s 3,793 46 104 5,861
9 Lo 2,050 L 88 h,530

1 165 15,650 53 L2 2,155
12 38 2,023 Lg a2 4,870
13 37 1,991 50 112 6,670
14 168 16,450 51 104 5,861
15 69 3,334 52 4 b,245
16 68 4281
17 185 21,630
18 76 3,855
21 50 2,455
22 118 79345
23 96 5,152
24 148 11,920
25 88 4,530
26 137 9,975
27 125 8,222
28 %6 1,960
29 92 4,830
30 h2 2,155
31 141 10,640
32 104 5,661
33 5k 2,620
3 55 2,661
35 b2 2,155
37 8h L, 245
38 7 3,614
)
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APPENDIX VII{a). POPULATION OF MOUNDS CALCULATED FROM REGRESSION
ZUGURMA PLOTS.

PLOT 13

Serial No. Sum of arcs Resgression Equation
(em = 3,59 + 0.0048X

4 21 I, 905
2 112 : 13,420
35 162 23,320
4 36 5,792
5 69 8,34
6 167 24,640
7 b5 | 64395
8 115 : 13,850
9 119 - 13,850
10 27 5,243
11 *(oc) 35 5,792
12 1l 19,110
13 “loc) 110 13,120
14 ' 124 _ 15,310
15 125 . 15,450
16 » 5,730
17 125 15,450
18 147 19,750
19 73 8,720
20 120 14,650
21 Lo 6,052
22 35 5,730
23 29 5,361
24 *(oc) 113 , 13,550
25 109 - 13,000
26 102 . 12,010
27 162 . 23,320
28 107 12,700
29 33 _ 9,735
X 80 9,420
H 67 8,150
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APPENDIX VII{a). Continued

Sertal o | Smefge ) Hemeseien yution
52 50 _ 6,052
33 ' 63 8,250
3k - 5k 7,065
; 35 ; 60 74557
36 | 176 27,220
37 149 20,200
38 130 _ 16,350
%9 _ 146 19,550
40 1% | 16,350
b 195 335,600
42 104 12,250
43 65 | 7,980
. } :

T. geminatus Mean Population/mound = 13,045
* T. occidentalis " = 10,820

Other species NIL
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APPENDIX VII(b). POPULATION OF MOUNDS CALCULATED FROM REGRESSION

ZUGURMA PLOTS.

PLOT 14
Serial No. Sum(gi §rcs Reg:e;?;;n+ﬂg?8;ig;

1 67 8,150

2 109 13,000

3 109 13,000

I 121 14,820

5 103 12,150

6 hé 6,470

7 58 74385

8 149 20,200

9 (oc) 99 11,620
10 161 23,050
1 (oe) 132 16,7%0
12 66 8,070
13 164 23,840
14 80 9,420
15 110 13,120
16 112 13,420
17 105 12,420
18 134 17,110
19 110 13,120
20 ok 11,000
21 **(top) 100 11,750
22 8l 9,845
23 149 20,200
24 72 8,622
25 152 20,850
26 65 7,980
27 188 31,100
28 114 13,770
29 198 34,750
30 29 5,361
b 193 32,850




APPENDIX VII(b).

t

Continued

ersalto, | Sm@fes | Remossie: B

32 165 24,100

23 130 16,350

3l 143 18,900

35 70 8,430

36 103 12,150

37 177 27,520

38 175 26,900

39 70 8,430

ho (cc) 73 8,720

I 210 4z 250

L2 110 13,120

bz 75 8,912

Ly 182 29,050

L5 124 15,320

ke 130 16,350

Ly 104 12,250

L8 &9 10,400

49 by 6,325

50 59 7,470

5 57 7:305

52 86 10,010

53 92 10,720

St 115 13,850

55 11 13,250

56 155 21,550

357 Igq 6,121

58 69 84341

59 140 18,300

60 26 5,185

3 4

T. geminatus Mean Population/mound = 15,087
T. occidentalis " = 12,356
** 1, topoensig " = 11,750

r————————————
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APPENDTX VII(c). POPULATION OF MOUNDS CALCUTATED FRCM REGRESSION

ZUGURMA PLOTS.

PLOT 15
seriar o | S oTgres R
1 56 7,220
2 7 6,540
3 79 9,315
4 35 | 5,730
b 177 27,520
6 4o I 6,052
7 161 ] 23,050
& 97 11,350
9 hg 6,685
10 89 10,400
(& 50 _ 6,761
12 L2 S 6,190
13 117 14,200
1% Y : 5,480
15 33 5,603
16 . (oe) 69 8,341
17 (oc) 54 7,065
18 (oc) 53 6,990
19 h 5,665
20 (oc) 52 6,912
21 74 8,813
22 121 14,820
23 bg 6,470
24 (oc) 69 8,341
25 179 - 28,130
26 S 109 13,000
27 130 16,350
28 77 9,112
29 ) 87 10,150
30 (tog) 33 5,603
31 (oc) 4o 6,052
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APPENDIX VII{(c¢c). Continued

sertad to. | Sngiee | R bt
52 (oc) 5 4,110
35 . - h9 6,685
3 | 78 | 9,250
3% (tog) 80 9,420
36 - (tog) % 8,813
37 | (tog) 119 1% ,500
38 159 | 22,550
39 (tog) Lo 6,052
4o B COT 7,55
d 86 10,010
k2 25 5,125
43 | 73 8,720
i - 59 7,465
55 | 100 o 11,750
b6 25 5,125
47 - 65 7,980
43 5% ‘ 6,990
49 : 39 5,985
50 ' 96 11,220
51 104 12,250
52 95 11,120
55 C151 20,650
54 105 | 12,420
55 . ' %% 5,792
56 . 35 5,730
57 L el 10,640
ety 64325
59 121 14,820
- 120 14,650
e (tog) 93 10,900
62 o 55 7,145
3 - 1 126 15,650




221

APPENDIX VII{c). Continued

5 Sum of arcs Regression Equation
Serial No. l {en. ) = 3.59 + 0.0043X
64 67 8,150
T. geminatus Mean Population/mound = 10,792
T. togoensis " = 9,214
T. occidentalis " = 6,920
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APPENDIX VII(c). Continued

. Sum of arcs Regression Egquation
Seriat Uos I (cm ) = 3.59 + 0.0043X
64 I 67 8,150
T. geminatus Mean Population/mound = 10,792
T. togoensis " = 9,214
T. occidentalis " = 6,920
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APPEIDIX VII(d). TPOPULATION OF MOUNDS CALCULATED FROM REGRESSION

ZUGURMA FPLOTS.

PIOT 16
Setalvo, | Smprges | Resression Sastion

1 {oc) 69 8,341
2 32 5,544
3 57 74305
L 23 _ 10,900

5 126 15,650

6 (oc) hg 6,685

7 (tog) L8 6,613

8 (tog) 92 10,720

9 165 24,100
10 157 . 22,050
11 130 : . 16,350
12 69 8,3
13 71 8,530
14 62 7,720
15 107 12,700
16 : 56 _ 74220
17 R 106 12,550
18 1 19,110
19 187 - 30,730
20 (tog) b 6,121
21 133 | 1,695
d2 25 5,125
23 19 4,800
2h 91 11,650
b5 42 6,190
% 23 | 5,925
rd | 129 16,200
28 132 16,740
29 164 - 23,840
» 80 9,420
LY 100 11,750
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APPZNDIX VII(d), Continued

serial o, | 99 of gres s

32 145 19,320
33 52 69,120
St &0 9,420
35 88 10, 350
36 87 10,150
37 538 74393
38 82 9,630
39 81 9,522
L0 111 1325
49 (tog) 32 5,541
L2 (oe) 146 19,540
43 72 6,622
Ly 62 74720
45 54 7,065
L6 57 5,855
47 (tog) 27 54855
48 50 6,761
49 33 5,925
50 {tog) &6 10,010
51 18 b, 745
52 38 5,925
53 (tog) 57 7,305
54 (tog) 22 h,962
25 57 74305
56 76 9,012

T. geminatus Mean Population/mound = 11,939

T. togoensis o = 7,111

T. occidentalis n = 11,522
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APPENDIX VITI(a)., RATZ OF GRASS HARVESTING (number of grass fragments/
5 minutes/foraging hole) BY T. GEMINATUS, LENGTH
OF FORAGING PERIOD AND NUMBER OF FORAGING HOLES
ON 5 STRIPS 3 x 30 m.
(Symbols as in text).

PIOT A (Ungrazed)

Date xrto xrtd xs5tq xsto to n Rate/ma/day‘
b/ s/7% | 13.8 | 12.7 | 21.3 | 23.1 165 Iy 6.78
13/ 6/74% | 16.33 | 5h.5 75.50 | 22.62 | 120 3 3.62
1M1 /74 | 21.50 | 48.08 | 37.00 | 16.54 | 195 8 11.47
20/11/74 | 16.2 25.67 | 24.86 | 15.69 | 150 5 523
14/12/7% 0.00 0.00 0.00 0,00 | 0.00 0 0.00
21/12/7% | 20.75 | 36.67 | 30.00 | 16.98 | 165 12 14 .94
11/ 1/75 | 42.82 | 53.33 | 46.71 | 37.50 | 210 11 39.60
25/ 1/75 | 19.00 | 25.00 | 20.00 | 22.80 | 165 9 15.05
2/ 2/75 | #9.40 | 99.50 | 80.00 } 39.70 } 180 16 50.82
22/ 2/75 0.00 0.00 0.00 0.00 | 0,00 0 0.00
8/ 3/75 | 19.5 49,75 | 36.66 | 14.37 | 165 b5 742
22/ 3/75 | 22.74 | 63.00 | 74%.33 | 26.83 | 150 12 21.46
L/ 4/75 0.00 | 0.00 0.00 | 0.00 | 0.00 0 0.00

* Calculated from equation 2. (See text)
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00°0 00*0 000 00°0 GL/2 J2e=2 /6L
996°0 690°0 H02°0 OL*HE cL/2 /8 -2 /S
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APPENDIX VIII(c). RATE o? GRASS HARVESTING (number of grass fragments/
5 minutes/foraging hole) BY T. GEMINATUS, LENGTH
OF FORAGING PERTOD AND NUMBER OF FORAGING HOLES
ON 5 STRIPS 3 x 30 m.
(Symbols as in text).

PLOT B (Grazed)

Date | xrtp | xrtq | xetq | xsta | t» | n | Rate/m"/day®
1/ 5/ | 26.89 | 43.0 52.5 32.% 150 7 14 .98 .
2/ 5/74 | k.8 | 48,0 106.5 | 32.70 | 175 10 25.42
3/ S/ | 26.5 65.0 68.9 28 .1 200 8 20.00
Ly s/74 | 27.7 25,5 42.60 | h6.3 190 9 35.2

12/ 6/7% | 16.7 20.0 18.80 1 15.70 § 120 3 2.512
13/ 6/7% | 37.75 | 77.50 | 75.50 | 36.8 | 165 3 21.59
14/ 6/?% | 29.60 | 61.50 61.29 | 29,50 | 180 5 11,80
13/11 /7% 1 43.23 | 56.10 46.2 Hh.91 | 164 3 20.3%6
14/11/7% | 15.00 | 15.00 1%.00 { 13.00 |} 117 % 2.028
15/11/7% | 47.68 | 36.33 32.75 § k2,98 | 210 11 b4, 13
16/11/74% | 17.92 | 51.00 48,12 | 18.93 | 225 M 26.59
27/1/7% | 25.0 1.3 27.60 | 16.7 165 5 £.12
28/11/7% | 13.8 19.25 18.63% | 13.36 | 135 7 5.6
29/11/7% | 22.00 | 22,17 31.8 31.56 | 165 3 6.94
0/11/7% 1 14.8 L8 106 32,68 | 165 10 2%.96
11/12/74 L.20 | 10.25 28.25 | 11.58 | 105 7 3.78
12/12/7h 9.33 | 10.66 72.8% | 28.73 | 165 Vi 1,75
13/12/74 8.50 | 71.0 73420 8.76 | 175 9 6.13
1 /12/74 | 12.25 | 29.0 51.33% | 21.68 | 180 8 13.88
18/42/7% | 30.75 | 38.33% 30.00 { 24.07 | 135 6 8.67
19/12/7% | 10.80 | 86,50 | G2.k | 9.5 | 195 | 13 10.65
20/12/7% | .71 | 72.40 65.83 1 13.28 § 195 10 11.60
21/12/74% | 20.3% | 26.50 21.00 | 16.11 | 120 15 122.89
8/ 1/75 | 154.16 | 29.16 28.75 | 13.96 | 189 21 2k,62
9/ 1/75 | 15.93 | 29.2 28.33 | 15.46 | 150 15 15,46
0/ /75 | 28.39 | #3.33 50.78 | 33.86 | 235 1 47,18
11/ /75 | 17.83 | #1.33 38.67 | 16.68 | 210 1% 21.80

3 L b b k !
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APPENDIY VIII(c). Continued

Date xrt) xrEq x5t Xsto tp n { Rat e/mz/dmr*
22/ /75 | 22.71 | 38.0 32.80 | 19.60 | 169 17 244k
23/ /75 | 22.95 | 56.00 bg. 14 | 20.12 | 225 1% 28.17
2h/ 1/75 | 20,75 | 50.60 U8, 14 | 29.26 | 210 6 16.38
25/ 1/75 | 20.44 | 32.0 33.60 | 21.46 | 135 13 16,74

5/ 2/75 | 33.75 | 76.00 86.14 | L0.8B4 | 293 | 50 87.98
6/ 2/75 1 18.11 | 10.00 61,33 | 27.77 | 150 20 37.02
7/ 2/75 | 28.75 | '76.50 78.1h § 29.37 | 180 36 84.58
8/ 2/75 | 10.13 | 34.00 56.00 | 16.68 | 210 1 17.12
19/2-22/2 - -~ - - - - -
5/ 3/75 1 15.87 | 31.00 38.60 | 19.76 | 150 51 67.18

&/ 3/75 | 17.64 | 35.00 k2,28 1 21.30 | 195 66 121.83
7/ 375 | 21,47 } 28,66 | 43.28 | 32.42 | 180 | hS 116.71

&/ 3/75 | 11.94% | 33.3 47.50 | 17.03 | 195 Sh 79.70
19/ 3/75 | 19.33 1 51.33 | 71.00 | 2693 1 255 | 1B 54.53
20/ 3/75 .00 0.00 0.00 0.00 | 0.00 o) 0.00
21/ 3/75 | 1642 | 57.50 60.00 | 17.13 | 130 36 35.63%
22/ 3/75 | 43.09 | 72.50 { 59.40 | 35.30 | 45 | 33 75.07

2/l- 5/4 - - - - - -1 . -
N . } 3 x  31.47

e etk i et M eyl

i 7

* Calculated from equation 2. (See text)
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APPENDIX VIII(e). RATE OF GRASS HARVESTING (number of grass frapments/

5 minutes/foraging hole) BY T. GEAINATUS, LENGTH
OF FORAGING PERIOD AND NUMBER OF FORAGING HOLES

fij:;. | ' ON 5 ARZA 3 x 30 m. | |

| {Symbols as in text).

PIOT C (Grazed)

Date xrtp xriq xstq xsto tp n Rate/hzfaay*
Ly s | 7.5 | 24.0 53.2 | 16.62 5 12,20 :
13/ 6/7% | 56.2 | oh.s0 | 86.25 | 51.29 | 65 5 7.4
WP | 2003 9.6 13.8 | 29.18 | 150 3 5.8
01/7% | 12.10 | 36.75 29.1 9.58 | 180 10 766
14/12,/74 | 36,00 | 37,20 | 33.91 | 32.81 | 120 5 8.75
24/12/74% | 42.71 | 65.50 55.40 | 38.12 | 165 21 58.70
11/ 1/75 | 19.61 | 35.50 28,0 15,47 | 210 19 27 .43
25/ 1/75 | 20,17 | 356.50 h2.33 | 23.39 | 195 15 %040

7/ 2/75 | 49.57 | 99.67 89.50 | W&.5%1 § 210 13 54.00
22/ 2/75 0.00 | ©.00 0.00 | ©.00 | 0.00 0 0.00

8/ 3/75 | 19.35 | 56.66 40.83 | 13.94 | 180 42 h6.84
22/ 3/75 | 24.07 | 54.00 98,75 | 44.02 | 255 11 54,88

4/ b5 | 000 | 0.00 0,00 0.00 | 0.00 0 0.00

* Calculated from equation 2. {See text)
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APPENDIX VIII(g)e RATE OF GRASS HARVESTING (number of grass fragments/
5 minutes/foraging hole) BY T. GEMINATUS, LENGTH
OF FORAGING PERIOD AND NUMBER OF FORAGING HOLES

N 5 STRIPS 3 x 30 m.

(Symbols as in text).

PLOT D (Ungrazed)

Date J_C.rtg :?rt-t Est»] istz ts n Rate/mzfdzw‘
b/ 5/7% | 13.44% | 21.5 26.2 16.06 | 150 3 3.%1
13/ 6/74% | 60.5 61.0 67.50 | 66.95 | 145 2 8.63
14/11/74 | 38.0 42,25 51.55 | 46.36 | 270 e 38.94
0/11/7% | 26.29 | 47.0 51.25 | 28.7 20% 7 18.21
14/12/7% | 27.5 31.5 52.86 | 46,89 | 210 2 8.75
21/12/74% | 26.80 | 21.67 23,00 | 28.44 | 225 14 39.81
1/ /75 | 18.25 | 24.40 20.25 | 15.15 | 15 12 11.39
25/ /75 | 18.80 | 44,0 40.75 | 17.41 | 150 6 6.96
7/ 2/75 | 22.91 | 53.0 64.29 | 27.79 | 195 12 28.90
22/ 2/75 0.00 0,00 0.00 | 0,00 }) 0,00} © 0.00
8/ 3/75 | 2kl | 39,75 36.13 | 21.94% | 210 21 43,00
22/ 3/75 | 18.85 | 62.33 | 47.30 | 14.19 | 165 | 33 34,33
b/ 4/75 0.00 | ©.00 0.00 | 0.00 ] 0,00} © 0.00

* Calculated from equation 2. (See text)
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