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ABSTRACT

Distribution and density of mound-building termites

in the northern Kruger National Park

AUTHOR: V.W. MEYER, P.O. Box 1969, Wingate Park 0153, S.A..
DaTE: 1997.

DISSERTATION: M.Tech. (Nature Conservation).

INSTITUTION: Technikon Pretoria.

PROMOTER: Dr. L.E.O. Braack.

CO-PROMOTER: Dr. C. Ebersohn.

At least ten 2 ha belt-transects were undertaken in each of the 20 northern landscape zones of the
Kruger National Park. Termite mounds encountered were recorded and their activity determined
by means of digging. It is estimated that approximately 1,1 million active mounds occur in the
northern K.N.P. (approximately 47 % of all active and inactive mounds in that area), with an
overall density of 1,1 active mounds ha'. The main mound-building genera are Macrotermes
(accounting for 62,4 % of all active mounds in the northern K.N.P.), Cubitermes (29,8 %),
Amitermes (4,3 %), Odontotermes (2,1 %) and Trinervitermes (1,4 %). Macrotermes has an
average mound density of 0,73 ha' and Cubitermes 0,33 ha'. Macrotermes natalensis and M.
ukuzii are the dominant species with 0,27 and 0,25 mounds ha’'. The number of termite mounds
is in some cases related to rainfall. Macrotermes natalensis density increases with approxi-
mately 0,0005 active mounds ha! mm in higher rainfall areas, provided that mounds occur.
Macrotermes preferred sandy, granitic soils over basaltic clay. Undulating topography is also
preferred to concave flood plains. Macrotermes ukuzii is more tolerant of clay soils than M.
natalensis. Cubitermes favours the Nwambiya Sandveld (zone 32). Mounds of this genus in the
Far North are highly concentrated on the Gaudam and Moriah soil series of the Hutton form,

suggesting that these termites prefer very sandy soils with medium to coarse particles.

Keywords: Termites; [soptera; mound-building termites; termite mounds; termitaria; Termitidae;
Macrotermitinae; Macrotermes; M. natalensis; M. ukuzii; Termitinae; Cubitermes; termite dis-
tribution; termite density; termite ecology; termitology; entomology; Kruger National Park; land-

scapes; land types; geology; soil; rainfall; climate; Dunn test.



EKSERP

Verspreiding en digtheid van hoop-bouende termiete

in die noordelike Nasionale Krugerwildtuin

OUTEUR: V.W. MEYER, Posbus 1969, Wingatepark 0153, S.A..
Dartum: 1997.

VERHANDELING: M.Tech. (Natuurbewaring).

INSTANSIE: Technikon Pretoria.

PROMOTOR: Dr. L.E.O. Braack.

MEDE-PROMOTOR: Dr. C. Ebersohn.

Ten minste tien 2 ha-strooktransekte is onderneem in elk van die 20 noordelike landskap-sones
van die Nasionale Krugerwildtuin. Termiethope teégekom is opgeteken en hul aktiwiteit bepaal
deur middel van opgrawing. Dit word beraam dat ongeveer 1,1 miljoen aktiewe hope voorkom
in die noordelike N.K.W. (ongeveer 47 % van alle aktiewe en onaktiewe hope in hierdie area),
met ‘n algehele digtheid van 1,1 aktiewe hope ha'. Die vernaamste hoop-bouende genera is
Macrotermes (verantwoordelik vir 62,4 % van alle aktiewe hope in die noordelike N.K.W.),
Cubitermes (29,8 %), Amitermes (4,3 %), Odontotermes (2,1 %) en Trinervitermes (1,4 %).
Macrotermes het ‘n gemiddelde hoop-digtheid van 0,73 ha'' en Cubitermes 0,33 ha''. Macrotermes
natalensis en M. ukuzii is die dominante spesies met 0,27 en 0,25 hope ha"'. Die aantal termiethope
is in sommige gevalle verwant aan re&nval. Macrotermes natalensis-digtheid neem toe met
ongeveer 0,0005 aktiewe hope ha' mm™ in hoér reénval-gebiede, indien hope voorkom.
Macrotermes het sanderige, granitiese gronde bo basaltiese klei verkies. Golwende topografie
word ook verkies bo konkawe vloedvlaktes. Macrotermes ukuzii is meer verdraagsaam ten opsigte
van klei-gronde as M. natalensis. Cubitermes het ‘n voorkeur vir die Nwambiya-sandveld (sone
32). Hope van hierdie genus in die Verre Noorde het ‘n ho€ voorkoms op die Gaudam- en
Moriah-grondseries van die Hutton-vorm, wat daarop dui dat hierdie termiete ‘n voorkeur het

vir baie sanderige gronde met medium tot growwe deeltjies.

Kernwoorde: Termiete; Isoptera; hoop-bouende termiete; termiethope; termitaria; Termitidae;
Macrotermitinae; Macrotermes; M. natalensis; M. ukuzii; Termitinae; Cubitermes; termiet-
verspreiding; termiet-digtheid; termiet-ekologie; termitologie; entomologie; Nasionale

Krugerwildtuin; landskappe; landtipes; geologie; grond; re€nval; klimaat; Dunn-toets.



In Tribute to my Grandfather

This dissertation salutes the late Sergeant Major Gert Henprk WiLkELM MEYER (1916 -1987)
who was a decorated soldier of the South African Air Force. He voluntarily took part in military
operations during WorLD WARr I (1939 - 1945) and the KoreaN WAR (1950 - 1953), ensuring the
survival of the Free World. He was a member of the legendary 2 Squadron (‘Flying Cheetahs’)
in Korea. He retired in 1971 with an effective service record of 32 years.

His immense interest in astronomy, biology, general science and theology sparked my curiosity
in the same fields of study. His exceptional intelligence and general knowledge will always be
an inspiration to me. He loved the outdoors and excelled in many sports. I never enjoyed chess
as much as I did when played with him, even though he usually won!

SPHERE OF SERVICE: East Africa; Middle East (incl. North Africa); Far East (incl. Southeast Asia).
DECORATIONS: Korea Volunteers Medal; Union Medal (Long Service Bar): The 1939 - 1945 Star; The Africa Star;
The War Medal (1939 - 1945); Africa Service Medal; United Nations Korean Medal; Korean War Service Medal.

‘And our goal is nothing less than a complete description of the universe we live in’
- STEPHEN W. HAWKING (Lucasian Professor of Mathematics, Newton's Chair, Cambridge University; Companion of Honour).



ACKNOWLEDGEMENTS

Grateful thanks are due to:

Dr. Leo Braack (Manager: Scientific Services, Kruger National Park) for his initiative, assistance, guidance and
support. Thank you for supplying all the necessities (vials, ethanol, microscope, etc.) and for paying for my grant,
assistants’ wages and first termite identifications from your budget. It is greatly appreciated. I thank you for all
those little, yet important things that would be too numerous to mention. What a wonderful world of insects you

introduced me to!

Dr. Colleen EBersonn (Senior Lecturer: Department of Nature Conservation, Technikon Pretoria) for her enthusi-
asm, guidance and for believing in me. I remember the numerous phone calls you had to make to initialize the
whole process. Thank you for reserving the Technikon caravan for me. Also for the foundation laid by your ecology
classes during my pre-graduate years.

Dr. Harry Bicas (Programme Manager: Biometry, Scientific Services, K.N.P.) for biostatistical advice. You played
a key role in the analysing stage of this project. Thank you also for lending me a laptop computer which was vital
in the beginning, as well as introducing me to the various computer software package and statistics courses. Thank
you for commenting on Chapter 4, 5 and 6.

Vivienne Uys (Isopterist: Biosystematics Division, Plant Protection Research Institute) for identification of the
termite specimens. Thank you also for commenting on aspects of Chapter 1, 2 and 4, especially with regard to the
taxonomy. I enjoyed all our telephone (and later e-mail) conversations and thank you for your willingness to help -
you were never too busy! Your generous advice at all times speaks highly of your professionalism.

Dr. J.E. RueLLe (retired isopterist, Belgium) for the clarification as to the identity of some termite specimens,
initially confused with Macrotermes vitrialatus. Thank you for confirming them to be M. falciger.

Dr. Freek VENTER (Programme Manager: Abiotic Research, Scientific Services, K.N.P.) for advice and comment-
ing on the geo-pedological aspects of the dissertation (Chapter 3, 5 & 6). Thank you very much!

Nick Zameatis (Senior Biotechnician: Scientific Services, K.N.P.) for advice and comments on climate (Chapter
3). Your door was always open - thank you!

Naledi Marg (Biotechnician: Biometry, Scientific Services, K.N.P.) for G.LS., statistical and general computer
assistance. Thanks for ‘spoon-feeding” me in the beginning!

Colleen Woob (Technical Assistant: Scientific Services, K.N.P.) for digitizing the various maps.

Petri ViLJoEN (former Senior Research Officer, Scientific Services, K.N.P.) for G.P.S. advice when I stood on the
brink of doing the very first transects. It just so worked out that at the time of my uncertainty you happened to be in
the same camp (Letaba) as L. Thank you for advising me on a suitable coordinate system and for G.P.S. information
in general.

Dr.Rina GranT (nutritional consultant, Skukuza) for her retrospective, holistic approach to the project and hence
her comments on section 6.5. You made me think and interpret, Rina. Thank you!

Tom LEARMONT (professional editor, Johannesburg) for linguistic comments on the text. Also Jill ARCHER (former
Editor, Satour), who suddenly passed away due to cancer, for initial comments on Chapter 2.

Honorary Professor Dr. Valerius bE Vos (former Manager, Scientific Services, K.N.P.) for his approval and en-
dorsement at the start of the project. In effect, for the rare opportunity to work in the Park.

At BotHa (Head: Department of Nature Conservation, Technikon Pretoria) for supplying the caravan and his inter-
est shown. Thank you also for the other things that were paid for out of your budget.



=i 7=

Naciosse BaLov (retired Ranger, K.N.P.) who served as guide and assistant during the fieldwork phase. I admired
your fitness, tenacity and great spirit. Your immense knowledge of spoor, dung, animals, plants and paramilitary
operations made an excellent tracker of you. One felt safe in your presence despite your advanced age and small
bodily stature. I will always think of you fondly.

Alfred Nxkuna and Richard MasHABANE (Scientific Services, K.N.P.) for field assistance as they finished off the
last zone with me, due to Baloyi’s expired contract. I thoroughly enjoyed your company - you two were great!

The FOUNDATION FOR RESEARCH DEVELOPMENT for a post-graduate bursary. Special thanks to Erna Pheiffer for
facilitating the application and renewal processes.

The NaTioNAL PARKS BoARD (Scientific Services, K.N.P.) for a research grant. Thank you all who approved it - it is
greatly appreciated! Thanks are also due to the organization for facilities and services rendered.

The TECHNIKON PRETORIA (Department of Nature Conservation) for the laboratory caravan which served as home
and office. Moreover, for the research opportunity made possible by this post-graduate course.

The following donors and sponsors: TowmasTer (Viv Rand); HEeLLA S.A. (Basil Botha, Barry du Plessis & Prakash
Bhagwan); G.B.C. INTERNATIONAL (Colin Brown); PertEC (Peter Howell, former M.D.); Makro S.A. (Mark
Wolmarans) and Kopak S.A. (Chiquita Patrizi). Also my uncle, David AVERy, for his contribution to the produc-
tion of the bound copies.

Lynn van Rooven (former Manager, Wildlife Management, K.N.P.) for approving the sampling of the mounds.

The RANGERS oF THE NortH (K.N.P.) for advising me on preferable routes and warning me about dangerous cir-
cumstances in their respective areas. Thank you for your interest in the project!

The CamP MANAGERS oF THE NortH (K.N.P.) for supplying me with suitable sites and electricity for the caravan as
well as ablutions.

Brenda SwanepoEL (Gold Fields Technobib, Technikon Pretoria) for facilitating the inter-library loan and other
processes in a competent and friendly way. Also Irene GROBLER (Stevenson-Hamilton Library, Skukuza) for her
generous assistance.

My father, Vic MEYER, for encouragement, financial support, prayer and interest in the project. A big ‘thank you’ is
due to you for assisting me in finding a suitable, all-terrain research vehicle. Thank you for the computer and
everything else you supplied and did too numerous to mention. My mother, Totia and my sister, Elmirie, as well as
my grandmothers, for encouragement, prayer and financial support. My mother and sister especially, for the graphic
enhancement of the maps.

Appreciation is also conveyed to Danie Krynauw, Wendy Lefotlha, Greg Kiker, Holger Eckhardt, André &
Maryna Potgieter, Jacques Brits, Guin Zambatis, Prof. G.C. Loots and Jannie Rautenbach for their contribu-
tions to the project in some way. I thank you all!

Most of all, to the LORD JESUS CHRIST. Thank You so much for brilliantly bringing everything together. May
You richly bless all who contributed to this project. You are my Banner, Glorious One!



CONTENTS

Page
ABSHGPE = cocmvnssmmmivssaiavsmsmsiisyassissssmrssss mesmssmsans SRy il aivassyiies i
) 01V T2) § + OO PO R LR R iii
TEIDUEE  cooevireeeeeciieesiteesesssssssesssaessessssesssassbnsssnsssnnssssasssnasassssatesssnsssassstanesanssssnanss iv
ACKNOWIEAZEIMENES ........ooviiieiiiiiiccicieits e e 4
Chapter 1
INTRODUCTION
1.1 OBIBCTTVES ... i sl s sl vas it 2
Chapter 2
LITERATURE REVIEW
2.1 SYSTEMATICS AND CLASSIFICATION OF TERMITES .......cocceeveeuesnssussnersnsnsnes 3
2.1.1 Classification, based on mound-building behaviour .............ccccccceviiniiinnnns 3
2.2 CONTINENTAL AND REGIONAL DISTRIBUTION ......ccciuuuisssssimsssssissasnissnivanasoses 4
S BBASIE BICTLIICTYE iuiisivusio s ons s assss s st o i v ss i s s s M 5
Dbl TIE GOBIER oo i S N S R AR SRS 5
2.3 1. ] WV OTK OIS s i e s A PP eps Vi s e on M A s 5
I L T T —— 5
SR BT LT OO ————— 6
2:3.2 - Sotial BERaVIOUE s st s s s s v e vemseeaiasns G
2.3.3 Pood and feeding behaViont «:uaunsunavnmanumiivmnmassvaiaasin 8

e e W) 11 R 9



9.4 MOUND DYNAMICS ......cisusmsassssosmessasossensurnsassesorsonssanssssssissisinssiaisisindasivesnasonss 10
2.4.1 Mound-building BERaVIOUT ........ccoeiiciriiinntsss s 10
2.4.2 The MOUNd €dIfICE .....cooriieererreeeeiiisiirrerassasissssesstssss s sssssasssassassases 11
2.4.3 Importance of MOunds to the tEIMIES .....ovumruusuriieeissninisrs s 13
2.4.4 Soil utilization and MOdIfiCAtION ........ccoviriiiiiinenn 13
2.5 INFLUENCES OF TERMITES ON ECOSYSTEMS ..o 14
2 6 FACTORS AFFECTING DISTRIBUTION AND DENSITY ...ccoooiiiiiiiiiniinnnieinnns 15
2.6.1 Distribution of MOUNAS ......c.evveeeueiiiriiinierenees e 15
2.6.2 Density Of MOUNAS ....cuvururiimeieriiieisss s s 15
Chapter 3
STUDY AREA
8.1 CROLIIGY ......connonssssssssmsissss s sy oo st i s i vams s s sosms A s s A s 17
BRBOTL: couscioiissivnnosvssis ssssontsssssyss s e Ay SR Y B VA e 4 B S AR SRR 18
S ICTIVEATE, ciuuiiisouimeassnsnsssasisssnsiss iy s o e A S P T SR s s RS Baesy 18
8.3, 1 TRATITANL cuiscusivvuissioniusnnsmsssisinnspsvansinsdsssiasass satsdinsiods s bss R G BRSNS 23
337 TCMPETAIIIC surossecessmonmmammusiusiisninyasssdins vonisimmsabamss iR s A s as e i 23
5.3.3 Humithiby .cocommammmmsnsssnasmmsmmmsssssssestemsmaissmnniiasssols snisiasssaisivaniisons 27
Chapter 4
MATERIALS AND METHODS
2 Y TN SRR ——— 28
B NIBTEIOIDIS oo s b a o A o S U S S T A A s 29
4.2.] Bampling of the OIS .« uuwimisssamammsmisss ST 29
4.2. 1.1 Aetial DROIOBTADIS . cnrerssmmemmsmsemsess oot sk s s S drens 29
4.2 1.2 Linesand beltabranseetsi e werveamommmenommememsmnomsoumsmoen 30
4.2.1.3 The quadrat SO .....ccmaumivewsasssissmvasmsaiemmsseossoss 30

4.2.2 Present study MEthOUOIOBY ....vucisuesssssissasmossnscasnssisnssisnssisnssusnsonsasasssisassisisons 30



4.2.3 Mathematical ProCEAUIES .......ocovumeuiueururmmimsmmssnsnssssassssissssss st 35
4.2.4 Statistical PrOCEAUIES .......cccvrueiierscrsinimimirrsssssssissssassnsis st sasnessessenss 36
Chapter 5
RESULTS
5.1 COMPOSITION OF GENERA AND SPECIES .....cccooiiiiiniiies 37
5.2 STATISTICAL ANALYSIS ....ccoovureuicneccissosassiossessssssssassassssssstssssssssnsssissnssnssasssssssesnasass 38
5.2.1 Regressions of mound counts on rainfall ... 39
5.2.2 Kruskal-Wallis TESE ....covererrersereicresiiruesiineennnsmssesesssesssssssasssesseansssssssnnensens 42
5.2.3 DUNDN LT veuveveeereireereaseessessesssesseesssessssssssssssssssesnsesinesttssressasesssssassssssasssess 47
5.3 DISTRIBUTION AND DENSITY OF TERMITE MOUNDS ........cccccovuvinininmnninnns 48
8§38 1 MACTOLETMES .iisiicsiinisivsiomvisiviivsssiasiisvinsvnsiosssnonssonsniasintissssanssssssinsasessrssssisen 48
5.3.1.1 LandSCapeS ....cccccissusssssisisssssissssosssssansansaasassonsssussnsancsncsanssnissassasssses 48
5.3.1.2 GROIOZY ....coscnceussnercussussssasssssnisussssssnssasumusonsasiussasosnssnssasmonssnannsnenssias 50
5.3.2 CUDIEIINES c.vvnesusnmsassnssursnsosssnsasenssansansansassisssssnsins s aavsssissbisnasspasvavanivsaivnsns 53
e o 3 T o ST SR 53
e e e 6176 T T RSO ————————————— 54
5.3.2.3 BROIORY «iivwsssusssssmsscsssosssvnisvstimtivaiossssvesovs s s momenss s sy 54
5.3.2.4 SOT] TVIS. ivvasieutsninss s i i e v sa oo s s o sasi s avanesss 55
SAREVIEW covsrmsmsssssssuemnansssasssasnnssrsosnssnsssassaresssassssansasnasshbnsassabsssssssnssessaipsssssisiusstsspons 57
Chapter 6
DISCUSSION
6.1 ACTIVEANACTIVE RATIO OF TERMITE MOUNDS . ..iissssisnsssisiorsoasssssasssssnoason 59
6.2 RELATIONSHIP BETWEEN TERMITE MOUNDS AND RAINFALL..................... 59
6.3 DISTRIBUTION AND ABUNDANCE OF TERMITE MOUNDS ........ccccoovoiiiiinnc. 60
6. 3.1 MIABTOEEERIBS scscussiivvsiuinsvansvmionsasasis o sisdsssniinsssiai it SIS R VA ORI R4S 60

.8 D CIDILCTINCS .. ovrsvss sevsissiasi e s e S O R i s S e B U A R S S 62



- x -
6.4 DISPERSION OF TERMITE MOUND POPULATIONS ....coovoviimimiiiiiiiinininns 65

6.5 REVIEW OF MOUND-BUILDING TERMITE DISTRIBUTION
IN THE NORTHERN K.N.P., WITH REFERENCE TO FINDINGS

ELSEWHERE IN THE WORLD .....cooititirieiiinmaiinesissssessssns st 66

6.6 CONCLUDING REMARKS .....coooiiiiemiisiiiiiinnenssnssesissssssisisssssssssessesssssssssaneasens 67

6.6.1 RECOMMENAALIONS ......oovveereiuerueersesaeseseesssassnssisssssassssssssasesanssnasssssssesness 68

6.6.2 FULUTE TESCATCH ...coeuviieessssissinisssnmasisarasssstasssssessssasssnnassansasssasassssntonsssnnssssuvasss 69

G653 CONCIUSEONS «cxvecnnssnssnpisussmissnssmsssdissaissmssossinmsassvusssinssissnssiopansassssinssunssisesthis 70

6.6.3.1 GEDETAL ...cocormmsersaonensnonsssisussssizsass ssss s arsssiasssisveissinamiiaivopmsvassianssinions 70

6.6.3.2 MUCYOTLITNES ..cvvvviveravnsesonsusnsassonsnsesssansasssssssaansssssssasssssssasssissosssssesss 70

6.6 3 THBRpimes cawiwmsvssssivensimssmassmssssssxmntassm SRR i 71

PERSONAL COMMUNICATTIONS ...occisiissuiosssvissivsscusuisiveosvosssssassssnsssassasassssasssssssocsses 72

REFERENUES ... ..omsmcseoscomssssuessrasssmmasssonsssrosnrsssanseassssersasis SREISI NS4S s 0oavasI s Soniboss 73
APPENDICES

Appendix 1: Termite mound density, based on the landscapes of the northern
Ktiger PUAHBEH]L PAFK o.c.mwimmninsmsismimssisemasssssnsssssaintssibmsi s 78

Appendix 2: Termite mound density, based on the land types
of the niorthern Kruger National Park .cussasmsmvisssmssmesmensisssoeson 79

Appendix 3: Legend for the soil types of the far northern Kruger National Park,

according to the binomial classification SySt€m ..........cccoccvrinninnicncncnns 81

Appendix 4: Converted G.P.S. coordinates of transect beginnings and ends
for termite mound monitoring purposes in the northern
Kruger National Park ...........eesseessaensassnssssissosssssnssssssassnssissssssponssssesssssassion 84



Figure 3.1:
Figure 3.2:

Figure 4.1:
Figure 4.2:
Figure 4.3:
Figure 4.4:

Figure 5.1:

Figure 5.2:

Figure 5.3:

Figure 5.4:

Figure 5.5:
Figure 5.6:

Figure 5.7:
Figure 5.8:
Figure 5.9:
Figure 5.10:

Figure 6.1:

LIST OF FIGURES

Page
Geology of the northern Kruger National Park ..o 19
Rainfall (M.A.R.) interpolation model
for the northern Kruger National Park ... 25
Termite survey transects in the northern Kruger National Park................. 32
Digging to expose the core of the colony ... 33
Typical example of a weathered, inactive Macrotermes mound............... 34
Typical example of a Cubitermes MOUNd .........ccoocuevimmnmniiiieiiinissiinnes 35
Generic composition of mound-building termites
in the northern Kruger National Park,
according to the number of active mounds. ..........cooeennniiiiininninnn. 37
Composition of mound-building termite
in the northern Kruger National Park, according to density figures
Of BELIVE TOMIER usamisin s o S SRS s 38

Simple regressions of Macrotermes natalensis (selected for high rainfall)
on all rainfall (M.A.R.) in the northern Kruger National Park
B DL D Do e s A sl 43

Macrotermes mound density in the northern K.N.P,,

haset R TADOECATER v S R A TTF ST TR SRS RSe SYRAYA 46
Macrotermes mound density in the northern K.N.P., based on geology.... 51

Macrotermes natalensis and M. ukuzii mound density
m thenorthern KNP, based ongelogy wammvrmssemmmmsmamessssrsmemmens 52

Cubitermes mound density in the northern K.N.P., based on landscapes .. 53
Cubitermes mound density in the northern K.N.P., based on land types ... 55
Cubitermes mound density in the northern K.N.P.,, based on geology ...... 56

Cubitermes mound counts, based on soil types of the far
DO TEINE: iusisissssmosis s i e s S A VAR a7
Active/inactive ratio of the number of termite mounds

for all genera/species in the northern Kruger National Park ...................... 59



Figure 6.2:

Figure 6.3:

Figure 6.4:

- Xii -
Distribution and abundance of Macrotermes mounds,
overlaid on landscapes of the northern Kruger National Park

(based ON tranSeCt PIOLS) .....c.ovuevereumseusisiimirnmsisssssi s 61

Distribution and abundance of Macrotermes natalensis and M. ukuzii
mounds, overlaid on geology of the northern Kruger National Park

(based On tranSECt PIOLS) .....curueveuriseuerniniiicisiesinns s 63

Distribution and abundance of Cubitermes mounds,
overlaid on landscapes of the northern Kruger National Park

(based On tranSECt PIOLS) ....c.vuruurierireseieiitiis e 64



Table 2.1:
Table 3.1:

Table 3.2:

Table 3.3:

Table 3.4:

Table 3.5:

Table 5.1:

Table 5.2:

Table 5.3:

Table 5.4:

Table 5.5:

Table 5.6:

Table 5.7:
Table 5.8:

LIST OF TABLES

Page
Types Of termMite MOUNS .....cveurvruriuimmiirmssisssssssssisns s 11
Breakdown of the landscape zones in the northern K.N.P,
denoting the different faCtors ..o 20
Mean annual rainfall figures for the landscape zones
of the northern KINLP. ....oiiiiiiirniiiiiiiiimiennninsissssssessnssnessnsssnssssassesss 24
Mean annual rainfall figures for the envirotypes (lumped landscape
zones) of the northern KNP, ..o 26
Annual average daily air temperatures for the weather stations
in the northern KNP, ccauiissvssessasaimsaonsissasassseremmmsasssesasnssssssnssassasnts 26
Mean annual maximum and minimum relative humidity
for the weather stations in the northern K.N.P. ..o 27
Regression statistics of mound counts on mean annual rainfall (mm)
155l 7 B0 I ORI L - 39

Detailed statistics for regressions of mound counts on rainfall (M.A.R.)
with significant s1opes (95 % C.L) ..ccooeuvieeivnniiiiniciiiiiiiiininne, 42

Kruskal-Wallis one-way ANOVA of mound counts
across a classification spectrum (95 % C.L; 00 =0,05)...cccccceieiericrincncnce. 44

Significance levels of mound count differences of species/groups
across classification factors, before and after Bonferroni adjustments
PO s visevoonsorsicinsb s s b RS AR AR S ARt s B ARSI 46

Dunn multiple testing procedure, showing significant differences
of mound density in the stated landscape zones (& = 0,05; k = 20) .......... 48

Letaba River Rugged Veld (landscape 10) with historically high
Macrotermes mound numbers vs. Mopane Shrubveld on Basalt
(landscape 23) with low numbers (P < 0,0000003) ........ccooeiiiiiiniininns 49

Soil properties of the Gaudam and Moriah $0il SEries ..........ocoveviniiicunnn. 56

Assessment of statistically different mound counts (densities) ................. 58



CHAPTER 1
INTRODUCTION

It is estimated that more than 70 % of all species in the animal kingdom are made up of insects
(Braack, 1991). The approximate 2 000 species of termites constitute 0,2 % of the class Insecta
(comprising about one million species), making Isoptera a small order (Lal, 1987; Milton, 1993).
Their population numbers, on the other hand, are great, hence their dominance in certain parts of

the tropics (Light, 1946a).

The vast numbers of mound-building termites consume large quantities of plant material, thus
forming an important link in nutrient cycling (Nkunika, 1986). They are major elements of
savanna ecosystems and their removal of plant biomass frequently rivals that of mammals (Lee
& Wood, 1971; Wood & Sands, 1978; Delany & Happold, 1979; Josens, 1983; Lamotte &
Bourlidre, 1983: Deshmukh, 1989). In undisturbed tropical habitats, termites play an invaluable
part in creating and maintaining soil fertility equal to that of earthworms in temperate regions

(Drummond, 1886; Coaton, 1953; Harris, 1971).

South African termites have been well-surveyed due to the National Survey of Isoptera (1955 -
1982), conducted by Dr. W.G.H. Coaton and J.L. Sheasby (Uys, pers. comm.). In the Kruger
National Park (K.N.P.), 22 genera of termites are known to occur. The mound-building genera in
the K.N.P. are Macrotermes Holmgren (Termitidae: Macrotermitinae), Cubitermes Wasmann
(Termitidae: Termitinae), Amitermes Silvestri (Termitidae: Termitinae), Odontotermes Holmgren
(Termitidae: Macrotermitinae) and Trinervitermes Holmgren (Termitidae: Nasutermitinae)
(Coaton, 1962). Of the two genera of large fungus-growers' in South Africa, Macrotermes is
well-studied (Ruelle, 1989). Macrotermes subhyalinus® and M. bellicosus® are probably the two
species best studied in Africa. However, M. natalensis which is the most abundant in the north-
ern K.N.P, is regrettably less studied. Trinervitermes features prominently in the literature, but
Cubitermes appears not to have received much attention. Amitermes hastatus was intensively
studied by Skaife et al. (1979).

| - Macrotermes and Odontotermes
2 - not occurring in South Africa (Ruelle et al., 1975)

3 - not occurring in southern Africa (loc. cit.)
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Odontotermes was found by Coaton (1962) to occur in the Shilowa, Punda Maria and Pafuri
regions of the northern K.N.P.. Trinervitermes occurs at Punda Maria and abundantly around
Pafuri. Coaton concluded his study by saying: ‘..much new and invaluable data have been
gained. Although even at this stage large blanks remain to be filled in in respect of the known

distribution in the K.N.P....’

The present study makes use of a land classification (landscapes) by Gertenbach (1983), which
is based on differing associations of geomorphology, soils, vegetation patterns, fauna and cli-
mate. The northern K.N.P. is classified by Acocks (1988) as part of the Mopane Veld veld type
with an annual rainfall of over 400 mm and an elevation ranging between approximately 300

and 450 m.
1.1 OBJECTIVES

a) To determine the distribution of termite mounds in the K.N.P. north of the Olifants River, and

b) to establish the density of such mounds in the northern K.N.P..

The distribution of the main mound-building genera will be mapped out according to a priori
functional units (i.e. landscape zones). An effort will be made to find possible reasons for their

preference of certain areas.



CHAPTER 2
LITERATURE REVIEW

The order Isoptera consists of altogether seven families (Grassé, 1986), namely Mastotermitidae
(most primitive and Australian), Kalotermitidae (primitive dry-wood termites), Rhinotermitidae,
Hodotermitidae (harvester termites), Termopsidae (damp-wood termites), Serritermitidae
(Neotropical) and the focus of this study, Termitidae. Mainly members of Termitidae build mounds.
Hodotermitidae, on the other hand, have soil dumps, indicative of their subterranean and diffuse

nest systems.

The family Termitidae is phylogenetically the most advanced and also generically the most
abundant in the world. It is subdivided into four subfamilies, namely Termitinae (harvesters or
detritus feeders), Macrotermitinae (fungus-growers), Apicotermitinae (non-mound-builders of
which several are soldierless) and Nasutitermitinae (snouted termites). The most abundant in
the northern Kruger National Park (K.N.P.) are Macrotermitinae (mainly represented by
Macrotermes) and second to them, Termitinae with Cubitermes as their most abundant repre-

sentative. Nasutitermitinae are represented by Trinervitermes (pers. obs.).
2.1 SYSTEMATICS AND CLASSIFICATION OF TERMITES

Termites differ from hymenopterous social insects (ants, bees, wasps) in that they are
hemimetabolous, their castes bisexual and they do not have known subsocial groups. Termites
are structurally most closely related to cockroaches (Blattodea). Species other than those in the
family Termitidae are referred to as the ‘lower’ termites (primitive condition), whereas mem-
bers of the Termitidae are considered to be the ‘higher’ termites (phylogenetically more ad-

vanced or ‘derived’) (Josens, 1983).

2.1.1 CLASSIFICATION, BASED ON MOUND-BUILDING BEHAVIOUR

The Termitidae is the largest family, comprising about 80 % of isopteran species (Ruelle, 1989).
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The Termitinae form the largest subfamily, containing 39 Afrotropical genera of which 15 are
southern African (Uys, pers. comm.). Within this subfamily, Cubitermes has 66 species in the
Afrotropical region, but is still in a state of taxonomic confusion. In the Macrotermitinae,
Macrotermes is represented by 12 Afrotropical species of which 6 are southern African, while
the taxonomically difficult group Odontotermes is represented by 85 species in the Afrotropical
region (Ruelle, 1978). All four subfamilies of Termitidae are represented in the Kruger National

Park (Coaton, 1962).

Termites of the family Termitidae differ from other termites by having 4-jointed tarsi, usually a
fontanelle and ocelli and small anterior wing stumps. The soldier and worker castes have a
narrow, saddle-shaped pronotum with an anteriorly-raised, median lobe (Hill, 1942; Skaife et

al., 1979).

In the K.N.P., mound-building termites occur within the family Termitidae and include the gen-
era Macrotermes (Macrotermitinae), Cubitermes (Termitinae), Amitermes (Termitinae),
Odontotermes (Macrotermitinae) and Trinervitermes (Nasutitermitinae) (Light, 1946b; Bodot,

1964, 1967; Harris, 1969; Nkunika, 1986).

2.2 CONTINENTAL AND REGIONAL DISTRIBUTION

Emerson, as quoted by Light (1946a), postulated that the world distribution of termites has
northern and southern limits roughly coinciding with the mean annual isotherm of 10°C. Thus,
globally they occur mainly between 45° N and S latitudes, other than on high altitudes where it
is too cold or in deserts where food is unavailable (Harris, 1969). Yet, Macrotermes natalensis is

tolerant of cold seasons and dry climates (Fraser, 1993).

Many species are found in arid regions where temperatures are high and rainfall is low. It has
been suggested that such termites must burrow deep in order to reach water far underground.
However, they may obtain much of the water they need from their moist food and compensating

feeding habits (Skaife et al., 1979).
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Africa has the richest termite fauna in the world (loc. cit.). In southern Africa, Macrotermes and
Odontotermes are naturally distributed north of a rough line formed by the Great Kei and Or-
ange Rivers. Colonies per unit area increase northerly (Coaton, 1949). Ruelle ef al. (1975) can
be consulted for maps of the known southern African distribution of Macrotermes, which is the

main focus of this study.
2.3 BASIC BIOLOGY
2.3.1 THE CASTES

In Termitidae, separation of various castes is much more pronounced than in ‘lower’ termites
(Noirot, 1969). Polymorphism frequently occurs in both workers and soldiers (loc. cit.) and they
are sterile (Lee & Wood, 1971). Caste differentiation can only be detected when nymphs are
about two-thirds grown (Skaife et al., 1979). Neuters (workers and soldiers) are usually blind

and wingless (Harris, 1969).

2.3.1.1 Workers

Workers are the sole builders of the nest and mound. Their first priority is to carry out repairs in
order to keep the colony sealed-off from possible invasion by predators and the elements. Only
adult workers gather food. They remove and transport eggs from the breeding female to the
nursery and care for them (Skaife ez al., 1979), as well as the resultant hatchlings. Workers also
feed and groom the breeding female (Light, 1946¢c) and feed the soldiers (Grassé, 1949). In
species of Macrotermitinae, they are also responsible for the cultivation and weeding of fungi
(Petch, 1906). Workers are quite capable of defending themselves when required to do so (Skaife
et al., 1979). Nel (1968) found that workers of one species attacked workers of another in the

absence of soldiers.

2.3.1.2 Soldiers

Soldiers are responsible for the defence of the colony. They accompany the foraging workers,

patrol galleries and attack any intruders. According to Light (1946¢) and Marais (1975), they



also guard the breeding female.

In Macrotermes, soldiers have formidable mandibles. As Amitermes hastatus bites its enemies
(ants), it gives off an irritant fluid from a pore at the base of the mandibles (Skaife et al., 1979).
Some ants are kept at bay by a sticky, toxic repellant ejected from the pear-shaped heads of

nasutes (Harris, 1971; Skaife et al., 1979; Ruelle, 1989).

2.3.1.3 Reproductives

Alates become the founders of new colonies after they have shed their wings and successfully

burrowed. According to Collins (1981), only 0,5 % survive the onslaught of predatory animals.

The sole purpose of the small, primary male (no enlargement of the abdomen after casting of
wings - Skaife et al., 1979) is to fertilize the female (Harris, 1971; Lee & Wood, 1971). In the
primary female of Macrotermes natalensis (after physogastry has taken place), she is about 10
cm in length and unable to move from one locality to another. However, breeding females of
Amitermes and Trinervitermes (being a lot smaller) are able to move about on their own (as do

those of Cubitermes - pers. obs.).

Secondary or supplementary reproductives are replacements of the initial primary pair (Fraser,
1993). If the founding female grows too old and her fertility wanes, the workers kill her by
‘licking’ her to death. When she dies or is killed, the workers immediately set about giving a
selected dozen or so of the nymphs ‘special’ food so that they are able to take her place. Their
sexual organs develop before the insects themselves are mature; they swell up and become
secondary females, slightly smaller than their predecessor (Skaife et al., 1979). However, they
are able to lay eggs much more rapidly than she could, at least at first. If only one pair is devel-
oped, no others develop later in their presence. In some cases, however, uneven numbers of
breeding males and females may develop at the same time (Kofoid, 1946a; Marais, 1975). (The
author of the present study once discovered a primary and six developing, secondary females in

a Cubitermes mound with one primary male.)
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Tertiary reproductives are rare. They develop from specially fed and initially immature workers
in the absence of a secondary female and alate nymphs. Their fertility does not keep up with the
colony’s mortality rate and numbers dwindle until the population collapses. Tertiary females

cannot lay eggs that will produce alates (Skaife ef al., 1979).

Besides carrying out fundamental functions, the primary reproductives (alates) contribute to the
distribution of the species by swarming or colonizing flights, choice of site of the new colony,

excavation of the first galleries and feeding and care of the first young (Krishna, 1969).

2.3.2 SOCIAL BEHAVIOUR

During the first stage of the life cycle, males and females (pair of adults) produce nanitic (dwarf-
ish) workers. Soldiers are produced only if there are enough workers, after which an increase in
egg-production is prevalent. The second stage involves more egg-production by the adult pair

(Fuller, 1915).

Although not observed, copulation presumably takes place in the air for the first time (Noirot &
Bodot, 1964 in Nutting, 1969). The female settles and shrugs off her wings. With the tip of the
abdomen raised, she gives off a scent (pheromone) to attract a male settling behind her and
shedding his wings also. The male then follows the female as she looks for a suitable spot to
burrow (Skaife er al., 1979; Braack, 1991). Post-dealation, subterranean pairing is believed to
take place tail-to-tail with heads in opposite directions. At first the pair rears nanitic workers,
feeding them secretions from their own bodies. During the first year, reproduction is slow and
the colony consists of a few workers, the primary male and female (Light, 1946¢; Skaife et al.,

1979; Ruelle, 1989; Braack, 1991).

Mature colonies produce alates only during parts of the year (Collins, 1981). Kalshoven (1930)
showed that colonies under stress may rear alates earlier than usual. Burrowing habits occur in
the other castes, due to the fact that they have weakly sclerotized cuticles, sometimes elongate

and hence susceptible to evaporation (Kofoid, 1946b).
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Most species swarm early during the wet season, generally after a heavy downpour or a day later
at sunset or at night (Ruelle, 1979; Josens, 1983). Macrotermes is night-flying and produces
eggs one week after swarming (Harris, 1971). Trinervitermes species swarm only during the
second half of the rainy season (Josens, 1983). Some alates are literally kept back by workers to

form a second or even a third swarm later in the season (Skaife et al., 1979).

Workers are active 24 hours of the day - no distinction between day and night is made (Marais,
1975 Skaife ef al., 1979). Soldiers are less active than workers unless stimulated by vibrations
indicative of danger (Sands, 1965a). Activity in the surface layers of the soil is strongly influ-
enced by soil moisture and hence by temperature/rainfall combinations (Ferrar, 1982). During
winter all activities slow down. There is no breeding or egg-laying (abdomen of breeding female
becomes slender) and little food gathering (Skaife ef al., 1979). The cold may drive termites

deeper into the soil at night (Sands, 1965a).

Species of Microcerotermes (Termitinae) may take over whole nests of Cubitermes if aban-
doned (Nkunika, 1986). Cubitermes may house others like Ancistrotermes latinotus
(Macrotermitinae). Termites sometimes ‘share’ parts of nests with ants (Sands, 1965b). Accord-
ing to Lynch (1986), ants clog the termites’ tunnels. Sands (1965b) contended that no odours
reach one another (unless the mound is opened) and therefore conflict is absent. Ants and “for-

eign’ termites experience difficulty in gaining entry to a mound.

The grooming habit, a natural response when two termites meet, not only serves to remove dust,
moulds and offending particles from each other, but also yields much desired secretions from
gland cells (Kofoid, 1946a). A continual exchange of nutrients exists within the society

(trophallaxis) (Lee & Wood, 1971).
2.3.3 FOOD AND FEEDING BEHAVIOUR
The natural diet of species of the Macrotermitinae is dead plant matter supplemented by culti-

vated fungi (Lee & Wood, 1971). Fungi may supply essential vitamins to these termites (Hendee,

1946). Some species of Macrotermes also utilize dry dung of herbivores as food (Nkunika,
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1986). Cubitermes is geophagous on topsoil and also consumes humus (Ferrar, 1982; Fraser,
1993). According to Skaife et al. (1979), Amitermes hastatus is a wood- and humus-eating ter-
mite. Trinervitermes utilizes dead grass as food (Josens, 1983). According to Lee & Wood (1971),
they prefer smaller, fine grasses to larger, less palatable ones. Termites incidentally feed on

lichens, algae and organic rich parts of nests and skins of vertebrate corpses. Cannibalism and

oophagy may occur (Wood, 1978).

Grassé (1949) noted that the breeding male and female often consumed eggs to supplement their
diet. Workers may control proportions of various castes by cannibalism. They also consume
unhealthy and wounded individuals and corpses. Protein conservation may occasionally con-
tribute towards the survival of the colony. Workers give stomodeal food to the soldiers because

they cannot feed themselves.

2.3.3.1 Foraging

Plant material is removed from the soil surface while foraging structures (sheeting) protect food
and termites against the elements and predators (Fraser, 1993). Wood that is removed by the
chewing termites is replaced by mud (packing), so that even though the trunk appears solid,
most of it might have been destroyed (Skaife et al., 1979). Macrotermes natalensis builds cov-

ered runways when it comes out on the surface to feed or forage.

In general, temperature seems to be the main criterion for determining foraging hours. However,
the availability of food also plays a role in establishing diurnal and seasonal periodicity. For
example, if it is too hot termites will not forage before sunset or after sunrise. The opposite

might be true in winter (Wood, 1978).

Species of Trinervitermes are sometimes referred to as ‘snouted harvester termites’, because
they gather or harvest grass like Hodotermitidae, the true harvesters (Naude, 1934; Ruelle, 1989).
Trinervitermes forages at night (Skaife et al., 1979) and almost ceases to forage in May and

June. Foraging becomes very active again in September and October (Sands, 1965a).
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2.4 MOUND DYNAMICS

The termite mound is one of the oldest types of organized communities found on earth. Ants,

bees, wasps and humans are modern upstarts by comparison (Skaife et al., 1979).

A mound is a protruding structure for aeration (regulated environment) which leads to the sub-
terranean nest (Coaton, 1953). Ohiagu (1979) found that approximately 75 % of the populations

of the Trinervitermes species studied were found outside the mounds in subterranean galleries.

Mounds of African Macrotermitinae are the largest and most complex structures built of all
invertebrates (Collins, 1981; Fraser, 1993). Lee & Wood (1971) state that the principle species
in Africa building large mounds are Macrotermes natalensis, M. falciger, M. subhyalinus and

M. bellicosus.

2.4.1 MOUND-BUILDING BEHAVIOUR

Macrotermes natalensis remains permanently in nests on high plateaus of northeastern South
Africa. Cold weather also suppresses normal mound-building (Harris, 1971). Therefore, sea-
sonal variations (phenology) must be taken into account (Bodot, 1967). Early spring is the time
for building and enlarging the mound. This work is carried out after it has rained, when the
surface of the mound is moist and soft (Skaife et al., 1979). However, M. natalensis builds all

year round, as it largely uses clay from the moist subsoil (Bodot, 1967).

According to Howse (1970), Macrotermes workers begin building at random. When particles
achieve a certain density on the ground, they become foci for building activity with the result
that pillars are formed. When the pillars attain a certain height, they provide a new stimulus
situation for the termites which then begin to build at right angles towards adjacent pillars,
forming arches. Neighbouring arches are then joined so that a complete roof is constructed.
Presence of the breeding female stimulates building. Grassé (1939, 1959), as reported by Howse

(1970), noted that Macrotermes workers built an arched roof to completely cover her.
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Marais (1975) illustrated an alternative method sometimes followed presumably by Trinervitermes
to form an arch: they join two adjacent pillars by placing (balancing) a grass stalk over the tops

of the pillars, which is then used as foundation and guidance when soil particles are laid.

2.4.2 THE MOUND EDIFICE

The precise form of mounds is shaped by three forces: a) behaviour of particular species, b)
nature of the soil and ¢) climate (Harris, 1971). Table 2.1 depicts certain distinctive mound types

according to species.

TABLE 2.1: Types of termite mounds

SPECIES OF TERMITE MOUND TYPE SHAPE SOURCE
Macrotermes natalensis/ j\ Coaton & Sheasby, 1972/
M. michaelseni Cones Nkunika, 1986
Macrotermes ukuzii Pinnacles (round tops) n Pers. obs.

Cubitermes sp. Small, columnar domes

(porous appearance) A Pers. obs.

Amitermes hastatus/ Skaife er al., 1979/

Odontotermes badius/ Coaton, 1953/

Trinervitermes trinervoides; f'\ Coaton, 1963;

T. dispar Domes Coaton & Sheasby, 1972
Coaton, 1953;

Odontotermes latericius Short funnels AN Fraser, 1993

Hesse (1955) found that tall and thin mounds usually had a sand to clay ratio of 1: 1/ 3: 1, as
opposed to large domes with a ratio of 2: 1 - 18: 1. Mound ratio usually equalled the surrounding
soil composition. Mound shape in Uganda was not statistically correlated with the sandiness of

the soil (Pomeroy, 1977).

Pomeroy (1977) also found that the shape of mounds varied considerably, partly in response to
climate. Turrets on Macrotermes bellicosus mounds, for example, were more common where
the mean maximum temperature exceeded 28°C and the ratio of precipitation to evaporation

was 0,6 or less.

When the subsoil consists of clay or limestone, the mounds are very hard and difficult for intrud-
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ers to gain entry (Coaton & Sheasby, 1972).

Mound-builders’ constructions remain intact for decades (Fraser, 1993). When deserted how-
ever, erosion acts faster on mounds (Lepage, 1984). No investigation as to the erosion rate of
mounds. etc. was undertaken for the present study. Nye (1955) estimated the average age of M.
bellicosus colonies at 5 - 10 years and Pomeroy (1976a) at 4 - 10 years. Collins (1981) estimated
that they have a lifespan of 15 - 20 years. He suggested that mounds of M. bellicosus begin to
emerge above ground level at the age of 1 - 1,5 years and that a 2-year-old mound has a height of

approximately 0,4 m.

Mounds of M. natalensis under 25 cm in height represent new colonies, whereas mature colo-
nies may reach 2 m and above. One of the highest mounds encountered during the present study
was an isolated Macrotermes mound of 5,3 m tall in the Limpopo-Luvuvhu valley. According to
Nel & Malan (1974), mound size is no criterion for likelihood of colony extinction, as mounds

of Trinervitermes trinervoides throughout the size distribution might become inactive.

Sands (1965b) found that the mean percentage of inactive Trinervitermes mounds was greater
than that of active mounds in West Africa. However, according to Lepage’s (1984) findings for
Macrotermes bellicosus in the Ivory Coast (northeast), about 55 % of the mounds were active.
Mounds of same species in most of Uganda were found by Pomeroy (1977) to be 58 % active.
The number of active mounds of 7. trinervoides in the central Free State appeared to remain

more or less constant (Nel & Malan, 1974).

Nel & Malan’s (1974) studies on aggressive behaviour of occupants of adjacent 7. trinervoides
mounds revealed that one colony inhabits only one mound - no polycalic (‘multi-mound’) colo-
nies were found. However, if a Trinervitermes mound, according to Skaife et al. (1979), is found
in an area more or less denuded of grass, this may be indicative of the main mound in addition to
smaller supplementary mounds in the surrounding area. Supplementary mounds act as storage
depots for grass and no breeding takes place in them (only workers and soldiers are present).
During the rainy season, when grass grows over the denuded area again, these mounds may be

deserted as most termites are concentrated in the main mound. Ohiagu (1976) stated that
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supplementary mounds may also act as temporary shelters for the termites. However, during the

present study, most Trinervitermes mounds were encountered as solitary structures, thus negat-

ing the possibility for confusion.

2.4.3 IMPORTANCE OF MOUNDS TO THE TERMITES

According to various sources, as reported by Fraser (1993), the purpose of mounds are to:

« Establish and maintain microclimate suitable for termites;
« Enable the species to penetrate environments that are otherwise hostile;
« Allow the storage and cultivation of food;

* Allow build-up of large colonies.

According to Grassé (1949), the largest populations of all - several millions - are probably

produced by the genus Macrotermes in equatorial Africa.

Together with the social behaviour of termites, termitaria tend to produce a condition of
homeostasis by the self-regulation of optimal conditions for development, maintenance and
reproduction of the society (Emerson, 1962). The air inside the nest is invariably humid and
always contains a higher percentage of carbon dioxide than the outside atmosphere, due to the
termites’ respiration (Skaife et al., 1979). Liischer (1951), as reported by Bakshi (1962), con-
tended that in the case of Macrotermitinae, humidity and temperature (microclimate) are regu-
lated by the fungus garden. The maintenance of high humidity is an essential requirement for the

survival of most species of termites (Lee & Wood, 1971).

2.4.4 SOIL UTILIZATION AND MODIFICATION

Pomeroy (1976b) found that Macrotermes mounds are composed of subsoil (from a depth of
approximately 0,5 - 1,0 m), except those in valleys that are built from topsoil. Mounds of M.
subhyalinus and M. bellicosus contained less sand than the sandy subsoil, but the former con-

tained less clay with a clayed subsoil. According to Hesse (1955), some termite mounds are






