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This thesis !>rtI1r",,,,,,,. • ., the 

hottentotus. 

the roles of 

markers. 

C. h. hottentotus is a social 

of 

of the common mole-rat 

were 

in colonies of 2-14 

social structure and 

:,.",,,11"1""',"" hottentotus 

gene flow and 

and the role of 

a suite of 

a network of burrows. The ;:)Llt:: .... ,t';::, is a \,;U-ULltna[IVe breeder whose are 

,...n'Tln'I"I"~'1"I of a a number of nn,'",n"2' 

C. h. hottentotus is an whose and the 

are for until both social and 

favourable. The 5DEH.:n:!5 is distributed across South Africa from extreme arid 

where low 

is 

the 

all 

Dr. 

for much of the to mesic areas where 

to constraints on 

across its range. This 

n<ll.noti,.. costs of .r",u.llnn and the low of 

arid environments. 

a detailed " .. nnnn 

1 of 

located in Somerset 

South Western 

two 

Northern South Africa an 

l1if1fl'lrj"'nr'j:>C:: in 

both 

used to 

the two 

of 

resources were also evident at the two sites. 

however their was ",i,." .. ifi,"" 

at 

lower than that at Somerset 

of colonies at the two where 

at Somerset West far markers were 

InvleStllgalre the effects of nIT1'I'Ir"'ntl:!u social elaboration and 

to these on the structure of colonies at 

sites. A SDE~CIE~S-!;DeiCITI m icrosatellite a was 
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for C. h. hottentotus. Further microsatellite isolated the related 

of the Damaraland mole-rat C. nlOl''T1;;>.rgn 

two 

In order to assess the effects of 

and 

within the fr::IIT1l'!llAInl"1c of Chesser's 

were used in the 

social 

colonies were 

and rates on ""'lrI",t·il"' sub-

1991a, 1991b), 

and measures of allelic and n""", .. r,." rlQ,,,,.,,,,Q to which 

both into colonies was found to be 

as measured and 

at the two sites was found to be when measured but 

when measured This appears to be of the different 

roles random drift and mutation have via 

Measures of allelic and 

were found to be Correlation 

and mean a 

such that colonies at Somerset West were characterised an excess of 

nOlmozv(]otes. • .. " .. ,,"pto nQ':nll'''' the 

ne;l(oe!ctE~a results 

localised ,."enp·,,,,,,,, that may act to the chance of allelic descent 

at Somerset thus in both lower of 

Molecular an number of indicates that 

relatedness and 

............... ," was out in order to n",'",mn. 

whether "'V1I .. ~_,r.nl characterises C. h. hottentotus. social SPE!cles. 

the occurrence of PVT!C"'_"'" has 

and behaviours kin selection and 

for the evolution of social 

altruism because of its influence 

on measures of relatedness and 

determine whether variation in 

in the 

of 

the two 

was used to 

in 

of the SDE~CIE'S across its 

at 

the colonies at Colonies at 

Somerset West were a unrelated males as a 

result size criteria alone was found to be insufficient 

male. In to that 

colonies of C. h. hottentotus more than one .. ",,,,.n"'"T male. ECP was 

found to colonies at both sites and with similar 

11 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Furthermore ECP 

whilst 

to have 

to 

may act to increase the 

the number of 

colonies of the two 

variation within at ECP 

colonies at Somerset and 

were 

found to be 

between 

for a number of cateocm 

Measures of 

at both sites. 

This 

the 

was found to be 

effects of 

at 

gene flow and increased 

further 

on measures 

in structure as a correlate of <:II.IIJ<:Ibl:ll in 

of the 

additional evidence 

and social ,,,,,,,,go," of h. 

structure and 

for both the occurrence of in !:In'"I!:II"4'lnt its 

for the maintenance of variation in 

on C. h. hottentotus makes a and novel contribution to 

that aim to account for of within wild Its 

aim was to measure variation in as a correlate of differences in the 

and social and this was achieved 

of a 

an data. 
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I am 

numerous 

on use 

me 

were so 
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llIe'·rnSIDIV constraint 
is the 

mllcepeJl1llell1Uy of climatic conditions 
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Chapler f - Genera/Introduction 

eU50ciai Damaralalld mole-rat Cryptomys damarensis (Benllett 1989) a.d 15 

generally restrided to the largest female and male of the colollY The rem"ining 

colony members are reproductively quiescent and show strict incest avoicallce 

behaviour (Bennett 1989). The species is apparently unique amon9st social 

bathyergids in dlsplayillg seasonal breedillg (Bennett et al. 1991, Jarvi>, and 

Bennett 1991, Spinks et al. 1997), producing a maximum of two litters from 

November-January (Jarvis and Bennett 1991). 

Fi9LTe 1 1 The common mole-rat Gryplomys hollenlolus hollcnlolus 

The common mole-rat appears to be an obligate outbreeder (Benllett 1989, 

Bennett and Faulkes 2000) ColollY members are generally the offsprillg of the 

reproductive pair and do not reproduce until conditions, both ecologic~1 and 

social, favour dispersal alld independent reproductioll with nOll-kill (Jarvis et a'-
1994). The combination of seasonal reproduction and liller sizes of ollly two to 
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Ch opler I _ (/enemi J.;Hl'U dU"'I " n 

i:)ur VipS res~llt in C .1l1l'Jt!ento!us exh bitir.g the slowest rate of COI::J'lY 

recruitment a'~:)ngst social bathyer]lds al',d accOlT,ts for the species' 

comparatively small group SZE iSp 1ks pi al 2000 Sc;i1KS 199B) 

Figu'e 1.2 MiiP 0' So"th A'';ca s10wing the estima~(!d distribut'o,~1 'a,g" a' C h, 
/;aiientoius :'e" G-a~' 1981 Benn"tt aile' Faulkes 20001 

1 

/ 
/ 

/ 

SOCIALLY STRUCTURED SPECIES AND POPULATION GENETICS 

Ger.etic structwe occ~n ,vhen s~l~c;opulations arE partially isolatEj fr~r ~me 

ar.othe' i".I\hght 1965:0 Tilis sl·~div!s~lI', ~sually geoqraph!c21. m2y prollote 

ge1Elic diffErel",tiation betweel', SUJ-copl'lati:)ns as a resl·lt 0' '~~t2tiol", el'el",ts 

anj ral",do~· qEnetic drift ,:Hanl al',j C:arke 1997} II', tUIT, sl'b-c;opuI2t!OI",S of a 

sc;ecies '~ay evo:ve differer.t :ife history tr2its !1 rES;:JO'lse to klcal enviror.rPe'ltal 

factors 21",d stochastic e'.'e1ts -:V:a al',d La'lde 1955) A::hough tile i1fluel",:e of 

geo~rachical Isolatior. on genetic str~lcturi1] is well jocu~ented ;t IS less aear 

how social structure affects genetic sub-structuring \\ithi1 bcal populdl015 

(Do~s:)n 1998, Sligg ()t a,' 1996) .. A. recert review of the liter2tllre :~y StorL (199£<) 
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assess in 

over a nor'inrf 

in 

a SPE~CIE~S 

as rfi~nor'~~1 

eXI:Jla~in nhC::l~ru'~rI n~r'~tilr measures II"I.ClII;:)L 

are 

1 

as in 

'--,,,,'/-",,, 1 - Introduction 

(1 an 

as h. 

a 

as a 

in 

on 
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11mm mean 

1 1 occurs 
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( 'hUl'ler , - Generall"'wducliu,, 

Africa where the low unpredictable rainfall is the main factor determining the 

dynamics of the ecosystem (Low and Rebelo 1996, Cowling and Hilton 1999) 

Ffgure 1.3 Map of South Africa showing mean annual rainfall (em') The tW8 study 

sites at Steinkopf and Sir Lowry's Pass. Somerset West are indicated 

(Map created in ESRI ArcNlew using GPS spatmlly referenced data, 

rainfall data for Africa Hutchinson el ill 19951 

In contrast the mesic Sir Lowry"s Pass study site at Somerset West experiences 

high and predictable rainfall (652 ±17mm/annum) with a low co-efficient of 

variation in mean annual rainfall (27%), and a markedly lower level of evaporative 

water loss (1493 ±142mm) The vegetation associated with the site was, 

'0 
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C'hapla f - Genemllntroduc/ion 

historically, West Coast Renosterveld on heavy clay and loamy soils (Low and 

Rebelo 1996)_ However, Low and Rebelo (1996) estimate that approximately 

97% of this habitat has been transformed and the area currently exhibits highly 

disturbed vegetation dominated by invasive alien species_ 

Figures 1.4 and 1 5 illustrate the difference Ir1 both the amount of, and variability 

in, rainfall at the two study sites Both mean annual rainfall and mean monthly 

rainfall at Somerset West (mesic) are significantly higher than at the arid site al 

Steinkopf. In addition, variability in mean monthly rainfall, expressed as the co­

efficient of variation (II), was found to be significantly lower in the mesic area of 

Somersel West. 

Figure 1.4 Mean monthly rainfall ~t Steinkopf (~rid) ~nd Somerset West (mesic) 

study sites Error bars indicate SE's for each month at each study locality_ 

'00 
HO , ,CO , '00 

• 00 
0 00 
• " " " • • • 

0 - • • • - I • • • 
jail '00 "" " "" 0"" 0"' Aug $ep Oct Nov Dec 

.,,," 
__ Steinkopl ___ S<>merset west 

Note dashed line represents the 20mm minimum rainfall cut-off line Ie the minimum 

~mollnt of rainf~11 per month required to stimulate a substantial increase in burrowing 

behaviour 

: 1 
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Figure 1 5 

, 
>"' • c 
250 -• > 

"0 , "" 0_ 

;;I ': "'~ 
" • '"' , 
0 

• ;o~ 

c 
• , 
" 

Chapler 1 - (ieneral fnrroduCllrm 

Monthly co-efficient of variation (II) in rainfall at Steinkopf (arid) and 

Somer~et We~t (mesic) study areas Note: dashed line represents V" 

100% 

"" ,~ MM A. M", ~, Jul AI.Jg Sep Oct No'; Dec 

Month 

[ -+-- Ste;nkopf ........ Somerset West I 

Rainfall is fundamental to the divergence in social structure that characterizes 

these two populations of C. h fiuitfmtuiul; This is because it appears to be the 

primary determinant of behaviours associated with burrow excavation foraging 

and dispersal in mole-rats (Brett 1991, Lovegrove and Painting 1987 Jarvis 

1978. Jarvis and Bennett 1991, Jarvis et a!. 1994, Spinks 1998, Spinks et al 

2000) Jarvis et al (1994) note that for soil to become sufficiently damp to work at 

the depths of the burrow systems of C damarensis. at least 15-25mm of rain 

must fall within a short period of time (measured as 1 mm of rain for every 1cm of 

soil penetrated to a burrow depth of 15-25cm), Spinks (1998) reports that burrow 

depths at both study sites were approximately 20cm and concluded therefore. 

that at least 2Dmm of rain must fall to provide the animals with optimal digging 

conditions. Therefore if rainfall falls below 20mm the energetic costs involved in 

digging outweigh the potential for locating food, extending the burrow system or 

successful dispersal. As a result most digging activity then ceases. The low and 

sporadic levels of ramfall that characterise the Steinkopf site, ,;;20mm/month for 8 

months of the year. have been shown to have significant effects on levels of 
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1 -

1.2 

1 et 

measure Somerset West Comment 

Mean 5.1 

Mea n litter size 2.6 ±0.2 

No. marked animals in 

88 ±3% 71 

96 ±3% 83 ±3% within 

¥ and 0 

non- 83±3% 64±3% No. 

y and 0 within 

Tenure 96±3% 80 No. 

within for duration of 

No. of colonies with same 

duration 64% 10% 

of 

attrition 0.2 ±0.1 0.8 ±0.1 No. of animals lost I group 

member 

recruitment 1.0 ±0.3 1.3 No. of animals 

group member I year 

% recruitment via 
(X2 Goodness of 

values calculated unless indicated. 

3 All results are ba...;;ed on 0 bservations carried out over a 3 year time 

15 
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2-

eCllmqU(~s used to describe both the and consequences of social 

structure within colonies of the common mole-rat at "',,"UU\.Uj.-" and Somerset West are detailed in this 

A number of colonies at both were over three COlISe'Clltlve years. 

Individual mole-rats were ,..·,.,t,.. .. ",rl means modified Hickman and 

.u..,_·..,u .... .., ... J::.. All 

were isolated 

clips from 

were ................ and sexed. microsatel1ite loci 

a standard non-enriched nr(1,fnf',nl and are TPnnri,>rl in Burland et al. Toe-

were then used to individual allelic at seven 

micro satellite loci. Colonies selected for were those that best 

re1=Ire!iented the delll10gralPhic trends ,.",n,nri~·rl at the two sites. All loci were "n, .. v,op" lUU""I';'" and 

deviation from the crOISS-SDI~CU~S aJllll"'.' .. 1I ... 

isolated in C. h. hottentotus was 

1 

1 

I: 

1 

I .... ~.""'''' were 

were 

of loci 

17 
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2-

s 
n~nu:.r 1. 

1 

No. of Total no. Total no. 
times I Mean % 

10. retained in 
between 

eriods 

5T800 Northern 8 14 11 1/85.7% 

5T1100 7 13 7 21 

5T2500 6 11 (1) 5 1/57.1% 

5T600 7 17 10 1 1 

5T2000 8 12 9 1/85.7% 

5T1000 8 15 11 1/84.3% 
Somerset 

5W2100 Western 5 18 8 31 

8 12 5 21 

5W1800 6 17 8 21 

5W14000 3 7 7 2/54.7% 

5W3000 8 22 11 3/67.3% 

3 8 6 1/58.3% 

5/57.6% 

were 

a 

as 

as 

are InCIlCcnea 

19 
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Chopler _, • Gmrro/ .\l<'liI,,,lo/II'<:.' 

Figure 2 1 Schemauc represeotaoon 01 colOnies al l he Sleinkopf study Slle 

--- ----- - ------" r i 
<-

• - ... ,~-, 
r' '--' , .. ~ """ .. -

'- ---,' 

1 

• 

SchematiC representation 01 colomes at the Sorr.ersel West study site 

'-" , , , , , 
• 

"'11'<.100 
,----., 
'-.---' 

C:) 

20 
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I All concentrations ""'nnrl,>n are final concentrations 
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3 in h. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2-

4 

were 

a mean 3 

2 in 

Locus 
GenBank motif 
Accession Forward sequence 

No, first 
CH1 AGTGGCTTGCTTGCAGAC 60 13 
AF380172 GGAAGAGAAGAGGCATTTCA 1.0mM 0,64/0,72 

CH2 GGCTTTGGCTAGATCTGATG 13 110-
AF380173 GGATGCTACACATGCCAGAG 1,OmM 134 0,74/0,78 

CH3 CCATTGTATTGGGAGAACAG 8 120-
AF380174 GCGGTTGATTTGCCAGGAG 1.5mM 136 0,65/0,79 

CH4 CCATAGAACCCAACTCTGGG 9 82-110 
AF380175 GAACACCTATGAGAAGCTAG 0,63/0,79 

of the PCR reaction the the 
lower the 

3 Allele tTf'Ollllf'O'nrv histognuns of all colonies at alliod '""'il,,'''~rI p:resc~ntc:a in nnf~nn'IY II 
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FiU,'''''" 2 -

in 

Locus Primer sequence 
GenBank 
Accession Forward 

No. 

DMR3 GCCTAGAAGAGCTTATTTTCGC 56 5 
AF380167 GGCTGACTCCAATGCAGGATG 2.SmM 0.4710.65 

DMR4 GGGCGTGGGGAGAACTAC 58 198-
AF380168 CGTGGGAGCTAACATCGG 1.5mM 208 :J.28 1 0.61 

DMR7 CATAGCACTTTAGCTTCACGTC 62 81 124-
AF380171 CAATGGGACCCGCCTAC 2.0mM 138 0.49/0.69 

Some C. h. hottentotus alleles for loci DMR4 and DMR7 differed 
Note: For all loci allele size range 
and 

across 

was 

were 

as a 

an excess 

a 
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was 

across 

COLONY CH1 CH2 CH3 CH4 

ST800 NS NS NS NS 

ST1100 NS NS NS '" 
NS NS NS '" 

ST600 NS NS NS '" 
NS NS NS NS 

ST1000 NS NS "'''' 

00 NS NS NS NS 

NS NS NS NS 

SW1800 NS NS NS NS 

SW14000 NS NS NS NS 

SW3000 NS NS NS 

NS NS NS 

SW1200 NS "'* NS NS 

ACROSS ALL NS NS .. NS 

2-

NS NS 

NS NS 

NS NS 

NS '" 
**** "'* 

NS 

NS NS 

NS NS 

NS NS 

NS 

NS NS 

'" 
NS 

'* '\I'll .... NS 

DMR7 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

). 

NS 

NS 

'" 
11 .... ~ 

NS 

NS 
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Microsatellite markers were used to lnvestlga1te the of nl'\l'I"TI'l"n "p",m,~<: and social 

structure on in two of C h. hottentotus. Colonies within the 

two Somerset West were 

aVIlarrncs in response to ...... ,,.Vj::;, ..... ,,, 

The UU • .I,,,,,,,.JU,, were into colonies WVIUJ.I''''''''''' nlfh,,,"p,r'iin,., 

their .... ffi, ... .,i ... was found to be sufficient to pf(>mIDte "'611H1' .... a"u levels of Asa 

result UUIJIlI"HI." was found to be at the two sites when measured 

but slgmtl.callUy different when measured This is reflective of the roles random 

drift and mutation in at the two sites. LOIUl!-lerm .. '",VAVF," .... ',,, 

constraints on at were reflected in the accumulation of new mutations and the 

of measured In differences in the nature of recruitment 

within colonies at the two sites were reflected in the to which the two were 

sub-structured. Measures of and were found to be 

within colonies at • .:,... .......... vy. 

U'UUUIH n:lirrfaII ",u"..,,,,,;;u a SlgJUlIl,caIlUY "P,,,.,t·,,,,. 

were characterised an excess of hOI[llozy!~ott!S 

Correlation and mean 

"'laIUV)'''U''JI such that colonies at Somerset West 

iii" ...... ·",,) and 

gene flow. These um:xtllect€:d results appear to be the result of 

i ... ,..,,.,,,-,,,, .. , ... the chance of allelic 

lower levels of h"'t·"',.r\'TU ....... 'it., 

are 

1 

ae!;Cel!lt among Ull''',,,,,,,,,,,,, """U,ll1l.lI" in both 

allelic variation. 

) 
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Values found to deviate exact tests: < O. 
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3.3 

Locus CH1 CH2 CH3 CH4 DMR4 Total 
over 

all loci 

-0.12* 

-0.41 -0.40 -0.57 0.25 -0.20 0.21 -0.37 -0.20* 

ST1100 -0.14 -0.13 -0.33 0.30 -0.24 -0.20 -0.32 -0.13* 

-0.26 -0.19 -0.48 -0.07 -0.21 0.37 -0.30 -0.13* 

ST600 0.08 -0.20 -0.15 -0.21 0.23 -0.27 

-0.33 -.025 1 +0.05 

ST1000 -0.61 -0.17 NA 0.13 -0.20 

Somerset +0.04* 
West 

00 -0.14 -0.18 -0.10 0.02 0.27 -0.15 NA -0.03 

SW4400 -0.13 -0.21 0.21 -0.11 0.14 -0.18 NA 

800 0.02 -0.35 0.02 -0.10 -0.15 0.10 -0.13'" 

4000 -0.36 -0.18 0.14 -0.50 0.05 NA 0.00 -0.15* 

0.39 -0.06 5 -0.12 0.30 0.40 0.21 +0.11'" 

NA -0.10 0.28 -0.31 -0.42 0.00 -0.29 -0.11 

0.27 0.16 0.01 0.29 
deviation from zero determined 

<O.01,NA- not 

excess 

was = 

= 

measures 

ClcateiC a 
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STBOO ST1100 ST2500 ST600 ST2000 

0.20 0.20 0.15 0.06 0.00 
ST800 

0.15 0.14 0.24 O. 
100 0.12 

0.20 0.20 0.25 
ST2500 0.17 0.18 

0.25 0.18 
ST600 0.13 0.16 6 

0.09 
ST2000 0.11 0.18 0.18 

ST1000 0.15 
All R"lvalues 

where indicated 
x 1000 over loci 

SW2100 SW4400 SW1BOO SW14000 SW3000 
0.05 0.12 0.0 0.10 0.08 

00 
0.05 0.05 O. O. O. 

SW4400 
O. 0.07 0.11 O. 

800 0.09 0.11 
0.09 O. O. 

SW14000 0.14 0.14 
0.14 0.04 

SW3000 0.12 0.16 0.15 
0.09 

SW3400 0.18 0.17 0.22 0.13 

SW1200 
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0.2 0.4 0.6 

ST1100 • • ST2000 

x-axis ,,.,,,,,.,,,,.,,,,,, 33.4% inertia 
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4-

of oar'entage ill an number of indicates that Molecular 

do not reflect social Within social the OCClUTence of "Vlrt·~ •• "Hl1r 

consequences for the evolution of social and behaviours kin 

selection and altruism because of it<; influence on measures of relatedness and allelic 

descent Microsatellite markers were used to assess and measures of relatedness 

within and between colonies h. hottentotus at :stf:ml(o{lt and Somerset West. As:slgJ!1ment 

to a male was found to occur with similar at the two sites. 

''''''''l;;'llW;;;HL to the identified male was within colonies at "''';Ul.l'U~I!. Colonies at 

Somerset West were found to unrelated as a result size criteria were 

insufficient with which to determine the breeder. In a ....... ,uvu, of ",,,,t ..... ,," appears to 

that colonies of C. h. hottentotus may more than one resident 

Ul ... · ....... '"l1" male. characterised colonies at both sites and was found to 

occur with corTIO:l!falDle of 21.5% and 25% at and Somerset West The 

occun-ence of ECP appears to have consequences within the two whilst 

variation within colonies at it may act to increase the chance of 

allelic IBD within colonies at Somerset the number of ho:mc,zvg01te m~nrHv'np" 

Relatedness values were found to be for a nlUTIber of at both sites. 

relatedness between was found to be at Somerset the 

effects of localised gene flow and increased chances of allelic IBD on measures of np.prr-.7<la",,,ru 

of the of C. h. hottentotus further evidence for the occurrence of ~hU"'-"'''''U 

monogamous that behavioural within wild 

f-IVI"U"""JH" may be more than 

A a 
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and bree~ing ma,e staLls, dU"llg tile mark-recapLJre study \· ... as gere'ally 

attnbUe~ :c t1e argest 0' these Geret:~ analysis re' ... ealed trat 0' he o'isFil"~ 

assigred pale'llity k a \· ... t.·III'-celol'Y illale :n=l7) only 17 6'1, (3i17) of trese 

assgnmel'ts \· ... sce tc !re argest i~e'1!iiied rna e \',;;tllT a :::elony The'e'ore 

assignmel'ts ",ele gene'ally to all addticl'al large withll'-:::elony illale (14i17) 

reflecting t'le w:::reased presET~e of large polETt:aliy ulYe~ated ma!esNithil" 

:::olonies at So~,erset "'Vest. These 'Y',ales represellted a rarge cl \· ... eigrts 

we'ghlng Iro'" 2-40g less then !Ile Iwa'iest ~,ale, 

Assignment of paternity to an extra-colony male 

;., Idal of 21 5'k alld 25'/0 cf effsving analyse,j at geillkcpf ar~ So~,erse! './','est 

'espe:::tively \· ... ele assig'led pateTity Wit1 at least 8[% :::ol'fi~ence 10 all ,"xtra­

colol'y illale Indicating extra-,~'oup pa!ernit)' of litters ITable 4 1 '; 

Relatedness estimates 

CalliJra!ion of relatedness estimates 

QL.eIIH and SOOd'l,gllt'S R produ~ed estimates of 'elated'less In tlleal"ge 

expecte~ fer ,jya~s of kno'N'l k:nsrip ~Table .1.21 ValJes for mot1H-cffspn'lg 

pairs Rc'" = 040 ±O,'JI an,j full siblil"~s Rob, " 0 44 ±Go Gol were In etrect 

co~,parable 10 relatedness esti'Y',ates expe:::ted for o'Jtbred diploid fi'st or~er 

'elatives (R" p = c, 5), Similar;y es:i~,ates of relatedness be:ween unrelated 

IlldividJals were kJn~ to ~e as expeded RoO. = 0 03 ±C, OC,g, R",o= C, Data fro~, 

the cconies sa~,pled a: geillkopf did not Fovide tI'e epp;:Jr'unity to generate an 

estimate 0' 'ela;e~ness for half sibl;'1gs, II appears, :Iwrefore that eS;lmates d 

oJuel er and Gcc~right's R base~ cr the see~ted samples, provide all aC~'.rale 

assess'"ent d expecle~ kinsllip va;L.es ",IUlln C. II I:ot!enio!us 
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-:-stle 4,2 

Chop' eY .J - CumparaJiw G""ly". IS o(marmg _'y"lems 

Felmedn ess estirr,btes 10:' dy~ds 81 kno',"", <ins,",ip NUI,bw 01 pairs 
iesiBQ in BJ~h ~JteSOI)' i_' give". In psrenihesB_' 

M8ille c:oifsnrin g:3 8) 

Full s'bl;ngs (75) 

LJWBlstec' indi-,-ic'ua s (68'J'; 

R (+SE) 

O,~O {±OC11 

0.44 (to 01) 

C 03 (",0 OC9i 

,"(eiate,jness estimates "It Ste:n,kop.f an:]' S~merset West 

The distributiGn d pai:\vise F? estimates wt'll" CGI01ies at Ste'r,Ke·pf and 

Somerset 'I-/est ':F>~ure 4,1:, was found to be significantly d,fferent when usi1-~ X 

ar·aiysls ':X' =78,68 d,f. 14. p=O 005) BoH-, sites demor·strated a wde ra1~e o· 

palr'Nlse \-'aues (S,einkopf .P ~ -OA to 1 Some~set I,Vest ,,,( = -06 b 1) The 

rnajG'ity of dyads at SGmerset I,\-,'est were unrelated or d;stantly celated \:) H-,e 

deGree o· seceild orde c relatives IR s:o 25:" .... ;'hilst nle majority of dY2ds 2t 

S,einke'pl were related \:) s:Y-e de·yee IR 20 1 ~ In additiG1 Steinkop: W2S 

crlaractensed by cela,i','e'y 11i]h .ceouencies 0; celated 'I-dividuals iro the 

categ:Yies R = 0 3 ,0 0 5, illdicative e·1 I'rst a'1d secol'd :)rder relatives 

~/ea'1 va'ues of R a~ol-g il-dividua's d C h h,JttentJtus wthin and be\,veen 

cole'1ies 2t Stei1k:)pi and SOlllerset"I~/est (Table 4 3~ are presented in Figures 

4.2 and 4 3 Mean intra-colony relatedness was not found to differ sig1if,cantly at 

S,einkopf 2nd So~erset I,Vest wrlece R = 0,25 a1d Co 23 respectively n-/~nn­

V-ihitney U-test, p>O 05), Li~H.vise, alllGnq colony relatedness was 'ound to be 

smila at the two Sites wrlere R = 0 0019 and 0 0038 at Stei1kopl al'd Some'set 

V-iest cespectively (~-/an1-"iV~II:ney U-test, p>O 05j T~·.e t,.vo sites did ·IG\· ... ever 

dif.er wi\l1 respect to the deGree to which CG<ol-y breedirtq pairs, identified by 

pace'1;a-~e an2lysis. were related t;; :)ne anGther Mean estirnated R arnol'g 

breed in] pairs at Steinkopf, R = -001. was fOll1d t:· be sig'1ific8.Il,ly 10','ier than 

behveen breedi'1-~ pairs at So~e~set I,'-iest R = 018 (r,,,'a1rt-'I-/hi,'wy U-tes:. 
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p"0.05}. Relatedness between breeding pairs at Steinkopf ranged from R'" -0.29 

to 0.25. comparable to unrelated individuals to second order relatives Whereas 

relatedness between breeding pairs at Somerset West ranged from R" -0.2 to 

072. comparable to unrelated individuals to first order relatives 

Figure 4 1 
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Chap"'" J - Conma.'{lUl'<' atwly'is (I( mming s\ '."ems 

Table 4,3 Summary of m~an R valu~s ± Standard errorS 1 for a number of population 
categories at Steirlkopf and Somerset West 

Category 

Overall intra-cokmy R 

Ov~rall inter-colony R 

Br~eding pair R 

Intra-colo ny R - females 

Intra-colony R- males 

Inter-colony R - females 

Inter-colony R - males 

Intra-colony males V f~male s R 

Inter-colony mal~s V f~ male s R 

Steinkopf 

0.28 (±0.03) 

0.0019 (:to.01) 

-0,01 (~0.07) 

0,30 (±O.D4) 

0,31 (±0,05) 

-0_02 (~il02) 

0.03 (~0_03J 

0.22 (:to_04) 

o 005 (~O.006) 

Somerset west 

0.23 (~O 02) 

0_0038 (:!:0.001) 

0.18 (±D_OS) 

0,23 (±0,03) 

0,21 (j;{)_04) 

0.01 (:to_01) 

-0.01 (±0.01) 

0.25 (±0.01) 

0.002 (:to.OOg) 

Figure 4,2 Mean estimated within and between colony rela tedn~ss (±SE) for all 
Individuals and breeding pairs at Steinkopf (ST) and Somers et West 
(SW), Standard errors c~lculate d by jacknlfing over loci 
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The relat() nship between colony size and mean colony R was analysed uSing 

Spearmall 's rank correlation (r. ) across colOllies at both sites and by com:Jining 

all colonies from Stelilkopf and Somerset West to assess whether colon, size 

and mean colony R are correlated in C h hollenlolus 'Nhell analysed 

indepel"Klently, the t,vo study sites were characterised by diametrically op~oslng 

relationships between colony Size and mean Colony R, A positive re'atlcnship 

between colony Size and relatedness was expected as a function of Jlcreased 

kinship Within larger colonies, representative of bceeding pairs and s~veral 

generations of offspring Indeed this was found to be the case at Ste nkopf 

(Figure 44) where correlation analySiS illdicated a significantly positive 

relationship between mean colony R and colony size (r. 0,83, p<O.01) Cootrary 

to this, correlation analysis at Somerset West (Figure 4,5) IIldicated a signifi.::antly 

negative relationship between colony Size and mean colony R (r, -0,79, p<105) 

Consequently, when analysed over all colonies from both study sites (Figure 4 6), 

correlation 8Ilalysis failed to detect any relationship between colony size and 

mean colony R (r. ° 304, p=0,39) 

Figure 4.4 
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Variation in mean R (±SE) within colonies as a function of colony ->lze at 
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Figure 4,5 
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Figure 4.6 

" 

" 

" 
C,3 

• • • > 
"' 
OJ 

0 

! 

Variation in mean R (±SE) within colOr1les as a function of colony size at 
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cak;ulated by jackknifing over loci 
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App",dl~ /- Swnd(>l..J ;'"jtt'n 

APPENDIX I 

Slandan.l buffers used in the isolatIon and 
ch arnct ~ri~[l linn nfmicHlsatel lite loci 

.\.11 buffer, ii, 11\ '\u.,uhel t'I <1/ ( 1989) CUT renl Pr() I()~()b III /I j olec\jjur I.Ilo log\' 

soc 
o 5% yeast exlract 
2% tryptone 
10mM NaCI 
2.5mM KCI 
10mM MgCI~ 
10mM MgSO~ 
20rnM filter sterilised glucose 

20)( sse (stock solution) 

3M NaCI 
o 3M N a,citrate , 2H~O 

adjust to pH 7 0 With 1 M Hel 

10 x TBE (l litre stock solution) 

10Sg Tris base 
55g BOflc aCid 
40ml O.5M EDTA pH 80 

135 
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AppendLr Tf • Allde jivlJ"~"<:r hislOgrams 

APPENDIX II 

Allele frequency histograms for all colonies at Steinkopf 
and Somerset West, at all loci analysed 

Figures la and b: Allele frequencies at Locus CHl 
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ApfJt'IlJix II - Allele frt>qW>Ilcv hi.,lOwam_, 

Figures 2a ~ nd b: Allele frequencies ~t LoclJS CH2 
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Appendix II - Allele Ji'eq,;.eft<)' hiSlngnuns 

Figures 3a and b- Allele frequencies at Locus CH3 
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Appendix if - Afldefrequency hi,<wgram.< 

Figures 4a ""d b: Allele freq~encies at Locus CH4 
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FigUl" 6a M<I b Allela IreqUeo<:Ie!i at Locus OMR4 

, 
" " " ; 0 6 

' M I 04 
" " " o 

h . LOCus OMR4 - SU!inkopf 

1 
'i " '''' 

oclony 

611. ~ ocus DMR4 · Some",et West 

, 
" 0.8 

" ~ 06 

' OS 
1 0' 

OJ 
02 

" 0 _ '''-'. _ L. 

lL. 

. 'M 

I ~: 
. m 

I 0 2Cl8 

. 'M 

."" 
C~ 

.~ 

."" 
n'~ 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Appendix II - Allelefreq"enq his/Offal,., 

h'lures 7a arid b: AI.,le frequertCies at Locus DMR7 
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