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Plate 5 

Figure 1. 
The following references apply to all the figures: C - cuticle, EP . Epidermis, EW -
Epicuticular wax, Ph - phloem, M - mesophyll, Sci - sclerenchyma, W - cell wall. X­
xylem 
G TEM of mature R. denlala epidermal cell showing reticulated wall elements 
reaching to the cell surface 
H. TEM of mature R. dentata epidermal cell showing cell watl elements extend-ng 
towards the leaf surface 
I, TEM of mature R. delliaia epidermal eel showing cuticular gap with wall elements 
extending to the !eaf surface 
J TEM of mature R. denlala epidermal cell shOWing a cuticular pore with a 
discontinuous cuticle 
K TEM of mature R. delliaia epidermal cell showing cuticular gap 
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Figurel 
ld Map of Synacma distribution on populations studied by the author where 
circles represent Rondu/a populations with Synaema and triangles represellt 
Rondu/a populations without Synacma See Fig 1 a for contour key and scale. 
1 e Map 01 Araneid distribution on populations studied by the author where circles 
represellt Rorldula populations with Aralleids and triangles represent Rondu/a 
populations without Araneid See Fig 1a lor contour key and scale 
1f Map of Sphedanolesles sp distribution all populations stUdied by the author 
where circles represent Rondula populations with Sphedanolesles and triangles 
represent Rorldula populations witMut Sphedanoieslcs See Fig 1a lor contour 
key and scale 
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One another Old ROri(iuifJ populations (> 10 years) are sometimes sparse and 

plants may be separated by up to 5 metres, 

The distribution 01 PamtJlidea perfectly matches the distribution of Roridui<J (Fig 

lb) Pameridea roridulae was only found living is close association with ROlidul<J 

qorgolll<Js and P marlofhi with R gorgollias Neither species was recorded On any 

plants other than ROIidul<J (Table 1) There were occasionally nO Pnm<Jliden 

present On ROfidul>l populations that were very recently burned (plants <: 7 cm high) 

However. PfJmerid,jrJ were always present approximately One year alter seedling 

germination It is likely that P<Jmcride<J may take some time to recolonize ROfl[Juln 

populations after fire Large plants sometimes had several hundred adult 

Pmnefide>l On them and more than ten times as many juveniles 

Table 1, Catch per unit effort (SO) 01 PfJmend,jrJ, an unidentilied Araneid 
Synacma, Peucetia and Spiledanolestes sp, on three different Roridula populations, 
random shrubs and viscid plants surrounding Roridula study sites. Included IS the 
total time spent sampling in these habitats. 

pooulation ~y;e~_. RQ_ndula Random Viscid Shrubs 
Pp,,", P>lmcfide>l 175(53\ 010\ 010\ 
Pop4 Araneid 0(0) 0(0) 0(0) 
ppp4 Svnaema '0) 0(0) 0(0) 
Pop4 Peucetia 0(0) 0(0) 0(0) 
ppp4 Sphe(/anolesies 0(0) 0(0) 0(0) 

Total time 10 min 120 min o min ---- ---_ .. - ._--
Poo16 Pameridea 861331 0101 Dim 
Popt6 Araneid 0(0) 0(0) 0(0) 
PoP16 Synaemn 69(33) 0(0) 0(0) 
Pop16 Peucelia 24(1.7) 01(0.2) 36(28) 
Pop16 Spliedanolestes 0(0) 0(0) 0(0) 

__ Total time 10 min 150 min 150 min 
POD20 Pamerid<J<l 75 (321 0101 0(0) 
Pop20 Araneid 11(64) 0(0) 0(0) 
Pop20 Synaema 0(0) 0(0) 0(0) 
Pop20 Peucelia 34(28) o 110.2) 37(30) 
Pop20 Spliedanoiestes 02(04) 001(01) 001(01) 

Total time 19 min 180 min 180 

I did not find any spiders associated with R, gOlyolJias during my first three years of 

study However ailer the third year 01 observation the lynx spider Peucelia nicolae 

(Olppenaar. pers. com) appeared in the study site Pop6 after apparently being 

absent belore (Fig, le). They reached densities of approximat~y one individual on 

every fifth plant. A year later, the spider was not to be found This spider was not 

recorded in the southern R denlala populations although it was recorded in the 

cenlral populations of the Koue Bokkeveld and also the northern populations of the 

Cedarberg (Plate 6) where it sometimes reached densities of several individuals per 
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Plate S 

Plate SA. An Araneid fram Ihe Cedarberg sits upon her nest. B, The reduvid 

Sphedanolestes sp_ lays her eggs upon the woody stem of Randula den/ala in the 

Cedarberg C Splwdanoicstcs consumes a large lynx spider (Peucetia flicolae). 

which it had killed earlier using a powerful venom injected by its proooscis 
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analysed (r" 0.6. p " 0 t for all correlations). Nor were any of the genetic diversity 

measures of hemipterans correlated with those of the plants on which they live (r" 

0,3, p" 0.5 for all correlatIOns), 

Plant filness 

Fruit set In ROfkJuill yOfyonias was very high (in excess of 80%) irrespective of 

whether the seeds were produced by cross or self-pollination (Fig. 1a), Similarly 

fruit set of self and cross-pollinated flowers was in excess of 95% for ROfiJula 

(Jenlala (Fig 1b). The percentage seed set for both crossed and selfed R 

gorgonias flowers was high (selfed seeds" 1 00 % and crossed seeds = 89 %. Fig 

1a) and that of R. den/atil was in excess of 90% (Fig tb) The difference between 

the numbers of crossed and selfed progeny was not statistically significant for fruit 

set or seed set in R. denlala and R. gorgon/as (Fisher's Exact Test, p :> 0.2). Nor 

was seed germination significantly different for selfed or crossed seeds In R 

gOfgonillS, 80 % (36/45) of crossed seeds germinated and 7J % (33/45) of selfed 
, 

seeds germinated (X "0.07 p:> 0.7, Figure 1a) 

j 
• 

, .c" , • 

Figure 1 a Percentage fruit set (shaded column). seed germination (hatched 
column) and mean seed set (clear column) for R. gorgonias 
Figure 1 b. Percentage fruit set seed set for R. denlilla 

In R. gorgon/as. a total of 12.7 % of plants died during the first year of growth 

(Figure 2a) Much of this can be attributed to self-thinning as seedlings were 

densely packed (about 100 m" in moist areas). While seedling numbers changed 

very little over the course of the year. the mean plant height increased from 10Acm 

to 32.8 em (Z = -1686, p" 0,001 Mann-Whitney U). The average number of adult 

hemipterans per plant also increased from approximately 002 to 0.99 (Z = -12.71. P 
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<: 0.001, Mann-Whitney U). This represented a total adu~ population increase from 

about zero in 1999 to 196 in 2001 and finally 8537 in 2002. For R dentata, there 

were few seedlings per plot and therefore probably little competition I hypothesize 

that low plant density contributed ~bstantially to the low plant mortality (4%) within 

the first year. During this time plant height increased significantly from 8.0 cm to 

23.3 cm (Z " S78. P <: 0.0001. Mann·Whitney U). Hemipteran density also 

increased from 008 hemipterans per plant to 2,25 per plant (Z co - 5.23, P <: 0.0001 

Mann-Whitney U). The total hemipteran population size increased Irom about 60 

adult individuals in December 1999 to 240 in February 2001 and finally to 6480 

individuals in February 2002. 

" , 
" ~ 

1 " • 
1. 

, , " i , 
" , 
" 

, 
""""" ~-

" ., 
~ " , " , " , , " ~ , " 

" i C'.' - ".,,"" .-. 
Figure 2a Average number of hemiptera~s per plant (clear column), mean plant 
height (hatched column) and total numl:>er of plants in Six quadrats (shaded column) 
in a R gorgonids population (PopS) 
Figure 2b Average number of hemipterans per plant. mean plant height and total 
number of plants in four quadrats (shaded column) in a R dentdtd population 
(Pop8) 

DISCUSSION 

Roridula is a narrowly endemic (Obermeyer 1970), self-pollinating species (See 

chapter 1) and this paper suggests that the genus has very low genetic variability at 

the population level although there are strong genotypic differences between 

populations, In addition, there is no preliminary evidence of a strong lass In fitness 

as a result of inbreeding depressron acting on Roridula populations. However. inter­

popuiation crosses should I:>e made to confirm these results In contrast. the 

hemipteran Pamefidea exhibits much higher genetic variabiijty at both the 

population and species level The low genetic variability of Rorrdula is consistent 

with other narrowly endemic and selling plant species which have been shown to be 

.J i 
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B 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
MDH-I 

18 16 16 22 14 16 6 22 20 19 21 6 16 6 18 24 5 
A 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
B 1.000 1.000 0.063 0.523 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
C 0.000 0.000 0.938 0.477 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

MPI-I 
0 0 0 0 0 0 6 20 15 18 17 3 14 6 17 15 5 

A NA NA NA NA NA NA 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B NA NA NA NA NA NA 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IDH-1 
0 0 0 0 0 0 6 19 19 20 18 6 13 6 16 22 5 

A NA NA NA NA NA NA 0.000 0.895 0.368 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B NA NA NA NA NA NA 1.000 0.105 0.632 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

LGG-2 
N 13 14 10 13 13 17 5 18 22 16 18 4 21 6 23 30 5 
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ME-I 
N 17 16 . 16 16 14 16 6 21 19 19 20 6 16 6 19 24 5 
A 1.000 1.000 1.000 1.000 l.000 1.000 1.000 1.000 l.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

IDH-2 
N 0 0 0 0 0 0 6 19 19 20 18 6 13 6 16 22 5 
A NA NA NA NA NA NA 1.000 1.000 1.000 1.000 1.000 l.000 1.000 1.000 1.000 1.000 1.000 
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P. roridulae P. marlothi 
South Central North 

LOCUS Po 1 
MPI-l 

30 19 30 24 20 20 20 20 20 20 15 25 21 20 
A 0.000 0.000 0.000 0.000 0.000 0.075 0.000 0.000 0.000 0.000 0.167 0.120 0.048 0.025 
B 1.000 1.000 1.000 1.000 1.000 0.925 0.925 1.000 0.925 1.000 0.833 0.880 0.952 0.975 
C 0.000 0.000 0.000 0.000 0.000 0.000 0.075 0.000 0.075 0.000 0.000 0.000 0.000 0.000 

PGJ>..l 
20 14 13 20 20 20 15 9 20 15 16 8 15 22 

A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.875 0.867 0.818 
B 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.125 0.133 0.182 

PGM-2 
24 20 32 20 24 20 19 20 20 30 15 32 21 20 

A 0.000 0.000 0.000 0.025 0.042 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 0.050 0.026 0.025 0.000 0.000 0.000 0.000 0.000 0.000 
C 0.000 0.000 0.000 0.000 0.000 0.950 0.974 0.975 1.000 1.000 1.000 0.000 0.024 0.000 
D 0.125 0.025 0.000 0.050 0.125 0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.976 1.000 
E 0.875 0.950 1.000 0.925 0.833 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
F 0.000 0.025 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

ME--l 
15 19 10 35 20 40 25 20 20 40 15 23 25 30 

A 1.000 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

MDH-l 
20 25 30 15 30 40 20 10 25 25 15 28 28 33 

A 1.000 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 

ACN-l 
26 37 15 31 25 20 19 19 33 20 15 23 15 23 

A 0.000 0.000 0.000 0.000 0.000 0.225 0.053 0.000 0.045 0.000 0.000 0.000 0.000 0.065 
B 0.962 1.000 1.000 1.000 1.000 0.775 0.711 0.842 0.758 0.950 1.000 1.000 1.000 0.935 
C 0.038 0.000 0.000 0.000 0.000 0.000 0.237 0.158 0.197 0.050 0.000 0.000 0.000 0.000 

AK-I 
15 15 20 30 15 20 19 10 15 20 17 30 44 35 

A 1.000 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 0.975 0.842 0.950 0.633 0.925 0.706 0.000 0.159 0.000 
C 0.000 0.000 0.000 0.000 0.000 0.025 0.158 0.050 0.367 0.075 0.294 1.000 0.841 1.000 

DIA-I 
30 39 15 18 40 0 0 0 0 0 0 0 0 0 

A 0.000 0.000 0.000 0.000 0.063 NA NA NA NA NA NA NA NA NA 
B 0.950 0.872 1.000 0.833 0.900 NA NA NA NA NA NA NA NA NA 
C 0.050 0.128 0.000 0.167 0.038 NA NA NA NA NA NA NA NA NA 

EST-l 
36 15 40 34 23 20 15 15 19 15 14 20 21 20 

A 0.000 0.000 0.000 0.000 0.000 0.000 0.067 0.000 0.079 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 0.050 0.067 0.033 0.079 0.067 0.214 0.175 0.048 0.050 
C 0.042 0.000 0.000 0.088 0.022 0.950 0.800 0.700 0.816 0.800 0.786 0.525 0.667 0.750 
D 0.903 0.900 1.000 0.868 0.957 0.000 0.000 0.167 0.026 0.000 0.000 0.300 0.286 0.175 
E 0.056 0.100 0.000 0.044 0.022 0.000 0.067 0.100 0.000 0.133 0.000 0.000 0.000 0.025 

G6--1 
37 13 35 24 20 15 19 16 19 20 27 25 21 22 

A 0.054 0.000 0.000 0.021 0.050 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 0.133 0.053 0.000 0.026 0.100 0.019 0.000 0.048 0.068 
C 0.000 0.000 0.000 0.000 0.000 0.867 0.947 1.000 0.974 0.900 0.981 1.000 0.952 0.932 
D 0.946 1.000 1.000 0.979 0.950 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

GPI 
40 20 31 36 41 20 20 25 20 35 27 40 35 34 

A 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.038 0.014 0.015 
B 0.000 0.000 0.000 0.000 0.000 0.975 0.950 1.000 0.950 0.914 1.000 0.000 0.000 0.000 
C 0.000 0.000 0.000 0.000 0.000 0.025 0.050 0.000 0.050 0.086 0.000 0.962 0.986 0.985 
D 0.063 0.100 0.000 0.042 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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E 0.887 0.900 1.000 0.903 0.915 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
F 0.050 0.000 0.000 0.028 0.085 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
G 0.000 0.000 0.000 0.028 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

HEX 
23 20 35 20 20 20 20 20 26 35 17 15 15 20 

A 0.000 0.000 0.000 0.000 0.000 0.000 0.025 0.000 0.Q38 0.000 0.000 0.000 0.000 0.000 
B 0.000 0.000 0.000 0.000 0.000 1.000 0.975 1.000 0.962 1.000 1.000 1.000 1.000 1.000 
C 1.000 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

IDH] 
21 36 14 20 24 20 19 19 31 24 15 19 14 21 

A 0.310 0.264 0.321 0.175 0.208 0.000 0.026 0.000 0.000 0.000 0.033 0.000 0.000 0.000 
B 0.500 0.625 0.571 0.500 0.604 0.825 0.526 0.658 0.484 0.417 0.467 0.526 0.643 0.714 
C 0.190 0.111 0.107 0.325 0.188 0.150 0.395 0.316 0.435 0.479 0.467 0.447 0.286 0.214 
D 0.000 0.000 0.000 0.000 0.000 0.025 0.053 0.026 0.081 0.104 0.033 0.026 0.071 0.071 

IDH2 
21 36 14 20 24 20 19 19 32 24 15 22 15 22 

A 0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
B 1.000 1.000 1.000 1.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

SOD 
N 23 20 35 20 20 20 20 20 26 35 17 15 15 20 
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 l.000 1.000 l.000 l.000 1.000 1.000 1.000 

ARK 
N 40 20 31 36 41 20 20 25 20 35 27 40 35 34 
A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
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74···· 74**** 
###### 0.5···· 0.9· .. • 60··** 52···· 52···· 52···'" 
0.4286 ###### 0.3···· 60···· 52···· 52···· 52···· 52111 ... 

0.8916 0.3407 ###### 60···· 52·"'" 52· .. • 52···· 521t·** 
0.8860 0.3258 0.0000 80"""* 63···· 63···· 63·"· 63···· 
0.8343 0.1958 0.0000 0.0000 58···· 46···· 46···· 46···· 46···· 
0.9417 0.8576 0.9724 0.9732 0.9551 ###### 13 .... 14·· .. • II·"·" 4· ..... 
0.8543 0.7481 0.8572 0.8626 0.7719 0.0746 ###### 2···· 2···· 7.!P··· 
0.9169 0.8361 0.9319 0.9336 0.8989 0.8272 0.6347 ###### 2···· II ... •• 
0.9418 0.8758 0.9593 0.9610 0.9446 0.8875 0.6838 0.8102 .###### 7· ... • 
0.9621 0.8938 1.0000 1.0000 1.0000 0.9558 0.7673 0.8998 0.9005 #IIH## 

North 

74*** 74** 
22ns 23 ns 
24ns 25 ns 67**** 
##### 0.5 ns 4 
0.0512 ##### 
0.0173 0.0426 46**** 46**** 

14ns II ns 
0.5214 0.5899 ##### 2ns 
0.5741 0.6439 -0.0003 ##### 
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A 

B 0.698 0.1036 
B 0.0035 
B 

B 0.0002 0.0022 

C 0.002 
C 0.518 
C 0.0016 0.E:277 
C 0.005 
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100 -To POpulahon 01 0I'191n 

"'" To ~rest popnlal ion 

" 
IIill wl\h,n region 

"" 0111 of '99'1)1'\ 

u • 
~ " -• • 
& 
~ <0 • 
" • 
" 

20 

o 
PopS Pop1 2 Pop1 3 POp' S POpH; Pap14 Pop22 Pop18 Pap20 

4a Population 

so 

20 

o 
Pop! 

_ To popu lat ion 01 origin 
~ To nearest pofXJlatian 

To other population 

p"", popJ 

Popul""on 

Figure 4a. Tfle percerllage of Pil!TIClidcil marlotlll analysed from different 
populations, and IISSlgnetd cll"etCl1y to thE'" papulation of a~gin or mcorre<.1ly to 
other Pl:lrnemifll:l mllrlr)/111 pnpuletions. 

Figure 4b. The percentage of Pl:trTlIJooea ror/dulac analysed from different 
populatIOns. artd aSSigned correctly to their population of origin or IrlCorrect ly to 
other PJmaride3 rondulae popu lations. 
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Figure 5a. Isolation by distance patterns for the host plant R denlala using Fst as 
a measure of genetic distance. 

Figure 5b. Isolation by distance patterns for the hemipteran P marlothi using Fsi 
as a measure of genetic distance. 

Figure 5c. Correlation of plant (R. dentata) and hemipteran (P marlo/h!) genetic 
structLJres using F., as a measure of genetic distance. 
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Plate 7 

Plate 7. A. Parrreridea marJuUri lays her eggs by ovipositing in the woody tissue of 

Roridula. Note the hatched egg in the fore ground. B, C. SEM micrographs of P 

marlo/hi eggs embedded in the woody tissue of Ro(/(Jula denlala 

Li.' 
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1991), suggesting that cospeciatiOll has occurred In addition, allozyme studies 

have revealed that individual Roridul,1 populations are strongly differentiated due to 

very low geneflow and high rates of selfing (Anderson cf ,11. In press) Genetic 

variation within Roridllh populations is generally also low. suggesting that plants 

within populations are very similar (AndersOll I'll iii In press) If genetic variation 

relates to strong phenotypic variation, then it is possible that host tracking could 

occur in this system at the population level In support of this. it was found that 

Pameridea is strOllgly SUb-structured with some significant genetic differences 

between geographically close populations (chapter 8) However, this study also 

suggests that regional genetic differences between hemipteran populations are 

particularly strong and that adaptive host race formation is most likely to occur in the 

northern populations. These populations are geographically isolated (Fig, 1) and 

genetically differentiated enough to qualify hemipterans from this region as an 

incipient species based on allozyme data (chapter 8) Chapter 8 suggests that 

hemipterans are not able to traverse large distances between widely separated 

populations (with no stepping stone populations inbetween) because hemipterans 

are species specific and only moderately good fliers As a result adaptation at the 

regional scale may be likely, especially for geographically isojated regions Gene 

flow is also much greater for Pamcridea than for Roridllill (chapter a), which would 

also promote adaptation at the regional scale rather than the population scale 

If insects are locally adapted to particular host types then I expect them to prefer 

and perform better on their own host populations/species in comparison to other 

host populations (Singer el at. 1988), Hence I investigate the degree and scale at 

which specialization has taken place in the Roricluia-P,1mcriden mutualism by 

examll1lng insect fitness on different hosts and host choice This represents one of 

the only studl€s of local adaptation in a mutuaiism, I investigate whether Pilmendeil 

are able to surviVe and reproduce on commonly occurring non-carn'lvorous plant 

speCIes, This has important implications on the ability of Pmner;cle,1 to move 

between Rondulll populations I look at host choice by Pllmeridell to ascertain 

whether they have preferences for their natal plant species or population Finally I 

compare fitness of Pameridca on natal and non-natal populations of R()ri(!lIlii 

dcnlMn Since Pnmcridea only occur on Ron(!ula plants,lt is expected that they 

may exhibit adaptatiOlls that allow them to recognise their host species over co· 

occurring, non-carnivorous species If local adaptations to the hosts play a 

significant role in genetic substructuring of Pamericiea, then I expect that fitness or 

preference hierarChies may be evident at the population Or regional level, 
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Figure 1 Map of all known Roriduia populations, showing the three populations 

used in the host choice study Roriduia denlala populations are represented by a 

northern (N) and a central (C) example whereas R gorgonias populatKlns are 

represented by the population marked "R.g " 
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METHODS 

Interspecific adaptetions 

Roridule dell/e/e cuttings I.eucadendrorl salignum (a common. non-carnivorous 

plant in the Proteaceae family) cuttll1gS and plastic planls were all placed in a 114 

strength Hoagland's solution {Hewitt 1966} and their aerial parts were covered with 

a fine mesh which effectively stopped the movement of insects to and from 

individual plants. JlNenile hemipterans were removed from the Roridula plants over 

the course of a four-week period. OllCe alt jlNenile hemipterans were removed all 

plant cuttings were reseeded with ten first instar P mmlotlJi juveniles each. Five 

treatments (two cuttings per treatment) consisted of Roridula cuttings fed with one 

fly per week, RorklulfJ cutllngs without flies, Leucadendron cuttings with one dead 

fly placed on the leaves each week, Lellcooendmn cuttings with no flies and a 

plastic plant with no flies. Every three days. the total number of surviving 

hemipterans on each cutting were counted and the number of adult hemipterans 

were noted Plants were kept for three months to ascertain whether oviposition and 

reproduction had been successful. 

Hosl c/lolCe 

Parasite preference for different host plants has been shown to be a genetically 

mherited and correlated with parasite performance {Singer el al. 19S5}. Therefore 

parasites that are physiologically adapted to a particular host plant may 

preferentially choose that host plant above others I examined preference in 

Pamendea to determine whether it preferred its natal host species or host 

population above others. Plants from three study sites were used including one R 

gorgonifJs site, inhabited by the hemipteran P. IVlldulfJe and two geographically 

separated R denlala populations Inhabited by P ml)llothi ROI'rdula gorgonias 

cuttings LeucooerldrOrl (a common, non-carnivorous Proteaceae) cuttings and P 

RoridulfJ were also coltected from the same site (Pope. Fig 1) This study site IS 

approximately 100 km from the nearest R dell/a/a population and a disjunction 

exists in Roooillas range ensuring that R gorgonios and R dentata are 

geographically separated by about 70 km (Fig 1). RoridulfJ den/MfJ, I.eucadendron 

and P roridufae were collected from one central population (Pop15, fig 1) and one 

northern population (Pop18, Fig 1). The northern population was separated from 

the central population by approximately 50 km with no known Roridilio populations 

in-between (Fig 1). Hem,pterans from the northern and central R dent% 

populations represent genetically distinct incipient species artd ROlidula from these 

two regions are also genetically distinct 
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Equal numbers of male and female P roridC/lile were macle to moose between a R 

gorgonias cutting from their natal population and from a R dentata cutting of similar 

proportions Choices were also made between R gorgof)las cuttings (natal 

population), Leucadendron cuttings and a plastic plant. Prior to choice experiments, 

plant cuttings wele kept for three weeks in a 114 strength Hoagland's (Hewitt 1966) 

nutrient solutKln in the absence of any hemipterans All prey items on Roridula 

plants were removed. Choices were made by "blacking our the outside of an 

aquarium and placing two cuttings (host plant and non..IJost) inside the aquarium, 15 

em apart. A single Pamerk}ea was placed In a small container exactly betweerl the 

two plants and the hemipteran was allowed to crawl onto the lip of the container arid 

choose either plant to move onto. The aquarium was placed irl a dark room (27'C) 

with a sirlgle tight source shining directly above the hemipteran cootainer (between 

the choice plants) A fine mesh net was placed over the top of the aquarium. Every 

hatf..IJour, the aquarium was checked to ascertain whether the hemipteran had 

made a choice. tf no choice was made after 1 5 hours. the hemipteran was 

removed and replaced After a choice had been made, the aquarium was wiped 

down with alcohol and the positiorls of the two host plants were swapped to 

eliminate the possibi~ty of hemipterarls following each other's tracks. Plant 

specimens were replaced after five choices Forty P marlothi and 40 P roridulac 

were tested in this way for each possit:>le pairirlg (except for P milrlothi choices 

between R dentiltil and R. gorgonias where 80 choices were made). Similarly, 40 

P marlothi were made to choose between R dentata from their natal populatiorl. 

Leucadendron and plastic plants In addition. P marlo/hi from the northern 

population were made to choose between R (Ientata from the natal popuialiorl and 

R (Ientata from the central population Pamf3rldea mar/othi from the central 

population (n=40) were also made to choose between R dentata from their rlatal 

population and R denlala from the northern population 

Intraspecific ildapfalions 

A more finely tuned experiment, testing whether Pameridea is locally adapted at the 

regional scale examined hemipterarl fitness on Rorldtl/a dentata plants from natal 

and non-natal populations. Methods used were similar to those in the broad scale 

fitness study (see above). However. in this study, there were four treatments' R 

(Ientata cuttings from the northern population (1'1 = e'9ht) with hemlpterans from the 

northern population (three males, four females), R dentata cuttings from the 

northern population (1'1 = eight) wi th hemip\erans from the central pctpul"tion (three 

males, four females), R denlala cuttings frcm the central population (1'1 = eight) With 

hemipterans from the central population (three males, four females), R. dentata 

cuttings from the central populatIOn (n = eight) With hemlplerans from the northern 

137 
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populatkln (three males. four females) Hemipterans from all four treatments were 

fed with one fly per week 

RESULTS 

Interspecific adaptations 

The average life expectancy of Pameridea differed significantly between treatments 

(F = 34.39. P <: 0,000001 ANOVA). The highest average life expectancy (SE) was 

found on Roridula plants where hemipterans were fed with flies (74,75 I 728 days, 

Fig 2) Hemipterans that were not fed on flies were still able to survive for 

approximately one month on either I-?oridula or I (l!icadendron plants, presumably 

feeding on plant sap alone (Fig. 2). Hemipterans on LcucadelJdrolJ had longer 

lifespans when fed with flies than if they were raised on either I llucadelJdron or 

Roridula without flies (P < 0,001, Tukey HSD). Pamer/dill) on plastic plants had the 

shortest life expectancies (2 15 - 0.21 days), Pameridpa only reached adulthood in 

two different treatments Seventy percent reached adulthood on Roridula plants 

that were fed With fileS Although Pameridea reached adulthood on Leucadllndron 

fed with flies only 25 % managed to do so, Finally. a second generation of juvenile 

Pameridea only emerged on Roridula that were fed with flies Over 95 juveniles 

were counted from the second generation No second-generatIOn juveniles were 

found on any of the other four treatments 
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Figure 2 Mean life expectancy (SE) of first instar P roridulae larvae after being 
placed on different plants, The hemipterans were given extra food (flies) on some 
hosts but I10t others Different letters signify significant differences between 
treatments (Tukey HSD test, P <: 0,05) 
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Host Choic", 

Pameridea roridula", chose their host plant R gorgonias above R denlIJtIJ, the 

plastic plant and the LelJCddendron control (Fig 3) Similarly P. mariolllJ als.o 

displayed preferences towards their species R dcntIJta above all other choices (Fig 

4) However, when faced with the choice of Roridull.l (1","lala from their natal 

pOpulation versus non-natal R (lenlala, neither P. mddollii from northern nor from 

the central populations chose their natal plants preferentially (Fig 5) 
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j 
o , 

i 

Figure 3 The lrequency of choices made by P. rOlidulIJc for either the host plant 
(R. gorgomas) or non-host speCieS Choices for the host plant are clear bars and 
choices lor the non-host plant are dark bars, Statistical signilicance (Fishers exact 
test) is indicated by the symlxlls • = 0,01 < P < 0 05, •• = 0 001 < P < 0,01 •• ,-
0.0001 < P < 0,001 •••• = P < 0 0001 
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Figurl! 4. The frequency of choices made by P marlothi for either the host plant (R 
denlala) or non-host species. Choices for the host plant are clear bars and choices 
for the non-host plant are dark bars. See 2a for significance details. 

Northern Pamendea CCnl,"' Pamendea 

figure 5 Intraspecific host chOIces made by P mafiall" from two different 
populations (north and centrall· Clear bars represent choices for the natal R. 
delltala population and dark bars represent choices for the non-natal R dentala 
population Choice compansons were all non-significant using the Fisher's exact 
test (P:> 005) 
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Intr&specific adaptations 

Natal or non-natal host planls made fl(l difference to the number of juveniles 

recruited into the next generation (;~' " 0.507, P = 0.917. Kruskal-Wallis). 

Hemipterans from the northern population were equally fit on plants from the fl(lrth 

(natal population) or central region (Fig 6) Similarly. hemipterans from t'le central 

population were equally fit on natal and non-natal plants (Fig 6) 
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Figure 6. The number of hemipterans on natal and non-natal R. denlala plants after 
four months Plants and hemipterans came from mo populations (north and " , central). denoted by and respectively 

DISCUSSION 

This study suggests that despite fine scale genetic strudure of hosts and parasites 

(chapter 8), there is no evidence for local specialization. even at the regIOnal scale 

However I did find interspecific specialization suggesting that host tracking may 

occur once hosts have significantly diverged Life expectancy data suggests that 

Pameridea can survive on co-occurhng, non-carnivorous plants for long periods. 

Life expedancy on plastic plants is comparatively low, suggesting that hemipterans 

are able to gain nutntlon from the plant sap of non-carnivorous plants Life 

expectancy and chances of reaching adulthood are increased it Pameridea has 

access to insect food. The ability to survive for long periods on non-host pl.3nts may 

be essential for the recolonization of R()llduill populations, which are extremely 

patchy and sometimes far apart. By surviving on the plant sap of non-carnivorous 

plants, Pameridell is allowed suffiCient of time to move between and colonize 

1·11 
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Ruridu/a populatiolls, which would be uillikely if their lifespan (in the absence of 

Ruridtlla) was onty a few days (like that 011 plastic plants). AlthoLJgh Pameridea are 

able to survive 011 Leucadendrun for long p€riods, very few reached adulthood and 

reproduction did not occur. Even though Pnmeriden call survive on nOll-carnivorous 

plallts, it mLJst still be regarded as a obligate and species-sp€cific as it is uillikely to 

reproduce on Ilon-carnivorous plants Although sample size of Iloll-camivorous 

plallts is very small there are 110 genera, which are closely related to Rolidu/Il alld I 

suspect that if Pameridea could reproduce 011 other species thell it would have beell 

recorded on other plants as well. Due to tl1€ fact that there are no close relatives to 

Roridulll in the fyllbos, there were 110 strollg calldidates for control plallts 

Leucadendmn was chosell ill this case dLJe to the fact that it is Ilumerically 

abulldallt and because it belongs to olle of the domillant plant families in the area 

(Proteaceae) 

Adaptatiolls to a speCialized life on Roriduln plants include speCialized host 

recogllition systems of Pdmended Pdmenden IS able to detect, and preferelltially 

choose RolidlJ/a plants over co-occurring. non-carnivorous speci€s. This may help 

in host recognitioll dLJrillg recolollizatioll evellts Both sp€cies of Pameridea are 

also able to distinguish between the two Ruridu/a species, even toough they Ilever 

OCCLJr in sympatry. I attribute this to strong differellces ill plallt phellology although 

this study does not distillgLJish betweell visual or olfactory differellces. Differellces 

in plant phenology (at the illterspecific level) may have develop€d during the 

speciation process as a resLJ~ of gelletic drift or Ilatural selectioll alld host tracking 

is likely to have resulted ill the ability of p, mar/Olili to distinguish betweell tl1€ two 

species. Although Pameridea Ilever needs to distirlguish between different Ruridula 

species ill the wild. this ability may have developed as a sid€ effect of evolving 

efficiellt host recogllitlOn systems. Illcipltmt Pameridea species from the Ilorth and 

Gelltral regiolls did Ilot preferelltially choose plants from their populatioll of origill 

This may be because the experimental procedure is Ilot fine-tuned enough to pick 

up SLJch subtle differences Altemativety differellces ill plallt phellology are Ilot 

large ellough at this taxonomiC level to elicit adaptive respclIlses in Pflmeridefl 

To test which of these is respclIlsible for the lack of illtraspecific choice: I looked at 

fitlless 011 alld off Ilatal populatiolls. These data suggest that fitness is the same on 

natal and non-Ilatal R. delltntn poPLJlatlOlls, alld that Pllmendell is not adapted to 

phellotypic differellceslll Rondula at the intraspecific level I sLJspect that 

phellotypic differellces at the intraspecific level are not great elloLJgh to illdLJce 

strong selective pressures 011 Pflmelidefl Lack of adaptatioll may be due to lower 

antagonism amongst mutualists The clonal nature of Ron'dula may also redLJce 

antagonism between these two species. TI1€ lack of local adaptation is uillikely to 

be due to Ilorth-celltral "swampillg" of adaptations because chapter 8 suggests that 

1~2 
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there is no geneflow between the northern and central populations. However strong 

hemipteran geneflow from other close but phenotypically different Roridula 

populations may induce a swamping effect The genebc differences between the 

northern and central Pameridea populations are probably the result of either genetic 

drift or other selective factors such as community structure or climate Selective 

pressures induced by the host plants are only likery to cause divergences in 

Pameride(J once plants are extremely different (i.e. different species) My results 

are very similar to the results of Reed and Hafner (1997) who found no local 

adaptation at sub-specific levels of chewing lice to their pocket gopher hosts 

However, they did find that lice were adapted at the specific and generic level 

Their study suggests that differences in gopher phenology are only great enough to 

cause divergence in lice once gopher populations have already diverged 

significantly (i,e. speciated) I suspect that both chewing lice and Pameride(J may 

diverge significantly due to genetic drift or extrinsic factors before host tracking has 

any effect on parasite genotype However host tracking is likely to reinforce species 

boundaries by causing further divergence after speciation has already taken place 

Similar to the studies of Alstad 1998 and Ayers el al. 1987. I suggest that in this 

system fine and regional scale gene genetic structure is not due primarily to 

adaptations to host phenotype Genetic sub structuring may have resulted from 

extrinsic environmental factors (e,g, climate and community structure) in this system, 

For example, Mopper et al. (1995) found that apparency to predators differed on 

natal and non-natal plants and was an important factor governing parasite fitness 

The two R. def/lala populations in this study have very different species-specific 

predator communities and this may contribute to extrinsic variation in this system 

(pers obs.) This study only examined the effects of host plant genotype on 

P(Jmeririea fitness and therefore, there may be scope to look at extrinSic factors in 

future Alternatively. genetic drift can play an important role in fine and medium 

scale genetic structure of this system Before completely ruling out local or regional 

adaptation in this system, it is necessary to perform reciprocal translocation 

eXperiments on a larger number 01 different Rondula populations. It may also help 

to examine a greater number of fitness traits in Pameridea (e.g mass. age to 

maturity) 
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SUMMARY 

The alms of this study were to (1) establish whether the Roriduia-Pamcridra 

mutualism is an obligate, one-on-one mutualism. Furthermore I examined some of 

the factors that are perceived to constrain the evolution and accelerate the coltapse 

of obligate, one-on-one ITKJtualisms These Included determining whether (2) the 

explOitative nature of ITKJtualism causes conflict in this system. (3) the addition of an 

extra trophic level creates instability in the reward quality of the system. (4) 

Whether habitat fragmentation results in reciprocal genetic erosion Lastly (5), I 

intended to establish which processes were predominantly responsible for the 

spedation process in this system and determine at what spatial scales they are 

acting, 

1, Pameridea are important in maintaining the high natural seed set observed in 

RorKiu/fJ. In addition. they facilitate the uptake of the majority of plant nitrogen 

Wlthoot Pamcridca, the characteristically small Roridula populations would most 

likely collapse as a consequence of reduced growth rates and fecundity. I suggest 

that Roridula is obligately dependent on Pameritiea. Obligacy is also assumed for 

Pflmeliciefl as they are only found in association with Roriduia in the field and fall to 

reproduce on other pJants in the greenhouse The relationship is specialized to the 

extreme (single mutualist partners) for Ixlth partners and hence this mutualism can 

be classified as an obligate one-on-one mutualism 

2 Similar to other mutualisms. there is potential for conflict between Pamcridca and 

Roridu/a based on differing plant performance under changing hemipteran 

densities The negative plant performances under high hemipteran densities 

suggest that sap sucking by Pameliciea is detrimental to Rolidula and that the 

relationship probably evolved from a parasitism However, in the field the benefits 

of the interaction usually outweigh the costs. This may have helped facilitate the 

evolution of spedes-specificity In the Rolidula-Pamcridca system 

3. Spiders decrease the number of hemipterans and hence impact negatively on 

RoridlJia by indirect!y decreasing the amount of Insect denved nitrogen available to 

Roriduia Nevertheless, mutualism still seems profitable in the field under the 

highest spider dens,tles and the lowest hemipteran densities The invasion of 

spiders is unlikely to cause mutualism collapse, although they may weaken the 

selective pressures that favour the evolution of species-specificity. As an alternative 

hypothes,s, spiders may also stabilize the mutualism by maintaining hemipterans at 
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optimal densities. Distribution data suggests that Roridil/a and Pameridea share a 

long history together in the absence of spiders 

4. Although Roridilia populations show evidence for bottlenecks fragmel1tatlon and 

inbreeding, reduced plant populations have had no detectable affect on the genetiC 

structure of Pmneride{] I suspect that this reflects the beUer dispersal capabilities 

of Pamelidea and that this genus functions as metapopulations 

5 Based on electrophoretiC variation. it seems as though gene flow of both 

Pmneridell and Rondula are restricted al1d should el1abi€ host-race formation to 

occur at the population or regional level However. the genetiC structures of 

Pamendea and Rondula are poorly correlated at some hierarchical levels and this 

relates to spatial distribution patterns being a better predictor of genotype than local 

adaptatIOn Genotypic structure (sub specific level) is largely determined by genetic 

drift or extrinsic adaptation (adaptation to factors other than host phenotype) 

Pamerideas' genotype is not strongly affected by the genotype of Rondula at this 

level. This was supported by the results of "reciprocal transplant" and host choice 

experiments, which suggest that Pameridea have preference hierarchies acting at 

the speCific level but oot the sub-specific level, Phenotypic differences il1 Rolidulll 

are not large enough to affect Pamerideas' gel1etic structure at the sub specific 

level However plal1t phenotype is likely to have adaptive significance at the specific 

level 
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