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Full Length Research Article 

 Forty-three (43) Cyrtophora species are known throughout the world whereas 
only Cyrtophora citricola is suspected to occur in South Africa. Earlier 
investigations of South African representatives of the genus revealed a wide 
range of morphological features including colour and abdominal shapes, thus 
raising the need for a thorough investigation of species diversity of the genus. 
Using fresh and museum specimens sampled from 2006 to 2011, we combined 
DNA data - the mitochondrial cytochrome c oxidase subunit 1 (CO1) and nuclear 
histone H3 genes - with morphological features of the genitalia to investigate the 
question. Our genetic analysis differentiates between three to 10 potential 
species in our dataset based on H3 and CO1, respectively. Based on 
morphological characteristics, we found diverse abdominal colour variations but 
only two genitalia shapes were distinguishable in the collections; also 
suggesting that at least two species do occur in South Africa. Interestingly, 
specimens exhibiting these two distinguishable genitalia shapes also differ in 
both genetics and morphological colour variation. These specimens correspond 
to C. citricola and a potentially new species from the Malelane region. 

©2013 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
The correct identification of many spider species is still 
problematic due to complex variation in morphology 
(Barrett and Hebert, 2005). Sexual dimorphism occurs in 
the family Araneidae, making it difficult to match the 
males with females. Identification of immature spiders is 
even more problematic due to underdeveloped 
morphological characters that are useful for species 
discrimination. For example, most identification keys are 
mainly based on the morphology   of   genitalia   of   adult  
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specimens (Huber, 2004). Genital characteristics, on 
which most taxonomists rely on for the description of 
spiders, can however be occasionally misleading, due to 
polymorphism in some species (Huber and González, 
2001; Jocqué, 2002). Given all these constraints, 
identifying spiders to species level can be a challenging 
task.  

A potential tool to overcome impediments in 
morphological species identification is provided by DNA 
barcoding (Hebert et al., 2003a; b; Barrett and Hebert, 
2005; Nagoshi et al., 2011; Van der Bank et al., 2012). 
DNA barcoding approach is increasingly acknowledged 
as a tool to identify closely  related  species  (Edwards  et  



 
 
 
 
 
al., 2008; Sun et al., 2012; Van der Bank et al., 2012). 
Over the past 10 years, the barcoding approach became 
a widely used method for accelerating species 
identification, where traditional taxonomy failed, for 
example, when only small fragments of organisms devoid 
of morphological features are available (Hebert et al., 
2003a; b). It has been acknowledged not only as a tool 
for species identification, but also important in 
discovering new species (Hebert et al., 2004; Hajibabaei 
et al., 2005b). It also assists in controlling biological 
materials at ports of entry (Yassin et al., 2008; 
Newmaster and Ragupathy, 2009), conservation planning 
(Bickford et al., 2007; Forest et al.  2007), and 
surveillance of disease vectors (Nadin-Davis et al., 2012). 
Although recent analyses revealed the need for refining 
the approach (Taylor and Harris, 2012), DNA barcoding 
remains a complementary or alternative tool to traditional 
taxonomic approaches (Derocles et al., 2012; Sun et al., 
2012) especially when the preferred method of traditional 
morphology is helpless (Packer et al., 2009). 

In this study, we focus on the genus Cyrtophora Simon, 
1864 in South Africa. Members of the genus are 
commonly referred to as tent-web spiders due to the 
unique shape of their orb-web (Levi, 1997; Dippenaar-
Schoeman and Van den Berg, 2010). The genus 
comprises 43 species, as well as 9 sub-species, that are 
wide-spread across the world (Platnick, 2012). Five 
species are found in Africa namely: C. caudata 
Bösenberg and Lenz, 1895; C. citricola Forsskål, 1775; 
C. gemmosa Thorell, 1899; C. larinioides Simon, 1895 
and C. petersi Karsch, 1878 (Platnick, 2012). The 
diversity of the southern African species is little explored 
and only the cosmopolitan species C. citricola has so far 
been reported to occur for instance, in South Africa 
(Foord et al., 2002; Dippenaar-Schoeman et al., 2005; 
Dippenaar-Schoeman, 2006). The need for revisions of 
the genus Cyrtophora has been felt worldwide, leading to 
the multiple initiatives observed in several countries. For 
example, Yaginuma (1968) revised the Cyrtophora of 
Japan, Tikader (1982) focused on the fauna of India, Levi 
(1997) revised the species of the Americas and Levy 
(1998) undertook similar initiatives in Israel. In South 
Africa, although the genus has been suspected to be 
more diverse than currently thought, no formal proof has 
been provided as yet.   

The first world-wide revision of the genus was 
undertaken by Corey (1993), who studied 19 species and 
noted some important morphological variations in a 
number of cases. Cyrtophora citricola, the only species 
currently known in South Africa is one of the species in 
which colour variation has been reported (Corey, 1993; 
Edwards, 2006), thus raising the need for in-depth 
investigations. The aim of this study was to determine the 
species diversity of the genus Cyrtophora in South Africa. 
To reach this objective, we combined DNA barcode data 
(CO1) with the DNA nuclear region H3 and morphological  
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features of the abdomen and genitalia. 
 
 
MATERIALS AND METHODS 
 
Sampling  
 
We undertook a five-year long data collection from 2006 
to 2011. Our data collection included 34 specimens of the 
genus Cyrtophora which are currently housed at the 
National Collection of Arachnida (NCA), Plant Protection 
Research Institute (PPRI) of the Agricultural Research 
Council (ARC) in Pretoria, South Africa. Additional 
sampling of specimens was undertaken from sites across 
South Africa to cover as much as possible the known 
geographical ranges of the genus (Figure 1). Three 
specimens from Zimbabwe, one from Botswana and one 
from Madagascar were also included in the DNA analysis 
to allow comparison with the South African specimens. 
Newly sampled specimens were identified by the 
collectors to genus level using a field guide (Dippenaar-
Schoeman and Van den Berg, 2010) and identification 
was confirmed by the second author. Information on 
localities, GPS coordinates, altitude, habitats, and 
photographs for all specimens (excluding PZNF L1 and 
L2) is available on the international Barcode of Life 
Database (iBOLD). DNA sequences of the barcode 
region CO1 are also available on the BOLD system 
(www.boldsystems.org) and the sample and process ID 
are shown in Table 1. In total, 86 specimens were 
included in this study, consisting of 59 females, 8 males 
and 19 juveniles. 
 
 
DNA extraction, amplification and sequencing 
 
Tissues (mainly legs) were sampled and placed in a 
microplate with a drop of 100% ethanol. Specimens were 
preserved and handled following the guidelines set in 
Hajibabaei et al. (2005a). The microplate was sent to the 
Canadian Centre for DNA Barcoding (CCDB) where the 
CO1 gene was sequenced using standard CCDB 
protocol (www.dnabarcoding.ca). 

DNA extraction, amplification and sequencing of the H3 
gene (and the CO1 gene of PZNF L1 and 2) were done 
at the African Centre for DNA Barcoding (ACDB; 
www.acdb.co.za), University of Johannesburg in South 
Africa. QIAprep Spin Miniprep Kit (Qiagen, Switzerland) 
protocols and equipment were used for these purposes.  

The polymerase chain reaction (PCR) of the nuclear H3 
gene was done using the primer pair H3aF (5’ 
ATGGCTCGTACCAAGCAGACVGC 3’) and H3aR (5’ 
ATATCCTTRGGCATRATRGTGAC 3’). Each PCR 
reaction contained 22 µl PCR Master Mix (Thermo 
Scientific, Japan), 1 µl forward primer, 1 µl reverse 
primer, 0.5 µl BSA and 0.5 µl DMSO. The volume of DNA  
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Figure 1. Sites where Cyrtophora specimens were sampled in South Africa. 

 
 
 
template added was calculated according to the 
concentration of DNA after extraction. The PCR thermal 
regime started with one cycle at 94°C for 3 min, a further 
30 cycles of 94°C for 1 min, 48°C for 1 min and 72°C for 
3 min and a final cycle of 72°C for 7 min. PCR products 
were cleaned according to the QIAquick (Qiagen, 
Switzerland) protocol.  

Cycle-sequencing was done using 1.5 µl sequencing 
buffer, 0.3 µl primer, 0.5 µl DMSO, 0.5µl Big Dye 
Terminator (Applied Biosystems, SA) and 35ng DNA 
template. The cycle sequencing thermal regime consisted 
of 26 cycles at 96°C for 10 s, 50°C for 5 s and 60°C for 4 
min. The cycle sequencing products were cleaned and 
DNA sequencing was done on an ABI 3130x1 genetic 
analyser. 

Genetic distances between specimens’ DNA 
sequences 
 
Sequences were edited and aligned using the MUltiple 
Sequence Comparison by Log Expectation (MUSCLE) 
program (Edgar, 2004). Genetic distances (mean, 
minimum, maximum and pairwise distances between 
specimens) were calculated for CO1, H3 and CO1 + H3 
(combined). The standard model of evolution used in 
DNA barcoding studies, that is, the Kimura 2-parameter 
(K2P) model was used for the calculation of genetic 
distances (Kimura, 1980). The genetic variation within 
DNA regions was also assessed using the Tajima’s K 
index of divergence (Tajima, 1983). This index was 
evaluated as the mean number of  substitutions  between 
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Table 1. Sample and BOLD process ID for each specimen studied genetically and morphologically according to the BOLD system. 
 

Sample ID Process ID Sample ID Process ID Sample ID Process ID Sample ID Process ID 

PZNF-0001 HVDBS286-11 PZNF-0024 HVDBS309-11 PZNF-0046 HVDBS331-11 PZNF-0070 HVDBS355-11 

PZNF-0002 HVDBS287-11 PZNF-0025 HVDBS310-11 PZNF-0047 HVDBS332-11 PZNF-0071 HVDBS356-11 

PZNF-0003 HVDBS288-11 PZNF-0026 HVDBS311-11 PZNF-0048 HVDBS333-11 PZNF-0072 HVDBS357-11 

PZNF-0004 HVDBS289-11 PZNF-0027 HVDBS312-11 PZNF-0049 HVDBS334-11 PZNF-0073 HVDBS358-11 

PZNF-0006 HVDBS291-11 PZNF-0028 HVDBS313-11 PZNF-0050 HVDBS335-11 PZNF-0074 HVDBS359-11 

PZNF-0007 HVDBS292-11 PZNF-0029 HVDBS314-11 PZNF-0053 HVDBS338-11 PZNF-0077 HVDBS362-11 

PZNF-0008 HVDBS293-11 PZNF-0030 HVDBS315-11 PZNF-0054 HVDBS339-11 PZNF-0078 HVDBS363-11 

PZNF-0010 HVDBS295-11 PZNF-0031 HVDBS316-11 PZNF-0055 HVDBS340-11 PZNF-0080 HVDBS365-11 

PZNF-0011 HVDBS296-11 PZNF-0032 HVDBS317-11 PZNF-0056 HVDBS341-11 PZNF-0081 HVDBS366-11 

PZNF-0012 HVDBS297-11 PZNF-0033 HVDBS318-11 PZNF-0057 HVDBS342-11 PZNF-0082 HVDBS367-11 

PZNF-0013 HVDBS298-11 PZNF-0034 HVDBS319-11 PZNF-0058 HVDBS343-11 PZNF-0083 HVDBS368-11 

PZNF-0014 HVDBS299-11 PZNF-0035 HVDBS320-11 PZNF-0059 HVDBS344-11 PZNF-0084 HVDBS369-11 

PZNF-0015 HVDBS300-11 PZNF-0036 HVDBS321-11 PZNF-0060 HVDBS345-11 PZNF-0087 HVDBS372-11 

PZNF-0016 HVDBS301-11 PZNF-0037 HVDBS322-11 PZNF-0061 HVDBS346-11 PZNF-0088 HVDBS373-11 

PZNF-0017 HVDBS302-11 PZNF-0038 HVDBS323-11 PZNF-0063 HVDBS348-11 PZNF-0089 HVDBS374-11 

PZNF-0018 HVDBS303-11 PZNF-0039 HVDBS324-11 PZNF-0064 HVDBS349-11 PZNF-0090 HVDBS375-11 

PZNF-0019 HVDBS304-11 PZNF-0040 HVDBS325-11 PZNF-0065 HVDBS350-11 PZNF-0091 HVDBS376-11 

PZNF-0020 HVDBS305-11 PZNF-0041 HVDBS326-11 PZNF-0066 HVDBS351-11 PZNF-0092 HVDBS377-11 

PZNF-0021 HVDBS306-11 PZNF-0042 HVDBS327-11 PZNF-0067 HVDBS352-11 PZNF-0093 HVDBS378-11 

PZNF-0022 HVDBS307-11 PZNF-0044 HVDBS329-11 PZNF-0068 HVDBS353-11 PZNF-0094 HVDBS379-11 

PZNF-0023 HVDBS308-11 PZNF-0045 HVDBS330-11 PZNF-0069 HVDBS354-11 PZNF-0095 HVDBS380-11 
 

 
 

two sequences. All these analyses were done 
using the R program SPIDER (Brown et al., 2012). 
 
 
DNA barcoding tests of species delimitation 
 
Species delimitation based on DNA sequences 
requires a prior knowledge of a genetic distance 
as a threshold. We determined this genetic cut-off 
using the function "localMinima" implemented in 
the R package SPIDER. Based on the threshold 
distance identified, we evaluated the number of 
"molecular operational taxonomic units" (MOTU; 
Jones et al., 2011) or  "genetic  species"  (Bradley 

and Baker, 2001; Saunders and McDevit, 2013) in 
our dataset of CO1, H3 and combined regions. 
Here, MOTUs or genetic species are defined as 
groups or clusters of specimens that are within the 
identified genetic threshold. Identifying MOTU in a 
matrix of DNA sequences is generally well 
indicated in a situation where the number of 
morpho-species is unknown (Jones et al., 2011), 
thus providing a proxy for the species richness in 
a particular geographic region (Saunders and 
McDevit, 2013). This MOTU or "genetic species" 
was determined using the function "tclust" also in 
the package SPIDER. This function clusters 
specimens  according  to  their  genetic  distances 

relative to the threshold used. If two specimens 
are more distant than threshold from each other, 
but both are within threshold of a third, all three 
are contained in a single cluster or MOTU. Finally, 
all specimens grouped in each MOTU were 
identified using the function “lapply”, also 
implemented in SPIDER program. 
 
 
Tree reconstruction (MP Tree analysis) 
 
A phylogenetic tree was  reconstructed  using  MP  
approach (maximum parsimony). Tree 
assemblages were done using heuristic  searches 
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with 1000 random sequence additions, but keeping only 
10 trees per replicate to reduce time spent on branch 
swapping in each replicate. Tree bisection-reconnection 
was done with all character transformations treated as 
equally likely, that is, Fitch parsimony (Fitch, 1971).  
Phylogenetic Analysis Using Parsimony (PAUP*) 
(Swofford, 2003) was used for MP searches and 
bootstrap (BP) resampling. BP values greater than 70% 
were considered as strong support (Hillis and Bull, 1993). 
Mecynogea lemniscata (Walckenaer, 1841) (Araneae: 
Araneidae) was used as the out-group due to 
morphologic similarities to Cyrtophora (Corey, 1993; 
Scharff and Coddington, 1997). Three sequences 
retrieved from GenBank were included, one for C. 
moluccensis (Accession number: FJ607560; Blackledge 
et al., 2009) and one for C. citricola (Accession number: 
DQ973168; Johannesen et al., 2006) for the CO1 matrix 
(marked with an asterisk on Figure 2) and one for C. 
moluccensis (Accession number: FJ607599; Blackledge 
et al., 2009) for the H3 matrix (marked with an asterisk on 
Figure 3). The MP trees were used to determine species 
groupings, which were compared with those that resulted 
from DNA barcoding MOTU delimitation using SPIDER. 
 
 
Morphological characterisation 
 
Specimen examination 
 
General body features were studied and the abdomens 
photographed for all specimens using a Zeiss KL2500 
LCD Stereo microscope (Carl Zeiss, SA) fitted with a Carl 
Zeiss Axio Camera (Carl Zeiss, SA). Special note was 
taken of abdominal characters including colour, tubercle 
pronunciation and general shape. Male and female 
genitalia were dissected. The female genitalia were then 
mounted temporarily on a slide in polyvinyl alcohol 
solution (PVA) (Walter and Kranz, 2009) and studied 
under an Olympus SZX7 dissection microscope 
(Olympus, Japan) with a Leica 2 light source (Leica 
Microsystems, Holland). Illustrations of the genitalia of 
males and females were drawn at a 6.3x10 magnification 
freehand or with a drawing tube mounted on a Wild M5 
stereo microscope (Wild Heerbrugg AG, Switzerland) at 
50× magnification. The external female genitalia were 
drawn in ventral and posterior view to show the epigynal 
lip and openings. Illustrations of the male genitalia were 
of the left pedipalp. The dissected genitalia were placed 
in glass vials and stored with the respective specimen. 
Only the abdominal shape and colouration was studied 
because the abdomen is the main morphological feature 
noticed in the web, especially when the spiders are hiding 
amongst debris. The abdomen has features, such as the 
three tubercle pairs characteristic for C. citricola, which 
are not present in most other species of this genus 
(Corey, 1993).  

 
 
 
 
RESULTS  
 
Genetic distances 
 
Cytochrome c oxidase subunit 1 dataset 
 
Eighty-six (86) DNA sequences were generated for CO1. 
Aligned sequences were made up of 666 base pairs (bp) 
with the following proportions: A: 28%; C: 14.3%; G: 
18.3% and T: 39.4%. The pairwise genetic distances vary 
from 0 (zero) to 0.172 (mean=0.066) between specimens. 
Tajima’s K index of divergence between CO1 sequences 
was 34.92 substitutions between two sequences. Based 
on variation within CO1 sequences, the optimised genetic 
cut-off for MOTU delimitation was estimated at 0.019 
(~2%). Based on this threshold, the barcoding approach 
of species delimitation clusters all specimens in 10 
MOTU or "genetic species". 

The MP tree (Figure 2) distinguishes all specimens into 
10 clusters or MOTU (or genetic species) with strong 
support (BP≥90). These MOTU are labelled I to X on the 
tree (Figure 2). The C. moluccensis (FJ607560) 
specimen from GenBank (marked with an asterisk) 
clustered within the MOTU I (indicated in purple) with 
strong support (BP=90). However, the C. citricola 
(DQ973168) specimen also retrieved from GenBank 
grouped separately from the rest of the specimens 
included in the analysis (Figure 2).  

Divergence between all individuals averaged 6.68% 
(range: 0-16.79%; Tables 2 and 3). The distances within 
MOTU ranged from a minimum of 0 to 2.48% in MOTU IX 
(Table 2). The individual distances between MOTU 
ranged from 2.58% between MOTU IX and X to 16.79% 
between MOTU I and V (Table 3). The mean distance 
within MOTU (0.20%±0.27) was almost 44 times lower 
than the mean distance between MOTU (8.78%±4.28).  
 
 
Nuclear histone H3 genes  
 
For the H3 region, 39 DNA sequences were generated as 
only positively identified male and female (no juveniles) 
spiders were included. The H3 sequences were 
generated to allow comparison of results with those of 
CO1. Aligned sequences were made of 389 bp. Base 
composition was A: 27.5%; C: 26.9%; G: 24.2% and T: 
21.4%. The pairwise genetic distances varied from 0 to 
0.096 (mean=0.020) between sequences. Tajima’s K 
index of divergence between H3 sequences was 2.88 
substitutions between two sequences. The threshold for 
H3 was 0.036 (~3.6%), and the 39 specimens were 
grouped into three MOTU, also labelled as I and III 
following the labels adopted for CO1. 

The MP tree grouped MOTU I with III, with poor BP 
support (60%). A newly identified MOTU in H3 analysis 
that we referred to as MOTU  XI  included  all  the  MOTU  
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Figure 2. Maximum parsimony tree showing species orientation 
of Cyrtophora distinguished by iBOLD analysis of the CO1 gene. 
Species I is indicated in purple and species III in blue. 

GENBANK samples are indicated with an asterisk. The out-
group is Mecynogea lemniscata. Numbers below branches 
indicate BP values. 
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Figure 3. Maximum parsimony tree showing species orientation of Cyrtophora distinguished 

by the H3 gene. Species I is indicated in purple and species III in blue. The GENBANK sample 
is indicated with an asterisk. Numbers below branches indicate BP values.
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Table 2. Mean, standard deviation and range of intra-specific K2P distances between 10 Cyrtophora species groups generated from 
BOLD for the CO1 gene. 
 

Clusters/MOTU identified 
based on genetic distances 

Number of individuals 
in each MOTU 

Mean % divergence Standard deviation Range 

I 2 0 0 N/A 

II 1 N/A N/A N/A 

III 1 N/A N/A N/A 

IV 37 0.16 ±0.14 0-0.46 

V 14 0.15 ±0.32 0-1.08 

VI 4 0.69 ±0.44 0-1.39 

VII 11 0.54 ±0.24 0-0.92 

VIII 7 0 0 N/A 

IX 6 1.36 ±0.69 0-2.48 

X 1 N/A N/A N/A 
 

N/A = Not applicable. 
 
 
 

Table 3. Mean, standard deviation and range of inter-specific K2P distances for the 10 Cyrtophora species groups generated from 
BOLD for the CO1 gene. 
 

Species Number of specimen Mean % divergence Standard deviation Range 

I 2 15.22 ±1.01 14.30-16.79 
II 1 10.23 ±1.46 8.97-15.70 
III 1 5.92 ±3.73 3.16-15.11 
IV 37 8.04 ±4.01 3.01-14.30 
V 14 11.14 ±4.38 3.11-16.79 
VI 4 6.25 ±4.38 3.01-15.19 
VII 11 7.47 ±4.06 4.54-16.26 
VIII 7 9.58 ±3.28 3.11-15.13 
IX 6 7.04 ±4.29 2.58-15.57 
X 1 6.26 ±4.11 2.58-15.67 

 
 
 

IV-X initially distinguished in the CO1 analysis. This 
MOTU XI did not receive strong support (70%). 

C. moluccensis (FJ607599) specimen from GenBank 
was also included in the H3 analysis. However, unlike the 
CO1 analysis, this specimen was separated from all the 
analysed specimens (Figure 3). 
 
 
Combined 
 
The combined DNA matrix included 39 sequences for 
which both CO1 and H3 sequences are available. The 
aligned sequences are 1035 bp long composed of A: 
27.7%; C: 18.8%; G: 20.50% and T: 33%. The pairwise 
genetic distances vary from 0 to 0.139 (mean=0.057). An 
optimised threshold of 0.053 (~5.3%) was obtained for 
the combined genes, resulting in a total of three MOTU 
identified. MOTU I (purple) was once again separated 
from all the other specimens. However, the MOTU XI that 
was isolated in H3 analysis was distinguished into two 
separate groups that was  labelled,  MOTU  XI  groups  A  

and B (Figure 4).  
The MP tree grouped all the specimens in a way similar 

to that of the CO1 analysis (Figure 4), except for MOTU II 
and X (which were not analysed for the H3 gene). The 
combined analysis resulted in 100% bootstrap values for 
MOTU V and VII as in the CO1 analysis. The support 
decreased for MOTU IV (97 to 86%), VI (99 to 97%) and 
VIII (100 to 88%), and increased for MOTU I (90 to 
100%) and IX (90 to 97%). 

The number of MOTU indicated by the individual gene 
analysis ranged from three (for H3) to 10 (for CO1) and 
two for the combined analysis. In an attempt to search for 
convergence between DNA and morphological data, we 
also analysed the morphological characteristics of the 
abdominal and genital morphology of all the specimens. 
In spiders, as in many other invertebrates, the genital 
morphology is used as the main distinguishing 
morphological character in alpha taxonomy (Huber, 
2004). When comparing the variation in genital structure 
to the results of genetic analysis, we found evidence for 
discrepancy between the two analyses  (morphology  and 



 
Franzini et al.          29
 
 
 

 
 
Figure 4. Maximum parsimony tree showing species orientation of Cyrtophora distinguished by the 

combined analysis of both the CO1 and H3 genes determined by SPIDER (species I, XI(A) and XI(B)) 
and MP tree analysis (species I, III-IX) in comparison with genitalia assessment. Species I is 
indicated in purple and species III in blue. Species XI is separated into groups A and B. 
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Figure 5. Abdomen of specimens of C. citricola (a-j) and Cyrtophora species I(k-l) [Location: Hermanus, Western Cape (a); 
Worcester, Western Cape (b, d); Randburg, Gauteng (e), Little Leigh, Limpopo (g); Makwassie, North West (f); Brandfort District, 
Free State (c, h-i); Kimberley, Northern Cape (j) and Malelane, Mpumalanga (k-l)].  

 
 

 

genetic). The analysis of the genitalia indicated two 
possible morphological categorisations of which one 
corresponds to the features of C. citricola and the other 
one corresponding to a potential new species that we 
identified as Cyrtophora species I. This Cyrtophora 
species I corresponds to MOTU I. Abdominal variation 
was considerable within C. citricola especially in terms of 
the abdominal shape and pronunciation of tubercles, 
which can be influenced by immaturity, pregnancy and 
food.   
 
 
Cyrtophora citricola 
 
Thirty-seven (37) specimens, studied with both genes, 
are  identified  morphologically  (using   genitalia)   as   C. 

citricola. In the abdomens, some dark forms exhibit light 
tear-shaped markings over the tubercles (Figures 5g and 
h). 

The small sample size and uneven covering of 
sampling efforts precludes us from linking the variation in 
abdominal colour patterns and genetic variation to the 
locality where specimens were collected. For example, 
the tear-shaped markings were only recorded for some 
individuals from Little Leigh (Figure 5g) and Venetia 
Limpopo Reserve in Limpopo and Brandfort District in the 
Free State (Figures 5c, h and i) while in two other 
specimens collected from Venetia Limpopo Reserve and 
Brandfort District, this feature was absent (Figure 5c).  

All epigynes studied had an epigynal lip and cup-
shaped structures exhibiting concave inner margins 
(Figure 6). The male pedipalps were distinct  in  having  a 
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Figure 6. Illustrations of female epigynes of C. citricola (a-b) and Cyrtophora species I (c-d). Vertical view: a 

and c; posterior view: b and d (Location: Venetia, Limpopo (a-b) and Malelane, Mpumalanga (c-d)). CD, 
coiled ducts; CS, cup-shaped structure; L, epigynal lip. 

 
 
 
 
median apophysis and well developed conductor (Figure 
7). 

The shape of abdomen is variable in C. citricola. In 
females, shape ranges from elongated to more oval with 
slight to pronounced bifurculation posteriorly and one to 
three pairs of slight to pronounced tubercles. Colour 
varies from dark to light and intermediate. Some dark 
forms exhibit light tear-shaped markings over the 
tubercles (Figures 5g and h). Epigynes varied slightly in 
size but overall they were consistent in defining features 
such as the cup-shaped structures and short epigynal lip. 
 
 
Cyrtophora (Malelane) species I 
 
All three genetic analyses (CO1, H3 and combined) 
clustered the two female specimens from Malelane in a 
single MOTU, which is clearly distinguishable from all 
other MOTU on all three MP trees with strong support 
(BP>90) (Figures 2, 3 and 4). However, the MP tree 
reconstructed using H3 gene did cluster a Madagascan 
specimen with Cyrtophora species I with poor support 
(BP=60). 

The two female specimens, sampled from Malelane in 
the Mpumalanga Province, have long and narrow 
abdomens with  an  anterior  median  tubercle  and  slight 

bifurculation at the posterior end, and a white band along 
the anterior border of the abdomen (Figures 5k and l). 
The female epigyne has a distinct spoon-shaped lip 
(Figures 6c and d). This species has no tubercle pairs on 
the abdomen, with the abdomen being thinner and longer 
than that of C. citricola. A single, anterior median tubercle 
is present on the abdomen which was absent in C. 
citricola specimens. The abdomen lacked the distinct 
markings of C. citricola (Figure 5). The epigyne is more 
flattened than that of C. citricola, and has a more 
pronounced spoon-like lip with the shape of the cup-like  
structure different from C. citricola (Figure 6).  
 
 
DISCUSSION 
 
Cyrtophora specimens have frequently been recorded 
during zoological surveys in South Africa. Due to the wide 
range of morphological variation in colour and shape, the 
question was asked whether they all belong to the 
cosmopolitan species C. citricola. This question has 
never been investigated in the country. Our analysis of 
both CO1 and H3 genes showed different results to what 
has previously been thought, indicating that the South 
African representatives of the genus Cyrtophora might be 
more  diverse  than  currently  thought.  To  test  this,   we
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Figure 7. Illustrations of the male pedipalp of a specimen of C. citricola from 
Roodepoort, Gauteng: a) prolateral, b) retrolateral and c) ventral views. Key: E, 
Embolus; MA, medium apophysis; PC, paracymbium; C, cymbium. 

 
 
 
included in our analysis CO1 DNA sequences of C. 
citricola and C. moluccensis that we retrieved from 
GenBank; we also included in our H3 matrix, H3 DNA 
sequences of C. moluccensis also retrieved from 
GenBank. 

In the CO1 analysis, C. moluccensis grouped with 
MOTU I whereas the same species was separated from 
the rest of the specimens, including MOTU I in the H3 
analysis (Figure 3). Moreover, C. citricola was completely 
separated from all the specimens analysed for CO1 in the 
present study, which were assumed to belong to this 
same species. There are three possible reasons for this 
finding: Either C. citricola was not represented amongst 
the specimens collected and does not occur in South 
Africa or CO1 region is not informative enough for 
species delineation in this group. It is also possible that 
the GenBank specimen was initially misidentified. Some 
studies have previously raised this issue of wrong 
labelling of DNA sequences on GenBank (e.g. Meier et 

al., 2008). The latter two possibilities  could  account  for  
our results given our high level of confidence in the 
morphological identification of C. citricola. 

In order to successfully distinguish between species 
using genetic approach, the genetic distance between 
species, that is, the inter-specific distance should be 
significantly greater than the intra-specific distance. 
Comparing genetic distances between MOTU, our proxy 
for morpho-species, we found that the mean inter-specific 
distances were at least five times greater than the 
corresponding mean intra-specific distance. This result 
indicates that the number of MOTU ranging between 3 
and 10, might truly reflect the pattern of species diversity 
of the genus Citricola in South Africa. In other words, our 
analysis of genetic diversity indicates that there is likely 
more than one species of Citricola occurring in South 
Africa. Furthermore, a recent study on the spider genus 
Pimus Chamberlin, 1947 (Family Amaurobiidae) reported 
mean inter-specific K2P distances ranging  between  6.16 
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and 14.83% (Keith, 2010). In the present study, the range 
of genetic distances between MOTU of Citricola (5.92-
15.22%) is comparable to that reported by Keith (2010), 
further suggesting that MOTU might be a good surrogate 
of morpho-species of Citricola, especially given that the 
nodes subtending these MOTU on the tree were 
generally well supported. Nevertheless, it remains 
possible that the pattern of genetic variation might be 
influenced by incomplete lineage sorting and geographic 
structure (Madisson and Knowles, 2006).  

To further investigate species delimitation within the 
genus, we also considered a morphological angle, 
analysing the genitalia of mature specimens to assess 
whether the differentiation between MOTU has a 
morphological support. We found two broad 
morphological details in our collection, of which one 
corresponds to epigynal characteristics consistent with 
the morphological features of C. citricola (Corey, 1993; 
Levi, 1997; 2002), thus confirming the existence of C. 
citricola in South Africa. This finding casts doubt on the 
identification of the GenBank sequences of C. citricola. 
The second category of morphological features concerns 
epigynal lip and cup-shape structures, and these features 
were found only in our MOTU I. Overall, we found 
congruence between genetic and morphological analyses 
for only two MOTU, suggesting confidently that at least 
two species can be distinguished, C. citricola and a 
potentially new species corresponding to MOTU I. An 
important question remains however: Why do we observe 
a higher number of MOTU that cannot be distinguished 
morphologically? One explanation could be linked to an 
incomplete lineage sorting. An alternative hypothesis 
could also be linked to the differences in rate of genetic 
changes versus morphological differentiation. For 
instance, a rapid genetic variation can occur with no or 
little morphological changes (Adams et al., 2009) or vice-
versa (Wiens and Penkrot, 2002; Collar et al., 2010). 
Such evidence of contrasting patterns between genetic 
and morphological rate variation has been revealed in 
earlier studies of species delimitation in several groups 
including spiders (Bond et al., 2001). Clearly, there is a 
need for further analysis to investigate whether there are 
morphological changes in other organs different from the 
commonly used genitalia that can corroborate the genetic 
variation indicated by the isolation of MOTU. Pending 
these additional analyses the current study provides 
evidence that the genus Cyrtophora is more diverse than 
currently thought in South Africa. A thorough combination 
of genetic variation, morphological and ecological 
information is urgently required for a better assessment 
of species richness of Cyrtophora in Southern Africa.  
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