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Abstract

Sinclair, E.A. & Barrett, R.L. Molecular markers provide an independent test of species boundaries 
in the two morphologically similar species Desmocladus flexuosus and D. asper (Restionaceae). 
Nuytsia 20: 7–17 (2010). Desmocladus flexuosus exhibits extensive morphological variation across 
its geographic range, and even within the Perth metropolitan area. It may be potentially confused with 
its congener, D. asper, across this region where the two are sympatric. Here we use molecular markers 
to show that these two species are genetically distinct, and describe several morphological characters 
that can aid identification in the field. 

Introduction

Restionaceae are a large clade of grass-like or sedge-like rushes, containing approximately 490 
described species (Linder et al. 1998). A combination of few morphological characters and significant 
variation in intraspecific growth form (depending on age of the plant and environmental conditions) 
make it difficult to differentiate between some species in the field, particularly in the absence of 
flower spikelets.

Genus level phylogenies for the Restionaceae, including Australian members, have been published 
based on morphological (Linder et al. 2000) and molecular data (Briggs et al. 2000, Linder et al. 
2003; Hardy and Linder 2005). However, for Australian taxa relationships below the level of genus 
have not been examined in any detail with molecular tools. 

Desmocladus flexuosus (R.Br.) B.G. Briggs & L.A.S. Johnson is widespread in the coastal regions 
of Western Australia between Kalbarri and Israelite Bay, and is broadly sympatric with D. asper (Nees) 
B.G. Briggs & L.A.S. Johnson across large parts of that region, including the Perth metropolitan area 
(Figure 1). Plants are dioecious, with individual rhizomes giving rise to many branching culms up to 
30–40 cm in height. Desmocladus flexuosus is similar morphologically to D. virgatus and D. austrinus, 
though their tufted habit makes them readily recognisable, especially in the field (Briggs and Johnson 
2001). These two species are absent from the Perth area, making D. flexuosus and D. asper the closest 
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relatives in this region. Desmocladus asper can be distinguished by its rough-tuberculate culms and 
sessile male spikelets. However, D. flexuosus and D. asper are difficult to differentiate when sterile. 
While neither species is listed as threatened, they are important species in the stabilization of soils, 
and may be required in bushland restoration projects. Here, we generate genetic markers and collect 
morphological measurements to (1) determine whether D. flexuosus and D. asper can be differentiated 
using genetic markers, and (2) assess morphological characters that may allow accurate identification 
of sterile specimens in the field.

Materials and Methods

Sampling

Fresh whole culms were sampled for genetic analysis using Amplified Fragment Length Polymorphic 
loci (AFLPs). The location of samples was recorded by GPS. Culms were collected between July and 
November 2004 with sample sizes as follows: Bold Park (n=3), Yanchep National Park/Two Rocks 
(n=9), Whitfords (n=23), Wireless Hill (n=4), Kings Park (n=15), Yalgorup National Park (n=10), 
and Thompsons Lake (n=6) (Figure 1). Culms were collected at a minimum distance of 5 m to avoid 
sampling the same plant. Vouchers for all reference material are deposited in the Kings Park and 
Botanic Gardens (KPBG) Herbarium.

Figure 1. Map showing the distributions of D. asper and D. flexuosus in Western Australia (modified from Florabase: 
http://florabase.dec.wa.gov.au/). Note the significant area of overlap between the two species. Enlargement shows the 
sampling locations for Desmocladus spp. Sample sizes are given in parentheses.
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Molecular methods

Genomic DNA was extracted using the plant Qiagen kit (Qiagen Inc.). Extractions were performed 
on material from a single culm, with approximately 0.2–0.4 g plant material ground in liquid nitrogen 
prior to extraction. AFLPs are dominant multilocus markers (Vos et al. 1995). AFLP fingerprint profiles 
were generated for each sample. The restriction enzymes used were EcoRI and MseI. Primer sequences 
for preselective PCR were (5’ to 3’) GACTGCGTACCAATTCA and GATGAGTCCTGAGTAAC. 
An additional two bases were added to the 3’ end for selective PCR primers. We used three sets of 
primers: m-CTT/e-act (6-Fam label), m-CTT/e-agg (Vic label), and m-CTT/e-acc (Ned label) (Table 1). 
Standard protocols were followed, as described in Zawko et al. (2001). Bands were visualized using 
an ABI 377 sequencer and GENESCAN software (Applied Biosystems) with internal size standard 
(GS-500 ROX; Applied Biosystems). We imported GENESCAN files into Genotyper (Applied 
Biosystems) and each DNA profile was scored for the presence (1) or absence (0) of bands between 
100 and 450 base pairs. The reproducibility of bands was assessed using five samples, each with two 
separate DNA extractions. A Principal Coordinates Analysis (PCA) was performed using GenAlEx v5 
(Peakall & Smouse 2001) to show the relative similarities of individuals. An Analysis of Molecular 
Variance (AMOVA; Excoffier et al. 1992) was performed with the GenAlEx program to determine 
the proportion of variation attributed within and between each species.

Morphological Methods

Culm morphology was examined using a light microscope. Hair type and culm texture were 
described following the terminology of McCusker (1999). Specific characters examined in detail were 
culm indumentum, culm texture, primary culm length and width, and bract dimensions (Figures 4C, 
5E). These characters were chosen, as they are available in the field regardless of season or sex of 
the clone being examined. Measurements of culm internode length and width and bract length and 
width were made from five to six internode sections for each sample. These measures were plotted in 
two dimensional plots. Means and standard deviation were determined for each character. Representative 
material of differing age and ecotypes is required to fully document the variation in several of these 
characters, particularly indumentum. 

Results

Molecular

222 AFLP bands were scored for a total of 69 samples of Desmocladus from seven locations for 
three primer pairs (Table 1). The PCA showed two distinct clusters of samples, representing the two 
morphologically similar species, D. flexuosus and D. asper (Figure 2). Cluster 1 (n=43; on the left) 
is D. flexuosus and Cluster 2 (n=26; on the right) is D. asper. The bands were highly polymorphic 
within both species (Table 1). Unique haplotypes (or DNA profiles) were identified for all samples. 
Analysis of molecular variance (AMOVA) showed that most of the genetic variation was attributed to 
within (90.0% and 94.0%) relative to among populations (10.0% and 6.0%, D. flexuosus and D. asper 
respectively).
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Primer pairs D. flexuosus (n=43)   D. asper (n=26)

  No. bands 
Poly.
bands

%poly 
bands No. bands 

Poly. 
bands

%poly 
bands

m-CTT/e-agg 39 36 92.3 50 49 98.0
m-CTT/e-acc 53 50 94.3 64 64 100.0
m-CTT/e-act 71 68 95.8 71 68 95.8

Total 163 154 94.5   185 181 97.8

Table 1. Summary of genetic variation by species

Figure 2. Principal coordinate analysis of Desmocladus spp. based on 222 AFLP markers.  
Left cluster – D. flexuosus; right cluster – D. asper. 
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Figure 3. Plot of culm internode width for Desmocladus asper and D. flexuosus. The width 
of the basal culm internode is plotted against the width of the second culm internode.

Morphological

Both species were found to have a high degree of similarity, with considerable overlap in the 
dimensions of all characters. The range of variation in culm width is shown in Figure 3. Both taxa show 
partial exclusivity in their dimensions, however, the extremes of both taxa also result in considerable 
overlap, so that a given individual may be placed in either taxon if its culm width falls in the middle 
of the range of total variation. This pattern is repeated with culm length and bract dimensions (not 
shown). Calculation of means and standard deviations for measurements of bracts (Table 2) and culms 
(Table 3) shows that while the average lengths differ, the differences are not significant. Pate and Meney 
(1999) considered culm width to be a useful character for separating the two species, describing them 
as 0.7–1.2 mm wide for D. asper and 1.0–3.0 mm wide for D. flexuosus. While we found the average 
culm width to be larger in D. flexuosus, it was not significantly so. The one exception is bract width, 
where the average for D. asper is significantly less than D. flexuosus (Table 2). Further investigation 
is required to determine if this difference holds across the entire range for both taxa. The variation 
observed here represents general plasticity in morphology and cannot be solely attributed to variation 
across the geographic ranges of either species’ due to the restricted sampling range relative to the 
total range of each species.

Indumentum type and culm texture were the only non-floral features that consistently separated the 
two taxa. Culm surface texture is best described as crowded-tuberculate in D. asper, with little or no space 
between the low rounded tubercles (Figure 4A, B; 5F), while in D. flexuosus it is sparsely tuberculate 
with the tubercles being more erect and scattered (Figure 5A, B, F). Culms of D. flexuosus are also 
finely striate (Figure 5A), while the culms of D. asper are smooth to finely pitted (punctate), becoming 
increasingly pitted with age. The culm hairs on D. asper mostly occur in sparse tufts of spreading to 
semi-erect hairs (Figure 4B), usually about 0.2–0.3 mm long, while culm hairs on D. flexuosus are 
long-villous, spreading to erect and irregularly twisted (Figure 5D), and (0.5)1.5–2.0(3.0) mm long.

C
ul

m
 w

itd
th

 in
te

rn
od

e 
2 

(m
m

)

D. flexuosus
D. asper

Culm width internode 1 (mm)






12 Nuytsia Vol. 20 (2010)

 
 

B
ra

ct
 w

id
th

 (m
m

) 
 

 
B

ra
ct

 le
ng

th
 (m

m
)

C
ul

m
 n

od
e

 
1

2
3

4
5

6
 

1
2

3
4

5
6

D
. fl

ex
uo

su
s

M
ea

n
3.

30
3.

36
3.

26
3.

18
3.

02
2.

79
8.

86
8.

78
8.

36
8.

16
6.

83
6.

50

SD
0.

62
0.

67
0.

66
0.

69
0.

79
0.

62
1.

97
1.

80
1.

71
1.

88
1.

60
2.

10

D
. a

sp
er

M
ea

n
2.

06
2.

08
2.

05
2.

19
1.

97
1.

95
5.

87
5.

72
5.

88
5.

39
5.

10
5.

31

 
SD

0.
46

0.
32

0.
25

0.
47

0.
20

0.
22

 
1.

43
1.

78
1.

70
0.

89
0.

89
0.

68

Ta
bl

e 
2.

 M
ea

n 
br

ac
t w

id
th

 a
nd

 le
ng

th
, w

ith
 st

an
da

rd
 d

ev
ia

tio
n 

(S
D

) f
or

 D
. fl

ex
uo

su
s a

nd
 D

. a
sp

er
. 

  M
ea

su
re

m
en

ts
 ta

ke
n 

fr
om

 b
as

e 
of

 p
la

nt
 u

pw
ar

ds
 a

t s
uc

ce
ss

iv
e 

no
de

s, 
on

 p
rim

ar
y 

cu
lm

s o
nl

y.



13E.A. Sinclair & R.L. Barrett, Molecular markers provide an independent test of species boundaries

C
ul

m
 in

te
rn

od
e 

w
id

th
 (m

m
)

C
ul

m
 in

te
rn

od
e 

le
ng

th
 (m

m
)

C
ul

m
 n

od
e

 
1

2
3

4
5

 
1

2
3

4
5

D
. fl

ex
uo

su
s

M
ea

n
1.

05
1.

02
0.

98
0.

92
0.

90
37

.3
6

36
.1

0
33

.4
7

31
.3

8
25

.1
4

SD
0.

23
0.

23
0.

22
0.

20
0.

19
10

.9
8

11
.1

2
10

.1
0

10
.7

7
7.

85

D
. a

sp
er

M
ea

n
0.

72
0.

72
0.

70
0.

71
0.

70
23

.1
4

25
.9

5
28

.9
5

28
.3

9
26

.5
3

 
SD

0.
17

0.
19

0.
18

0.
16

0.
17

 
5.

93
6.

46
5.

86
3.

48
4.

41

Ta
bl

e 
3.

 M
ea

n 
cu

lm
 in

te
rn

od
e 

w
id

th
 a

nd
 le

ng
th

, w
ith

 st
an

da
rd

 d
ev

ia
tio

n 
(S

D
) f

or
 D

. fl
ex

uo
su

s a
nd

 D
. a

sp
er

. 
M

ea
su

re
m

en
ts

 ta
ke

n 
fr

om
 b

as
e 

of
 p

la
nt

 u
pw

ar
ds

 a
t s

uc
ce

ss
iv

e 
in

te
rn

od
es

, o
n 

pr
im

ar
y 

cu
lm

s o
nl

y.



14 Nuytsia Vol. 20 (2010)

Figure 4. Morphology of Desmocladus asper. A – culm; B – culm with cluster hairs; C – bract; D – female spikelet;  
E – male spikelets. Voucher: R.J.Cranfield 1009/79 (PERTH).

A CB

ED



15E.A. Sinclair & R.L. Barrett, Molecular markers provide an independent test of species boundaries

Figure 5. Morphology of Desmocladus flexuosus. A – culm showing striations; B – culm showing coarse striations and sparse 
tubercles; C – male spikelet; D – young culm showing hairs; E – bract; F. – culm of D. flexuosus (L) compared to culm of  
D. asper (R). Voucher: R.D.Royce 2589 (PERTH) (as above for F(R)). 
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Discussion

The genetic data showed two distinct clusters of individuals. This was in contrast to the overlapping 
ranges on morphological measures of culm and bract length and width. Desmocladus flexuosus is 
very similar morphologically to the sympatric D. asper. Examination and scoring of the vouchered 
material, using indumentum type and culm texture, was consistent with the genetic data and confirms 
their recognition as two distinct species. We are confident that these characters can be consistently 
scored and provide a good way to differentiate between sterile specimens of the two species in the 
field. In addition, data provided by B. Briggs (pers. comm. 2006) from a draft treatment of the genus 
for the Flora of Australia provide further characters considered useful in distinguishing D. asper from 
D. flexuosus (Table 4). 

Character D. asper D. flexuosus

Culm indumentum Densely villous  Glabrous or villous

Hair length Short hairs to 0.5 mm long Hairs 0.5–2 mm long

Culm surface Culms rough, tuberculate Culms mostly smooth

Culm origin Mostly arising from short rhizomes 
distinctly thicker than the culms 
(rhizomes connected by slender 
subterranean stems)

Arising in a tuft or ascending 
from an elongated subterranean 
portion

Male spikelets Mostly in axils of culm sheaths, with 
10–21 glumes

At ends of short branches or in 
axils of culm sheaths, with 4–14 
glumes

Female spikelets 3.5–5 mm long 5.5–7.5 mm long

Table 4. Comparison of morphological characters of D. asper and D. flexuosus  
(Briggs et al. unpubl.)

While culm indumentum is a useful character, it is also variable with plant age. In both species, 
hair density decreases as culms age, and both species can eventually lose all hairs (Figure 5F). The 
material examined from the Perth region showed a distinct difference in hair type and this difference 
should be examined across the range of both species. The tuberculate surface of D. asper is distinctive 
in appearance and to the touch, however, the stems of D. flexuosus can also be rough and somewhat 
tuberculate (Figure 5B). In D. flexuosus, the tubercles are of a different shape, appearing more peaked, 
and are scattered on the culms, never forming a uniform covering as in D. asper. Culm origin requires 
examination in the field and was not specifically considered in this study. The position of the male 
spikelets (Figure 4E) is very useful and was consistent in the specimens examined. There may also 
be differences in the shape of the female floral bracts (Figs. 4D, 5C), however, this requires further 
investigation to determine the full range of variation across the species.

Desmocladus flexuosus and D. asper can be readily identified by their AFLP profiles in the laboratory. 
It is concluded that AFLP data and morphology are congruent in indicating that D. asper and D.flexuosus 
are distinct species, despite considerable variation and overlap in gross morphology.
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