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Abstract

Marron, Cherax tenuimanus and Cherax cainii (Austin) being two of the largest
freshwater crayfish species in the world, are highly sought after by recreational anglers
and form the basis of an expanding aquaculture industry in western Australia. This study
investigates the potential for using mitochondrial protein coding gene regions for
studying geographic patterns of genetic divergence among marron populations. Partial
sequences of Cytochrome b (Cyt b) (471bp) and Cytochrome Oxidase 1 (COI) (600bp)
gene regions were obtained from marron representing 13 populations from southwest
Western Australia, and from Kangaroo Island, South Australia. Two data sets that
derived from Cyt b and COI gene regions showed significant phylogenetic signal. Within
C. cainii, twelve COI and ten Cyt b haplotypes were observed from the 14 locations with
little intrapopulation diversity and with few haplotypes found at more than one location.
Average divergence between species is Average divergence within C. cainii is 0.64% for
Cyt b and 1.58% for COI gene region. Average divergence between C. cainii and C,
tenuimanus is 12.17% and 5.89% for Cyt b and COI gene regions respectively. The
phylogenetic analyses indicated that the two marron species, C. fenuimanus and C. cainii
are quite divergent and provide evidence for geographic fragmentation in C. cainii. In C.
cainii, the most significant phylogenetic structure was among samples from Western
Australia’s south coast river systems compared to the samples from the northern part of
the species distribution which showed much less diversity. The study indicates that both
the COI and Cyt b gene regions will be valuable for studying geographic population
structure within the widespread species, C. cainii.

Introduction

The management of commercial, recreational and cultured fish and invertebrate species
is benefiting from the greater availability of molecular genetic information for genetic
studies (Ward and Grewe 1994). This information is essential for identifying
evolutionary significant units, establishing management units (Moritz 1994a, b) and
discovering cryptic species; all of which is vital for formulation of effective management
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practices for sustainable exploitation and conservation of biodiversity. The ability to
encs themselves rather than just estimate their

examine the genealogy of phylogeny of g
the tapidly expanding field of phylogeography

frequencies has led to the development of
(Avise 2000). This approach allows genetic variation within and between populations 10
be interpreted in @ gEOgrap

patierns of divergence due 10 recent iSO

hical and historical context and allows distinguishing recent

lation from historical events.

tenuimanus Smith (1912) and C. cainii Austin and Ryan

Species of marron, Cherax
(2002), are the largest freshwater crayfish in Western Australia (WA) and one of the
¢ and Morrissy 2000). Marron arc

largest freshwater crayfish in the world (Lawrend
highly sought after by recreational anglers and are a popular candidate for aquaculture.
As a consequence, masron have been extensively translocated (Morrissy 1978, Lawrence
and Morrissy 2000). They have been introduced to several other states in Australia where
feral populations have become established, as well as to 2 qumber of countries in both
the Northern and gouthern Hemispheres (Lawrence and Morrissy 2000). In Western
Australia marron have thought to be restricted to a limited number of river sysiems in the

-west of the state, but their distribution has now been substantially

extreme south
made water bodies as

extended in recent times by translocations t0 both natural and man-

a result of their popularity for aquaculture and recreational fishing (Lawrence and

Morrissy 2000).

Molecular markers are generally the predominate method for assessing population

d measuring genetic diversity within and between populations of

genetic structure an
commercial fish and invertebrate species (Avise 1994, Johnson 2000). Most population

genetic studies that utilise DNA sequencing survey the mitochondrial genome, given its
rapid evolution, small effective population size and clonal inheritance (Avise 2000). This
last aspect is especially jmportant as it means that individual genotypes (haplotypes)

retain genealogical information in the form of base substitutions.

Analysis of mitochondrial DNA sequences have been successfully used in number of
freshwater crayfish studies to address a range of questions in the field of population
genetics, taxonomy and phylogenetics (Crandall et al. 1995, 1999, Lawler and Crandall
1998, Ponniah and Hughes 1998, Hansen and Smolenski 2000, Munasinghe &t al.,

2003). A recent molecular systematic study by Munasinghe et al. (2003) of a range of

Cherax species from the south west of Western Australia showed that for marron,
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fragme .

e il o h 126 10 165 dowed il spec wiaon i
e rogions were mo e-Cytochrome Oxx-dase 1 (COD) and Cytochrome b (Cyt b)
sopulations of maImnre vanablle. .As Munasinghe et al. (2003) only examined five
incomporating aine add't‘ov‘erl a l1m1t§d geographic range, we extended this work by
in the south west of \;;:tzé:_npzi::;zlns ﬁom throughout most of its geographic range

. using sequences from t

regions. The objective of this study is to evaluate the effective:Zsf(zi' ::juz?:e:) ii‘:

these two i
gene regions to investi ic di
gate genetic divergence am
on i
between two marron species. B menon populatons and

Materials and Methods

A. Collection of samples

Marron s ;
Australia.argzrljls)l:;e;efe{:btau;:d o ]-3 loca'tions throughout the southwest of Western
I ande (l:o th.ed using baited traps. Either a leg was removed from
liquid N2 or dry ice and :uzce in 90-95% EtOH or the whole crayfish were frozen in
a previous study (Munasingshequently stored at ~20°C in the laboratory. Sequences from
WAR, INR) were provio ]e et al.-2003) for five sample sites (MAR, BEB, DON
493626 AF493631Pand :;Y4gsubm1tted to GenBank under accession numbers AI;
sample of marron from a feral Pozpr:lgl:ti;nAfI:oé:iaig for COT and Cyt b respectively. A
samole of , i garoo island was also included
wasl:lsez :a :umquecannatus Gray (1845) from the Canning River, Western Au:rn:.a
outgroup. The sample collection sites are given in the Figure 1 ia

13. DNA extraction and amplification of Mitochondrial DNA
otal DNA i
O w?s extracted using the method outlined by Crandall et al. (1995) fr
i i '
e )SS;le rom either marron legs or from the abdomen. An approximat 60)0 bOm
irs ra i i ' e
e P . AgFmem,Of mitochondrial COI gene was amplified with the oligonucl E.lSe
P, S 5 CTACAAATCATAAAGATATTG 3 d Eonucleonds
TTCAGGGTGA , : and CABR 3
o et ZJCAAAAAATC 3’ (modified from Folmer et al. 1994). In additi
) e y. 70 bp fragment of the mitochondrial Cyt b gene was mpli o
C:se samples using YTF 5’TTACCTT GAGGACAAATATCAT 3 a(;n e
CCTCCTAAT o ~ and YIBR >
TTATTAGGAA 3’ primers (Munasinghe et al. 2003). PCR ansd

sequencing reaction volumes and
'[hel’mal-c c]e
Munasinghe et al. (2003). ycler parameters were as employed by
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Figure 1. Sampling sites.

ogenetic reconstruction
d using Edit View software and edited using

the Seq-Pup program (Gil guences Were aligned manually because no
insertions or deletions were detected. Phylogenetic analyses were carried out using
PAUP 4.0b10 (Swofford 2000) unless otherwise stated. Modeltest 3.04 (Posada and
Crandall 1998) was used to obtain the most appropriate model of evolution for the two

calculated using the resutiant model of

gene regions. Pair wise sequence divergence was
nucleotide sequence evolution. Phylogenetic signal within data sets were assessed using
g1 (Hillis and Huelsenbeck 1992) statistics from the random tree distribution option

C. Data analysis and phy!
The sequence chromatograms were ViEwe
bert 1997). Se

the
of PAUP 4.0b10.
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;’:j&:i(:fj:;c ana‘lyses were cm‘lducted using the three different optimality criterion;
S volution (ME), Maximum Parsimony (MP) and Maximum Like}ihood (ML;
durin(; ;:"l;;Em::;l;(; sequence evolution determined from Modeltest were employed
mployine 10 o s anaflyses. For MP a.n-d ML analyses a heuristic search option
B b o 'ns egwnse seque.nce addltlorTs and Tree Bisection and Reconnection
oo, procedu:)l g.h onﬁdence-: in the resulting relationships was assessed using the
o . with 200 replicate data sets for ML and 1000 for ME and MP
o )IrVI a{.idi mino acid se.quences were obtained using the MacClade program (Maddison
(]9_87)- son 1992). Finally, Haplotype diversity (h) was calculated according to Nei

Results

Approxi i

Sepp n;airely 600 bp of the COI gene region and 470 bp of Cyt b gene regions were
ue indivi

" Icll . nee (;rm 34 individual marron samples representing two species, C. cainii and C
uimanus, from 13 locations in the sou ' ‘

th west of Western Australi

- ! stralia and one sample

o gf'ﬂoo Island. All new unique haplotype sequences for each gene regien have

o ubmitted to GenBank (Accession Numbers for COI AF 510181 — AF510187, f

-~ ) - , for
yt . ‘510176 AF 510180). Sequence alignments for Cyt b and COI i
are given in Annex I and 11. S

::e c}fa;acter.istics of the two gene regions are summarised in the Table 1.The proportion
Bo;af;:t;es ztl:e:n:i':tl’l.ﬂ% for Cyt b gene region and 17.00% for COI gene region.
ol 056 fr (;:Is;gmﬁcant phylogenetic signal for all taxa (gl = -0.81 for Cyt b
oL P 0_61) . Tr;T > 0:01) as well as ingroup taxa (-0.79 for Cyt b and -0.55 for
v (132 fo;- o b a‘:l(fiatllﬂz ;vef:)er ogsg;ved f(')r both gene regions at the intraspecific
interspe'ciﬁc level (5.19 for Cyt b and 2.51 )for’lggl)é;l:lzzf:lil;r:i::r s ﬂ.le
nucleotide divergence levels. The intraspecific divergence levels (uncorr candbe "y
T 1.49%. for Cyt b gene region and from 0 — 3.67% for COI - _ra“ged |
interspecific divergence levels (uncorrected) ranged from 11.67 1g2e§eo rosion. The
region and 4.83 — 7.00% for COI gene region. ©7 1236 for Gyt b

At . . .
: otal of 200 and 158 amino acid residues were obtained for the translated COI and C
- an
f gel-le fragments respectively. These amino acid sequences appeared to b y
unctional proteins as they lacked stop codons, frame shifis and deletions. Am e pz;:t o
. Among the C.
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cainii samples, 12 COI and 10 Cyt b haplotypes were observed with all individuals

sampled from the same location having the haplotype with the exception of Logue Brook
Dam (LOG! and LOG?2) (Annex 1 and 1D). In general the greatest haplotype diversity was
observed among samples from along the south coast (h = 0.83 for Cyt b and COTY) and the
Jeast among samples from the northern part (h = 0.64 for Cyt b and 0.81 for COD) of the

species range. (2}

Logue Brook Dam 2

; Modeltest identified TN + ]and TIN +1+G as the most appropriate evolutionary
I models for Cyt b and COI gene regions respectively. For each data set, the three tree
building methods produce identical tree topologies. The phylogenetic trees derived using
the ME method with bootstrap values are given in Figures 2 and 3. Topologies derived '}
from cach data set clearly highlight the distinctiveness of the C. tenuimanus population
from the C. cainil populations as the primary split in the phylogenetic tree. The trees

indicated that the deepest phylogenetic divergence is among marron from the south coast

rivers and the northern populations are more genetically homogenous.

Table 1. Characteristics of two gene regions

Characters Cytb COlL
Number of base pairs 471 600 DR e
% Variable sites o | S Dot nelly Ri\mr" (2)
(] 89 L : :
All samples 17.83 17.00 (22272  margaret River (5) C. cainif *:Southe}n :
Marron samples 13.16 8.83 et . th=083)
A+T% 62.70 61.00 : Scott River (3) - e
Transition/Transversion I T
Intraspecific level 1.32 1.92 -inlet River {3)
Interspecific level 5.19 2.51 '
9, Average Divergence . Marg;i;ét Rw o
Intraspecific level 0.64 1.58 S S ~Hegaret River 2l
Interspecific level 12.17 5.89 - 0:006  ottoneiate
Skewness
All -0.81 -0.56
Marron samples 0.79 -0.55 Figure 2. The Mimmum i .
Parsimony informative sites 21 34 of evolution. The bOOtSU'E;o‘I’;tlll(:; ?-: ‘;gg/zl)v;iﬁo? Cyt b data sct estimated using TrN + I model
Modeltest in bold are for ME analyses. Bootstrap values for

] . (next to sample locati eali
Optimum model of evolution TN +1 TIN+1+G ons) and italic numbers indi
for northern and southern C. cainii populations is ;T:ntﬁ; ]}}?PIOtype number. Haplotype diversity

Gamma Shape parameter Equal sites 0.65
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Haplotype diversity
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_ Logue BrookDam2 1 © |
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quin-ellsy' Rwer{Z}
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C. cainii - Northem
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from COI data set estimated using TIN + 1 + G
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ME analyses. Bootstrap
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Discussion

This study demonstrates the potential usefulness of the mtDNA COI and Cyt & gene
regions for investigating intraspecific relationships in freshwater crayfish. It is the first
study to show geographic-based genetic diversity among populations of C. cainii
sampled from throughout most of the species geographic range.

After the 16S gene, COI sequences are the most commonly employed mtDNA gene
region for systematic studies of decapod crustaceans (Tam et al. 1996, Saver et al. 1998,
Gopurenko ef al. 1999). Very recently this gene region has been applied to studies of
systematic relationships among species of freshwater crayfish (Hansen and Smolenski
2000, Taylor and Hardman 2002, Munasinghe ef al 2003). Although Cyt b gene
sequences are widely used in systematic and population level studies in vertebrates
(Hillis et al. 1996) this is one of very few studies to have used this gene region for
studies of crustaceans. This may due in part to the lack of available primers and because
of amplification of nuclear translocated copies of the gene (pseudogenes) ( Zhang and
Hewitt 1996).

While the possibility of pseudogenes amplification in this studi; cannot be completely
discounted, all the fragments amplified {for both COI and Cyt b) appeared to be part of
functional proteins as they code for amino acid sequences without stop codons, indels or
frameshift, Further, the phylogenetic relationships among samples established from the
two gene regions did not generate any unexpected relationships. Two gene regions
indicate that the COI and Cyt & genes can be used to investigate the population and
conservation genetics and phylogeography of C. cainii. The need for such studies are
assuming greater importance with the increasing realisation of the vulnerability of
freshwater crayfish to a range of threatening processes including intra-specific
translocations (Austin and Ryan 2002). C. cainii is especially vulnerable to translocation
as it is subject to a popular recreational fishery and is frequently translocated for
aquaculture purposes (Morrissy 1978).

The finding that C. cainii is genetically heterogenous for COI and Cyt & is highly
significant as previous studies using allozymes or other mtDNA sequences from the 168
and 125 rRNA gene regtons showed no or minimal genetic variation (Austin and Knott
1996, Austin and Ryan 2002, Nguyen ef al. 2002, Munasinghe ef af. 2003). Although the

sample sizes are low in this study there are some general observations that can be made.

First it is noteworthy that almost all diversity is between rather than within populations

of C. cainii. Considering both gene sequences, only one population (Logue brook Dam)
of 13 sampled for which 2 or more individuals were sequenced was polymorphic. Out of
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the 14 populations sampled, 8 (Cyt b) or 3 (COI) had haplotypes unique to that site. This
result is similar to allozyme studies of other species of freshwater crayfish, which show
low levels of intra-population variation and high levels of inter-population variation
(Campbell et al. 1994, Austin 1996, Austin and Knott 1996, Avery and Austin 1997).

A second potentially significant observation is that the haplotype diversity of marron in
the northern part of its range is less than that observed among marron from south coast
rivers. This may reflect the extension of the distribution of the marron northward by
transiocation as suggested by Morrissy (197 8).. However, other explanations are possible
such as natural range expansion from the southwest, ongoing or recent gene flow or
persistence of ancient haplotypes in south coast populations. Further studies are required
with greater sampling intensities and utilising appropriate statistical techniques such as
nested clade analysis (Templeton 1998) to discriminate among these various

possibilities.

Thirdly, the finding of inter-population genetic diversity within C. cainii has implications
for genetic improvement studies and the conscrvations of genetic TeSOUICES within this
species. Population genetic information can be used to establish ‘genetic baseline’
information to help maintain genetic diversity and the potential for obtaining a positive
response 10 selection (Lawrence and Morrissy 2000). However the potential for the
escape into the wild of any genetically improved marron would need to be evaluated with
great care given the vulnerability of wild crayfish to the introduction of non-indigenous
forms (Austin and Ryan 2002). Thus, an important extension of this project is to quantify
more fully the genetic variation within populations of C. cainii in order to identify
populations in need of conservation on the basis of their isolation and genetic

distinctiveness.

Thus in conclusion, given the increasing interest in commercial exploitation of C. cainii
and the awareness of conservation 1Ssues affecting freshwater crayfish there is an urgent
need for further research 10 determine the natural distribution of marron (Morrissy 1978)
and the occurrence and distribution of unique genetic forms through more
comprehensive sampling and genetic analysis. In this regard it is apparent that
sequencing of the mitochondrial gene regions used in this study or other more variable
regions (.8 control region) coupled with phylogeographic analyses will be very useful.
These kinds of data and analyses will be essential for effective decision making in
relation to the management and conservation of genetic resources within natural stocks

of marron and the sustainable exploitation of C. cainii in the southwest of Western

Australia.
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