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Abstract

In this thesis, I review the species level systematics of Pseudongja, a group of medically
important hydrophiine snakes, commonly called brown snakes, the classification of which has been
regarded as especially problematic. In doing so, I attempt to demonstrate that species level
systematics can be practiced in a scientific manner, and that proposals to abandon the species

category based on the contention that this is rarely the case are unfounded.

Recent arguments presented by Ereshefsky (1999), Mishler (1999), and Pleijel and Rouse
(2000) for abandoniﬁg the species category in systematics are unconvincing. As independently
evolving population lineages, species derive their existence from the causal interaction of their
component parts (interbreeding organisms) and their resulting ability to act as a whole (in
undergoing anagenesis). Thus, contrary to the claim of Ereshefsky (1999) and Mishler (1999),
species are ontologically distinct from higher taxa, the component parts of which (species) do not
interact but are united by historical connections, and so may be justifiably recognised as such. Pleijel
and Rouse’s (2000) concern that, in permitting the recognition of non-monophyletic groups of
demes, lhe inclusion of spccies in taxonomic schemes may result in a loss of historical information is
unfounded, extending from a failure to consider the hierarchical organisation of biological
individuals and processes. Also unfounded is Pleijel and Rouse’s (2000) contention that systematists
are rarely able to provide sufficient empirical justification for accepting hypotheses of species limits.
Such hypotheses can be connected to a number of testable predictions that are unlikely to be realised
under alternative hypotheses, so that they may be assessed in the same manner as all hypotheses in

science.

A consideration of mitochondrial DNA sequence, allozyme electrophoretic, morphological,
and chromosomal evidence reveals that the species level systematics of Pseudonaja is perhaps not as
poorly resolved as previously supposed. As delimited here, P. affinis, P. inframacula, and P. textilis

are largely coincident with recognised taxa, while the status of P. guttata and P. modesta as

iv



Abstract

evolutionarily independent entities is corroborated. Nonetheless, specimens presently referred to P.
nuchalis represent at least three distinct species, two of these corresponding with the ‘Darwin’ and
‘Southern’ morphs described by Mengden (1985b), and the third incorporating Mengden’s ‘Pale
head, grey nape’ and ‘Orange with black head’ morphs. Additionally, it is probable that further

investigation will reveal the presence of unrecognised taxa within P. modesta and perhaps P. textilis.



This work contains no material that has been accepted for the award of any other degree or
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Chapter |

General Introduction

Whitehead (1990) expressed concern for the perception of systematics within the general
biological community, suggesting that the discipline is regarded by many as having limited
theoretical and practical relevance. He attributed this view to misunderstanding concerning the goals
and methodology of systematics and the failure of systematists to communicate the significance of

their work (see also Keogh, 1995).

In the most general sense, systematics refers to ‘the ordering of entities into systems’, where
‘a system is a more inclusive entity (whole) whose existence depends on some natural process
through which its elements (component parts) are related’ (de Querioz, 1988, p. 241; see also
Hennig, 1966; Griffiths, 1974). It is widely accepted that evolutionary, or phylogenetic, descent is
the process upon which biological systematics (the ordering of living entities) should be based (e.g.
Hennig, 1966; McDowell, 1987; de Queiroz, 1988). Thus, the goal of biological systematics
(systematics in its usual, more restricted, sense) is to produce a system (sensu de Queiroz, 1988) that
reflects evolutionary history (phylogeny). It is now widely recognised that such a system provides a
necessary basis for comparative studies (see, for example, Harvey and Pagel, 1991, especially their
Chapter 2; see also Felsenstein, 1985) and hence our understanding of the general (mechanistic)
principles governing biological evolution. The importance of systematics also extends to real-world,
practical issues that affect people’s lives and well being. For example, decisions concerning the
relative conservation value of particular habitats usually depend on the diversity and endemicity of
the organisms they contain, and so incorporate systematic considerations (e.g. Crozier, 1997).
Moreover, knowledge of the historical relationships of groups of organisms may assist in the
discovery of new pharmaceutical products and food sources (Keogh, 1995). The results of
systematic research may also provide information that is valuable in moderating the impact of

economically and/or medically important groups of organisms.



Chapter 1. General Introduction

As Wiens and Penkrot (2002, p. 69) noted, systematics involves two primary activities,
‘delimiting species and reconstructing their phylogenetic relationships’. Although considerable
offort has been invested in developing a theoretically consistent methodological basis for inferring
phylogenetic relationships, comparatively little attention has been given to the data and methods
employed in delimiting species. Thus, ‘[flew specific criteria or methods for species delimitation
have been proposed ... and these criteria are rarely stated explicitly by empirical workers’ (Wiens and
Penkrot, 2002, p. 69). The lack of an explicit, widely accepted methodology for delimiting species
has (in conjunction with other issues, discussed in Chapter 2) prompted some authors (Pleijel, 1999;
Pleijel and Rouse, 2000) to propose that the species category should be abandoned in systematics,
and is perhaps largely responsible for the derisive perception of systematics among biologists

brought forward by Whitehead (1990).

In this thesis, I review the species level systematics of Pseudonaja, a group of medically
important hydrophiine snakes, commonly called brown snakes, the classification of which is
generally considered to be poorly resolved. In doing so, I attempt to demonstrate that species level
systematics can be practiced in a scientific manner, and that proposals to discard the species category
based on the contention that this is rarely the case are unfounded. The thesis is divided into three
chapters. A reply to critics of the species category, in which I consider the nature of species and
develop a perspective of species level systematics consistent with that of scientific endeavour
generally, is presented in Chapter 2. The ideas discussed in this reply are subsequently applied in

Chapter 3 in reviewing brown snake systematics.



Chapter 2

A Reply to Critics of the Species Category with a Consideration of

Methodology in Species Level Systematics

2.1 Introduction

Recently, Ereshefsky (1999), Mishler (1999), and Pleijel and Rouse (2000; see also Pleijel,
1999) have proposed that the species category should be abandoned in systematics. These authors,
all of whom advocate a system of biological nomenclature in which names refer only to recovered
monophyletic groups, provide three primary arguments in support of their proposal: (1) species are
not ontologically distinct from higher taxa and therefore should not be recognised as such
(Ereshefsky, 1999; Mishler, 1999); (2) in many cases, species are non-monophyletic, so that their
inclusion in taxonomic schemes results in a loss of historical information (Pleijel and Rouse, 2000);
and (3) systematists are rarely able to provide sufficient empirical evidence to justify the acceptance
of hypotheses of species limits (Pleijel and Rouse, 2000). Here, I attempt to answer each of these
arguments in turn. In doing so, I consider the nature of specics and develop a view of species level
systematics consistent with that of scientific endeavour generally, providing a background for the

review of hydrophiine brown snake systematics presented in the following chapter.

2.2 Ontology, Species, and Higher Taxa

Ereshefsky (1999) and Mishler (1999) contend that no ontological distinction exists
between species and higher taxa. Thus, they consider that species and higher taxa are not
fundamentally different kinds of entity and, accordingly, argue that the recognition of species as a
distinct taxonomic category is arbitrary and misleading and therefore should be rejected. (This is the
same rationale underlying the proposal, endorsed by Ereshefsky and Mishler, that supraspecific

categories [i.e. genus, family, order, etc] should be abandoned in taxonomy [see, for example, de
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Queiroz and Gauthier, 1992; Ereshefsky, 2001].) Insofar as there is no ontological basis for
distinguishing species from higher taxa, 1 would agree with this argument. Accordingly, I am

concerned here only with Ereshefsky’s and Mishler’s ontological claim.

Previous discussions of ontology in systematics have emphasised the distinction between
individuals and classes (e.g. Frost and Hillis, 1990; Frost et al., 1992; Frost and Kluge, 1994;
Ghiselin, 1974, 1987, 1997, Hull, 1976, 1980; Mayden, 1997; Wiley, 1978, 1980, 1981, 1989), the
prevailing opinion being that biological taxa (i.e. species and monophyletic groups of species) are
individuals. Nonetheless, some authors (e.g. Wiley, 1980, 1981, 1989; Ghiselin, 1987, 1997) have
noted an important distinction aside from the individuals-class dichotomy, namely, that between
cohesive and historical individuals (sensu Ghiselin, 1987, 1997). This distinction clarifies what 1
consider to be significant ontological differences between species and higher taxa and, accordingly,

is discussed below.

2.2.1 Cohesive and historical individuals

In everyday discourse, the term individual is commonly used to refer to particular
organisms, usually particular humans. However, there is a broader sense of the term, referring
approximately to those particular material cntities existing in the surrounding universe. Some
familiar examples include particular chairs (such as the one I am presently sitting on), the Amazon
Basin, and Jupiter. Mishler and Brandon (1987) identified four properties that have been ascribed to
individuals in this broader sense: (1) spatial boundaries, (2) temporal boundaries, (3) integration, and
(4) cohesion. They noted a distinction between properties (1)-(2), which refer to patterns, and

properties (3)-(4), which refer to the action of processes.

Spatial and temporal boundaries have been considered by the majority of authors to be
necessary properties of individuals (e.g. Ghiselin, 1974, 1987, 1997; Hull, 1976, 1980; Mayden,
1997; Wiley, 1978, 1980, 1981, 1989; see, however, Mishler and Brandon, 1987, p. 402). Thus,
individuals are usually considered to have a beginning and ending (at least potentially in the case of
contemporary individuals) in space and time and to display continuity between these. These

properties in conjunction render an entity particular (i.e. unique; Hull, 1976). The spatial and
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temporal boundaries of individuals may appear distinct or indistinct, depending on the scale of
perception (see, for example, Eldredge, 1985). Thus, while an organism may appear to us to be a
discrete entity having distinct spatial boundaries, at the molecular level these boundaries become
indistinct. Similarly, although the origin of a chain of mountains may seem to us to be a protracted
event, when considered on a temporal scale of billions of years it appears nearly instantaneous. One
consequence of defining individuals as spatiotemporally bounded entities is that a particular
individual may undergo considerable change during the course of its existence without losing its
identity (e.g. Ghiselin, 1974, 1997; Hull, 1976, 1980; Wiley, 1980, 1989). In regarding organisms as
paradigmatic individuals, this makes intuitive sense; generally, we would consider a particular adult
moth to be the same individual as the (obviously morphologically dissimilar) larva from which it
metamorphosed. Because individuals may change throughout their existence, it also follows that
particular individuals can not be defined by stating a list of necessary and sufficient properties; they
may only be defined ostensively (e.g. Ghiselin, 1974, 1997; Hull, 1976, 1980; Mayden, 1997; Wiley,

1980, 1989).

As defined by Mishler and Brandon (1987), integration and cohesion have commonly been
conflated in discussions of individuality (Mishler and Brandon, 1987, p. 402). Integration refers to
‘active interaction among parts of an entity’ (Mishler and Brandon, 1987, p. 400). The tissues
comprising a metazoan organism, for example, interact in numerous physiological processes, such as
muscle contraction, involving the interaction of nervous tissue and skeletal muscle. Likewise, the
atoms composing a chair interact in forming electrostatic bonds. Cohesion refers to ‘situations
where an entity behaves as a whole with respect to some process’ (Mishler and Brandon, 1987, p.
400). For example, a chair, when pushed, responds as a whole in moving. Obviously, these two
properties are potentially related; interaction among the parts of an entity may enable it to behave as
a whole with respect to processes. Nonetheless, integration and cohesion are at least partly
independent. Thus, for example, a field of heliotropic plants turning to face the sun may be
considered to behave as a whole (and therefore to be cohesive), however, the concerted movement of
individual plants does not depend on their causal interaction (M. Lee, pers. comm.). Additionally,
where the parts of more than one entity interact only infrequently, these entities, while exhibiting

some degree of integration, may be insufficiently integrated to act as a whole (it is important to note,
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however, that the simultaneous interaction of all parts of an entity is not necessary to render it
cohesive; it is only necessary that sufficient interaction occurs that the entity can be considered to

respond as a whole relative to some process [see Sober, 1993]).

It is difficult (if not impossible) to conceptualise an integrated, cohesive entity that is
spatiotemporally unrestricted (cf. Mishler and Brandon, 1987, p. 402). It would seem therefore that
spatiotemporal localisation is a prerequisite for integration and cohesion. The converse is not so,
however; a spatiotemporally localised entity need not display integration or cohesion (cf. the
following paragraph). A group of (integrated, cohesive) entities connected only by historical
relations is spatiotemporally localised, having a beginning coincident with that of the ancestral entity
from which it is derived and a potential ending (when all of its component entities cease to exist),
however, it lacks integration and does not act as a whole. Wiley (1981) referred to such entities as
historical groups (also historical entities; Wiley, 1980), reserving the term individual for those
spatiotemporally localised entities displaying integration and cohesion. Ghiselin (1987, 1997)
preferred to refer to all spatiotemporally localised entities as individuals, distinguishing between
cohesive individuals (those individuals exhibiting integration and cohesion) and historical
individuals (those individuals whose parts share only historical relations and which therefore lack
integration and cohesion). Here I follow Ghiselin’s terminology as it emphasises the distinction
between spatiotemporally localised entities (i.e. individuals) and classes, which are abstract
generalisations having no spatial or temporal limits (e.g. the concepts ‘helium’ and ‘herbivore’; see,
for example, Ghiselin, 1997). However, regardless of the terminology employed, it is important to
note that there is a fundamental ontological distinction between cohesive and historical individuals;
while the former derive their existence from the causal interaction of their parts (which need not be
historically related) and their resulting ability to act as a whole, the latter derive their existence from

historical connections among their parts.

In a recent paper, Lee and Wolsan (2002) argued that integration is a necessary property of
individuals if they are to be spatiotemporally localised. They noted that permitting individuals to
lack integration effectively renders them eternal as their ultimate parts (elementary particles)

presumably will never cease to exist. Thus, they considered that the spatiotemporal boundaries of
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individuals must be defined by the development and loss of integration. Lee and Wolsan’s argument
initially would appear to deny the notion of a historical individual developed above. However, this
apparent contradiction can be resolved if we consider that at some level of organisation the parts
comprising historical individuals are connected by history, and that each of these parts is necessarily
an integrated, cohesive individual, coming into existence and ceasing to exist as it develops and loses
integration, respectively. Thus, it is possible to define the limits of historical individuals with respect
to the integration of their historically connected parts; any particular historical individual has a
beginning coincident with the development of integration in the ancestral individual from which it is
derived and a potential ending coincident with the loss of integration in all individuals derived from

that ancestor.

2.2.2 The ontological distinction between species and higher taxa

It is evident from the preceding discussion that higher taxa (monophyletic groups of
species) are historical individuals. They have a beginning coincident with that of a particular
ancestral species and a potential ending (corresponding with the extinction of all species descended
from that ancestral species), and display continuity between these. However, there is no convincing
evidence that higher taxa are integrated or cohesive (Kluge, 1990). Thus, the majority of authors
have considercd that the species composing a higher taxon share only historical connections (e.g.
Wiley, 1980, 1981; Ghiselin, 1987; Kluge, 1990). In this section, I argue that species, in contrast,
are integrated, cohesive individuals and, accordingly, that species and higher taxa should be regarded
as ontologically distinct. Before proceeding with this argument, however, it is necessary to consider

exactly what species are.

Despite a proliferation of seemingly disparate species concepts in the evolutionary and
systematic literature (reviewed by Mayden, 1997), Frost and Kluge (1994) proposed that the notion
of species is not a problematic theoretical issue. It extends from the provision that species are
fundamental entities in an evolutionary system. Considering that the recoverable aspects of
evolution are predominantly hierarchical (Hennig, 1965, 1966), we would want to identify as species
the largest entities within the preserve of evolutionary theory lacking long term internal hierarchical

structure. In the case of sexual organisms, these entities correspond to independently evolving
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population lineages (Frost and Kluge, 1994, p. 275). The idea that species are population lineages
has been espoused by several authors (e.g. Simpson, 1951; Wiley, 1978, 1981; Ridley, 1989; Frost
and Kluge, 1994; de Queiroz, 1998, 1999; Wiley and Mayden, 2000a). Indeed, de Queiroz (1998,

1999) has argued cogently that all contemporary definitions of species derive from this view.

Wiley (1979, 1981; see also de Queiroz, 1999; Wiley and Mayden, 2000a) has emphasised
that species, as lineages, are individuals; they originate with the division of an existing lineage and
cease to exist when they either go extinct or themselves divide. That species can cease to exist when
they divide implies that they are, moreover, integrated individuals; it is the significant loss of
integration accompanying division that results in an individual ceasing to exist upon dividing. In
regarding species as integrated, cohesive entities, many authors have considered interbreeding to
constitute the decisive interaction among their parts (individual organisms and demes; e.g. Mayr,
1970; Ghiselin, 1987, 1997). As a result of interbreeding, novel states spread among the parts ofa
lineage with the dispersal of organisms and union of entire demes, so that the lineage as a whole can
be considered to evolve. Insofar as this is the case, it would seem difficult to argue that species are
not cohesive individuals. Nonetheless, Ereshefsky (1999) and Mishler (1999) maintain that

interbreeding is an inadequate basis on which to distinguish species and higher taxa.

Although Ereshefsky (1999) does not dispute that interbreeding can integrate and thereby
impart cohesion to groups of organisms, he argues that not all species are integrated: ‘suppose, as
many biologists do, that asexual organisms form species taxa. The members of such species are not
bound by interbreeding but by such processes as selection, genetic homeostasis, and developmental
canalisation .... Such processes cause a group of organisms to belong to a single species without
requiring any causal interaction among those organisms’ (Ereshefsky, 1999, p. 288). In attempting
to formulate a universal, theoretically significant concept of species, evolutionary biologists and
systematists have considered asexual organisms to be especially problematic (see Wiley, 1978;
Templeton, 1989; Hull, 1997). As Van Valen (1976; see also Hull, 1980) noted, however, there is no
reason to expect that such a concept can be formulated. If we are to regard integration (in
conjunction with an associated ability to undergo anagenesis as a whole) as a distinctive property of

species (relative to higher taxa), and if processes such as selection, genetic homeostasis, and
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developmental canalisation do not produce integration (which they patently do not), it follows that
asexual organisms do not form species (for similar views see Hull, 1980; Frost and Kluge, 1994;
Ghiselin, 1997; Lee, 2003). It should be noted, however, that this does not preclude the possibility of
a universal system of biological nomenclature (see de Queiroz and Gauthier, 1992); such a system

merely would include only clade names for asexual taxa.

Even if we agree that asexual organisms do not form species, Ereshefsky (1999) considers
that the distinction between species and higher taxa remains problematic. According to Ehrlich and
Raven (1969) and Templeton (1989), many species are composed of local populations (i.e. demes)
among which little or no gene flow occurs for extended periods. Ereshefsky (1999, p. 289) proposes
that ‘the unity of such species may be the result of interbreeding within local populations, or their
unity may be due to processes that independently affect organisms, such as selection or genetic
homeostasis’. Thus, he considers that, although local populations are rendered cohesive through
interbreeding, in many cases the species they comprise are not. In evaluating this argument, it is
important to consider the temporal scale on which significant reproductive interactions among local
populations take place. As noted above (see Cohesive and historical individuals), it is not necessary
that all parts of an individual are interacting at every instant for that individual to be cohesive; it is
only necessary that sufficient interaction occurs to allow the individual to respond as a whole with
respect to some process. In the case of species, reproductive interactions among local populations
must be realised sufficiently often that those local populations evolve (i.e. undergo anagenesis) as a
whole. The temporal scale on which such interactions occur will vary, depending on generation
times, selective pressures, and population sizes (all of which affect the rate at which an allele
becomes fixed within a population). Thus, the fact that the local populations comprising a species do
not exchange genetic material for extended periods may affect the cohesion of that species no more
than the fact that milliseconds may elapse during the conduction of neural signals affects the
cohesion of an organism. Nonetheless, should the frequency of interbreeding among local
populations be insufficient to maintain the cohesion of the (nominal) species of which they are a part,
there is no reason that these local populations can not be divided into more than one cohesive entity
(ie. species); that a group of organisms is presently referred to as a single species does not

necessitate that this is the case.



Chapter 2. A Reply to Critics of the Species Category

Mishler (1999, p. 308) argues against the significance of interbreeding in distinguishing
species from higher taxa on the basis that ‘in most groups, the probability of intercrossability
decreases gradually as more and more inclusive groups are compared’. That is, he considers that
‘there usually is no distinct point at which the possibility of reticulation drops precipitously to zero’
(Mishler, 1999, p. 308). This argument presupposes that the significance of interbreeding is
considered to result from its restriction within species. Thus, Mishler contends that, because
reproductive interactions may occur among the parts of separate species, interbreeding is not a
defining property of species and, accordingly, should not be considered to differentiate species and
higher taxa. However, according to the argument presented here, it is not interbreeding per se that
defines species (with respect to higher taxa) but cohesion resulting from interbreeding.
Consequently, the fact that the possibility of interbreeding decreases gradually as more inclusive
groups of organisms are compared is extraneous; what is significant is that some frequency of
interbreeding exists above which groups of organisms will evolve as a whole and below which they

will evolve independently.

2.3 Hierarchy and Monophyly

Pleijel and Rouse (2000, p. 628) contend that the majority of existing species concepts
should be rejected as they permit species to be non-monophyletic; that is, they permit situations
where, for example, the local populations comprising a species share a sister group relationship with
one or more local populations constituting part of a second species (here the latter species is
considered to be paraphyletic; more elaborate scenarios can be constructed that would render some
species polyphyletic by this reasoning). In their view, such concepts are unacceptable as they may
lead systematists to disregard historical information. Thus, they would admit only those concepts
that equate species with recovered monophyletic groups. Under such concepts, however, there is no
ontological basis for distinguishing species from higher taxa and therefore for recognising species as

a distinct taxonomic category (see Ontology, Species, and Higher Taxa above; see also Lee, 2003).

Contrary to the view of some authors (e.g. de Queiroz and Donoghue, 1988, 1990), I do not

consider that the concepts of monophyly, paraphyly, and polyphyly can be applied to systems in

10
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which relationships are predominantly or exclusively non-hierarchical (as is the case in systems of
demes and sexually reproducing organisms; for similar views see, for example, Nixon and Wheeler,
1990: Goldstein and DeSalle, 2000). Nonetheless, even if such an application of these terms is
permitted, 1 argue that Pleijel and Rouse’s (2000) objection to non-monophyletic species (in the
sense discussed above) is unfounded, extending from a failure to consider the hierarchical

organisation of biological individuals and processes.

With the presumed exception of elementary particles, individuals (in the broad sense
discussed above; see Cohesive and historical individuals) are necessarily composed of parts that are
also individuals (as opposed to classes, which have instances rather than parts, these being either
individuals or other classes; e.g. Eldredge and Salthe, 1984; Frost and Kluge, 1994; Ghiselin, 1974,
1997; Hull, 1976, 1980). Consequently, the organisation of the material universe is inherently
hierarchical; higher taxa, for example, are composed of species, which in turn are composed of
demes, which in turn are composed of organisms, etc. As a result of their differing scales of spatial
and temporal organisation, individuals at different hierarchical levels do not participate in the same
processes (Eldredge and Salthe, 1984; for the sake of simplicity, I ignore cases where individuals can
be referred to more than one hierarchical level [e.g. unicellular organisms] in this discussion). An
organism, for example, may participate in ecological and reproductive processes, however, it does
not participate in DNA replication. Similarly, a somatic cell may undergo mitosis, however, it does
not undergo speciation. While processes operating at a particular hierarchical level may affect
individuals at more or less inclusive levels, they do so only indirectly, by constraining the processes
in which those individuals interact (Eldredge and Salthe, 1984). An organism’s ability to forage and
reproduce will be limited by the rate at which energy is made available in cellular respiration,
however, organisms themselves do not directly interact in the latter process. Thus, the individuals
occupying particular hierarchical levels and the processes in which they participate may be regarded

as discrete systems (Bunge, 1979, cited by Eldredge and Salthe, 1984).

Lidén (1990, p. 183) noted that ‘[e]ven if monophyly is a universal concept, it is in a
particular case meaningful only in relation to the conceptual singularities [i.e. individuals] in the

model [i.e. system] concemned’. As hypotheses of common descent, claims of monophyly
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necessarily implicate some reproductive process; the notion that a group of somatic cells is
descended from a common ancestor is meaningful only insofar as it may be related to some process
by which cells are supposed to give rise to descendants, in this case mitosis or schizogony.
Considering that individuals at different hierarchical levels do not interact in the same processes
(including reproductive processes; see above), it follows that particular claims of monophyly can
refer only to individuals at a single hierarchical level. Thus, if we are concerned with establishing
whether a group of somatic cells is monophyletic or not, any (non-operational; see below)
consideration of organisms is extraneous, since organisms do not undergo mitosis or schizogony and,
accordingly, are incapable of being either ancestors or descendants of cells. Similarly, any
consideration of demes (i.e. local populations) is extraneous if our concern is the historical
relationships of species, since demes do not undergo speciation. Accordingly, the fact that the demes
comprising a species may share a sister group relationship with one or more demes constituting part
of a second species is irrelevant if our goal is to develop a phylogenetic system (i.e. a system based

on the historical relationships of species; Hennig, 1965, 1966).

The difficulty with Pleijel and Rouse’s (2000) position is evident if we consider that some
of the organisms comprising a deme may be more closely related to organisms of other demes than
to one another. Applying Pleijel and Rouse’s reasoning, such demes are either paraphyletic or
polyphyletic, depending on whether they contain the most recent common ancestor(s) of their
component organisms or not. Perhaps, then, systematists should attempt to discover monophyletic
groups of organisms rather than demes.  Alternatively, they might focus on discovering
monophyletic groups of cells, since many organisms are paraphyletic when considered at the cellular
level (see, for example, Wiley and Mayden, 2000a). The point is that individuals at a number of
hierarchical levels form monophyletic groups. Furthermore, because the reproductive processes in
which these individuals interact are largely independent (see above), patterns of historical
relationship at different hierarchical levels also are largely independent, so that in many cases they
will not coincide. Perhaps the most familiar example of this is the potential discordance of gene and
population level trees (see, for example, Pamilo and Nei, 1988; Wu, 1991; Brower et al, 1996);
processes such as DNA replication and gene duplication operate independently of processes such as

vicariance and dispersal, so that the histories of genes and populations will not necessarily concur.
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As historical relationships at a particular hierarchical level need not coincide with those at more or
less inclusive levels, a single account of the history of biological individuals encompassing all
hierarchical levels (or even more than one hierarchical level) is unattainable. Thus, historical
accounts can deal only with individuals at a single hierarchical level in any particular instance.
Accordingly, in developing a phylogenetic system, the decision to exclude information on the
historical relationships of demes, rather than being ahistorical, is necessitated by the hierarchical

organisation of biological individuals and the processes in which they interact.

2.4 A Consideration of Methodology in Species Level Systematics

Pleijel and Rouse (2000, p. 629) propose that ‘[i]n virtually all cases, the connection
between the named species and the empirical evidence that justifies its status is weak or non-
existent’. Thus, they consider that systematists are rarely able to provide sufficient empirical
justification for accepting the hypothesis that a group of organisms constitutes part of an integrated
lineage. This, supposedly, is particularly evident where species are described from limited preserved
material. Hence, Pleijel and Rouse (2000, p. 629) consider the decision ‘that a few dead specimens
represent a species’ to be ‘an extravagant extrapolation having no place in science’ and, accordingly,
propose that systematists should not be required to make such decisions in order to classify newly
discovered organisms. In a recent paper (Pleijel and Rouse, 2003), they contend that this constitutes

perhaps the most significant argument for abandoning the species category in systematics.

As Chalmers (1999) has discussed, the perceived role of empirical evidence in science has
shifted in the past half century from that of establishing the truth or falsity (or the probability) of
hypotheses to that of providing a basis for comparing alternative hypotheses in the context of
theories of scientific progress. Thus, I am concerned here with the ability of systematists to provide
empirical evidence that would allow species level systematics to progress in a manner consistent
with progress in science generally, rather than with their ability to establish the value of specific
hypotheses in any absolute sense. I begin by presenting a general view (or theory) of progress in
science that has been widely accepted by philosophers of science and scientific researchers.

Subsequently, T argue that species level systematics can be practiced in accordance with this view
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and that Pleijel and Rouse’s (2000) contention that systematists are rarely able to provide sufficient

empirical justification for accepting hypotheses of species limits, accordingly, is unfounded.

2.4.1 Sophisticated falsification and progress in science

According to the influential ‘falsificationist’ perspective of Popper (e.g. 1959, 1963, 1983),
science consists in the proposition and critical appraisal of hypotheses intended to explain some
aspect of the surrounding universe. Popper (1959, pp 32-34) considered that the process of critically
evaluating hypotheses (and, accordingly, of science itself) always proceeds as follows. A series of
conclusions is derived from a hypothesis by means of logical deduction. The compatibility of these
conclusions with relevant observational statements (i.e. statements describing observed events) is
assessed and a decision concerning the tenability of the hypothesis made accordingly. Where the
conclusions and observational statements are consistent, we have no reason to reject the hypothesis
and, following Popper’s (1983, pp 223-227) terminology, consider it to be corroborated. Conversely,
where the conclusions and one or more observational statements are inconsistent, the hypothesis is
considered to have been falsified and, accordingly, is abandoned. ‘Falsificationism’ is based on the
premise that hypotheses, insofar as they concern unobserved events, can not be proved but can only
be disproved (i.e. falsified). A corroborated hypothesis is thus accepted only tentatively (since it
may subsequently be falsified) and is continually reevaluated as empirical evidence becomes

available.

While “falsificationism’ has been widely adopted within the scientific community, there are
two related difficulties with the ‘naive’ formulation desciibed above (see, for example, Kuhn, 1970;
Lakatos, 1970, 1977; Rieppel, 1988, pp 13-14). Firstly, the history of science provides numerous
examples of hypotheses having been retained despite their inconsistency with one or more
observational statements. Indeed, Lakatos (1978, p. 6) noted that ‘all [research] programmes grow in
a permanent ocean of anomalies’. Secondly, observational statements are themselves fallible and so
can never decisively refute a hypothesis. Considering these criticisms of ‘naive falsificationism’,
Popper formulated a refined, ‘sophisticated falsificationist’ perspective of scientific methodology,
elaborated by Lakatos (1970). According to this perspective, a hypothesis, A, is considered to be

falsified only when a second hypothesis, ", has been proposed that (1) is consistent with all relevant

14
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observational statements that are consistent with 4 and (2) predicts one or more observational
statements that are improbable under 4, especially those that would be considered by the ‘naive
falsificationist’ to refute s (see Lakatos, 1970, p. 116). Consequently, a hypothesis that is
inconsistent with empirical evidence may be retained if there is no alternative hypothesis having the
properties of h" to replace it. Furthermore, progress in science no longer consists in disproving
hypotheses by exposing their inconsistency with observational statements (a logical impossibility
considering the fallability of observational statements), but instead consists in formulating

hypotheses having greater explanatory power.

There has been some disagreement concerning the applicability of “falsificationism’ in
historical sciences, including systematics. Mayr and Ashlock (1991, p. 221) asserted that
‘falsification refers to theories based on universal laws. Since classifications are not such theories,
falsification is an inappropriate consideration’. However, Popper did not consider (sophisticated)
falsification to be restricted to universal statements, noting that ‘the description of unique [i.e.
historical] events can very often be tested by deriving from them testable predictions or retrodictions’
(Popper, 1980, p. 611). Where testable predictions (or retrodictions) can be derived from a
hypothesis, it is possible to assess its compatibility with empirical evidence and competing
hypotheses. Consequently, the hypothesis may falsify an existing hypothesis (where one or more of
the predictions derived from it are empirically consistent and improbable under the existing
hypothesis) or be falsified by a novel hypothesis (where it is incompatible with one or more
empirically consistent predictions derived from the novel hypothesis). Thus, the fact that
classifications are not universal statements does not preclude their appraisal within the context of
‘sophisticated falsificationism’. Rather, to the extent that classifications are intended as explicit
representations of our contingent knowledge of phylogeny, they constitute testable hypotheses that
can be readily evaluated according to ‘sophisticated falsificationist’ principles (see, for example,

Wiley, 1975; Farris, 1983; Kluge, 1997a).

2.4.2 Sophisticated falsification in species level systematics

Considering the preceding discussion of methodology and progress in science, the issue of

concern here is whether or not the statement that a series of specimens constitutes part of an

15



Chapter 2. A Reply to Critics of the Species Category

integrated lineage entails testable conclusions (i.e. conclusions that can be confirmed or disconfirmed
by observational statements). In particular, if it is possible to ident'v\fy potentially observable
conditions or events, the realisation of which would be improbable except under a specific
hypothesis of species limits, there is no reason to expect that species level systematics can not be

practiced in accordance with the ‘sophisticated falsificationist’ account of science.

Although some authors (e.g. Sokal and Crovello, 1970; Mayr, 1982) have claimed that
definitions equating species with independently evolving lineages (specifically, the evolutionary
species concepts of Simpson [1951] and Wiley [1978, 1981]) have virtually no empirical
implications, Wiley and Mayden (2000b, p. 147) noted that ‘the concept of an independently
evolving lineage is linked to all sorts of testable phenomena’. This is evident if we consider a
generalised scenario in which an ancestral population lineage divides to produce two descendant
lineages. As de Queiroz (1998) has discussed, the division of the ancestral lineage is associated with
several related events or processes. Alleles originate, change in frequency, become fixed and/or go
extinct in one or both of the descendant lineages, producing similar changes in the states of
qualitative phenotypic characters and shifts in the frequency distributions of quantitative characters.
Consequently, the epiphenotypes (sensu Wiley, 1981, p. 61) of the organisms composing each
lineage diverge. The extinction of alleles in the descendant lineages also results in their progression
through stages in which their component alleles comprise polyphyletic, paraphyletic, and
reciprocally monophyletic groups (e.g. Avise and Ball, 1990; Avise, 1994, 2000). In some cases,
changes in the states of characters affect the ability of organisms to interbreed, so that, as the
descendant lineages diverge, they at some point become intrinsically reproductively isolated. Each
of these events or processes can be investigated empirically; the level of epiphenotypic divergence of
two groups of organisms may be estimated by comparing inter- and intragroup variation in genetic
and/or phenotypic characters, the historical relationships of their component alleles can be inferred
from amino acid or nucleotide sequences using phylogenetic methods, and their intrinsic
reproductive isolation may be revealed by character state distributions in areas of sympatry, crossing
experiments, or the observation of major chromosomal differences. Thus, hypotheses of the limits of
independently evolving lineages (which may be rephrased as hypotheses of lineage division events)

can be connected to a number of testable predictions (e.g. that a group of organisms, thought to
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represent part of an independently evolving lineage, has diverged epiphenotypically from a second

group of organisms, thought to represent part of a different lineage).

de Queiroz (1998) considered that observational statements following from the occurrence
of those events or processes associated with the separation of lineages (e.g. that a group of organisms
can be diagnosed by one or more character states or contains a monophyletic group of alleles at a
particular locus; see above) may provide evidence for hypotheses of species limits. It is evident that
a particular hypothesis of species limits may explain such observational statements (see above),
however, if systematists are to contend that the acceptance of a hypothesis results in increased
explanatory power (i.e. if systematists are to make progress in the ‘sophisticated falsificationist’
sense) these observational statements should not be equally explicable under alternative hypotheses

(see above).

Given that a group of organisms is separable into two subgroups, each of which is
diagnosed by one or more character states, we might propose that it contains parts of two
independently evolving lineages. However, although the observation of diagnosable subgroups may
be explained as the result of epiphenotypic divergence associated with lineage separation (and hence
the existence of two lineages), it also is consistent with the presence of two or more alleles within a
single lineage. Nonetheless, under the latter hypothesis it is improbable that either subgroup would
possess diagnostic states for multiple unlinked characters, the distributions of which are expected to
be independent among interbreeding organisms (assuming an absence of selection). Thus, the
observation of correlated patterns of variation in unlinked characters would appear to provide
supporting evidence for (i.e. cotroborate) the hypothesis that a group of organisms contains parts of
more than one independently evolving lineage. A similar argument can be made for disjunctive
patterns of variation in quantitative characters, which are usually assumed to exhibit an

approximately normal distribution within populations (Hartl and Clark, 1997).
As with the possession of diagnostic character states, the observation that two subgroups of

a group of organisms contain reciprocally monophyletic assemblages of alleles (i.e. haplotypes),

although explained by the existence of two independently evolving lineages, also is consistent with
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the existence of a single lineage. Indeed, the presence of multiple haplotype clades within a lineage
in many cases would be expected, especially when examining rapidly evolving, non-recombining
genetic elements, such as some mitochondrial genes (see, for example, Avise et al., 1987; Avise,
1994, 2000). Avise (1994, p. 247) considered that ‘{m]onophyletic groups [of alleles] distinguished
by large phylogenetic gaps usually arise from long-term extrinsic (biogeographic) barriers to gene
flow’. Thus, where two reciprocally monophyletic assemblages of alleles are separated by a large
number of nucleotide substitutions (or resulting changes in amino acid sequences), we might contend
that the subgroups (of organisms) containing them have been subject to long term isolation,
especially where they are geographically localised. This has prompted some authors to argue that
such subgroups are likely to constitute parts of independently evolving lineages and, accordingly,
that they should be recognised as distinct species (e.g. Densmore ef al., 1992; Rodriguez-Robles and
De Jestis-Escobar, 2000; Rodriguez-Robles et al., 2001). However, cven if we disregard the
possibility of distinct haplotype clades arising in the absence of extrinsic reproductive barriers (see
Avise, 2000, p. 138; this would seem reasonable where such clades are geographically localised), the
fact that subgroups (local populations) within a species are isolated for extended periods does not
necessitate that they are evolving independently (see The ontological distinction between species and
higher taxa above). Furthermore, even where a group of organisms does include parts of more than
one independently evolving lineage, lineage sorting of divergent ancestral alleles may result in a lack
of correspondence between these parts and subgroups containing distinct, reciprocally monophyletic
assemblages of alleles. Nonetheless, although the observation that two subgroups contain distinct
haplotype clades is consistent with the existence of a single integrated lineage or multiple lineages,
one or more of which contain paraphyletic or polyphyletic assemblages of alleles, it is improbable
under either hypothesis that these subgroups would contain monophyletic assemblages of alleles at
unlinked loci; the former hypothesis would necessitate the chance association of alleles (those
comprising haplotype clades at each locus) in all individuals, while the latter hypothesis,
additionally, would necessitate the chance correspondence of patterns of lineage sorting for multiple
loci. Conversely, the independent extinction of alleles within two or more lineages and the
associated development of reciprocal monophyly at unlinked loci is an expected outcome of their

separation (see above). Thus, the hypothesis that a group of organisms incorporates parts of two or
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more lineages would appear to be corroborated by the observation of subgroups containing distinct,

reciprocally monophyletic assemblages of alleles at multiple unlinked loci.

In contrast with the observation that subgroups of a group of organisms possess diagnostic
character states or contain reciprocally monophyletic assemblages of alleles, evidence for intrinsic
reproductive isolation is inconsistent with the existence of a single lineage. Because interbreeding is
the only known process that can integrate species (de Queiroz and Donoghue, 1988, pp 321-322; see
also The ontological distinction between species and higher taxa above), an inability of the
organisms comprising two subgroups to interbreed ensures that they are not parts of a more inclusive
group capable of evolving as an integrated whole. Accordingly, the hypothesis that a group of
organisms contains parts of more than one independently evolving lineage is corroborated by the
observation of intrinsically reproductively isolated subgroups. As noted above, intrinsic
reproductive barriers may be revealed by a number of potentially observable conditions or events.
Richardson et al. (1986, p. 47; see also Baverstock and Moritz, 1996) noted that ‘a single fixed
genetically determined ... difference between sympatric populations of a diploid sexually
reproducing species is sufficient to both recognise and characterise two co-existing ... species’. A
fixed difference exists between two groups of organisms where they share no alleles at a particular
Jocus and would be expected only in the absence of interbreeding (where organisms of two groups
are interbreeding we would expect to observe all combinations of alleles, assuming an absence of
selection). Although such differences may be apparent in patterns of morphological, physiological,
or ecological variation, they have typically been revealed in allozyme electrophoretic studies, the
results of which can usually be interpreted directly in terms of Mendelian genotypes at particular loci
(Richardson et al., 1986; Avise, 1994; see Adams et al., 1982; Baverstock et al., 1984; Hutchinson
and Donnellan, 1999; James et al., 2001 for examples of the use of allozyme data in inferring
intrinsic reproductive barriers). An absence of interbreeding among sympatric groups of organisms
may also be revealed by consistent differences in unlinked characters or disjunctive patterns of
variation in quantitative characters, as discussed above. Additionally, direct evidence for intrinsic
reproductive isolation may be provided by breeding studies or the observation of chromosomal

differences that have been demonstrated to disrupt meiosis in hybrid progeny, including those
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resulting from multiple independent fusions involving homologous chromosomes Or changes in

ploidy (see Sites and Moritz, 1987; Orr, 1990).

It is evident that a number of testable predictions can be derived from the hypothesis that a
series of specimens constitutes part of an independently evolving lineage. Furthermore, the
realisation of at least some of these predictions is probable only under the hypothesis that a distinct
lineage is present and therefore would falsify (in the ‘sophisticated falsificationist’ sense) the
alternative hypothesis that the proposed lineage incorporates parts of one or more recognised
lineages. Accordingly, species level systematics may be considered to progress in a manner
consistent with the ‘sophisticated falsificationist’ view of scientific progress generally. This is the
case even where systematists are provided with only limited preserved material. Here it is possible
to test predictions of consistent differences in unlinked characters or disjunctive patterns of variation
in quantitative characters, so that the proposition that ‘a few dead specimens represent a species’,
instead of being ‘an extravagant extrapolation having no place in science’, may falsify alternative

hypotheses and, accordingly, constitutes a legitimate scientific hypothesis.

2.5 Conclusion

The arguments presented by Ereshefsky (1999), Mishler (1999), and Pleijel and Rouse
(2000) for abandoning the species category in systematics are unconvincing. As independently
evolving population lineages, species derive their existence from the causal interaction of their
component parts (interbreeding organisms) and their resulting ability to act as a whole (in
undergoing anagenesis). Thus, contrary to the claim of Ereshefsky (1999) and Mishler (1999),
species are ontologically distinct from higher taxa, the component parts of which (species) do not
interact but are united by historical connections. Pleijel and Rouse’s (2000) concern that, in
permitting the recognition of non-monophyletic groups of demes, the inclusion of species in
taxonomic schemes may result in a loss of historical information is unfounded, extending from an
inadequate appreciation of the hierarchical organisation of biological individuals and processes. Just
as any consideration of the historical relationships of somatic cells is extraneous if we are concerned

with the relationships of organisms, so any consideration of the historical relationships of demes is
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extraneous if our concern is developing a system based on the relationships of species. Also
unfounded is Pleijel and Rouse’s (2000) contention that systematists are rarely able to provide
sufficient empirical justification for accepting hypotheses of species iimits. Such hypotheses can be
comnected to a number of testable predictions that are unlikely to be realised under alternative
hypotheses, so that they may be assessed on the basis of their relative explanatory power and,

consequently, either accepted or rej ected according to the same criteria as all hypotheses in science.
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Chapter 3

A Systematic Review of Hydrophiine Brown Snakes (Pseudonaja)

3.1 Introduction

In the preceding chapter, I presented a view of species level systematics consistent with that
of scientific endeavour generally (Lakatos, 1970; Popper, 1959, 1983). I argued that hypotheses of
species limits can be connected to a number of testable predictions that are unlikely to be realised
under alternative hypotheses and that they can therefore be assessed in the same manner as all
hypotheses in science. In this chapter, I apply these ideas in reviewing the species level systematics
of Pseudonaja, a group of hydrophiine snakes (sensu Slowinski and Keogh, 2000), commontly called

brown snakes, the classification of which has been regarded as especially problematic.

Pseudonaja is distributed throughout mainland Australia and southern New Guinea,
occurring in all major terrestrial habitats except closed forest (Cogger, 1992; O’Shea, 1996; Greer,
1997). Typically, individuals are various shades of brown dorsally (hence the commonly used
vernacular name), however, colouration is variable and may be greyish, yellowish, or nearly black
(see, for example, Mirtschin and Davis, 1983, pp 52-60; see also below). The group contains among
the most highly venomous snakes in the world and all nominal species except one (P. modesta) are
considered dangerous to humans (Broad et al., 1979; Cogger, 1992). The primary food of brown
snakes consists of small mammals, birds, lizards, and frogs (Shine, 1989, 1991), and prey are
subdued by constriction as well as envenomation (Shine and Schwaner, 1985). All species are
oviparous, with clutch size varying from two to 38 (Shine, 1989). Male-male combat has been
observed in some species (Fleay, 1943; Shine, 1989). Pseudonaja is one of the few groups of snakes
to have benefited from European settlement in Australia, due largely to the introduction of the house

mouse, Mus musculus (Shine, 1989).

The species level systematics of Pseudonaja has remained poorly resolved despite

significant implications for public health. Brown snakes are responsible for the majority of cases of
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snake bite and snake bite fatality reported in Australia each year (Sutherland, 1992). Clinical
assessment of bite victims indicates that there is considerable variation in the degree of coagulopathy
and response toantivenom treatment displayed by patients (Williams and White, 1997). Williams
and White (1997) reported intra- and interspecific variation in the procoagulant activity (the agent
producing coagulopathy in snake bite victims) of venom samples from P. textilis and P. nuchalis
specimens. Similarly, Williams et al. (1994) reported variation in procoagulant activity among
venom samples from P. affinis, P. inframacula, P. nuchalis, and P. textilis specimens. Nonetheless,
considering the uncertainty associated with the present classification, it is difficult to attribute this
variation to differences at the individual, demic, or species level. Thus, the lack of a well founded
classification for Pseudonaja impedes further understanding of the factors responsible for variation

in patient response to envenomation.

3.2 Historical Review and Objectives

In 1858, Giinther erected the name Pseudonaja for three specimens in the collection of the
British Museum, which he described as a new species, P. nuchalis. Boulenger (1896) later referred
Pseudonaja to the synonomy of Diemenia (emended to Demansia by Fry [1914]), an arrangement
adopted by the majority of authors (e.g. Loveridge, 1934; Kinghorn, 1956) until Worrell (1961)
revived the name for all of the currently recognised species (except P. inframacula; see below).
Worrell (1961) did not discuss in detail the reasons for his decision, stating only that it had been
based ‘on skull characters’ (Worrell 1961, p. 20), however, his separation of Pseudonaja and
Demansia was later supported by evidence from venom-gland musculature (McDowell, 1967) and

has been recognised by all subsequent authors (Mengden, 1983).

Pseudonaja is diagnosed by several derived character states, including the presence of fused
temporolabial and posterior supralabial scales (Cogger, 1992; Greer, 1997) and unique chromosome
(Mengden, 1985a,b) and hemipenis (Keogh, 1999) morphology, and the majority of authors have
considered the group to be monophyletic (e.g. Worrell, 1961; McDowell, 1967; Mengden, 1985a,b;
Hutchinson, 1990; Greer, 1997; Keogh, 1999; see however, Wallach, 1985; Keogh et al., 1998).

Seven species are recognised currently (P. affinis, P. guttata, P. inframacula, P. ingrami, P. modesta,
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P. nuchalis, and P. textilis), however, there is general agreement that some of these species include
more than one taxon. Cogger (1992, p. 668), for example, proposed that the existing ‘classification
is uncertain and unreliable’ and that ‘most species are probably composite’. Likewise, Hutchinson
(1990, p. 402) noted that the ‘alpha taxonomy [of Pseudonaja) is presently very unsatisfactory’. In
particular, the geographically widespread species P. nuchalis, which exhibits considerable variation
in colour pattern, has been considered by many authors to incorporate several species (€.g. Mengden,
1985b; Mengden and Fitzgerald, 1987; Wilson and Knowles, 1989; Shine, 1991; Greer, 1997; see,

however, Bush, 1989a,b; Orange, 1992 and below).

While there is some consensus that the classification of Pseudonaja is in need of revision,
the group has received little detailed study. Gillam (1979) redescribed those recognised species of
Pseudonaja occurring in the Northern Territory, considering several characters, such as the colour of
the mouth lining and iris, that previously had not been examined. Although no changes to the
existing classification were recommended in this study, Gillam proposed that reputedly isolated
populations of P. textilis from the MacDonnell Ranges, Barkly Tableland, and Victoria River District
would probably be recognised as distinct species with further research. Gillam also described 12
different forms of P. nuchalis on the basis of dorsal colour pattern, although the taxonomic

implications of this were not discussed.

In their controversial revision of the Australian herpetofauna, Wells and Wellington (1984,
1985) revived a number of previously recognised species names for Pseudonaja as well as describing
six new species from central and northern Australia. As with many of their taxonomic propositions,
Wells and Wellington provided no justification for the nomenclatural changes, which have been
heavily criticised by some authors (e.g. Mengden, 1985b, p. 202), and seemingly ignored variation
present in the characters mentioned in their descriptions. Nonetheless, the International Commission
on Zoological Nomenclature (1991) has rejected an application requesting suppression of their works
and, accordingly, their propositions are considered as hypotheses to be examined where possible in

the present study.
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Mengden (1985b) examined chromosome morphology in all nominal species of
Pseudonaja, providing a clearer understanding of several problems concerning the classification of
the group, particularly those regarding P. nuchalis. Seven different karyomorphs were identified
within this species, two of these possessing characteristic diploid chromosome numbers and a third
exhibiting what Mengden (1985b, p. 198) considered to be ‘substantial’ chromosomal differences
when compared with the other karyomorphs. These karyomorphs were reported to exhibit distinct
dorsal colour patterns, several corresponding to those described by Gillam (1979), and in a number
of cases to be broadly sympatric (see Mengden, 1985b, his Fig. 7). Furthermore, an investigation of
allozyme variation at 23 loci in three karyomorphs revealed that they are at least as divergent
genetically as some of the other species of Pseudonaja (Mengden, 1985b, his Figs 2 and 3). Thus,
Mengden proposed that at least four species are currently referred to P. nuchalis (Table 3.1), with the
caveat that one of these species (the ‘Southern’ morph) may be composite. Mengden also showed
that P. inframacula is diagnosed by a unique karyotype and, accordingly, proposed that this taxon
should be recognised as separate from P. textilis, to which it previously had been referred as a

subspecies.

While Mengden (1985b) did much to clarify the problems concerning the classification of
Pseudonaja, he refrained from presenting any formal nomenclatural changes, suggesting that a
broader study incorporating more material would be necessary before this could be advocated. In
particular, he emphasised the need for further investigation of the variation he observed within the
‘Southern’ P. nuchalis group. To this it may be added that Mengden’s chromosome data are alone
insufficient to support his conclusions concerning species limits within Pseudonaja. While Mengden
considered that at least some of the chromosomal differences he observed, which are largely the
result of pericentric inversions and single Robertsonian rearrangements, may present a barrier to
interbreeding, the effect of such differences on reproductive compatibility is difficult to predict (see
Sites and Moritz, 1987). Thus, it is possible that these differences reflect intraspecific, as opposed to
interspecific, variation (see Chapter 2). Although Mengden presented observations of colour pattern
and allozyme variation, the former were discussed only generally, with little regard to individual or
geographical variation, while the latter were available for only a subset of the species he proposed.

Furthermore, Mengden presented his data in summary format, with no reference to the material he
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Table 3.1. Mengden's (1985b) Psendonaja nuchalis morphs. The Darwin',

'Pale head, grey nape', 'Orange with black head', and 'Southern' morphs were considered by Mengden to constitute distinct species,

Morph

Karyotype

Colour Pattern

'Darwin’

'Pale head, grey nape'

'Orange with black head'

'Southern’

'Southern’

'Southern with black nuchal band'

'Southern with black bands'

‘carinata’

2N = 30; autosome pairs 4-14 gradually decreasing in size;
sex chromecsomes equal in size.

2N = 34; autosome pairs 4-16 separable into two distinct
size classes; sex chromosomes differ markedly in size.

2N = 32; autosome pairs 4-15 gradually decreasing in size;
sex chromosomes equal in size.

2N = 34; autosome pairs 4-16 separable into two distinct
size classes; sex chromosomes equal in size.

2N = 34: autosome pairs 4-16 separable into two distinct
size classes; sex chromosomes equal in size.

2N = 34; autosome pairs 4-16 separable into two distinct
size classes; sex chromosomes differ markedly in size.

IN = 34; autosome pairs 4-16 separable into two distinct
size classes; sex chromosomes equal in size.

', uniform light brown (in summer). The snout is often paler

followed by a dark interoccular region. The nuchal area is often
flecked with a few dark scales, sometimes forming a narrow band on
the neck' (Mengden, 1985b, p. 202).

'... possesses a pale head. dark interocular region, grey nape and
herringbone pattern on the posterior two-thirds of the body' (Mengden,
1985b, p. 198).

. orange ... with herring-bone pattern and black bead and nape'
(Mengden, 1985b, p. 198).

. may be either monotonal [brown] or possess a darker brown or
black head and a few black scales on the nape. This is also sometimes
accompanied by dark diagonal markings on the posterior dorsolateral
surfaces' (Mengden, 1985b, p. 202).

As for the 'Southern' morph but with a broad dark brown or black band
on the neck.

As for the 'Southern' morph but with a series of broad dark brown or
black bands on the body. "The ground colour may be pale orange to
brown' (Mengden, 1985b, p. 202).

' with brown head, and a few dark spots on a paler brown nape. The
posterior two-thirds of the body has eleven black saddles interspaced
with slightly larger pale areas. These pale areas are each crossed by
{hree to four narrow (one scale length) well defined brown bands’
(Mengden. 1985b, p. 200. describing the holatype of Diemenia

carinata),
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examined. so that it is difficult to assess how robust the reported correspondence of karyotype and
colour pattern is. Accordingly, there is not only a need to conduct a broader study incorporating
more material, but also incorporating explicit data on independent (with respect to the reported

chromosome differences) characters.

In response to Mengden (1985b), Bush (1989a,b) and Orange (1992) published observations
of P. nuchalis in Western Australia that prompted them to query the supposed composite nature of
this taxon. They reported considerable ontogenetic variation in colour pattern, with some individuals
being referrable to different colour morphs depending on age. Furthermore, they noted that
individuals may exhibit colour patterns that are intermediate between those of two or more colour
morphs (see, for example, Bush’s [1989b] Fig. 4, which depic-:ts a specimen that may be regarded as
an intermediate of the ‘Pale head, grey nape’ and ‘Orange with black head’ morphs) and that
different colour morphs (e.g. the ‘Pale head, grey nape’ and ‘Orange with black head’ morphs, and
‘carinata’ and conspicuously banded individuals) exhibit similar colouration as juveniles. Perhaps
most significantly, however, Bush (1989b) observed successful crosses involving two ‘Pale head,
grey nape’ specimens, and a male specimen that may be regarded as a ‘Pale head, grey nape’-
‘Orange with black head’ intermediate (see Bush’s [1989b] Fig. 4) and a female ‘Orange with black
head’ specimen, the former yielding juveniles referrable to the ‘Pale head, grey nape’, ‘Orange with
black head’, and ‘carinata’ morphs (see Bush’s [1989b] Fig. 2) and the latter yielding juveniles
referrable to the ‘Pale head, grey nape’ and ‘Orange with black head’ morphs. These observations
led Bush and Orange to conclude that, in southern Western Australia, ‘P. nuchalis is a single species,
albeit a highly variable one’ (Orange, 1992, p. 23) and that ‘one should err on the side of
conservatism when considering ... [its] taxonomic dismemberment’ (Bush, 1989b, p. 30; also quoted

by Orange, 1992, p. 29).

It is evident that several questions concerning the species level systematics of Pseudonaja
remain to be resolved: (1) Is there independent evidence, corroborating Mengden’s (1985b)
chromosome data, that nominal P. nuchalis includes more than one species? (2) If so, are the species
limits proposed by Mengden corroborated by independent evidence? (3) Should the evolutionary

independence of the ‘Southern’ P. nuchalis group be supported, is there evidence that the four
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karyomorphs within this group (see Table 3.2) constitute distinct species? (4) Do the reputedly
isolated populations of P. textilis constitute distinct species, as Gillam (1979) supposed? (5) Is there
evidence for the evolutionary independence of the remaining species of Pseudonaja presently
recognised? (6) Is there evidence for independently evolving lineages (i.e. species) within
Pseudonaja that have not been made apparent by traditional scale and colour pattern characters and
chromosome morphology (Mengden 1985b)? As Mengden’s data were presented in summary
format, without reference to the material he examined, they can not be incorporated in a broader
study, so that much of Mengden’s work must be repeated if many of the above questions are to be

addressed.

Previous taxonomic studies of Pseudonaja (e.g. Gillam, 1979; see also Mengden and
Fitzgerald, 1987; Cogger, 1992) indicate that traditional scale and colour pattern characters are, in
the majority of cases, unlikely to exhibit diagnostic states at the species level, being subject to
considerable individual variation. Conversely, it is probable that nucleotide sequences, which have
been employed in investigations focusing on all levels of biological organisation, would provide a
large number of suitable characters, assuming an appropriate marker is selected. On account of its
relatively high rate of evolution, maternal and effectively haploid inheritance (and thus the relatively
brief period over which mutations become fixed within a population [see, for example, Moore,
1995]), and high copy number (facilitating isolation and amplification), mitochondrial DNA is
employed in the present study to identify groups of specimens containing distinct, monophyletic
assemblages of alleles (i.e. groups of specimens that are potentially extrinsically and/or intrinsically
isolated; see Chapter 2). Subsequently, the evolutionary independence of these groups is tested using
allozyme electrophoretic and morphometric data, both of which have been employed extensively in
elucidating species limits where traditional morphological characters exhibit confounding patterns of
variation (for examples see Chapter 2 and below). Additionally, scale and colour pattern attributes
are examined in the light of the mitochondrial DNA sequence data in an attempt to identify either
previously recognised or novel diagnostic character states. Finally, chromosome data obtained for a
number of individuals (in conjunction with observations of colour pattern) allow the mitochondrial
DNA sequence, allozyme electrophoretic, and morphological data to be related to the conclusions of

Mengden (1985Db).
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Adopting the above approach, I attempt to provide a well-founded hypothesis of species
limits within Pseudonaja, supported by multiple lines of evidence. In doing so, I address the
aforementioned questions concerning the species level systematics of the group and, where possible,
the taxonomic propositions of Wells and Wellington (1984, 1985; these are considered in the Species

Accounts).

3.3 Materials and Methods

3.3.1 Ingroup sampling and outgroups

The following comments on ingroup sampling and the selection of outgroups concern the
mitochondrial DNA sequence analysis, which included all individuals considered in this study and
served as a basis for the other analyses (see the previous section and below). Brief remarks on
sampling for the allozyme electrophoretic, morphological, and chromosomal analyses are provided

in the relevant sections below.

Mitochondrial DNA sequences were obtained for 189 individuals, representing all nominal
species of Pseudonaja except P. ingrami, and the seven colour morphs of P. nuchalis identified by
Mengden (1985b) as possessing distinctive karyotypes. As larger specimens were used in
morphological comparisons (see below), sequence data for juvenile specimens, or for which
specimens could not be located, were included only where appropriately preserved tissues (see
below) were available from otherwise unsampled geographical areas. Individuals were sampled
from throughout the distributions of most species, however, limited material was available from

northern Australia (see Species Accounts).

Although the nominal species of Pseudonaja have been considered by many authors to
comprise a clade (see Introduction), the results of several previous studies indicate that the group is
paraphyletic. Mengden’s (1985b, his Fig. 3) hypothesis of phylogenetic relationships among a
limited number of hydrophiines shows Oxyuranus nested within Pseudonaja. Likewise, Keogh et
al’s (1998) parsimony analyses consistently placed P. modesta as the sister lineage to a clade

containing P. textilis and O. microlepidotus (P. modesta and P. textilis were the only species of
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Pseudonaja included in these analyses). Thus, mitochondrial DNA sequences obtained for two
individuals of O. microlepidotus and three individuals of O. scutellatus were included in the analysis

presented here to test the monophyly of Pseudongja.

According to Wallach’s (1985, his Fig. 5) preferred hypothesis of terrestrial hydrophiine
relationships, the sister group to Pseudonaja and Oxyuranus is a clade consisting of Demansia and
Pseudechis. Keogh’s (1999, his Fig. 8) phylogenetic hypothesis, similarly, indicates a close affinity
among these taxa (see, however, Greer, 1997; Keogh et al., 1998), although his arrangement differs,
with Demansia appearing as the sister lineage to Pseudonaja, exclusive of Oxyuranus and
Pseudechis (cf. the previous paragraph). A close relationship among Pseudechis, Pseudonagja, and
Oxyuranus has also been proposed by Mengden (1985a, his Fig. 5), however, he considered
Demansia to be only distantly related with this group. Considering the inconsistency in these studies
with regard to the exact relationships of Pseudonaja and Oxyuranus, both Pseudechis and Demansia
were employed as outgroup taxa in the phylogenetic analysis performed here. Mitochondrial DNA

sequences were obtained for three individuals of P. australis and two individuals of D. papuensis.

3.3.2 Specimens and tissues

Storage and collection details for all spccimens and tissues are listed in Appendix 1. The
material used was obtained from the following institutions: Australian Biological Tissue Collection
(ABTC, South Australian Museum, Adelaide), Australian Museum (AM, Sydney), Evolutionary
Biology Unit (EBU, Australian Museum, Sydney), Northern Territory Museum (NTM, Darwin),
South Australian Museum (SAM, Adelaide), Western Australian Museum (WAM, Perth). All of the
specimens examined had been fixed with 10% formalin and were stored in 70% ethanol. Tissues
consisted of liver, heart, kidney, or skeletal muscle and had been either stored at -80°C or preserved

ina 1:1 solution of absolute ethanol and 0.85% saline.

3.3.3 Mitochondrial DNA
33.3.1 DNA extraction, amplification, and sequencing
Total cellular DNA was extracted using DNAzol (Life Technologies) following a protocol

modified from the manufactuer’s instructions. 0.2-0.5 g of tissue was homogenised in 1 mL of
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DNAzol then 10 uL of Proteinase K (20 mgmL") added and the mixture either incubated at 56 °C for
2 Tr or left at room temperature overnight. Ethanol-preserved tissue was washed with distilled water
prior to homogenisation. Following Proteinase K digestion, insoluble tissue debris, RNA, and excess
polysaccharides were pelleted by centrifuging at 11000 rpm for 12 min. DNA was precipitated from
500-750 pL of supernatant with 0.5 x vol of absolute ethanol at —20 °C for at least 20 min.
Precipitated DNA was pelleted by centrifuging at 12000 rpm for 15 min then washed in 70%

ethanol, air-dried for at least 15 min, and resuspended in 100-300 pLL of 1 x TE buffer.

An approximately 770 bp mitochondrial DNA fragment, including the 3' end of the protein
coding gene ND4 (668 bp) and the adjacent tRNAs, tRNA™ and tRNA%" (approximately 102 bp; see
Arévalo et al., 1994), was amplified using the polymerase chain reaction (PCR; Saiki et al., 1985,
1988). PCR conditions were as follows: 50-100 ng template DNA, 0.1 pL AmpliTaq Gold
polymerase (Perkin Elmer), 4 mM MgCly, 2.5 uL GeneAmp 10 x PCR buffer (Perkin Elmer), 0.8
mM dNTPs, and 0.5 puM primers in a total volume of 25 pL. Light and heavy strand primer
sequences are ND4 5'-TGA CTA CCA AAA GCT CAT GTA GAA GC-3’ (Forstner et al., 1995)
and Leu 5'-TTT TAC TTG GAT TTG CAC CA-3" (Arévalo et al., 1994) respectively. PCRs were
carried out on a Corbett Research PC-960G Thermal Cycler with the following cycling conditions:
one cycle of 92 °C for 9 min, 55-58 °C for 1 min, and 72 °C for 1 min, 34 cycles of 92 °C for 45 sec,
55.58 °C for 45 sec, and 72 °C for 1 min, and one cycle of 72 °C for 6 min. 1.5% agarose gel

electrophoresis and ethidium bromide staining were used to visualise PCR products.

PCR products were purified using UltraClean PCR clean-up columns (Mo Bio Laboratories)
following the manufacturer’s instructions. Both strands were then cycle sequenced using the ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit with the same primers used for
PCR amplification. Sequencing was carried out on either a Hybaid Omn-E Thermal Cycler or a
Corbett Research PC-960G Thermal Cycler with the following reaction and cycling conditions: 70-
100 ng template DNA, 3 pL Ready Reaction Premix, and 0.5 pM primers in a total volume of 10 pL;
25 cycles of 92 °C for 30 sec, 50 °C for 15 sec, and 60 °C for 4 min and one cycle of 60 °C for 4

min. DNA was precipitated from the extension products with 75% isopropanol at room temperature
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for at least 15 min. Precipitated DNA was then pelleted, washed in 75% isopropanol, air-dried, and

run on an ABI 3700 capillary sequencer.

3.3.3.2 Testing for nuclear paralogues

The incorporation of duplicated sections of the mitochondrial genome into the nuclear
genome (hence the term nuclear paralogues) is a well known phenomenon, having been reported for
a large number of groups, including hydrophiines (recently reviewed by Bensasson et al., 2001; see
Keogh, 1998 for examples from hydrophiines). Such incorporations can present a considerable
difficulty when inferring population- or higher-level phylogeny from mitochondrial DNA sequences,
as preferential amplification of the incorporated sections may occur inadvertently, resulting in a data
set consisting of paralogous, as opposed to orthologous, sequences (Zhang and Hewitt, 1996;

Bensasson et al. 2001).

The potential for the primers used here to amplify nuclear paralogues was assessed using a
method similar to that described by Donnellan ez al. (1999). DNA was extracted from mitochondria-
enriched homogenates for three individuals (ABTC numbers 35983, 56907, and 56281) following
Welter et al. (1989). Serial dilutions (neat to 10) of the mitochondrial DNA-enriched extracts
served as template DNA in two sets of PCRs, one in which the ND4 and Leu primers were used, the
other in which ‘universal’ primers designed to amplify an approximately 400 bp fragment of the
nuclear 18S rRNA gene (light and heavy strand primer sequences are 5'-GGT TGA TCC TGC CAG
TAG-3 and 5'-AGG CTC CCT CTC CGG AAT CGA A-3/, respectively [modified from Hillis and
Dixon, 1991]) were used. Reaction and cycling conditions were as above (see DNA extraction,
amplification, and sequencing), except that the amount of template DNA varied (1 pL of diluted
extract was used in each reaction) and an annealing temperature of 48 °C (as opposed to 55-58 °C)
was used in the latter set of PCRs (i.e. those in which the 18S rRNA primers were used). In all
cases, it was possible to identify an extract concentration for which DNA fragments could be
amplified with the ND4 and Leu primers but not with the 185 fRNA primers. DNA fragments
amplified from extracts of this concentration were presumed to be of mitochondrial origin and were

cycle sequenced as described above. Where sequences could not be distinguished from those derived
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from total genomic DNA (extracted using DNAzol; see above) it was concluded that inadvertent

amplification of nuclear paralogues was unlikely to have occurred.

In addition to performing the above procedure, all protein coding sequences (i.e. ND4
sequences) were translated using Se-Al (Version 1.0 alpha 1; Rambaut, 1996) and examined for
unexpected stop codons. In metazoans, duplicated fragments of mitochondrial DNA typically lose
their function when incorporated into the nuclear genome (Gellissen and Michaelis, 1987) and,
consequently, are unconstrained in the mutations they can accumulate. Thus, while the presence of
stop codons within protein-coding regions would not be expected for functional mitochondrial genes
(these, presumably, would be removed from natural populations through selection), it would not be

unexpected for nuclear paralogues.

3.3.3.3 Phylogenetic analysis

Raw sequences were edited using SeqEd (Version 1.0.3, ABI) then aligned by eye. ND4
sequences initially were aligned against published sequences for the hydrophiine Pelamis platurus
and the elapines Bungarus fasciatus and Micrurus fulvius (GenBank accession numbers AAC27874,
AAC27861, and AAL66806, respectively). Insertions/deletions (indels) are absent in this region and
the alignments were unambiguous. tRNA sequences were aligned against the secondary structure
model of Macey and Verma (1997), optimising the correspondence between the aligned sequences
and conserved structural elements, including stems and anticodons. This resulted in the restriction of

indels to the length-variable loop regions. Aligned sequences are presented in Appendix 2.

The aligned sequence data were subjected to a parsimony analysis, performed using PAUP’
(Version 4.0 b8; Swofford, 1999). Where identical sequences were obtained for more than one
individual, a single representative individual was included in the analysis to reduce computation
time. All substitutions were weighted equally (see Kluge, 1997b for arguments against differential
character weighting in phylogenetic inference). Inferred indels were coded using the ‘simple indel
coding” method of Simmons and Ochoterena (2000; see Appendix 3). Due to the large number of
sequences included in the analysis (and the cor;‘esponding large number of possible tree topologies),

a heuristic search strategy was employed, using the random stepwise addition (100 replicates) and
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tree-bisection-reconnection branch swapping options. Bremer support values (Bremer, 1988, 1994),
calculated using Autodecay (Version 4.0; Eriksson, 1998), were employed as a measure of support
for individual clades. Values of seven or greater were considered to indicate strong support,
following Frost et al. (2001). Bootstrap values are not presented for reasons discussed by Kluge and

Wolf (1993, pp 194-195).

3.3.4 Allozyme electrophoresis

The allozyme electrophoretic data presented here derive from a preliminary survey of
allozyme variation within Pseudonaja undertaken by M. Adams (Evolutionary Biology Unit, SAM)
prior to the commencement of the present study. Data were available for 44 individuals (although
more than 170 individuals were included in M. Adams’ preliminary investigation, only those for
which mitochondrial DNA sequence data had been obtained were considered), representing all
species of Pseudonaja except P. ingrami, and the ‘Pale head, grey nape’, ‘Orange with black head’,
and ‘Southern’ colour morphs of P. nuchalis. Thirty-six loci were assayed following Richardson et

al. (1986; Appendix 4).

A phylogenetic analysis was performed using PAUP” (Version 4.0 b8; Swofford, 1999),
treating loci as characters and alleles as unordered character states. Prior to performing the analysis,
individuals were grouped using the ‘Filter Taxa’ function in MacClade (Version 3; Maddison and
Maddison, 1992), selecting the ‘consider taxa redundant even if states are not identical, as long as a
resolution of missing or uncertain data could make them identical’ option. Where a group included
more than one individual, a single representative individual was selected for inclusion in the analysis.
This procedure reduced the number of individuals included in the analysis to 28 (see Results),
decreasing considerably an otherwise prohibitively large computation time. A single individual of P.
australis included in M. Adams’ preliminary survey was employed as the outgroup. Heterozygosity
was accommodated using the ‘polymorphic’ option for multistate taxa, as recommended Komet and
Turner (1999). As with the mitochondrial DNA sequence analysis (see above), a heuristic search
strategy was employed, using the random stepwise addition (100 replicates) and tree-bisection-
reconnection branch swapping options. Bremer support values were employed as a measure of

support for individual clades (see Mitochondrial DNA above).
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3.3.5 Morphology

The multivariate statistical methods employed in the present study are similar to those
described by Wiister and Thorpe (1989, 1992) and Wister ef al. (1995). Generally, specimens were
partitioned into (morphologically homogeneous) geographical groups, the relations of which were
investigated using discriminant function analysis (canonical variates analysis). This approach has
been used effectively in elucidating patterns of morhological variation in a number of groups,
including snakes (reviewed by Thorpe, 1976; for additional examples concerning snakes, see Thorpe
and McCarthy, 1978; Thorpe, 1980; Wiister and Thorpe, 1989, 1992; Wister ef al., 1995, 1997,

Slowinski and Wiister, 2000, Burbrink, 2001).

A series of continuous variables, many of which relate to scale dimensions, was measured
on available specimens of nominal P. affinis, P. inframacula, P. nuchalis, and P. textilis for
statistical analyses. These species have proved to be the most problematic with regard to the
classification of Pseudonaja (see Introduction and Discussion) and preliminary analysis of the
mitochondrial DNA sequence data indicated that they comprise a strongly supported clade. The
variables measured are listed in Table 3.2. Snout-vent length and tail length were measured to the
nearest 1 mm using a string and ruler. The remaining variables were measured to the nearest 0.01
mm using a dial calliper. In an initial effort to obviate any effect of variation associated with
allometric growth (see below), only measurements for specimens with a snout-vent length greater

than 300 mm were included in statistical analyses. Raw measurements are presented in Appendix 5.

Prior to performing statistical analyses, measurements were scaled to the mean snout-vent
length for all specimens (874 mm) according to the function Y,-*=Y,-[XO/XJ", where Y, and Y, are the
scaled and observed values for each measurement respectively, X, is the designated body size to
which all measurements are scaled, X; is the observed body size, and b is a constant (Lleonart et al.,
2000). This procedure removes all, potentially confounding, variation among measurements
resulting from allometric growth (e.g. Gould, 1966; Thorpe, 1976; Reist, 1985). In practice, the
value of b is usually estimated as the slope of the linear regression line obtained when InY; is
regressed against InX; (see Thorpe, 1976; Lleonart et al., 2000). Values of b for each variable were

estimated separately for males and females using pooled measurements from all individuals.
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Table 3.2. Continuous variables measured on available specimens of
nominal Pseudonaja affinis, Pseudonaja inframacula, Pseudonaja
nuchalis, and Pseudonaja textilis for multivariate statistical analyses.

Means are of the left and right sides.

Snout-vent length

Tail length

Length of frontal

Width of frontal

Distance from rostral to frontal

Length of prefrontal suture

Mean length of supraoculars

Mean length of parietals

Length of parietal suture

Distance from snout tip to posterior end of parietal suture
Mean distance from snout tip to posterior end of mandible
Interocular distance

Head width (measured between corners of mouth from ventral aspect)
Mean eye diameter

Mean distance from eye to nostril

Internarial distance

Although this method assumes that a similar pattern of allometric growth obtains for all geographical
groups (and, accordingly, for all species), its use was necessitated by small sample sizes for the

majority of groups.

Geographical groups were delimited on the basis of collecting gaps and presumed
physiographical barriers (e.g. Great Dividing Range, Spencer Gulf). The homogeneity of each group
was assessed using principle components analysis. Separate analyses were performed for male and
female specimens, negating any effect of sexual dimorphism (see Thorpe, 1976, p. 411). Where
geographical groups were observed to exhibit internal heterogeneity (i.e. where principle components
analysis indicated the presence of more than one morphologically distinct group), specimens Wwere
partitioned into morphologically homogeneous subgroups. In a number of cases, geographical
groups (or subgroups) contained specimens of more than one major mitochondrial DNA clade (see
Results). These groups were divided (still) further according to the mitochondrial DNA clades in

which specimens were placed, thereby allowing specimens of different mitochondrial DNA clades to

36



Chapter 3. Hydrophiine Brown Snake Systematics

assort independently in the discriminant function analyses. A more detailed account of the procedure

employed in delimiting geographical groups is presented in Appendix 6.

Discriminant function analyses were performed using Statistica (Version 5; StatSoft, 1997).
For all analyses, geographical group served as the a priori grouping variable. In presenting
canonical variate plots (see Results), however, specimens were identified according to the
mitochondrial DNA clade in which they were placed, allowing patterns of morphological variation to
be easily related to the results of the mitochondrial DNA sequence analysis. Again, separate
analyses were performed for male and female specimens to negate any influence of sexual

dimorphism.

In addition to the continuous variables included in the discriminant function analyses, the
following scale counts were recorded for nominal P. affinis, P. inframacula, P. nuchalis, and P.
textilis specimens in the SAM: number of ventrals (counted according to Dowling [1951]); number
of subcaudals; number of dorsal rows at the level of the first ventral; number of dorsal rows on the
neck, one head length posterior to the parietals; number of dorsal rows at midbody; number of dorsal
rows one head length anterior to the vent; and number of dorsal rows at the level of the anal
(Appendix 7). The size and shape of the rostral were also examined. Notes on colouration were
taken for specimens in the SAM and WAM. The colour of the mouth lining, which tends to
deteriorate with prolonged storage in ethanol (see Gillam, 1979, p. 3), was recorded from freshly

killed or recently preserved specimens.

3.3.6 Chromosomes

Chromosome data were obtained for 11 individuals (SAM R numbers 56719, 56720, 56722,
56723, 56724, 56770, 56771, 56772, 56773, 56774, 567750; these individuals were acquired live
during the course of this study), representing nominal P. inframacula and P. textilis, and the
‘Darwin’, ‘Pale head, grey nape’, and ‘Orange with black head’ colour morphs of P. nuchalis.
Mitotic chromosome spreads were prepared by R. Hutchinson (Women’s and Children’s Hospital,
Adelaide) from lymphocyte or fibroblast tissue cultures. Autosome pairs are numbered in order of

decreasing size.
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3.4 Results

3.4.] Mitochondrial DNA

Typically, DNA fragments could be amplified from mitochondrial DNA-enriched extracts
to dilutions of 10~ and 107 using the ND4 and Leu, and 18S rRNA primers, respectively. In all
cases, sequences derived from dilutions of 10 and total genomic DNA (with the ND4 and Leu
primers) could not be distinguished. Furthermore, unexpected stop codons are absent in all protein
coding sequences. Accordingly, it was concluded that inadvertent amplification of nuclear

paralogues was unlikely to have occurred and all sequences were presumed to be orthologous.

Of the 770 aligned sites, 428 are invariable, 320 are parsimony-informative, and 22 are
variable but uninformative under parsimony (see Appendix 2). Seven of nine inferred indels are
parsimony-informative, the remaining two indels being observed in only a single haplotype (see
Appendix 3). Including four outgroup haplotypes, 98 haplotypes were discovered, 27 of which are
shared by more than one individual (see Appendix 1; Figs 3.1 and 3.2). Parsimony analysis yielded
28944 equally parsimonious trees (1017 steps), the strict consensus of which is presented in Figure
3.1. Several conclusions can be derived from this conservative hypothesis: (1) monophyly of the
ingroup is strongly supported; (2) the two nominal species of Oxyuranus comprise a moderately
supported clade, although their relationship to the remaining parts of the ingroup is unresolved; (3)
Pseudonaja consists of at least eight moderately to strongly supported clades, of which five (the P.
affinis, P. guttata, P. inframacula, P. modesta, and P. textilis clades) are largely consistent with
presently recognised species (considering the nominal taxa to which individuals had previously been
referred); the remaining three clades are composed predominantly of individuals that could be
assigned to the P. nuchalis colour forms described by Mengden (1985b; the P. nuchalis ‘Pale/black
headed’clade [see Figs 3.1 and 3.2] includes both the ‘Pale head, grey nape’ and ‘Orange with black
head’ colour forms); (4) moderately to strongly supported subclades are present within the P.
modesta and P. textilis clades; and (5) P. affinis, P. inframacula, P. textilis, and the three P. nuchalis
lineages comprise a strongly supported clade (hereafter referred to as the P. textilis group), within
which only the relationships (P. inframacula, P. nuchalis ‘Southern’) and (P. nuchalis ‘Darwin’, P.

nuchalis ‘Pale/black headed’) are resolved.
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branches are Bremer support values.

Fig. 3.1. Strict consensus of 28944 equally parsimonious trees obtained in a parsimony analysis of the
mitochondrial DNA sequence data. For Pseudonaja specimens, ABTC numbers are followed by a haplotype

number and the number of individuals for which that haplotype was observed in parentheses. Numbers above
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Fig. 3.2. One of 28944 equally parsimonious trees obtained in a parsimony analysis of the mitochondrial DNA
sequence data. For Pseudongja specimens, ABTC numbers are followed by a haplotype number and the
number of individuals for which that haplotype was observed in parentheses. Haplotype numbers correspond

with those in Appendix 1. Numbers above branches are Bremer support values.
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The eight major clades of Pseudonaja identified in the strict consensus (see Fig. 3.1) are
separated by comparatively long branches (Fig. 3.2) and, with the exception of the P. modesta clade
(see below), uncorrected percent sequence divergence within clades (0.2-1.7%; excluding P.
modesta) is generally lower than that among clades (2.3-14.5%; Table 3.3). Comparatively long
branches also separate the strongly-supported subclades of the P. modesta clade (Fig. 3.2), which
display comparable levels of interclade sequence divergence (10.4% between the two most strongly

supported clades) to those observed for the major clades (see Table 3.3).

3.4.2 Allozyme electrophoresis

Of the 36 loci examined, seven are invariable, 13 are parsimony—informative, and 16 are
variable but uninformative under parsimony (see Appendix 4). Parsimony analysis yielded 126
equally parsimonious trees (98 steps), the strict consensus of which is presented in Figure 3.3. This
conservative hypothesis contains relatively few resolved relationships (as would be expected
considering that more individuals were included in the analysis than there are parsimony-informative
characters) and Bremer support values are generally low. Nonetheless, the following observations
can be made: (1) the placement of P. guttala is unresolved, however, the remaining parts of the
ingroup comprise a clade; (2) the P. nuchalis ‘Pale/black headed’ and P. textilis clades in Figure 3.1
(the strict consensus obtained in the mitochondrial DNA sequence analysis) are present, as is the P.
inframacula clade, excluding ABTC 56449; (3) individuals of the P. affinis, P. modesta, P. nuchalis
‘Pale/black headed’, and P. nuchalis ‘Southern’ clades in Figure 3.1, and ABTC 56449 comprise 2
clade, the relationships within which are largely unresolved; and (4) the single individual of P.

modesta forms a clade with two P. nuchalis ‘Southern’ individuals.

With the exception of the P. affinis and P. inframacula clades, and the P. affinis and P.
nuchalis ‘Southern’ clades, at least one fixed difference exists between the major clades of the P.
textilis group identified in Figure 3.1 (see Appendix 4). Loci for which fixed differences were
observed are as follows: P. affinis and P. nuchalis “Pale/black headed’ — Gapd; P. affinis and P.
textilis — Srdh; P. inframacula (excluding ABTC 56449) and P. nuchalis ‘Pale/black headed’ —
Gapd, Gda, Mpi; P. inframacula (excluding ABTC 56449) and P. nuchalis ‘Southern’ (including

ABTC 56449; see Morphology below) — Gda, Mpi; P. inframacula (excluding ABTC 56449) and P.
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Table 3.3. Uncorrected percent sequence divergence among and within the major mitochondrial DNA clades of Pseudonaja.

comparisons.

Values are means of all pairwise

Interclade sequence divergence

Pseudonaja Pseudonaja nuchalis ~ Pseudonaja nuchalis ~ Pseudonaja nuchalis
P ja affirds Pseudonaja guttata inframacula Pseudonaja modesta Darwin' 'Pale/black headed' 'Southern'
Pszudonaja guttata 119
Pseudonaja inframacula 7.0 12.6
Pseudonaja modesta 13.9 13.0 13.3
Pseudonaja muchalis Darwin' 9.4 13.6 9.1 141
Pseudonaja nuchalis Pale/black headed' 7.9 13.4 9.1 14.5 5.1
Pseudonaja ruchalis 'Southern’ 72 12.8 23 13.8 9.0 8.7
Pseudonaja textilis 8.7 12.3 7.9 14.0 103 92 8.1
Intraclade sequence divergence
FPseudonaja affinis 0.2
Pseudonaja guttata 0.8
Pseudonaja inframacula 0.5
Pseudonaja modesta 6.5
Pseudonaja muchalis "Darwin' 1.4
Pseudonaja nuchalis Pale/black headed' 1.0
Pseudonaja nuchalis 'Southern' 0.5
Pseudonaja textilis 1.7

sonpwialsAs ayoug umodg aunydoipdy] ¢ 421dvy7)
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Fig. 3.3. Strict consensus of 126 equally parsimonious trees obtained in a parsimony analysis of the allozyme

electrophoretic data. Numbers above branches are Bremer support values.
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textilis — Pep-C, Srdh; P. nuchalis ‘Pale/black headed” and P. nuchalis ‘Southern’ (including ABTC
56449) — Gapd; P. nuchalis “pale/black headed’ and P. textilis — Gapd, Gda, Mpi; P. nuchalis

‘Southern’ (including ABTC 56449) and P. textilis — Gda, Mpi, Pep-C.

3.4.3 Morphology

Discriminant function analysis of the scaled measurements for all male specimens yielded
15 canonical variates. Canonical scores for the first two canonical variates (which account for 44.2%
and 21.3% of the total variance, respectively; Appendix 8) are plotted in Figure 3.4. Two major
groups are separated along the first canonical variate, one consisting of specimens of the P.
inframacula and P. textilis clades (excluding SAM R 28559 [ABTC 56449]; Fig. 3.1) and SAM R

24807 (ABTC 56402, which is placed in the P. affinis clade in Fig. 3.1), the other consisting of the
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Fig. 3.4. Plot of canonical scores for the first two canonical variates cxtracted in a discriminant function
analysis including all male specimens. The first and second canonical variates account for 44.2% and 21.3% of
the total variance, respectively. Numbers identify specimens referred to in the text: 1 - SAM R 28559,2 - SAM
R 24807, 3 — SAM R 21025, 4 - WAM R 115182, 5 — WAM R 115183, 6 - WAM R 115276, 7 - SAM R

29468.
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remaining specimens. Within the former group, specimens of the P. inframacula and P. textilis
clades are incompletely separated along the first canonical variate, while SAM R 24807 is distinct
from specimens of both clades. Within the latter group, SAM R 21025, WAM R 115182, WAM R
115183, WAM R 115276 (ABTC numbers 56336, 75197, 75198, and 75199, respectively; these
specimens are placed in the P. nuchalis ‘Pale/black headed’ clade in Fig. 3.1), and SAM R 29468
(ABTC 56435, which is placed in the P. affinis clade in Fig. 3.1) are separated from the remaining

specimens along the second canonical variate.

A further analysis was performed with specimens of the P. inframacula and P. textilis
clades (excluding SAM R 28559 [ABTC 564491]), SAM R 24807, SAM R 21025, WAM R 115182,
WAM R 115183, WAM R 115276, and SAM R 29468 (see the previous paragraph) omitted, to
elucidate patterns of morphological variation among the remaining specimens. This analysis yielded
eight canonical variates. Canonical scores for the first two canonical variates (which account for
59.29% and 12.6% of the total variance, respectively; Appendix 8) are plotted in Figure 3.5. The first
canonical variate nearly completely separates specimens of the P. nuchalis ‘Pale/black headed’ and
P. nuchalis ‘Southern’ clades (Fig. 3.1). Specimens of the P. affinis clade (Fig. 3.1) generally
exhibit higher canonical scores for the first and second canonical variates than those of the P.
nuchalis ‘Southern’ clade and, with the exception of WAM R 119550, are distinct from specimens of
the P. nuchalis ‘Pale/black headed’ clade. The second canonical variate incompletely separates
specimens of the P. nuchalis ‘Darwin’ (Fig. 3.1) and P. nuchalis ‘Pale/black headed’ clades, while
specimens of the P. nuchalis ‘Darwin’ clade are completely separated from specimens of the P.
affinis clade (excleuding WAM R 119550), and nearly completely separated from specimens of the
P. nuchalis ‘Southern’ clade, along the first canonical variate. SAM R 28559 (ABTC 56449, which
is placed in the P. inframacula clade in Fig. 3.1) is placed among specimens of the P. nuchalis

‘Southern’ clade.

Discriminant function analysis of the scaled measurements for all female specimens yielded

eight canonical variates. Canonical scores for the first two canonical variates (which account for

52.9% and 24.0% of the total variance, respectively; Appendix 8) are plotted in Figure 3.6. With the
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Fig. 3.5. Plot of canonical scores for the first two canonical variates extracted in a discriminant function
analysis including male specimens of the Pseudonaja affinis, Pseudondja nuchalis ‘Darwin’, Pseudonaja
nuchalis ‘Pale/black headed’, and Pseudonaja nuchalis ‘Southern’ clades (excluding SAM R 21025, SAM R
24807, SAM R 29468, WAM R 115182, WAM R 115183, and WAM R 115276; see Fig. 3.4 and the discussion
in the text), and SAM R 28559. The first and second canonical variates account for 59.2% and 12.6% of the
total variance, respectively. Numbers identify specimens referred to in the text: 1 — WAM R 119550, 2 - SAM

R 28559.

exception of the P. nuchalis ‘Darwin’ clade, the first and second canonical variates completely or
nearly completely separate specimens of the major P. textilis group clades (Fig. 3.1). The single
specimen of the P. nuchalis ‘Darwin’ clade is distinct from specimens of the P. nuchalis ‘Pale/black

headed’ and P. nuchalis ‘Southern’ clades, emerging among specimens of the P. affinis clade.

Variation in scale counts within the major P. textilis group clades (Fig. 3.1) is summarised
in Table 3.4. Specimens of the P. affinis clade generally possess a greater number of ventrals than
those of the P. inframacula and P. nuchalis ‘Darwin’ clades (excluding SAM R 28559 [ABTC
564497; see below). Pseudonaja nuchalis ‘Southern’ specimens (including SAM R 28559) also tend

to possess a greater number of ventrals than P. inframacula specimens (excluding SAM R 28559)
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Fig. 3.6. Plot of canonical scores for the first two canonical variates extracted in a discriminant function
analysis including all female specimens. The first and second canonical variates account for 52.9% and 24.0%

of the total variance, respectively.

and consistently possess a greater number of ventrals than P. nuchalis ‘Darwin’ specimens.
Variation in the number of ventrals within the P. nuchalis ‘Pale/black headed’ and P. textilis clades
is similar to that observed for the remaining clades collectively. Pseudonaja textilis specimens
generally possess a greater number of subcaudals than specimens of the remaining clades, while P.
nuchalis ‘Southern’ specimens tend to possess a relatively low number of subcaudals. Specimens of
the P. nuchalis ‘Darwin’ clade generally possess a greater number of dorsal rows at the level of the
first ventral and on the neck (one head length posterior to the parietals) than those of the remaining
clades, and consistently possess a greater number of dorsal rows on the neck than P. inframacula
specimens (excluding SAM R 28559). In nearly all cases, P. nuchalis ‘Pale/black headed’
specimens possesé 17 dorsal rows on the neck (23 of 24 specimens; see Appendix 7), and on that
basis are largely separable from P. nuchalis ‘Southern’ specimens, the majority of which possess 18

or 19 dorsal rows on the neck (25 of 29 specimens; see Appendix 7), and P. nuchalis ‘Darwin’

specimens, which consistently possess 19 or more dorsal rows on the neck. With the exception of
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Table 3.4. Variation in scale counts

. Mean values are followed by ranges in parentheses.

Dorsal rows at first

S Ve — ot Dosmochadegh Dot Dbl Do
Pseudonaja affinis 215.4 (204-223) 59.4 (55-63) 22.1 (20-23) 17.9 (17-19) 17.9 (17-19) 14.4 (13-15) 15.6 (15-17)
Pseudongja inframacula® 201.5 (195-208) 60.3 (55-66) 20.5 (19-23) 17 17 13.1 (13-15) 15.2 (15-16)
Pseudonaja nuchalis ‘Darwin' 198.8 (194-204) 59.6 (57-62) 238 (23-25) 19.8 (19-21) 17 15 (14-16) 15.4 (15-17
Pseudonaja nuchalis "Pale/black headed’ 208.2 (199-224) 56.5 (49-63) 20.7 (19-23) 17.1 (17-19) 17 13.5 (13-15) 15.4 (13-17)
Pseudonaja nuchalis 'Southern'* 214.2 (207-226) 53 (47-63) 21.7 (19-23) 18.6 (17-19) 17 13.1 (13-15) 15.3 (13-18)
Pseudonaja textilis 206.6 (194-229) 65.3 (62-70) 20.7 (19-23) 17.4 (17-19) 17 14.1 (13-15) 15.9 (15-17)

* Excluding SAM R 28599 (ABTC 56449)

*# Including SAM R 28599 (ABTC 56449)
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the P. affinis clade, specimens of all clades possess 17 dorsal rows at midbody. Pseudonaja affinis
specimens from Western Australia and SAM R 26268 (ABTC 6467) possess 19 dorsal rows at
midbody, while in SAM R 21955 (ABTC 56359) and SAM R 31704 (ABTC 56484), there is an
increase from 17 dorsal rows on the neck to 19 dorsal rows on the anterior body followed by a
decrease to 17 dorsal rows at midbody (these specimens were recorded as possessing 19 midbody
dorsal rows). The remaining P. affinis specimens possess 17 dorsal rows at midbody. Variation in
the number of dorsal rows both one head length anterior to the vent and at the level of the anal is
similar for all clades. Pseudonaja nuchalis ‘Southern’ specimens possess a strap-like rostral, so that
the snout appears chisel shaped when viewed from above. The rostral of specimens of the remaining

clades is normal, the snout appearing rounded in dorsal view.

Below, 1 describe variation in colour pattern within each of the major P. textilis group
clades (Fig. 3.1) in turn (patterns of variation among clades are considered explicitly in the

Discussion). The majority of the colour patterns described are illustrated in the Species Accounts.

Pseudonaja affinis. The dorsum is typically pale to dark brown or greyish-brown,
commonly grading to lighter brown or grey laterally. In WAM R 77743, the dorsum is medium
yellowish-brown. There is occasionally a pattern of darker brown or greyish-brown oblique bands,
1-3 dorsals wide, on the body. This pattern may be discernable only laterally. A subtle black
reticulated pattern is present poterolaterally in SAM R 21955. Often, an indistinct (rarely distinct)
darker brown or greyish-brown band, 9-16 dorsals wide, is present on the neck. The anterior margin
of this band lies 15-20 dorsals posterior to the parietals. A number of specimens from Western
Australia (WAM R 115297, WAM R 119172, and WAM R 136095) exhibit a pattern of darker
greyish-brown bands, approximately 20 dorsals wide, alternating with sets of 4-5 indistinct dark grey
or black bands, approximately one dorsal wide, on the posterior body. (These specimens possess 17
dorsal rows at midbody.) There are commonly numerous dark or partially dark scales on the body,
these occasionally forming large blotches. Conspicuous darker brown blotches are often present on
the head. Darker brown mottling is present on the neck in SAM R 52360. The head and neck of
SAM R 31704 are black, contrasting with the body. The venter is medium to dark brown, or dirty

cream or pale yellow. Occasionally, there are lighter brown or grey (rarely darker brown) crescent
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shaped markings on the ventrals laterally. The posterior margins of the ventrals of some specimens
are darker brown. A series of subtle darker brown or greyish-brown ventral blotches is often
discernable. Nearly all specimens possess a contrasting dark grey or (less commonly) dark brown
throat. The chin is commonly cream. The lining of the mouth is predominantly dark bluish-grey or

black.

WAM R 119550 is unusual, resembling specimens of the ‘Pale head, grey nape’ colour
form of P. nuchalis (see P. nuchalis ‘Pale/black headed’ below). The dorsum is medium brown with
a pattern of greyish-brown oblique bands over nearly the entire body. A dark greyish-brown band,
approximately 15 dorsals wide, is present on the neck, grading posteriorly to the dorsal ground
colour. The head and neck (anterior to the dark nuchal band) are contrasting pale yellowish-brown.

Several dark scales are present on the body. (This specimen possess 19 dorsal rows at midbody.)

Pseudonaja inframacula (excluding SAM R 28559 [ABTC 56449]). The dorsum is
typically light to very dark brown (nearly black in some specimens), occasionally grading to lighter
brown laterally and/or anteriorly. Where the body is lighter brown anteriorly, the head is usually
darker, being similar in colour to the posterior body. The dorsum is medium coppery-brown in SAM
R 25702. A subtle black reticulated pattern is discernable posteriorly in SAM R 29026.
Conspicuous black bands, tapering laterally from 2-4 dorsals to one dorsal wide, are present on the
body of SAM R 57076. Often, there are numerous dark or partially dark scales on the body, these
being concentrated dorsomedially in may specimens. There are commonly darker brown or black
blotches on the head. An indistinct darker brown band, approximately ten dorsals wide, is present on
the neck, immediately posterior to the parietals, in SAM R 29026. The venter is typically medium to
dark grey, occasionally grading to dark brown posteriorly. Laterally, there are often pale to medium
brown or lighter grey crescent shaped markings on the ventrals. The venter is pale bluish-grey in
SAM R 26474 and SAM R 31698. In SAM R 26474, there are contrasting dark brown crescent
shaped markings on the ventrals laterally. The chin is commonly cream. The lining of the mouth is

predominantly dark bluish-grey or black.
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Pseudonaja nuchalis ‘Darwin’. The dorsum is light to medium brown, commonly grading
to greyish-brown laterally. The majority of specimens possess a darker brown interocular area and
nape (where this condition is realised, the parietal area is slightly lighter, although still darker than
the body). Often, there are also darker brown ‘tear marks’ below the eyes. These darker brown
markings on the head and nape are presumably retained from the juvenile semaphoront (see P.
nuchalis ‘Pale/black headed’ and P. nuchalis ‘Southern’ below), however, observations of
ontogenetic variation in colouration are necessary to confirm this. The snout is pale to light brown,
in many cases contrasting with the posterior portion of the head. There are invariably scattered dark
scales on the neck. The venter is cream or yellowish-cream. There are medium brown or greyish-
brown crescent shaped markings on the ventrals laterally. In SAM R 56774, these markings extend
medially along the posterior margins of the ventrals, forming bars. Often, a series of subtle to
conspicuous salmon-coloured ventral blotches is present. These blotches are usually more prominent

anteriorly. The chin is cream. The lining of the mouth is predominantly dark bluish-grey or black.

Pseudonaja nuchalis ‘Pale/black headed’. Nearly all specimens could be assigned
unambiguously to one of two distinct colour forms, these corresponding to the ‘Pale head, grey nape’
and ‘Orange with black head’ morphs described by Mengden (1985b; see Introduction above).
Among 53 specimens examined, the ‘Pale head, grey nape’ colour form is represented by 37
specimens and the ‘Orange with black head’ colour form by 14 specimens (two specimens could not
be referred to either colour form; see below). A series of eight specimens collected from Alice
Springs over an approximately two week period (SAM numbers 56714, 56715, 56716, 56719,
56720, 56722, 56723, 56725) contains three ‘Pale head, grey nape’ specimens and five ‘Orange with
black head’ specimens. Specimens that might be considered intermediates of these two colour forms

were not observed (see, however, the Introduction above).

The dorsum of specimens of the ‘Pale head, grey nape’ colour form is pale to dark-medium
brown or yellowish brown, occasionally grading to greyish-brown laterally and/or darker brown
anteriorly. The body is lighter brown lateraily in SAM R 29288. A subtle to conspicuous black
reticulated pattern is commonly present on the body. In many specimens, this pattern is discernable

only posterolaterally. Additionally, a subtle pattern of darker brown or greyish-brown bands,
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approximately two dorsals wide, may be present on the posterior body. A number of specimens from
Western Australia (WAM R 103924, WAM R 116498) exhibit a pattern of conspicuous dark brown
bands, 10-15 dorsals wide, alternating with sets of 3-7 indistinct to distinct darker brown or greyish-
brown bands, approximately one dorsal wide, on the posterior body. This pattern resembles that of
the ‘carinata’ morph described by Mengden (1985b; see Introduction above). Nonetheless, these
specimens are otherwise very similar to the remaining ‘Pale/head grey nape’ specimens. Typically, a
dark-medium grey or darker brown band, 6-18 dorsals wide, is present on the neck, grading
posteriorly to the dorsal ground colour. Often, this band is bordered anteriorly by several dark or
partially dark scales, these commonly forming a chevron. The head and neck (anterior to the nuchal
band) are pale to medium brown or yellowish brown, usually contrasting with the darker nuchal
band. Often, the interocular area and anterior portion of the parietals are darker brown and there are
darker brown ‘tear marks’ below the eyes. Some specimens also possess an indistinct darker brown
band, approximately three dorsals wide, on the nape. Comparable, although more conspicuous,
darker brown markings are present on the head and nape of juvenile specimens (WAM R 115182,
WAM R 115183, WAM R 115276), and these presumably fade during ontogeny to produce the
observed condition in larger specimens. Darker greyish-brown mottling is present on the nape in
SAM R 36954 and SAM R 51516. The venter is cream or yellow. Laterally, there are often medium
to dark brown blotches on the posterior margins of the ventrals, these occasionally extending
medially to form bars. In SAM R 29288, there are medium brown crescent shaped markings on the
ventrals laterally. A series of subtle to (less commonly) conspicuous salmon-coloured or grey
ventral blotches is often present (these blotches differ from those on the posterior margins of the
ventrals, being distributed medially, rather than laterally, and apparently randomly with respect to the
ventral margins). The chin is cream. The lining of the mouth is predominantly dark bluish-grey or

black.

The dorsum of specimens of the ‘Orange with black head’ colour form is typically pale to
dark yellow or orange-yellow. The dorsum is medium brown in SAM R 56723. Often, there is a
subtle to conspicuous black reticulated pattern on the body. This pattern is occasionally discernable
only posterolaterally and, in many specimens, is absent on the anterior body. A subtle pattern of

darker brown bands, approximately two dorsal wide, is present posteriorly in SAM R 56723. The
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head and neck are contrasting dark brown or black. Black scales are present on the neck in SAM R
21414 and SAM R 56714 (in both of these specimens, the head and neck are dark brown), these
forming a broad chevron in SAM R 56714. The venter is cream or yellow. Laterally, there are
commonly medium to dark brown blotches on the posterior margins of the ventrals, these
occasionally extending medially to form bars. In SAM R 56723, there are medium brown crescent
shaped markings on the ventrals Jaterally. Often, a series of conspicuous salmon-coloured, dark
brown, or grey ventral blotches is present (as with the ‘Pale head, grey nape’ form, these blotches
differ from those on the posterior margins of the ventrals; see above). The chin and throat are,
independently, cream, dark grey, or black. The lining of the mouth is predominantly dark bluish-

grey or black.

SAM R 28531 and SAM R 29407 could not be referred unambiguously to either of the
colour forms described above. SAM R 28531 resembles specimens of the ‘Orange with black head’
colour form, except that a series of conspicuous dark brown bands, 9-16 dorsals wide, is present on
the body. These bands extend onto the ventrals, where they break up into a mottled pattern. The
dorsum in SAM R 29407 is uniformly dark brown, grading to lighter brown laterally. The snout is
lighter brown and there are darker brown ‘tear marks’ below the eyes. The venter is yellow, grading
to orange-yellow posteriorly. Laterally, there are contrasting dark-medium brown crescent shaped

markings on the ventrals.

Pseudonaja nuchalis ‘Southern’ (including SAM R 28559 [ABTC 56449]). The dorsum is
typically pale to medium brown, often grading to lighter brown laterally. The dorsum is medium
coppery-brown in SAM R 24410. Often, there is a subtle pattern of darker brown or greyish-brown
oblique bands, approximately one dorsal wide, on the body. This pattern is usually more pronounced
posterolaterally and is especially prominent in smaller specimens. A subtle black reticulated pattern
is present on the posterior body in AM R 157294. Occasionally, an indistinct to distinct darker
brown or black band, 16-30 dorsals wide, is present on the neck. This band commonly extends onto
the throat, where it breaks up into a pattern of irregular blotches (specimens exhibiting this darker
nuchal band correspond to Mengden’s [1985b] ‘Southern with black nuchal band’ morph [see

Introduction above]). A series of indistinct to distinct darker brown or black bands, 15-20 dorsal
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wide, is present on the body in some specimens (these specimens correspond to the ‘Southern with
black bands’ morph described by Mengden [1985b; see Introduction above]). There are commonly
scattered black scales on the body and nape. Often, the interocular area and anterior portion of the
parietals are darker brown and there are darker brown ‘tear marks’ below the eyes. SAM R 18598
and SAM R 36352 also possess a darker brown band, 5.8 dorsal wide, on the nape, immediately
posterior to the parietals (this band differs from the considerably broader nuchal band described
above, the anterior margin of which typically lies 20-25 dorsals posterior to the parietals).
Conspicuous dark brown or black markings comparable to these are present on the head and nape of
juvenile specimens (SAM R 21432-5), and these presumably fade during ontogeny to produce the
observed condition in larger specimens. Occasionally, the head is contrasting dark brown. The head
and neck are uniformly grey in SAM R 24411, and black in SAM R 47059. The venter is dirty
cream or yellow, or medium brown, occasionally grading to darker brown or pale to medium grey
anteriorly. There are often darker brown crescent shaped markings on the ventrals laterally. These
markings commonly extend medially along the posterior margins of the ventrals, forming bars.
Conspicuous darker grey mottling is present on the mid and posterior portions of the venter in SAM
R 18598 and SAM R 40759, respectively. Some juvenile specimens (SAM R 21432, SAM R 21434)
exhibit a series of grey ventral blotches anteriorly. The chin is typically cream or yellowish-cream.

The lining of the mouth is predominantly dark bluish-grey or black.

SAM R 28559 is very similar in appearance to specimens of the P. nuchalis ‘Southern’
clade (in particular, those of the ‘Southern with black bands’ colour form). The dorsum is light
brown with a subtle pattem of darker greyish-brown oblique bands, 1-2 dorsals wide,
posterolaterally. A series of conspicuous dark brown bands, 15-20 dorsals wide, is present on the
body. The interocular area and anterior portion of the parietals are darker brown and there are darker
brown ‘tear marks’ below the eyes. Scattered black scales are present on the body. The venter is

dirty cream.

Pseudonaja textilis. The dorsum is typically pale to dark-medium brown, grading to lighter

brown laterally. The dorsum is dark-medium coppery-brown in SAM R 31701. In SAM R 25070,

the first dorsal row and lateral portions of the ventrals are greyish-brown. The dorsals of some
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specimens exhibit a concentration of darker pigment posteriorly. Occasionally, dark or partially dark
scales are present on the body or neck. An indistinct darker brown band, 1-2 dorsals wide, is present
on the nape, immediately posterior to the parietals, in SAM R 25070. SAM R 18605 possesses a
darker brown band, approximately 10 dorsals wide, on the neck, its anterior margin lying
approximately 8 dorsals posterior to the parietals. In SAM R 19943, the neck, from approximately
3-15 dorsals posterior to the parietals, is contrasting dark brown. The venter is dirty cream,
yellowish cream, or yellow, occasionally grading to dirty medium brown or greyish-brown
posteriorly. There are medium brown crescent shaped markings on the ventrals laterally in some
specimens. Commonly, the posterior margins of the ventrals are darker brown. Nearly all specimens
exhibit a series of moderately to highly conspicuous dark grey or medium to dark brown ventral

blotches anteriorly. The chin is commonly cream. The lining of the mouth is pink.

3.4.4 Chromosomes

Representative karyotypes are presented in Figure 3.7. Consistent with Mengden’s (1985b)
observations, the diploid chromosome number is 36 in the single P. inframacula specimen and 38 in
the two P. textilis specimens. Furthermore, the sex chromosomes of the P. inframacula specimen
differ considerably in size, the W chromosome being nearly 50% larger than the Z chromosome (see
Mengdcn, 1985b, p. 196). The karyotypes of the Alice Springs and Yorke Peninsula P. textilis
specimens (the former representing the reputedly isolated MacDonnell Ranges population) are not
obviously dissimilar. All P. nuchalis ‘Darwin’ specimens exhibit a diploid chromosome number of
30, with chromosome pairs 4-14 gradually decreasing in size, and, on that basis, can be referred to
Mengden’s ‘Darwin’ karyomorph (see Mengden, 1985b, p. 198 and his Table 1; see also Table 3.1).
However, the sex chromosomes of the single female P. nuchalis ‘Darwin’ specimen are subequal in
size, rather than equal in size as Mengden (1985b, see his Table 1) reported, the W chromosome
being larger than the Z chromosome. The ‘Orange with black head’ P. nuchalis ‘Pale/black headed’
specimens can be referred to Mengden’s ‘Orange with black head’ karyomorph, exhibiting a diploid
chromosome number of 32, with chromosome pairs 4-15 gradually decreasing in size, and, in the two
female specimens, possessing sex chromosomes that are approximately equal in size (see Mengden,
1985b, p. 198 and his Fig. 1; Table 3.1). The karyotypes of the ‘Pale head, grey nape’ P. nuchalis

‘Pale/black headed’ specimens could not be consistently differentiated from those of the ‘Orange
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Fig. 3.7. Gross karyotypes: (a) Pseudongja inframacula (SAM R 56771}, (b) Pseudonaja nuchalis ‘Darwin’
(SAM R 56772), (c) Pseudonaja nuchalis ‘Orange with black head’ (SAM R 56720), (d) Pseudonaja nuchalis
‘Pale head, grey nape’ (SAM R 56722), and (e) Pseudonaja textilis (SAM R 56724). Sex chromosomes are

labelled.

56



Chapter 3. Hydrophiine Brown Snake Systematics

with black head’ specimens, contrary to Mengden’s observations (see Mengden, 1985b, p. 198 and

his Table 1).

3.5 Discussion

3.5.1 Species limits

As discussed in the preceding chapter, the notion of species is not a problematic theoretical
issue; as fundamental entities in a hierarchical evolutionary system, species correspond to
independently evolving population lineages, rendered cohesive by reproductive interactions among
their component organisms. Furthermore, contrary to the view of some authors (Pleijel, 1999; Pleijel
and Rouse, 1999, 2000), there is no reason to expect that the task of delimiting species can not be
undertaken in a scientific manner. Specific hypotheses of species limits can be connected to a
number of testable predictions that are unlikely to be realised under alternative hypotheses, so that
their acceptance may be demonstrated to entail an increase in explanatory power (where one or more
such predictions are confirmed). In particular, it is improbable that a group of organisms would
incorporate subgroups that can be diagnosed on the basis of consistent differences in unlinked
characters or differentiated with respect to one or more quantitative characters, or that contain
reciprocally monophyletic assemblages of alleles at multiple unlinked loci, except under the
hypothesis that it contains parts of at least two independently evolving lineages (i.e. species).
Moreover, the observation of intrinsically reproductively isolated subgroups is consistent only with
the hypothesis that more than one lineage is present. Thus, adopting the widely held ‘sophisticated
falsificationist’ view that scientific endeavour consists in evaluating alternative hypotheses on the
basis of their relative explanatory power, hypotheses of species limits can, and should, be assessed
and either accepted or rejected according to the same criteria as all hypotheses in science (see

Chapter 2).

In view of the above, the results presented here provide supporting evidence for the
presence of at least eight independently evolving lineages (i.e. species) within Pseudonaja. These
lineages are largely coincident with the major mitochondrial DNA clades (Figs 3.1 and 3.2),

although there are some exceptions, discussed below. In all cases, specimens appearing in the P.
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guttata and P. modesta clades had previously been referred to nominal P. guttata and P. modesta,
respectively. Both of these taxa differ from other nominal species of Pseudongja in morphology
(Gillam, 1979; Cogger, 1995), karyotype (Mengden, 1985b; Mengden and Fitzgerald, 1987), and
ecology (Shine, 1989), and their status has been regarded as unproblematic by all recent authors (at
least at the species level; see Wallach, 1985 and below). In that the results of the mitochondrial
DNA sequence analysis imply an association of mitochondrial DNA haplotypes and, presumably
unlinked, morphological, chromosomal, and ecological character states, they support the hypothesis
that P. guttata and P. modesta, as presently conceptualised, are evolutionarily independent entities
(species or perhaps, in the case of P. modesta, monophyletic groups of species [considering that at
least some of the diagnostic haplotype differences are apomorphies]; see below). Specimens
composing the major P. textilis group clades (disregarding the few exceptions to be discussed below)
are largely separable with respect to the quantitative variables included in the multivariate analyses
and, in the majority of cases, exhibit consistently different alleles at one or more allozyme loci, as
well as differences in diploid chromosome number and/or chromosome morphology. Additionally,
specimens of some clades can be diagnosed on the basis of scale attributes and/or colour pattern.
These differences in quantitative and qualitative characters persist in areas of sympatry where these
occur, providing evidence for the intrinsic reproductive isolation of specimens of some clades.
Furthermore, the discovery of corresponding clades in the mitochondrial DNA sequence and
allozyme electrophoretic analyses indicates that the specimens composing these clades contain
monophyletic assemblages of alleles at two or more unlinked loci (a single mitochondrial DNA locus
and at least one allozyme locus). Below, I discuss in detail the evidence for each of the P. textilis
group lineages, considering P. affinis, P. inframacula, and P. textilis, which, as delimited here,

largely correspond with recognised taxa, and the three P. nuchalis lineages in turn.

With the exception of SAM R 24807, SAM R 29468, and WAM R 119550 (for the sake of
brevity, individuals are hereafter referred to only by their specimen number; see Appendix 1), the
quantitative variables included in the multivariate analyses largely separate specimens of the P.
affinis clade from those of the remaining P. textilis group clades (Figs 3.4-3.6). When compared
with specimens of the P. nuchalis ‘Pale/black headed’ and P. textilis clades, specimens of the P.

affinis clade also exhibit consistently different alleles at at least one allozyme locus. Furthermore,
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they generally possess a greater number of ventrals than specimens of the P. inframacula and P.
nuchalis ‘Darwin’ clades and, in nearly all cases, can be diagnosed by a contrasting dark grey or dark
brown throat. Although chromosome data are unavailable for the specimens considered here,
Mengden (1985b) reported a diploid chromosome number of 34 for P. affinis, with autosome pairs 4-
16 gradually decreasing in size. Thus, considering that all specimens previously referred to nominal
P. affinis were placed in the P. affinis clade, it is probable that the specimens composing this clade
differ from those of the P. inframacula, P. nuchalis ‘Darwin’, P. nuchalis “‘Pale/black headed’, and
P. textilis clades in diploid chromosome number (Fig. 3.7; see, however, the discussion of
chromosome data for P. nuchalis ‘Pale/black headed’ below), and from specimens of the P.
inframacula, P. nuchalis ‘Southern’, and P. textilis clades in possessing autosomes that are separable
into only two (as opposed to three) distinct size classes (see Mengden, 1985b, his Table 1).
Specimens of the P. inframacula and P. textilis clades (excluding SAM R 28559) are separable from
those of the remaining P. textilis group clades, and largely separable from one another, with respect
to the quantitative variables included in the multivariate analyses (Figs 3.4 and 3.6). Furthermore,
specimens of both clades exhibit characteristic diploid chromosome numbers (see Fig. 3.7 and
Mengden, 1985b), and are separable from specimens of the P. nuchalis ‘Pale/black headed’ and P.
nuchalis ‘Southern’ clades, as well as from one another, in possessing consistently different alleles at
one or more allozyme loci. Specimens of the P. fextilis clade also possess consistently different
alleles at at least one allozyme locus when compared with specimens of the P. affinis clade. It
should be noted, however, that allozyme data are available for only two specimens of the P. textilis
clade, so that observed fixed differences might reasonably be explained as artefacts of sampling. In
nearly all cases, specimens of the P. inframacula clade can be diagnosed by a medium to dark grey
venter, this condition often being observed in conjunction with pale to medium brown or lighter grey
crescent shaped markings on the ventrals laterally. These specimens also differ from specimens of
the P. nuchalis ‘Darwin’ clade in possessing 17, as opposed to 19 or more, dorsal rows on the neck,
and from specimens of the P. nuchalis ‘Darwin’, P. nuchalis ‘Pale/black headed’, P. nuchalis
‘Southern’, and P. textilis clades in possessing sex chromosomes that differ markedly in size (see
Fig. 3.7 and Mengden, 1985b). Specimens of the P. textilis clade tend to possess a greater number of
subcaudals than those of the remaining P. textilis group clades, and can be diagnosed by an entirely

pink mouth lining. Although specimens of more than one P. textilis group clade were collected from
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the same locality in only two instances (eight P. nuchalis ‘Pale/black headed’ specimens and a single
P. textilis specimen were collected from Alice Springs, and two P. nuchalis ‘Pale/black headed’
specimens and a single P. nuchalis ‘Southern’ specimen were collected from Roxby Downs; sce
Appendix 1 and the Species Accounts below), several likely areas of sympatry can be identified (see
the distribution figures in the Species Accounts below). It is probable that specimens of the P.
affinis, P. inframacula, and P. nuchalis ‘Southern’ clades are sympatric on Eyre Peninsula, while
specimens of the P. affinis and P. nuchalis ‘Pale/black headed’ clades are potentially parapatric or
sympatric in southern Western Australia and south-western South Australia. Specimens of the P.
textilis and P. nuchalis ‘Pale/black headed’ clades co-occur in the Alice Springs region (see above)
and are likely to be sympatric in eastern South Australia and western New South Wales.
Furthermore, it is probable that specimens of the P. textilis clade are sympatric with specimens of the
P. nuchalis ‘Southern’ clade in eastern South Australia and western and central New South Wales,
and with specimens of the P. nuchalis ‘Darwin’ clade in southern central Queensland. Thus, the
hypothesis that specimens of the P. affinis, P. inframacula, and P. textilis clades (excluding SAM R
28559, SAM R 24807, SAM R 29468, WAM R 119550, and possibly WAM R 115297, WAM R
119172, and WAM R 136095 [see below]) constitute parts of independently evolving lineages (or
perhaps, in the case of P. textilis specimens, monophyletic groups of lineages [considering that these
specimens share numerous molecular apomorphies]; see below) is supported by multiple lines of
evidence. In addition to containing a monophyletic assemblage of mitochondrial DNA haplotypes,
the specimens composing each of these clades, when compared with those of other P. textilis group
clades, are largely or completely separable with respect to the quantitative variables included in the
multivariate analyses, in the majority of cases exhibit consistently different alleles at one or more
allozyme loci, and can be diagnosed on the basis of differences in diploid chromosome number,
chromosome morphology, scalation, and/or colour pattern (see below for further differences between
specimens of these and the P. nuchalis clades). This remains the case in presumed areas of
sympatry, providing evidence for the intrinsic reproductive isolation of specimens of some clades.
Furthermore, the P. inframacula, and P. textilis clades (excluding SAM R 28559) were recovered in
the allozyme electrophoretic analysis, so that the specimens comprising these clades contain
monophyletic assemblages of alleles at at least one allozyme locus (see, however, cautionary note for

P. textilis above).
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It is probable that SAM R 24807 and SAM R 29468 are P. affinis specimens. They can be
differentiated from specimens of the P. inframacula, P. nuchalis “Pale/black headed’, P. nuchalis
‘Southern’, and P. textilis clades in possessing consistently different alleles at one or more allozyme
loci (in all cases, these alleles are present in at least some other P. affinis specimens; loci for which
differences were observed are as follows: P. inframacula [excluding SAM R 28559] — Est-1 [SAM R
29468 only], Gda [SAM R 24807 only], Mpi, Pep-C; P. nuchalis “Pale/black headed’ — Gapd, Gda
[SAM R 24807 only]; P. nuchalis ‘Southern’ [including SAM R 28559] — Est-1 [SAM R 29468
only], Pep-C; P. textilis — Est-1 [SAM R 29468 only], Gda [SAM R 24807 only], Mpi, Pgm-2, Srdh
[see, however, cautionary note above]; see Appendix 4) and are widely separated geographically
from specimens of the P. nuchalis ‘Darwin’ clade (see Appendix 1 and the Species Accounts below).
Furthermore, SAM R 29468 possesses 19 dorsal rows at midbody, a condition observed only
(although not ubiquitously) in P. affinis specimens (Table 3.4). The anomalous placement of these
specimens in Figure 3.4 (the canonical variate plot for all male specimens) may be attributable to the
procedure employed in scaling measurements prior to performing the multivariate analyses. As
noted above (see Materials and Methods), small sample sizes for many geographical groups
necessitated the use of pooled measurements for all specimens in estimating the value of the constant
b in the scaling function. Thorpe (1976, p. 412 and his Fig. 1) noted that where patterns of
allometric growth (specifically, the value of b) and/or body size differ among geographical groups
(as is potentially the case where more than one species is being considered) this procedure is likely to
produce spurious estimates of b, thereby affecting the reliability of scaled measurements. This is
particularly the case where specimens are considerably smaller or larger than the designated body
size to which measurements are scaled (measurements for such specimens are modified to a greater
extent in scaling than those for specimens closer to the standard body size). Considering this, it is
significant that SAM R 24807 and SAM R 29468 are juvenile specimens, being notably smaller than
the remaining P. affinis specimens and the mean body size to which measurements were scaled (see
Appendix 5), and that scaled measurements for both specimens are generally considerably higher
than those for other specimens. Although neither specimen exhibits a contrasting dark grey or dark
brown throat, considered here to diagnose P. affinis specimens, this condition may be subject to

ontogenetic variation (Bush, 1989b; Mengden and Fitzgerald, 1987).
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The placement of WAM R 119550 in the multivariate analyses (see Fig. 3.5) is not as
readily explained as an artefact of the scaling procedure employed as that of SAM R 24807 and
SAM R 29468, as this specimen is close to the designated body size to which measurements were
scaled (see Appendix 5). Considering that, as well as being placed among specimens of the P.
nuchalis ‘Pale/black headed’ clade in Figure 3.5, WAM R 119550 exhibits a colour pattern
resembling that of ‘Pale head, grey nape’ P. nuchalis “Pale/black headed’ specimens, but possesses
19 dorsal rows at midbody, this specimen is possibly a P. affinis-P. nuchalis ‘Pale/black headed’
hybrid. This may also be the case for WAM R 115297, WAM R 119172, and WAM R 136095,
which display a colour pattern similar to that of some ‘Pale head, grey nape’ P. nuchalis ‘Pale/black
headed’ specimens and possess 17 dorsal rows at midbody (unusually among Western Australian
specimens of the P. affinis clade), but are placed among other specimens of the P. affinis clade in the
multivariate analyses (see Appendix 8 and Figs 3.5 and 3.6; WAM R 115297 was not included in
these analyses due to missing data). Nonetheless, in the absence of allozyme electrophoretic data,
any proposal that these specimens (ie. WAM R 119550, WAM R 115297, WAM R 119172, and
WAM R 136095) constitute P. affinis-P. nuchalis ‘Pale/black headed’ hybrids can only be regarded

as speculative.

As presently conceptualised, P. nuchalis clearly incorporates more than one species. The
majority of nominal P. nuchalis specimens (i.e. those that previously had been referred to P.
nuchalis) are placed in three distinct mitochondrial DNA clades (with the exception of SAM R
28559 [see below], the remaining specimens appear in the P. affinis clade and are almost certainly
parts of P. affinis, as this species is delimited here), these forming either a paraphyletic or
polyphyletic assemblage, depending on their relationship to P. affinis and P. textilis. Two of these
clades are composed predominantly of specimens that can be referred to the ‘Darwin’ and ‘Southern’
P. nuchalis groups of Mengden (1985b) on the basis of colour pattern and, in the case of P. nuchalis
‘Darwin’ specimens, diploid chromosome number and chromosome morphology. Nearly all
specimens of the third clade can be assigned to Mengden’s (1985b) ‘Pale head, grey nape’ and
‘Orange with black head’ colour morphs. With the exception of SAM R 21025, WAM R 115182,
WAM R 115183, and WAM R 115276, specimens of the P. nuchalis ‘Pale/black headed’ clade are

largely separable from those of the P. nuchalis ‘Darwin’ clade, and nearly completely separable from
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those of the P. nuchalis ‘Southern’ clade, with respect to the quantitative variables included in the
multivariate analyses (Figs 3.5 and 3.6). Additionally, these variables nearly completely separate
specimens of the P. nuchalis ‘Darwin’ and P. nuchalis ‘Southern’ clades (Figs 3.5 and 3.6).
Although chromosome data are unavailable for specimens of the P. nuchalis ‘Southern’ clade,
Mengden (1985b) reported a diploid chromosome number of 34 for the ‘Southern’ P. nuchalis group,
with autosome pairs 4-16 falling into two distinct size classes. Thus, specimens of the three P.
nuchalis clades exhibit different diploid chromosome numbers (see, however, the discussion of
chromosome data for the P. nuchalis ‘Pale/black headed’ clade below), while specimens of the P.
nuchalis ‘Darwin’ and P. nuchalis ‘Pale/black headed’ clades are further separable from those of the
P. nuchalis ‘Southern’ clade in possessing autosomes that can be partitioned into only two (as
opposed to three) distinct size classes (see Fig. 3.7). Specimens of the P. nuchalis ‘Southern’ clade
can be diagnosed by a strap-like rostral that imparts a chisel shape to the snout in dorsal view.
Furthermore, they exhibit consistently different alleles at at least one allozyme locus when compared
with specimens of the P. nuchalis ‘Pale/black headed’ clade, possess a greater number of ventrals
than specimens of the P. nuchalis ‘Darwin’ clade (as well as the majority of P. inframacula
specimens), and tend to possess a relatively low number of subcaudals. In the majority of cases,
specimens of the P. nuchalis ‘Pale/black headed’ clade are separable from those of the P. nuchalis
‘Darwin’ and P. nuchalis ‘Southern’ clades in possessing fewer dorsal rows on the neck, while
specimens of the P. nuchalis ‘Darwin’ clade generally posses a greater number of dorsal rows at the
level of the first ventral than those of the remaining clades. Specimens of the P. nuchalis ‘Pale/black
headed’ and P. nuchalis ‘Southern’ clades co-occur in the Roxby Downs area (see Appendix 1 and
the Species Accounts below) and are likely to be sympatric in central and eastern South Australia
and western New South Wales. Thus, a number of lines of evidence support the hypothesis that
specimens of the P. nuchalis ‘Darwin’, P. nuchalis ‘Pale/black headed’, and P. nuchalis ‘Southern’
clades constitute parts of independently evolving lineages. These specimens, as well as containing
monophyletic assemblages of mitochondrial DNA haplotypes, are largely separable with respect to
the quantitative characters included in the multivariate analyses and can be diagnosed on the basis of
differences in diploid chromosome number, chromosome morphology, scalation, and/or colour
pattern. Additionally, specimens of the P. nuchalis ‘Pale/black headed’ and P. nuchalis ‘Southern’

clades exhibit consistently different alleles at at least one allozyme locus. Differences in quantitative
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and qualitative characters between P. nuchalis ‘Pale/black headed’ and P. nuchalis ‘Southern’
specimens persist in probable areas of sympatry, providing evidence for their intrinsic reproductive
isolation. Furthermore, the P. nuchalis ‘Pale/black headed’ clade was recovered in the allozyme
electrophoretic analysis, so that the specimens composing this clade contain a monophyletic
assemblage of alleles at two or more unlinked loci. In addition to the results presented here, direct
evidence for the intrinsic reproductive isolation of P. nuchalis ‘Darwin’ and P. nuchalis ‘Southern’
individuals has been provided by M. Fitzgerald (see Mengden, 1985b), who observed two crosses of
a male P. nuchalis ‘Darwin’ specimen and a female P. nuchalis ‘Southern’ specimen, both yielding
‘hard, yellow, obviously infertile “slug[s]” (Mengden, 1985b, p. 204) and infertile, but otherwise

apparently normal, eggs.

As with SAM R 24807 and SAM R 29468, the anomalous placement of SAM R 21025,
WAM R 115182, WAM R 115183, and WAM R 115276 in the multivariate analyses may be
attributable to the procedure employed in scaling measurements. These specimens are notably
smaller than the remaining P. nuchalis ‘Pale/black headed’ specimens and the mean body size to
which measurements were scaled (see Appendix 1), and scaled measurements for each specimen are
generally considerably higher than those for other specimens. The remaining P. nuchalis ‘Pale/black
headed’ specimens form reasonably cohesive groups in Figures 3.5 and 3.6, within which there is no
apparent differentiation of specimens of the ‘Pale head, grey nape’ and ‘Orange with black head’
colour forms. Specimens referable to these colour forms also can not be differentiated with respect
to the allozyme electrophoretic data or scalation and, contrary to Mengden’s (1985b) observations,
possess similar karyotypes. The discrepancy between Mengden’s chromosome data and that
presented here may reflect individual or geographical variation within the P. nuchalis ‘Pale/black
headed’ lineage in conjunction with limited sampling. Although chromosome data were obtained for
eight P. nuchalis ‘Pale/black headed’ specimens in the present study, these were collected from a
single locality (Alice Springs; see Materials and Methods and Appendix 1), while it is unclear how
many specimens were available to Mengden or from where these specimens were collected. If
Mengden was able to obtain chromosome data for only a small and/or geographically restricted
series of specimens, the differences between our results may be explained as an artefact of sampling.

Considering this, it is noteworthy that Mengden (1985b, p. 207) considered that ‘[t]he “orange with
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black head” morph ... most resembles the “pale head, grey nape morph” chromosomally’.
Alternatively, Mengden’s ‘Pale bead, grey nape’ karyomorph may represent a distinct lineage, not
considered here, composed of individuals exhibiting a colour pattern similar to that of ‘Pale head,
grey nape’ P. nuchalis ‘Pale/black headed’ specimens but possessing a different karyotype. A
further (although perhaps improbable) possibility is that Mengden obtained chromosome data for one
or more P. nuchalis ‘Southern’ specimens (which possess a karyotype not dissimilar to that reported
for ‘Pale head, grey nape’ specimens; see Mengden’s [1985b] Table 1), mistakenly believing them to
represent the ‘Pale head, grey nape’ group. Specimens of these groups are broadly sympatric (see
above) and in some cases may be difficult to distinguish on the basis of colour pattern, as noted by
Shine (1989, p. 196). If this were the case, the differences Mengden observed between the ‘Pale
head, grey nape’ and ‘Southern’ karyotypes (which concern the morphology of autosome pairs 4-16
and the sex chromosomes) would represent further variation within the P. nuchalis ‘Southern’
lineage (see below). Given Mengden’s failure to provide details of the material he examined, it is
difficult to evaluate the above explanations. It should be noted however, that none of these
explanations entails the existence of corresponding patterns of variation in colour pattern and
karyotype within the P. nuchalis ‘Pale/black headed’ lineage (as at least some ‘Pale head grey nape’
specimens are known to possess the ‘Orange with black head’ karyotype reported by Mengden; see
Fig. 3.7), so that all are consistent with the conclusion that specimens of the P. nuchalis ‘Pale/black
headed’ clade are parts of a single integrated lineage exhibiting more than one distinct colour form.
Such marked intraspecific variation in colour pattern has been reported for a number of species of
snakes (see Mattison, 1995, pp 124-125). Thus, the evidence presented here allows the conclusions
of Mengden (1985b) and Bush (1989a,b) and Orange (1992) to be largely reconciled; while nominal
P. nuchalis incorporates more than one species, as proposed by Mengden, Bush’s and Orange’s
observations of P. nuchalis in Western Australia (see Historical Review and Objectives above) were
almost certainly based on P. nuchalis ‘Pale/black headed’ specimens and so, as they concluded,

concern only a single species.

There is no apparent differentiation of specimens of the ‘Southern with black nuchal band’,

‘Southern with black bands’, and typical ‘Southern’ colour forms in Figures 3.5 and 3.6 (the

canonical variate plots). Furthermore, these specimens can not be consistently differentiated with
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respect to the allozyme electrophoretic data or scalation. Although Mengden (1985b) observed
distinctive karyotypes for each of these colour forms, he noted that the differences between them are
relatively minor, concerning the morphology of autosome pairs 4-16 and the sex chromosomes, and
are unlikely to present a barrier to interbreeding. While this does not limit their value as potentially
diagnostic character states, it is unclear how robust the reported correspondence of colour pattern and
karyotype is and, consequently, whether these differences provide supporting evidence for the
presence of more than one species or represent intraspecific variation. It is possible that Mengden
obtained chromosome data for only a single specimen of each colour form, so that the reported
correspondence may be an artefact of sampling. Thus, in the absence of information on the material
available to Mengden, there is no unequivocal evidence for correlated patterns of variation in colour
pattern and karyotype, and hence the existence of multiple taxa, within the P. nuchalis ‘Southern’
lineage. The conclusion that specimens of the ‘Southern’, ‘Southern with black nuchal band’, and
‘§outhern with black bands’ colour forms are parts of a single integrated lineage is supported by the
observation that bands on the neck and body (which characterise the ‘Southern with black nuchal
band’ and ‘Southern with black bands’ colour forms, respectively) vary from highly conspicuous (as
illustrated in Mengden’s [1985b] Plate 1F and 1G) to scarcely discernable, and may fade

considerably over a relatively brief period (1-2 years; P. Mirtschin, pers. comm.).

Mengden (1985b, p. 207) considered that ‘[tJhe “carinata” morph ... is chromosomally
similar to the “southern” morph and may be capable of interbreeding with it’, and implied that these
morphs may be conspecific (see Mengden, 1985b, p. 198). A number of specimens considered here
exhibit the ‘carinata’ banding pattern described and illustrated by Mengden, however, these
specimens are placed in the P. nuchalis ‘Pale/black headed’ clade and almost certainly represent the
Pale head, grey nape’ form of the P. nuchalis ‘Pale/black headed’ lineage (see the discussion of
colour pattern variation in the Results above). Thus, both the P. nuchalis ‘Pale/black headed’ and P.
nuchalis ‘Southern’ lineages may contain individuals referable to the ‘carinata’ morph.
Alternatively, Mengden’s ‘carinata’ karyomorph may in fact form part of the P. nuchalis ‘Pale/black
headed’ lineage (rather than the P. nuchalis ‘Southern’ lineage). The differences Mengden observed
between the ‘Pale head, grey nape’ and ‘carinata’ karyotypes are not great, concerning the

morphology of autosome pairs 4-16 and the sex chromosomes, and he did not consider them to be
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‘such as to guarantee a strong genetic barrier to reproduction’ (Mengden, 1985b, p. 207).
Accordingly, if Mengden’s ‘Pale head, grey nape’ karyomorph is conspecific with the ‘Pale head,
grey nape’ and ‘Orange with blackead’ specimens considered here (see previous paragraph), it is
plausible that these differences reflect further variation within the P. nuchalis ‘Pale/black headed’
lineage. Another possibility is that Mengden’s ‘carinata’ karyomorph represents a distinct lineage,
not considered here, the component individuals of which exhibit a colour pattern similar to that of
some ‘Pale head, grey nape’ P. nuchalis ‘Pale/black headed’ specimens. Nonetheless, in the absence
of mitochondrial DNA sequence and morphological data for typical ‘carinata’ specimens and/or
chromosome data for ‘Pale head, grey nape’ P. nuchalis ‘Pale/black headed’ specimens exhibiting
the ‘carinata’ banding pattern, it is difficult to assess the above possibilities and hence the status of

Mengden’s ‘carinata’ group.

SAM R 28559 is almost certainly part of the P. nuchalis ‘Southern’ lineage. Although this
specimen appears in the P. inframacula mitochondrial DNA clade, it is placed among specimens of
the P. nuchalis ‘Southern’ clade in the multivariate analyses, exhibits and allozyme genotype nearly
identical (identical at diagnostic loci) to that of other P. nuchalis ‘Southern’ specimens, pOssesses a
strap like rostral (considered here to diagnose specimens of the P. nuchalis ‘Southern’ lineage), and
is very similar in appearance to ‘Southern with black bands’ P. nuchalis ‘Southern’ specimens.
Furthermore, this specimen possesses 19 dorsal rows on the meck (as opposed to 17 in P.
inframacula) and a relatively low number of subcaudals (fewer than all P. inframacula specimens
examined; see Appendix 7). The placement of SAM R 28559 in the mitochondrial DNA sequence
analysis is intriguing, and may reflect incomplete lineage sorting of ancestral mitochondrial DNA
haplotypes. Considering this, it is significant that uncorrected percent sequence divergence between
the P. inframacula and P. nuchalis ‘Southern’ clades is relatively low, suggesting that P.
inframacula and the P. nuchalis ‘Southern’ lineage (which are sister taxa; see Results above)
separated comparatively recently, a situation conducive to observing incomplete lineage sorting (e.g.

Avise and Ball, 1990; Avise, 1994, 2000).

In the light of the above conclusions concerning species limits within Pseudonaja, it 1s

evident that at least some of the confusion regarding the classification of this group has resulted from

67



Chapter 3. Hydrophiine Brown Snake Systematics

a reliance by systematists on characters that are variable within species and/or exhibit states that are
shared among species. Consider the number of dorsal rows at midbody. Previous authors (e.g.
Mirtschin and Davis, 1983; Wilson and Knowles, 1988; Cogger, 1992) have regarded the possession
of 19 midbody dorsal rows as a distinctive attribute of P. affinis specimens, serving to differentiate
them from specimens of P. inframacula, P. nuchalis, and P. textilis. As delimited here, however, P.
affinis incorporates specimens from Eyre Peninsula and south-western South Australia possessing 17
midbody dorsal rows, so that the number of midbody dorsal rows is variable within this taxon. The
recognition of 19 midbody dorsal rows as a diagnostic trait of P. affinis specimens is likely to have
prompted Mengden and Fitzgerald’s (1987, p. 467) claim that P. affinis and the ‘Southern’ morph of
P. nuchalis may hybridise in south-western South Australia. This claim is based on a specimen from
Penong, illustrated by Mengden (1985b, his Plate 1H) and Mengden and Fitzgerald (1987, p. 466),
for which Mengden (1985b) obtained chromosome data. Mengden (1985b, p. 197) considered that
this specimen, which almost certainly possesses 17 midbody dorsal rows, exhibits an ‘aberrant black
pattern ... and karyotype, and may represent an intergrade’. However, the ‘aberrant black pattern’,
which consists of numerous dark blotches on the dorsum, including the head, and indistinct oblique
bands on the body, is similar to that of some Western Australian P. affinis specimens (and typical of
specimens from south-western South Australia), while the observed karyotype is nearly
indistinguishable from that reported for P. affinis (see Mengden, 1985b, his Table 1). Thus, it is
doubtful that Mengden (1985b) would have regarded this specimen as a ‘P. affinis cross’ had it
possessed 19 midbody dorsal rows. According to the “raditional classification’ presented by Cogger
(1992, p. 668), specimens of P. inframacula, P. nuchalis, and P. textilis are separable in exhibiting,
respectively, scattered black scales on the body, these usually being concentrated dorsomedially, but
occasionally covering nearly the entire dorsum, regular or irregular banding, or at least some dark
sclaes on the nape, and uniform pale to dark brown dorsal colouration. Nonetheless, P. inframacula
specimens may lack dark scales on the body, while these are commonly observed in P. nuchalis
‘Southern’ specimens, and occasionally in P. fextilis specimens. Additionally, some P. nuchalis
‘Pale/black headed’ and P. nuchalis ‘Southern’ specimens exhibit neither banding nor dark scales on
the nape, while conspicuous dark bands may be present in P. inframacula specimens (although these
bands are distinctive in tapering laterally; see discussion of colour pattern variation in the Results

above). Thus, these supposedly diagnostic colour pattern elements are not only variable within
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species, but are, in a number of cases, shared among species. Cogger (1992, p. 668) also considered
that specimens of P. nuchalis can be differentiated from those of P. affinis in possessing a large,
strap like rostral that is ‘higher than broad and conspicuous when viewed from above’. However,
although the rostral of nominal P. nuchalis specimens is usually conspicuous in dorsal view, it is
strap like only in P. nuchalis ‘Southern’ specimens (at least as this condition is considered here; se€
Results above). Furthermore, the rostral of P. affinis specimens is often large and is typically

conspicuous when viewed from above.

Considering that moderately to strongly supported mitochondrial DNA clades separated by
comparatively long branches are present within P. modesta and P. textilis, these taxa may incorporate
more than one independently evolving lineage (i.e. species). Although the observation of distinct
mitochondrial DNA clades is, in itself, consistent with the presence of one or multiple lineages, and
so insufficient to justify the acceptance of either hypothesis (see Chapter 2), it may, as an expedient,
be considered to indicate the existence of potentially isolated (extrinsically and/or intrinsically)
groups of organisms whose evolutionary independence may be tested using evidence from unlinked
characters (indeed, this is the approach that has been employed in the present study). Donnellan ez
al. (1993) have suggested that those species with extensive geographical distributions and/or
exhibiting considerable morphological variation are most likely to incorporate unrecognised taxa
(although Donnellan et al. were concerned specifically with the Australian herpetofauna, it would
seem that their suggestion may be reasonably extended to other faunas; see also Frost and Hillis,
1990, p. 93). Both P. modesta and P. textilis are widely distributed, occurring throughout western
and central Australia and eastern Australia, respectively (see, for example, Cogger, 1992 and the
Species Accounts below). Furthermore, a number of authors (e.g. Gillam, 1979; Mirtschin and
Davis, 1983; Cogger, 1992) have noted considerable variation in colouration among P. textilis
specimens. Thus, it would perhaps be unsurprising if further investigation revealed the presence of
more than one species within these taxa. Nonetheless, the single P. textilis specimen from Alice
Springs (SAM R 56724) appears in a moderately supported clade with specimens from north-eastern
South Australia and western Queensland and two specimens from Merauke in Irian Jaya, so that the
mitochondrial DNA sequence data do not support Gillam’s (1979) supposition that P. textilis

specimens from the MacDonnell Ranges are parts of a distinct species.
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3.5.2 Phylogenetic relationships

Although the mitochondrial DNA sequence data do not resolve the placement of Oxyuranus
with respect Pseudonaja (see Fig. 3.1), they indicate that these taxa comprise a clade, controverting
Wallach’s (1985) proposal that P. modesta should be referred to Hemiaspis (there is general
agreement that, within Hydrophiinae, Hemiaspis is distantly related to Pseudonaja and Oxyuranus;
see, for example, Mengden, 1985a; Wallach, 1985; Greer, 1997; Keogh et al., 1998; Keogh, 1999).
Mengden (1985b) and Keogh (1999) have similarly disputed Wallach’s proposal, concluding on the
basis of chromosome and hemipenis morphology, respectively, that P. modesta is part of
Pseudonaja. Mengden’s (1985b, his Fig. 3) conclusion that P. affinis, P. textilis, and the ‘Darwin’,
‘Orange with black head’, and ‘Southern’ morphs of P. nuchalis share an ancestor not shared with P.
guttata (P. inframacula, P. ingrami, and P. modesta were not included in Mengden’s analysis) is
supported by the mitochondrial DNA sequence data, however, these data are inconsistent with the
conclusion that P. nuchalis ‘Pale/black headed’ (represented by the ‘Orange with black head’ morph
in Mengden’s analysis) and P. nuchalis ‘Southern’ are sister lineages (see Fig. 3.1). The conclusion
that P. affinis, P. textilis, and at least the P. nuchalis ‘Pale/black headed’ and P. nuchalis ‘Southern’
lineages form a clade, exclusive of P. guttata, is also supported by the allozyme electrophoretic data
(see Fig. 3.3). In comparing Figures 3.1 and 3.3, however, it is evident that the mitochondrial DNA
sequence and allozyme electrophoretic data are otherwise largely incongruent (at least with regard to
phylogenetic relationships; cf. the discussion of species limits above). This incongruence may be
attributable to persistent ancestral variation in the allozyme electrophoretic data set; if the rate of
allozyme evolution within Pseudonaja were sufficiently slow that variation observed within and
among lineages existed prior to their separation, this variation would not be expected to contain
information relevant to recovering phylogentic relationships (see, for example, Frost et al., 1998).
That P. affinis and P. inframacula, and P. affinis and P. nuchalis ‘Southern’ exhibit no fixed
allozyme differences, and that the number of fixed allozyme differences observed among the
remaining species is relatively low, implies that the rate of allozyme evolution within Pseudongja is

indeed slow, supporting this explanation.
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3.6 Species Accounts

In this section, I provide brief accounts for the P. textilis group species discussed above.
Specimens of these species are separable from those of P. guitata in possessing 17, as opposed to 19
or 21, dorsal rows at midbody or 19 dorsal rows at midbody and six, as opposed to seven, infralabials
(see Gillam, 1979), and from specimens of P. modesta in possessing a greater number of ventrals
(more than 180; Gillam, 1979; Cogger, 1992). Itis probable that P. ingrami is part of the P. textilis
group (see Wallach, 1985, his Fig. 5), however, this species was not considered here (due to an
absence of suitable material; see Materials and Methods above) and, although I regard the available
morphological (Gillam, 1979; Phillips, 1993) and chromosomal (Mengden, 1985b) evidence as
sufficient to justify its recognition, I do not present an account below. Specimens of P. ingrami are
separable from those of P. affinis, P. inframacula, P. textilis, and the three P. nuchalis lineages in
possessing seven, as opposed to six, infralabials and an indistinct ‘dull orange brown’ iris (Gillam,
1979, p. 17). Comments regarding nomenclature are provided where appropriate. Synonymies are

in Cogger et al. (1983).

Pseudonaja affinis Gunther, 1972
Figure 3.8
Holotype
British Museum of Natural History (BMNH, London) 1946.1.19.77, collected from

Australia.

Diagnosis

Specimens of P. affinis are separable from those of the remaining P. textilis group species in
exhibiting a contrasting dark grey or dark brown throat. (Although the throat may be dark grey or
black in ‘Orange with black head’ P. nuchalis ‘Pale/black headed’ specimens, this is invariably
associated with a dark brown or black head and neck.) Additionally, P. affinis specimens differ from
P. inframacula, P. nuchalis ‘Darwin’, P. textilis, and at least some (perhaps all; see the Discussion
above) P. nuchalis ‘Pale/black headed’ specimens in possessing a diploid chromosome number of

34: from specimens of P. inframacula, P. nuchalis ‘Southern’, and P. textilis in possessing
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Fig. 3.8. Pseudonaja affinis: (a) SAM R 23000, dorsal view; (b) SAM R 20603, dorsal view; (c) SAM R 21955,

dorsal view; (d) SAM R 18995, dorsal view; (¢) SAM R 20605, ventral view; (f) SAM R 21955, ventral view.
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Fig. 3.9. Geographical distribution of Pseudonaja affinis individuals considered in this study.
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autosomes that can be partitioned into only two (rather than three) distinct size classes; from
specimens of P. inframacula in exhibiting a medium to dark brown, or dirty cream or pale yellow
venter; from specimens of P. nuchalis ‘Southern’ in possessing a normal, as opposed to strap like,
rostral; and from specimens of P. textilis in exhibiting a predominantly dark bluish-grey or black
mouth lining. Pseudonaja affinis specimens also tend to possess a greater number of ventrals than P.

inframacula and P. nuchalis ‘Darwin’ specimens.

Distribution
The individuals considered in this study were collected in southern Western Australia and

south-western South Australia, from the Perth area to Lake Gillies on Eyre Peninsula (Fig. 3.9).

Pseudonaja inframacula (Waite, 1925)
Figure 3.10
Syntypes
SAM, not found (Cogger et al., 1983), collected from northern end of Coffin Bay Peninsula,

west coast of Eyre Peninsula, South Australia.

Diagnosis

Specimens of P. inframacula are separable from those of the remaining P. textilis group
species in exhibiting a medium to dark grey (rarely pale bluish-grey) venter and a diploid
chromosome number of 36. Additionally, P. inframacula specimens differ from specimens of P,
nuchalis ‘Darwin’, P. nuchalis ‘Pale/black headed’, P. nuchalis ‘Southern’, and P. textilis in
possessing sex chromosomes that differ markedly in size; from specimens of P. affinis, P. nuchalis
‘Darwin’, and P. nuchalis ‘Pale/black headed’ in possessing autosomes that can be partitioned into
three (rather than only two) distinct size classes; from specimens of P. gffinis in lacking a contrasting
dark grey or dark brown throat (the colour of the throat is similar to that of the belly, and hence not
contrasting); from specimens of P. nuchalis ‘Darwin’ in possessing 17, as opposed to 19 or more,
dorsal rows on the neck (one head length posterior to the parietals); from specimens of P. nuchalis

‘Southern’ in possessing a normal, as opposed to strap like, rostral; and from specimens of P. textilis
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Fig. 3.10. Pseudonaja inframacula: (a) SAM R 24755, dorsal view; (b) SAM R 26474, dorsal view; (¢) SAM R

29026, dorsal view;, (d) SAM R 57076, dorsal view; (€) SAM R 24755 ventral view; (f) SAM R 26474, ventral

view.
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Fig. 3.11. Geographical distribution of Pseudonaja inframacula individuals considered in this study.

SODWIRISAS 2YDUS UMOIE aunydodpd € 421dvYD



Chapter 3. Hydrophiine Brown Snake Systematics

in exhibiting a predominantly dark bluish-grey or black mouth lining. Pseudonaja inframacula

specimens also tend to possess fewer ventrals than P. affinis and P. nuchalis ‘Southern’ specimens.

Distribution

The majority of individuals considered in this study were collected from southern Eyre
Peninsula and southern Yorke Peninsula. Two individuals (SAM R 31572 and SAM R 31599) were
collected from Wardang Island, while SAM R 25702 was collected near Nullarbor Station, west of

Eyre Peninsula (Fig. 3.11).

Pseudonaja nuchalis ‘Darwin’
Figure 3.12

Diagnosis

Specimens of P. nuchalis ‘Darwin’ are separable from those of the remaining P. textilis
group species in possessing a diploid chromosome number of 30. Additionally, P. nuchalis ‘Darwin’
specimens differ from specimens of P. inframacula, P. nuchalis ‘Southern’, and P. fextilis in
possessing autosomes that can be partitioned into only two (rather than three) distinct size classes;
from specimens of P. affinis in lacking a contrasting dark grey or dark brown throat; from specimens
of P. inframacula in exhibiting a cream or yellowish-cream venter, possessing sex chromosomes that
are approximately equal in size, and possessing 19 dorsal rows on the neck; from specimens of P.
nuchalis ‘Southern’ in possessing fewer ventrals and a normal, as opposed to strap like, rostral; and
from specimens of P. textilis in exhibiting a predominantly dark bluish-grey or black mouth lining.
Pseudonaja nuchalis ‘Darwin’ specimens also tend to possess a greater number of dorsal rows at the
level of the first ventral than specimens of the remaining P. textilis group species, in the majority of
cases possess a greater number of dorsal rows on the neck than P. nuchalis ‘Pale/black headed’

specimens, and generally possess fewer ventrals than P. affinis specimens.

Distribution
The majority of individuals considered in this study were collected north of 13°S in the
Northern Territory. ABTC 32072 (no specimen) was collected from Nardoo Station in southern

central Queensland (Fig. 3.13).

77



Chapter 3. Hydrophiine Brown Snake Systematics

(2) (®)

(©)

Fig. 3.12. Pseudonaja nuchalis ‘Darwin’: (a) SAM R 56775, dorsal view; (b) SAM R 56775, dorsal view of

head; (c) SAM R 56773, ventral view.

Comments

According to Mengden (1985b, p. 202), there is no available name for the “Darwin” morph’. It is
probable that the geographical distribution of P. nuchalis ‘Darwin’ incorporates the collection
locality for the lectotype of Pseudonaja nuchalis Giinther, 1858 (BMNH 1946.1.20.41, collected
from Port Essington, Northern Territory), however, this specimen exhibits a colour pattern
considerably different to that of the P. nuchalis ‘Darwin’ specimens examined here (sce Mengden’s
[1985b] Figs 4A and 4A”) and may represent a distinct species. The holotype of Pseudonaja jukesi

Wells and Wellington, 1985 (NTM R 1186, collected from Oenpelli, Northern Territory) is almost
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Fig. 3.13. Geographical distribution of Psexdonaja nuchalis ‘Darwin’ individuals considered in this study.
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certainly a specimen of P. nuchalis ‘Darwin’ (I have examined all of the Wells and Wellington

holotypes), so that the name Jjukesi could be ascribed to this lineage.

Pseudonaja nuchalis ‘Pale/black headed’
Figures 3.14-3.16

Diagnosis

At least some (perhaps all; see the Discussion above) specimens of P. nuchalis ‘Pale/black
headed’ are separable from specimens of the remaining P. textilis group species in possessing a
diploid chromosome number of 32. Additionally, P. nuchalis ‘Pale/black headed’ specimens differ
from specimens of P. inframacula, P. nuchalis ‘Southern’, and P. textilis in possessing autosomes
that can be partitioned into only two (rather than three) distinct size classes (see, however, Mengden,
1985b); from specimens of P. affinis in lacking a contrasting dark grey or dark brown throat (see
Diagnosis for P. affinis above); from specimens of P. inframacula in exhibiting a cream or yellow
venter, and possessing sex chromosomes that are approximately equal in size (see, however,
Mengden, 1985b); from specimens of P. nuchalis ‘Southern’ in possessing a normal, as opposed to
strap like, rostral; and from specimens of P. textilis in exhibiting a predominantly dark bluish-grey or
black mouth lining. The majority of P. nuchalis ‘Pale/black headed’ specimens also possess fewer

dorsal rows on the neck than P. nuchalis ‘Darwin’ and P. nuchalis ‘Southern’ specimens.

Distribution
The individuals considered in this study were collected throughout western and central
Australia, from near Carnarvon in Western Australia to Mootwingee National Park in western New

South Wales (Fig. 3.17).

Comments

Mengden (1985b, p. 200) noted that the holotype of Pseudelaps bancrofti De Vis, 1911
(Queensland Museum, Brisbane, J 187, collected from Stannary Hills, Queensland) ‘seems to
resemble, in its head markings, the “pale head, grey nape” morph. Its posterior markings are not
unlike those of Diemenia carinata’ (the holotype after which Mengden named the ‘carinata’ morph).

A number of P. nuchalis ‘Pale/black headed’ specimens considered here exhibit colouration similar

80



Chapter 3. Hydrophiine Brown Snake Systematics

(a) (b)

(©) @

(e) ®

Fig. 3.14. Pseudonaja nuchalis “Pale/black headed’, “Pale head, grey nape’ form: (a) SAM R 51592, dorsal
view; (b) SAM R 20981, dorsal view; (c) SAM R 56725, dorsal view; (d) SAM R 56725, dorsal view of head.

(e) SAM R 20981, ventral view; (f) SAM R 56725, ventral view.
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Fig. 3.15. Pseudonaja nuchalis ‘Pale/black headed’, ‘Orange with black head” form: (a) SAM R 42333, dorsal
view; (b) SAM R 21414, dorsal view; (¢) SAM R 56723, dorsal view; (d) SAM R 56714, dorsal view of head;

(€) SAM R 21414, ventral view; (f) SAM R 56714, ventral view.
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(a) (b)

(c) (@

Fig. 3.16. Pseudonaja nuchalis ‘Pale/black headed’: (a) SAM R 28531, dorsal view, (b) SAM R 29407, dorsal

view; (c) SAM R 28531, ventral view; (d) SAM R 29407, ventral view.

to this, displaying ‘carinata’-type banding on the posterior body but otherwise resembling typical
‘Pale head, grey nape’ specimens (see the discussion of colour pattern variation in the Results above
and the Discussion). Thus, I tentatively propose that the name bancrofii should be ascribed to the P.
nuchalis “Pale/black headed’ lineage, noting that I have only examined photographs of the holotype

provided by Mengden (1985b, his Figs 4D and 4D").

83



78

Fig. 3.17. Geographical distribution of Pseudonaja nuchalis ‘Pale/black headed” individuals considered in this study.
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The holotypes of Pseudonaja kellyi Wells and Wellington, 1985 (NTM R 1689, collected on
Stuart Highway, 160 km north of Ayres Rock turnoff, Northern Territory) and Pseudonaja
vanderstraateni Wells and Wellington, 1985 (NTM R 0371, coltected 100 km north of Katherine,
Northern Territory), and the holotype of Pseudonaja mengdeni Wells and Wellington, 1985 (NTM R
1989, collected 2 km east of Maryvale, Northern Territory) are specimens of the ‘Orange with black
head” and ‘Pale head, grey nape’ colour forms of P. nuchalis ‘Pale/black headed’, respectively.
Accordingly, the names kellyi, mengdeni, and vanderstraateni should be regarded as junior

synonyms of bancrofti.

Pseudonaja nuchalis ‘Southern’
Figure 3.18

Diagnosis

Specimens of P. nuchalis ‘Southern’ are separable from those of the remaining P. textilis
group species in possessing a strap like rostral that imparts a chisel shape to the snout in dorsal view
(in specimens of the remaining P. textilis group species, the rostral is normal, the snout appearing
rounded when viewed from above). Additionally, P. nuchalis ‘Southern’ specimens differ from P.
inframacula, P. nuchalis ‘Darwin’, P. textilis, and at least some (perhaps all; see the Discussion
above) P. nuchalis ‘Pale/black headed’ specimens in possessing a diploid chromosome number of
34; from specimens of P. affinis, P. nuchalis ‘Darwin’, and P. nuchalis ‘Pale/black headed’ in
possessing autosomes that can be partitioned into three (rather than only two) distinct size classes;
from specimens of P. affinis in lacking a contrasting dark grey or dark brown throat; from specimens
of P. inframacula in exhibiting a dirty cream or yellow, or medium brown venter, and possessing sex
chromosomes that are approximately equal in size; from specimens of P. nuchalis ‘Darwin’ in
possessing a greater number of ventrals; and from specimens of P. textilis in exhibiting a
predominantly dark bluish-grey or black mouth lining. Pseudonaja nuchalis ‘Southern’ specimens
also tend to possess a greater number of ventrals than P. inframacula specimens, in the majority of
cases possess a greater number of dorsal rows on the neck than P. nuchalis “Pale/black headed’
specimens, and generally possess fewer subcaudals than specimens of the remaining . textilis group

species.
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(a) ®)

(c) (@

(e) ®

Fig. 3.18. Pseudonaja nuchalis ‘Southern’: (a) SAM R 18599, dorsal view; (b) SAM R 18860, dorsal view; (c)
SAM R 21163, dorsal view; (d) SAM R 21163, dorsal view of head; (e) SAM R 18599, ventral view, (f) SAM

R 18860, ventral view.
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Fig. 3.19. Geographical distribution of Pseudonaja nuchalis Southern’ individuals considered in this study.
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Distribution
The individuals considered in this study were collected south of 27°S, from near Penong,

west of Eyre Peninsula, to near Hermidale in central New South Wales (Fig. 3.19).

Comments

Mengden (1985b, p. 200) considered the holotype of Diemenia aspidorhyncha McCoy,
1879 (National Museum of Victoria, Melbourne, D 12352, collection locality unknown, presumably
restricted to junction of Murray and Darling Rivers, Victoria [Coventry, 1970]), ‘although badly
faded and discoloured’, to be ‘most like the ... “Southern” morph’. An evaluation of Mengden’s
(1985b) Figure 4C' reveals that this specimen possesses a large strap like rostral, considered here to
diagnose P. nuchalis ‘Southern’ specimens (see above). Thus, 1 tentatively agree with Mengden’s

(1985b) proposition that the name aspidorhyncha should be ascribed to this species.

Mengden (1985b) also referred the holotype of Demansia acutirostris Mitchell, 1951 (SAM
R3133, collected from island in Lake Eyre, South Australia) to the ‘Southern’ morph. I have
examined this specimen and also consider it to be a part of the P. nuchalis ‘Southern’ lineage.

Accordingly, the name acutirostris should be regarded as a junior synonym of aspidorhyncha.

Pseudonaja textilis (Duméril, Bibron, and Duméril, 1854)
Figure 3.20
Holotype
Muséum National d’Histoire Naturelle, Paris, 3944 (not found [Cogger et al., 1983]),

collected from Australia.

Diagnosis

Specimens of P. textilis are separable from those of the remaining P. textilis group species
in exhibiting an entirely pink mouth lining and a diploid chromosome number of 38. Additionally,
P. textilis specimens differ from specimens of P. affinis, P. nuchalis ‘Darwin’, and P. nuchalis
‘Pale/black headed’ in possessing autosomes that can be partitioned into three (rather than only two)

distinct size classes; from specimens of P. affinis in lacking a contrasting dark grey or dark brown
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@ (b)

(c) (d)

(e) (1)

Fig. 3.20. Pseudonaja textilis: (a) SAM R 31701, dorsal view; (b) SAM R 31692, dorsal view; (¢) SAM R
56724, dorsal view; (d) SAM R 19943, dorsal view; (€) SAM R 31701, ventral view; (f) SAM R 31692, ventral

view,
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Fig. 3.21. Geographical distribution of Pseudonaja textilis individuals considered in this study. Two individuals from Merauke

in Irian Jaya (AM R 147652 and AM R 147659) are not shown.
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throat; from specimens of P. inframacula in exhibiting a dirty cream, yellowish-cream, or yellow
venter, and possessing sex chromosomes that are approximately equal in size; and from specimens of
P. nuchalis ‘Southern’ in possessing a normal, as opposed to strap like, rostral. Pseudonaja textilis
specimens also tend to possess a greater number of subcaudals than specimens of the remaining P.

textilis group species.

Distribution

The majority of individuals considered in this study were collected throughout eastern
Australia, from near Malanda in northern Queensland to south-eastern South Australia. SAM R
56724 was collected from Alice Springs, while two specimens (AM R 147652 and AM R 147659)

were collected from Merauke in Irian Jaya (Fig. 3.21).

Comments

The holotype of Pseudonaja ohnoi Wells and Wellington, 1985 (NTM R 1970, collected
from Alice Springs, Northern Territory) is a MacDonnell Ranges specimen of P. textilis.
Considering that none of the supposedly diagnostic attributes listed by Wells and Wellington (1985,
pp 48-49) differentiate this specimen from eastern Australian specimens of P. fextilis, I propose that
the name ohnoi should be regarded as a junior synonym of textilis, recognising that the MacDonnell
Ranges population of this species may be found to constitute part of a distinct species with further

research (see the Discussion above).

3.7 Conclusion

The species level systematics of Pseudonaja is perhaps not as poorly resolved as previous
authors (e.g. Hutchinson, 1990; Cogger, 1992) have supposed. As delimited here, P. affinis, P.
inframacula, and P. textilis are largely coincident with recognised taxa, while the status of P. guttata
ahd P. modesta as evolutionarily independent entities is supported by mitochondrial DNA sequence
data. Nonetheless, specimens presently referred to P. nuchalis tepresent at least three distinct
species, two of these corresponding with the ‘Darwin’ and ‘Southern’ morphs described by Mengden

(1985b), and the third incorporating Mengden’s ‘Pale head, grey nape’ and ‘Orange with black head’
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morphs. A number of avenues of study remain to be pursued. In particular, the status of Mengden’s
(1985b) ‘carinata’ morph remains unresolved, as does the possibility of unrecognised taxa within £.
modesta and P. textilis (a more detailed survey of variation within P. modesta is in progress), and the
issue of Pseudonaja monophyly. Progress in these areas, as well as in brown snake systematics
generally, will depend on the acquisition of new material and data, and a consideration of additional

sources of evidence (e.g. nuclear gene sequences, osteology, soft anatomy).

While systematists have largely been unconcerned with the data and methods employed in
delimiting species (see Wiens and Penkrot, 2002; Chapter 1), there is no reason to expect that species
level systematics can not be practiced in a scientific manner. As I have emphasised in this thesis,
specific hypotheses of species limits can be connected to a number of testable predictions that are
unlikely to be realised under alternative hypotheses, so that they may be assessed on the basis of their
relative explanatory power and thus either accepted or rejected according to the same criteria as all
hypotheses in science. Nonetheless, although 1 consider that this perspective dispels the claim that
systematists are rarely able to provide sufficient empirical justification for accepting hypotheses of
species limits (see Chapter 2), it is undoubtedly in need of claboration. It is my hope that future
workers will further develop this (or a similar) view, so that a detailed, coherent methodology for

delimiting species may eventually emcerge.
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Appendix 1

Storage and collection details for material used in this study. Mitochondrial DNA haplotype numbers correspond to those in Figures 3.1 and 3.2.

Species Tissue Number Specimen Number Collection Locality mtDNI\fI\un}-Il:p;otype Latitude Longitude

Pseudonaja affinis ABTC 6467 SAM R 26268 10 km NE Border Village, SA 1 3136508 12906 20 E
ABTC 6469 SAMR 26347 50 km W Yalata Roadhouse, SA 2 3125508 131 16 S0E
ABTC 56281 SAMR 18995 Yalata Mission, SA 2 31298 13150 E
ABTC 56282 SAMR 18996 Yalata Mission, SA 2 31298 13150E
ABTC 56319 SAM R 20605 24 km S Ceduna, SA 1 32168 13352E
ABTC 56326 SAM R 20807 Near Corrobinnie Hill, SA 3 32588 13545E
ABTC 56359 SAM R 21955 Lake Gilles, SA 3 32468 136 29 E
ABTC 56368 SAMR 22974 Wilsons Inlet, Denmark, WA 1 34588 11721 E
ABTC 36371 SAM R 23000 65 km W Esperance, WA I 33458 12115E
ABTC 56402 SAM R 24807 Hambidge CP, SA 3 33288 136 02 E
ABTC 56403 SAM R 24808 Hambidge CP, SA 3 33288 136 02 E
ABTC 56435 SAM R 29468 2 km E Ravensthorpe, WA 4 33358 12003 E
ABTC 56484 SAMR 31704 Yuwmbarra CP, SA I 3146468 13325 S3E
ABTC 58893 SAMR 52360 11 km E Ceduna, SA ! 3207478 1334756 E
ABTC 61786 WAM R 104272 Maida Vale, WA 1 3157008 116 0000 E
ABTC 75102 WAMR 77743 Toolina Rockhole, WA H 3237408 1245040 E
ABTC 75121 WAMR 115146 Unknown 1
ABTC 75129 WAMR 119550 Cardup, WA 5 3215008 116 00 00 E
ABTC 75132 WAMR 121141 Figure of Eight Island, WA 1 3402008 1213700 E

ABTC 75133 WAMR 121144 7 km NW Frankland, WA ] 3421008 1170100 E



Tl

mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude
ABTC 75140 WAMR 125640 ‘Wanneroo, WA 7 3145008 1154800 E
ABTC 75143 WAM R 136095 Cardup, WA 1 3215008 116 00 00 E
ABTC 75262 WAMR 115297 Woodvale, WA | 3147008 1154700 E
ABTC 75263 WAMR 119172 Trigg, WA 1 3152008 11546 00E

Pseudonaja guttata ABTC 31913 Tarcombe and Depot Glen Stm., QLD 8 24048 14323 E
ABTC 32082 Longreach, QLD 9 23288 144 14E
ABTC 56317 SAM R 20582 Goyder Lagoon, SA 10 2646 S 13908 E

Pseudonaja inframacula ABTC 56393 SAM R 24751 Shell Beach, Innes NP, SA 11 35168 13651 E
ABTC 56394 SAM R 24752 Inneston Ruins, SA 11 35168 136 S4E
ABTC 56396 SAM R 24755 19 km E Marion Bay, SA 11 35138 13705 E
ABTC 56397 SAM R 24756 33 km SW Warooka, SA 11 35088 13706 E
ABTC 56398 SAMR 24757 Inneston Ruins, SA 11 35168 136 54 E
ABTC 56413 SAM R 25422 Coffin Bay NP, SA 11 34348 135 BE
ABTC 56414 SAM R 25702 7 km NW Nullarbor Stn., SA 12 31258 1304946 E
ABTC 56422 SAM R 26474 Eyre Peninsula, SA 11
ABTC 56444 SAM R 28457 Coffin Bay area, SA 11 34388 13528 E
ABTC 56452 SAM R 29026 Lincoln NP, SA 11 34508 13550E
ABTC 56459 SAMR 31572 ‘Wardang Island, SA 11 34308 13722E
ABTC 56464 SAMR 31599 Wardang Island, SA 11 34308 13722E
ABTC 56479 SAMR 31698 24 km W Stenhouse Bay, SA 11 35118 136 54E
ABTC 56797 SAMR 36588 4 km E Hincks CP, SA 13 33518 136 12E
ABTC 57104 SAMR 38193 2 km E Koppio, SA 11 34268 13553E
Unregistered SAMR 57076 Tumby Bay, SA 14 34238 136 06 E
Unregistered SAMR 56771 1 km W Inneston, SA 1 3516418 1365325 E

] xipuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude

Pseudonaja modesta ABTC 479 SAM R 33874 | km S Hamilton hornestead, SA 15 26448 13504 E
ABTC 9167 SAM R 42921 142 km E Windorah, QLD 16 26108 14329E
ABTC 31967 Longreach, QLD 16 23288 14414 E
ABTC 41340 134 km ENE Laverton, WA 17 28448 12229E
ABTC 56329 SAM R 20859 Olympic Dam, Roxby Downs, SA 18 30278 136 53E
ABTC 56391 SAM R 24656 7 km N King Lookout, SA 19 26538 14036 E
ABTC 56432 SAM R 29347 Wooramel homestead, WA 20 25448 11418 E
ABTC 58520 SAM R 48586 5 km NNE Mt. Cheesman, SA 21 2722018 1302106 E
ABTC 64356 SAMR 31930 8§ km W Pinjarra Dam, Yumbarra, SA 18 3208418 1344351E
ABTC 75149 WAM R 96631 Lochada homestead, WA 22 2912008 116 3300 E
ABTC 75155 WAMR 117097 Carey Downs Stn., WA 20 2537008 1152800 E
ABTC 75167 WAM R 138971 West Angelas, WA 23 2311468 11831 10E
EBU 6428 AMR 155038 ‘Wanaaring, NSW 24 2941598 14408 35E

Pseudonaja nuchalis 'Darwin' ABTC 13468 Arnhem Highway, NT 25 12428 13125E
ABTC 29603 NTM R 21673 Palmerston Woodroofe, NT 26 12288 130358 E
ABTC 32072 Nardoo Stn., QLD 27 27478 14552 E
ABTC 56264 NTMR 106835 40 km S Howard Springs, NT 25 12308 13104 E
ABTC 56360 SAM R 22291 Unknown 25
Unregistered (Alcohol no. D 3499) Kakadu, NT 28 12528 13245E
Unregistered SAMR 56772 Darwin, NT 25 12278 13050 E
Unregistered SAMR 56773 Darwin, NT 25 12278 13050 E
Unregistered SAM R 56774 Darwin, NT 25 12278 13050 E
Unregistered SAMR 56775 Darwin, NT 28 12278 13050 E

Pseudonaja nuchalis Pale/black

headed' ABTC 30295 NTMR 18321 118 km N Three Ways, NT 29 1825668 1335121E

] xipuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude
ABTC 35983 SAM R 46920 3 km W Top Camp Well, SA 30 2627398 13455 37E
ABTC 42334 SAMR 51516 4 km E Indulkana, SA 31 2657558 1332059 E
ABTC 42400 SAMR 51591 11 km WSW Mimili, SA 32 270136S 1323608 E
ABTC 42401 SAMR 51592 11 km E Mimili, SA 33 2659338 1324348 E
ABTC 56330 SAMR 20981 Olympic Dam, Roxby Downs, SA 34 30228 136 56 E
ABTC 56336 SAM R 21025 Olympic Dam, Roxby Downs, SA 35 30438 136 53E
ABTC 56347 SAMR 21413 7 km NE Innamincka, SA 35 27408 14048 E
ABTC 56348 SAMR 21414 Lake Everard Stn., SA 36 31408 13510E
ABTC 56349 SAMR 21415 Olympic Dam, Roxby Downs, SA 35 30228 136 56 E
ABTC 56404 SAMR 24821 Whyalla, SA 35 33028 13735E
ABTC 56430 SAM R 29288 Near Camnarvon, WA 37 24538 11340 E
ABTC 56433 SAM R 29360 Hamelin homestead, WA 38 2626 S 11411 E
ABTC 56434 SAM R 29407 1 kmn S Drummond, WA 38 28408 11436 E
ABTC 56447 SAM R 28531 68 km E Mullewa, WA 39 28268 11611 E
ABTC 56906 SAM R 36953 Roxby Downs, SA 40 30238 136 51 E
ABTC 56907 SAM R 36954 Roxby Downs, SA 40 30238 136 51 E
ABTC 57660 SAM R 42333 Balcanoona Creek, SA 35 30328 13918E
ABTC 75173 WAMR 102045 Karratha, WA 41 32308 1184300E
ABTC 75175 WAM R 103848 Geraldton, WA 38 2846008 1143700E
ABTC 75176 WAM R 103849 Ballidu, WA 42 3036008 11646 00 E
ABTC 75180 WAMR 103923 Captive bred 43
ABTC 75181 WAMR 103924 Captive bred 43
ABTC 75183 WAMR 104187 Woodstock, WA 44 2136348 11859 16 E
ABTC 75188 WAMR 114659 24 km E Mt. Michael, WA 38 2846008 1151200 E
ABTC 75190 WAMR 114661 Buller River, WA 38 2852008 1143700 E
ABTC 75192 WAM R 114663 Buller River, WA 38 2852008 1143700 E

[ xtpuaddy
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Tissue Number

Species Specirmen Number Collection Locality m‘DNI?uEgmype Latitude Longitude
ABTC 75193 WAMR 115021 Utakarra, Geraldton, WA 38 2847008 1143900 E
ABTC 75194 WAMR 115062 Utakarra, Geraldton, WA 38 2847008 1143900 E
ABTC 75195 WAM R 115063 Rangeview, WA 38 2846008 1143700 E
ABTC 75196 WAMR 115180 Sunset Beach, Geraldton, WA 45 2843308 11437 30E
ABTC 75197 WAMR 115182 Spalding Park, Geraldton, WA 38 2839008 1143800 E
ABTC 75198 WAMR 115183 Spalding Park, Geraldton, WA 38 2839008 1143800 E
ABTC 75199 WAMR 115276 Greenough, WA 38 2857008 1144400 E
ABTC 75200 WAMR 115607 ‘Webberton, Geraldton, WA 38 2846008 1143700E
ABTC 75201 WAMR 115608 Sunset Beach, Geraldton, WA 38 2846008 1143700E
ABTC 75202 WAMR 115609 M. Scott, Geraldton, WA 38 2846 00S 1143700 E
ABTC 75203 WAMR 115610 Karloo, Geraldton, WA 38 2846008 114 3700E
ABTC 75205 WAMR 115751 Sunset Beach, Geraldton, WA 38 2846 00 S 1143700 E
ABTC 75206 WAMR 115752 Rangeway, Geraldton, WA 38 2846008 1143700E
ABTC 75211 WAMR 116498 Geraldton area 38 2846008 1143700 E
ABTC 75216 WAMR 119293 Geraldton area 38 2846008 1143700 E
ABTC 75218 WAMR 119526 Geraldton arca 38 2846008 1143700 E
EBU 6616 AMR 150262 Mootwingee NP, NSW 35 31178 142 18E
Unregistered SAMR 56714 Alice Springs, NT 46 23428 13352E
Unregistered SAMR 56715 Alice Springs, NT 47 23428 13352E
Unregistered SAMR 56716 Alice Springs, NT 48 23428 13352E
Unregistered SAMR 56719 Alice Springs, NT 48 23428 13352E
Unregistered SAMR 56720 Alice Springs, NT 48 23428 13352E
Unregistered SAMR 56722 Alice Springs, NT 49 23428 13352E
Unregistered SAMR 56723 Alice Springs, NT 50 23428 13352E
Unregistered SAMR 56725 Alice Springs, NT 51 23428 13352E

| xipuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude
Pseudonaja nuchalis 'Southern’ ABTC 755 SAM R 40497 Beltana Ruins, SA 52 30498 13825 E
ABTC 13179 SAM R 49359 30 km SW Lake Harry Ruins, SA 53 2936008 133 0700 E
ABTC 35596 SAM R 46467 14 km SSW Beresford Bore, SA 54 2922178 136 3725E
ABTC 56268 SAMR 18598 10 km S Marree 55 29448 13806 E
ABTC 56269 SAMR 18599 10 km SW Port Augusta, SA 56 32318 13737E
ABTC 56270 SAMR 18600 Snake Creek Bore, SA 53 27048 136 03E
ABTC 56280 SAMR 18994 Whyalla, SA 57 33028 13735 E
ABTC 56342 SAMR 21163 Middleback Stn., SA 57 32578 13723E
ABTC 56354 SAMR 21432 Weeroona Island, 8 km N Port Pirie, SA 58 33088 13801 E
ABTC 56355 SAMR 21433 Port Germein Gorge, SA 58 33018 13800 E
ABTC 56356 SAMR 21434 Port Germein Gorge, SA 58 33018 13800 E
ABTC 56357 SAM R 21435 Port Germein Gorge, SA 58 33018 13300E
ABTC 56361 SAM R 22545 Telowie beach, SA 58 33038 13804 E
ABTC 56363 SAM R 22746 Cungena, SA 56 32358 13443 E
ABTC 56389 SAMR 24410 Eba Island CP, SA 56 32418 13416 E
ABTC 56390 SAMR 24411 Eba Island CP, SA 56 32418 134 16 E
ABTC 56399 SAMR 24778 Baroota Reservoir, SA 58 32558 13804 E
ABTC 56405 SAMR 24828 Oraparinna bomestead, SA 59 31228 13343 E
ABTC 56406 SAMR 25058 Morgan CP, SA 60 34038 13941 E
ABTC 56410 SAM R 25295 Cooltong Dam, SA 61 3412308 14033 E
ABTC 56449 SAMR 28559 Lake Gilles Tanks, SA In 32388 136 53 E
ABTC 56471 SAM R 31690 100 km S William Creek, SA 52 29298 137 12E
ABTC 56472 SAMR 31691 Near Roopena Stn,, SA 57 32498 13723 E
ABTC 56703 SAMR 36306 Roxby Downs, SA 62 30238 136 51 E
ABTC 56721 SAMR 36352 Near Cooper Creek Ferry Crossing, SA 63 28358 13849E
ABTC 57459 SAM R 40758 Stirling North, SA 64 32298 13750E

] xtpuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude
ABTC 57460 SAM R 40759 Stirling North, SA 59 32298 13750E
ABTC 57671 SAM R 42409 Venus Bay CP, SA 56 33148 13433 E
ABTC 57672 SAM R 42410 Venus Bay CP, SA 64 33148 13438 E
ABTC 57779 SAM R 43080 3 kan SW Whyalla, SA 57 33038 13731 E
ABTC 58369 SAMR 46513 2 km W Penong, SA 65 31558 13259E
EBU 33712 AMR 157294 Collaroy Stn,, 10 km NW Hermidale, NSW 66 31288 146 39 E
EBU 33714 AMR 157295 Collaroy Stn., 10 km NW Hermidale, NSW 56 31288 146 39E

Pseudonaja textilis ABTC 8920 SAM R 42663 Bedourie to Boulia, QLD 67 24018 13933E
ABTC 31930 26 km S Clermont, QLD 68 22498 14738 E
ABTC 56274 SAM R 18605 10 km E Mannum, SA 69 34538 13930E
ABTC 56312 SAMR 19943 Goyder Lagoon, SA 70 2646 S 13908 E
ABTC 56407 SAM R 25070 Richman Valley, SA 71 32248 13303 E
ABTC 56473 SAM R 31692 Innamincka, SA 72 27448 14046 E
ABTC 56478 SAMR 31697 Point Pearce, SA 73 34258 13729E
ABTC 56482 SAMR 31701 Near Point Pearce, SA 73 34258 13730E
ABTC 65504 AMR 147652 Merauke, Irian Jaya 74 8308 14030 E
ABTC 65511 AMR 147659 Merauke, Irian Jaya 74 8308 14030 E
EBU 3930 AMR 141106 Buddigower NR, NSW 75 34038 1470145 E
EBU 4988 AM R 142766 Mandurama, NSW 76 33388 1490745 E
EBU 4997 AMR 142827 Near Narromine, NSW 77 32078 148 06 45 E
EBU 6247 AM R 149264 2 km N Nyngan, NSW 77 31328 14711 E
EBU 6463 AMR 148735 Scotts Head, NSW 78 30458 1530045 E
EBU 7401 AMR 151551 Mullaley area, NSW 76 31038 15002 E
EBU 7566 AMR 153025 North Ballina, NSW 79 28508 15331E
EBU 7570 AMR 153008 Alstonville, NSW 79 28508 15326 E

| xapuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude
EBU 7575 AMR 151570 200 km S Tibooburra, NSW 80 30588 141 48 33E
EBU 7690 AMR 151699 Near Mootwingee NP, NSW 81 3121308 141 59 33E
EBU 31287 Bendemeer Stn., NSW 76 30188 146 13E
EBU 31801 AMR 152279 Mullaley, NSW 82 31068 14955 E
EBU 31802 AMR 152280 Mullaley area, NSW 76 31038 15002 E
EBU 31803 AMR 152281 Mullaley area, NSW 32 31168 14950 E
EBU 31804 AMR 152282 Mullaley, NSW 83 31038 14955 E
EBU 31926 AMR 152761 2 km E Bangalow, NSW 79 2840528 15332E
EBU 31943 AMR 152790 Coopers Chute, NSW (?) e
EBU 33253 AMR 156908 11 km W Glen Innes 76 29438 15138E
EBU 33262 AM R 156942 Mullumbimby Creek, NSW 79 28328 15328 E
EBU 33751 AMR 157781 Goonengerry, NSW 79 2835458 15325E
EBU 33794 AMR 158564 Griffith, NSW 84 34178 146 02 E
Unregistered (Alcobol no. QQ 402) Near Biloela, QLD 79 2425048 1502558 E
Unregistered (Alcohol no. QQ 478) North QLD 85
Unregistered (Alcohol no. QQ 532) Near Malanda, QLD 86 1724038 14531 18E
Unregistered (Alcobol no. QQ 723) Charters Towers, QLD 87 2006328 146 1440 E
Unregistered SAMR 56724 Alice Springs, NT 88 23428 133 52E
Unregistered SAMR 56770 4 km W Minlaton, SA 89 34408 1374245E

Oxyuranus microlepidotus ABTC 56237 SAM R 20583 Goyder Lagoon, SA 26468 13908 E
ABTC 58708 SAM R 49883 20 kan NE Coober Pedy, SA 28518 13453 E

Ovxyuranus scutellatus ABTC 29118 NTMR 17009 Bathurst Island, NT 16028 123 32E
ABTC 32087 Mt Ossa, QLD 20588 14850 E
ABTC 44040 AMR 119562 Port Moresby, PNG 930S 14707 E

] xpuaddy
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mtDNA Haplotype

Species Tissue Number Specimen Number Collection Locality Number Latitude Longitude

Outgroup

Demansia papuensis ABTC 72829 SAMR 54427 13 km ENE Karumba turnoff, QLD 1725288 14118 11 E
ABTC 72830 SAM R 54397 41 km ENE Karumba turnoff, QLD 1718468 14131 21E

Pseudechis australis ABTC 11880 SAMR 34179 46 km SW Borroloola, NT 16218 136 05 E
ABTC 32031 Ban Ban Stn,, QLD 24078 14342E
ABTC 32032 Arrilalah, QLD 23418 143 53E

| xipuaddy



0cl

Mitochondrial DNA sequence data. ABTC numbers

Appendix 1.

Pseudonaja affinis

ABTC 6467 (1, 13)
ABTC 6469 (2, 3)

ABTC 56326 (3, 4)
ARTC 56435 (4, 1)
ABTC 75129 (5, 1)
ABTC 75133 (6, 1)
ABTC 75140 (7, 1)

Pseudonaja guttata

ABTC 31913 (8, 1)
ABTC 32082 (9, 1)
ABTC 56317 (10, 1)

Pseudonaja inframacula

ABTC 56393 (11, 15)
ABTC 56414 (12, 1)
ABTC 56797 (13, 1)
ABTC 57076 (14, 1)

Pseudonaja modesta

ABTC 479 (15, 1)

ABTC 9167 (16, 2)
ABTC 41340 (17, 1)
ABTC 56323 (18, 2)
ABTC 56391 (19, 1)
ABTC 56432 (20, 2)
ABTC 58520 (21, 1)
ABTC 75149 (22, 1)
ABTC 75167 {23, 1)
EBU 6428 (24, 1)

Pseudonaja ruchalis ‘Darwin’

ABTC 13468 (25, 6)
ABTC 29603 (26, 1)

Appendix 2
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ABTC 75180 (43, 2) SR AR A e, e e ey
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Pseudonaja nuchalis ‘Southern’

ABTC 755 (52, 2y  sesss eeaees weswaeeata sweseBeses meee e .
ABTC 13179 (53, 2) VSRR adsenraEe saaEnBins wEaRe Ly s .
ABTC 35596 (54, 1) crri e e seweiameees wemmePerere seeaases e e LT
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Pseudonaja textilis

ABTC 8920 (67, 1)
ABTC 31930 (68, 1)
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EBU 7690 (81, 1) Sy WP
EBU 31801 (82, 2) UUEP— e eeTanie woda. S RPN, SRR - A, G« o SRR PQu s TA.
EBU 31804 (83, 1) P Sa sedaT s see.G. Ty winwassnsTe seseas@e T 00 eaaan B TAC
EBU 33794 (84, 1) ® Coid susmsaToew e G. . Ty PPREI P G..T
Alcohol no. QQ478 (85, 1) PRI Jid sewiwaToww senas G..Tv wowenes-Ta coveasB T
Alcohol no. QQ632 (86, 1) i e Tase seee-Ge-Ta mesmpes - T e s dGLT QCLG e
G..T
G..T
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Alcohol no. QQ723 (87, 1) cevevwesie wewes s Toww swae -G Ta mpsus e Tl ddiais
SAM R 56724 (88, 1) LYY weeae- PTuiww wnoesGeeTe sssasas. To wswss=Gas
saM R 56770 (89, 1) SE e Bwes Daeie mme G..T. easisesaTu sasand@iP CCoiiniaes .

Oxyuranus microlepidorus RBTC 56237 ceaiT. Ass sssssessss seBornesTo T-.
Oxyuranus microlepidotus ABTC 58708 CALLT. M dessiuwess seBeaBeaws BT

Oxyuranus scutellarus ABTC 29118 58 ....C.EeC Al (%0 0
Oxyuranus scutellarus BBTC 32087  ree-eee Koo ewassessins wvalliirse s e Callia sewmemne v weddeey A. siwiessTeo -CoiCTaw snmwwnnssG AT oo cnss swnA.CCais wuCaw=saha
Oxyuranus scutellatus ABTC 44040 PR eI e anPiisseee e ees CalE

Outgroup

Demansia papuensis ABTC 72829 veanTeoBes sasnceBice saninanies AL.C.CCA. soennan- S TACA. ...... ST, €Cu.ssCass :+GveCen TG AL Coo JT.A.C.unC 2iTiwavaBs
Demansia papuensis ABTC 72830 wewele-Bas vrosas Avur sasasssses A .C.CCA, soivevmvens eensTACA, sive-ns T vee:Cusv +4G::Cu TG .A.....C.. LT.A.CyaiC suTesuasAy
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Pseudechis australis ABTC 11880 .. T, .T.. C..Touuns . ..A....TT. .T..A.CC.. suvvnn- PE 5.1 PSP i veesaC.iTe +5T.Ginaa- wesB.CC..C ..T..us.A.
Pseudechis australis ABTC 32031 ALT.. . C..Tuovwss RO o | TT. .uvBCCic sunennn vueeToa G paluills v eeaadC. . Tw wsT.Gowisinre vweA,CC,.C .. Tie-a.hl
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Pseudonaja affinis

ABTC 6467 (1, 13) CAGACTTAAA ATCACTAATC GCATACTCCT CAATTAGCCA CATAGGACTA GTAATCGCTG CAATAACCAT CCRAACACAA TGAGGGTTAG CAGGGGCCAT AGCCATAATA ATTGCCCACG
BBTC 6469 (2, 3) SRR el NSRRI AEe e ey ey te swmaasauias saim s

ABTC 56326 (3, 4}  seees R L L I o T et e T Tttt sene seaan Viedes eseadivess ae T I LR .o iateieieiaae e e e
ABTC 56435 (4, 1) TS e e e eeaa e pp E, TS a e e e waae wwwEEeeas et e mene hapeesaaas saaas . TR e
ABTC 75129 (5, 1) R R O daae e s e e i e . b elei e SRR e R ¥ e e e .

ABTC 75133 (6, 1) PSR 2 2t b e Viee smassssaas . - . .
ABTC 7514C (7, 1) sTe e T e saaasrteess A we sesemanees T B T e aaTee R GREREMRITEE S RFES e eemaaeeess seaaa P

Pseudonaja guttata

ABTC 3191: (8, 1) B < N
ABTC 3208z (9, 1) B < B
ABTC 56317 (10, 1) P

Pseudonaja irframacula

ABTC 56393 (11, 15) S LA o e S RO weessresss T..G..C . - .
ABTC 56414 (12, 1) o eiiE e S weee s Temes B I ¢ B v weicaaeTes sesssevens snes BCoay el Tes Baieeaeis $aCimamaes
ABTC 56797 (13, 1)  seeseses G deslaiiese e Deey | P N o waeseesTes wesemmsens e -ACraq iAW T Batan e amCrmmsyee
ABTC 57075 (14, 1)  weess T ve eemeeTunne wossansers ToiGaaCurn wisianonas vicaasslas wemss EE X o O B eiCivwnans

Pseudonaja modesta

ABTC 479 (15, 1) vawesCaaay seaCannnee we
ABTC 9167 (16, 2) PTTIS. | o NETUILRI - e

ABTC 41340 (17, 1) v vCaman
ABTC 56329 (18, 2) R = SRS
ABTC 56391 (19, 1) vensalanan
ABTC 56432 (20, 2) PR - A :
ABTC 58520 (21, L) weees Coves «oaliicaas ow
ABTC 75149 (22, 1) MG o AN oy PRI
ABTC 75167 (23, 1) senesBies HEIIT s e
EBU 6428 (24, 1) RS [ o PP - G

csins s Piimesses ey eeBreens Taws s Guas v

P, U, JERIFISRIPI £ IR - S IR

wr saTeccaany -

Pseudonaja nuchalis ‘Darwin’

ABTC 134€8 (25, 6) PP 237 CewwiariuszaT 65G. saiweTe smemsaesr B c TN - - L I B e BT .1 o AP DRTL SHY O PR  BUPR R SRR E R
ABTC 29603 (26, 1) L T o S s C R S weas +22GuuCGTee ciaanarsas wrnnan Bas samen v . AC... oA iTos JAT.ce0:G saranrnnns
ABTC 32072 (27, 1) cienssaases snswrrensT enBoanesTe dswesiaas R« L o Rk B BB ;i eBeeToe BeTennanl yeene S
Alcohol no. D3499 (28, 2) asivissas aesavsnee] ereereesTy suaes B ¢ € P ] A - R Qisi aviebieTovesaTaween o smmese cens

Pseudonaja auchalis ‘Pale/black headed’

ABTC 30295 (29, 1) SE e e

ABTC 35983 (30, 2) issernens ®
ABTC 42334 (31, 1) Eraa e
ABTC 42420 (32, 1) esaa s #
ABTC 424)1 (33, 1) e see weaman B

ABTC 56330 (34, 1) S amireseed Wiesmada T e e .
ABTC 56336 (35, 6) St smeaeeee T e s
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ABTC 56430 (37, 1) cirvyewess swwisenesT i Beeees S ¢ Y P
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ABTC 56433
ABTC 56447
ABTC 56906
ABTC 75173
ABTC 75176
ABTC 75180
ABTC 75183
BBTC 75196
SAM R 56714
SAM R 56715
SAM R 56715
SAM R 56722
SAM R 56723
SAM R 56725

(38, 21)
(39, 1)
(40, 2)
(41, 1)
(42, 1)
(43, 2)
(44, 1)
(45, 1)
(46, 1)
(a7, 1)
(48, 3)
(49, 1)
(so, 1)
(51, 1)

Pseudonaja nuchalis ‘Southern’

ABTC 755 (52, 2)

ABTC 13179 (53, 2)
ABTC 35596 (54, 1)
ABTC 56268 (55, 1)
ABTC 56269 (56, 6)
ABTC 56208 (57, 4)
ABTC 56354 (58, 6)
ABTC 5640% (59, 3)
ABTC 5640€ (60, 1)
ABTC 5641C (61, 1)
ABTC 56702 (62, 1)
ABTC 56712 (63, 1)
ABTC 57672 (64, 1)
ABTC 58363 (65, 1)
EBU 33712 (66, 1)

Pseudonaja textilis

ABTC 8920 (67, 1)
ABTC 31930 (68, 1)
ABTC 562731 (69, 1)
ABTC 56312 (70, 1)
ABTC 56407 (71, 1)
ABTC 56473 (72, 1)
ABTC 56478 (73, 2)
ABTC 65504 (74, 2)
EBU 3930 (75, 1)
EBU 4988 (76, 5)
EBU 4997 (77, 2)
EBU 6463 (78, 1)
EBU 7566 (79, 7)
EBU 7575 (80, 1)
EBU 7690 (81, 1)
EBU 31801 (82, 2)
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s e ey s s L sema o md 8 e mresadle s
Tiw wewaoTanns sneecBeTon cossvnnnan [ < PR e
Tos wwvrwsaann erresPTiTos avsaanan L
Py wwwr-Pacas resesTaTan canawivas B T

EBU 31804 (83, 1) sai e eeece Tetwwis Dy aee smeee e .
EBU 33794 (84, 1) A PTG S S T T
alcohol no. QQ478 (85, 1) T (e D e mereie 8
Alcobol no. QQ632 (86, 1) P o vis sasaTovsns vsleccires
Alcohol mo. QQ723 (87, 1) savawwpeass wsenl 5
SAM R 56724 (88, 1) wessavenne arraleceer sesassan S EeadawE e BYS 0o
SAM R 56770 (89, 1) e —— wane GiaoT

3
haanannn
H

B D s e

T oaaisee T svewSeeess TanBeeCTlon =oCeaTumas nmmmnnose ) IR i eanasCCasA sesswessTay soTlewanes ssommeaans

Oxyuranus microlepidorus BBTC 56237  ==--e
vesT sevcemes T Sen Siiees TewGuaClas waleaPavws veneeBiaas Buvevsoian soeriCCUA wTowBesTie seaTinnees wonssns wles

Oxyuranus microlepidotus ABTC 58708 T e

ceeeassTee ATA . ivww seans srney
ATA s sse ssssssrses

bbb
H

Oxyuranus scutellatus RBTC 32087 iies O iae e e R ek wEee oy e eCrines TeaGuuChocn caCivvvena aaenen T —— cc..

7
Uig o

Oxyuranus scutellatus BBTC 29118 srivitice Cuaan urmie B R wmn g s, swe e nes P, oni@iviie TaGaaCaouwn sileaassss mmmaws T T CE. P
T

Oxyuranus scuiellarus BBTC 44040 ST RN ., . NICNTS. g — PoaGun Cass mie@usiiimn: Erversenny Pasmyme e areasCCL.

Outgroup

Demansia papuensis BBTC 72822 cuenCeTua sanCevesnwy ssowsmansBe casesss cie 0 eaGiaTTeG wwwsaT. .Co wwunpaTenGr Rucwsinmmnn Vo B.CC.ve 1GauTALTaw senTovunsr waConmunns
Demansia papuensis BBTC 72830 T o T S T R R I e e2GuaTP.G swvewTe . Co sa0enTieGe Revenns e BALCC.a- JG TRLT.w o=sTiesiew #xCrnrmnns

Pseudechis australis ABTC 11880 veis Cuvis GoaTivwwns s0Tommeeer saraaaaras Ticuaun Bu: cisiwsnnss oGC..T..T. A.uusnT..G .onn C...A T...A..A.. AR eiee sowammwnns
Pseudechis australis ABTC 32031 v TCaine GesPaveses +eCunnesTe 2aas@evens L JRE < F ¢ 1 TS S .. ..T..T.AT. A.....T..G ..G..T...A T...A..R.. AR e e e e
Pseudechis australis RBTC 32032 o aTCanvis G.iFacswss 22CovenaTe ow Covons T2 8 A G..T...A T...A..A.. B.Biivies sossansnes
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Pseudonaja affinis

ABTC 6467 .1, 13) GATTTACCTC ATCAGCACTT TTCTGCCTAG CAARCACCTC CTACGAACGC ACACAAACCC GCATTATACT TCTAACCCGA GGATTCCACA ACATTCTACC AATAGCCACA ACCTGATGAC
ABTC 6469 2, 3) TR WA S FRER s ne el R NI BT SRR e
ABTC 56326 (3, 4) SRR BN - ey, BEE s EEIIELS R S T
ABTC 56435 (4, 1) A e, SR e e RS 8 el
ABTC 75129 (5, 1) e SRR SR R e FEEE
ABTC 75133 (6, 1) U s P e RN R SRR e
ABTC 75140 (7, 1) O A v memre bAEE UL S TR NSRRI v

Pseudonaja gurtata

ABTC 31913 (8, 1) RN < e b ww'T. -
ABTC 32082 (9, 1) PP - A Tessasls R o
ABTC 56317 (10, 1) weeiBuiees Tawuaiivives T

Tovee woe TawsB. oo Tornnnns «:Connnnnn cwaa@iines CusCanTis =
I AR, R W S e i adnlosais CanCiaTams reeGumensss B - T civamennee
P T S aCusvaeni saalaees CasCean T

Pseudonaja inframacula

ABTC 56393 (11, 15) e BN RN iessssssis eaTecansny msemmreres Toeeoaaans s e
APTC 56414 (12, 1) 3G 2B A e e Tem e s e e me e cre meseaaan e aeaas B oiCorvrven vameassers soav@iiiie Tusasevene sevsnsnnns
ABTC 56797 (13, 1) G iBieens maserEawam welesseney wosisisaayas Tieecanans iae e e e AT .
ABTC 57076 (14, 1) G vise Heasaaeea ealevesnns sssssas dis Teesdawssas wasaiss R 1o

civsivws 22-Coiannes vesrrras v e iR Tavdeeseie swssas

D o T N TR P s Ceees Thisssmee s suems s

Pseudonaja modesta

ABRTC 479 (15, 1) e A
ABTC 9167 (16, 2) SCEEE - | A
ABTC 41340 (17, 1) N ¢ NN A. o 5
ABTC 56329 (18, 2)  seesens . T S o
A
A
A

B

BBTC 56391 (19, 1) G
ABTC 56432 (20, 2)  mesesen
ABTC 58520 (21, 1) PO
ABTC 75149 (22, 1) w:.--C..
ABTC 75167 (23, 1) .G..C.
EBU 6428 (24, 1) - TR

HHAHHEAa3 3

Pseudonaja nuchalis ‘Darwin’

ABTC 13463 (25, 6) [ P TR R ven maMeamense deceTodien svsiine o wweivioges cTewisnnas CaaConvvns aannn L o O T L=
ABTC 29603 (26, 1) Beaesssne seees [T R T, R T e S A S G S o wlamesmmes CuaComiada s Tenin esaeCneasn wewn BBy

A
A

ARTC 32072 (27, 1) B s awr PR, e S snssEanT  snweEeEens oy Dewgsae e ConCivann e raesaTiris ceekQaeviie vees
Alcohol no. D3499 (28, 2) < B R e e iiiee e e BT e esaTreseT wessee | A o Y s waiee
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ABTC 56433
ABTC 56447
ABTC 56905
ABTC 75173
ABTC 75175
ABTC 75182
ABTC 75183
ABTC 751986
SAM R 56714
SAM R 56715
SAM R 56716
SAM R 56722
SAM R 56723
SAM R 56725

Pseudonaja ruchalis *Southern’

(38,
(39,
(40,
(41,
(a2,
(43,
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(50,
(51,

BBTC 755 (52, 2)
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ABTC 56268
ABTC 56269
ABTC 56208
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ABTC 57672
ABRTC 58339

EBU 33712 (66,
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(60,
(61,
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(63,
(64,
(65,

Pseudonaja textilis

BRTC 8920 (67,
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ABTC 56407
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ABTC 56478
ABTC 65504
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(70,
(71,
(72,
(73,
(74,

EBU 393C (75, 1)
EBU 498¢ (76, 5)
EBU 4997 (77, 2)
EBU 6465 (78, 1)
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EBU 7575 (80, 1)
EBU 7690 (81, 1)
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Alcohol no. OQ632 (86, 1)
alcohol mo. QQ723 (87, 1)
SAM R 56724 (88, 1)
SaM R 56770 (89, 1) .G..

Oxyuranus microlepidotus ABTC 56237 N 1 € U T I JTR. Toaawiawss 24Caasssee e wre CoiCannnps sessssanan vz Poann wewwasTags asserarees
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Pseudonaja affinis

ABTC 6467 (1, 13)
ABTC 6469 (2, 3)

ABTC 56326 (3, 4)
ABTC 56435 (4, 1)
ABTC 75129 (5, 1)
ABTC 75133 (6, 1)
ABTC 75140 (7, 1)

Pseudonaja guttata

ABTC 31913 (8, 1)
ABTC 32082 (9, 1)
ABTC 56317 (10, 1)

Pseudonaja injramacula

ABTC 56392 (11, 15)
ABTC 56414 (12, 1)
ABTC 56797 (13, 1)
BABTC 5707€ (14, 1)

Pseudonaja modesta

ABTC 479 715, 1)

ABTC 9167 (16, 2)

ABTC 41340 (17, 1)
ABTC 56329 (18, 2)
ABTC 56391 (19, 1)
ABTC 56432 (20, 2)
ABTC 58522 (21, 1)
ABTC 75143 (22, 1)
ABTC 75167 (23, 1)
EBU 6428 (24, 1)

Pseudonaja michalis ‘Darwin’

ABTC 13468 (25, 6)
ABTC 29603 (26, 1)
ABTC 32072 (27, 1)

Alcohol no. D3499 (28, 2)

Pseudonaja ruchalis *Pale/black headed’

BABTC 30255 (29, 1)
ABTC 359€3 (30, 2)
ABTC 42334 (31, 1)
ABTC 42400 (32, 1)
ABTC 42401 (33, 1)
ABTC 56330 (34, 1)
ABTC 56336 (35, 6)
ABTC 56348 (36, 1)
ABTC 56430 (37, 1)
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ABTC 56433
ABTC 56447
ABTC 56906
ABTC 75173
ABTC 75176
ABTC 75180
ABTC 75183
ABTC 75196
SaM 56714
SAM 56715
5aM 56716
SAM 56722
SAaM 56723
SAM 56725

(38, 21)
(39, 1)
(40, 2)
(41, 1)
(42, 1)
(43, 2)
(44, 1)
(45, 1)
(46, 1)
(47, 1)
(48, 3)
(49, 1)
(50, 1)
(51, 1)
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Pseudonaja nuchalis *Southern’

ABTC 755 .52, 2)
ABTC 13179 (53, 2)
ABTC 35596 (54, 1)
ABTC 56268 (55, 1)
ABTC 56269 (56, 6)
ABTC 56208 (57, 4)
ABTC 56351 (58, 6)
ABTC 56403 (59, 3)
ABTC 56405 (60, 1)
ABTC 56410 (61, 1)
ABTC 56703 (62, 1)
ABTC 56712 (63, 1)
ABTC 57672 (64, 1)
ABTC 58369 (65, 1)
EBU 33712 (66, 1)

Pseudonaja textilis

ABTC 892C (67, 1)
ABTC 31930 (68, 1)
ABTC 56274 (69, 1)
ABTC 56312 (70, 1)
ABTC 56407 (71, 1)
ABTC 56473 (72, 1)
ABTC 56478 (73, 2)
BBTC 65504 (74, 2)
EBU 3930 (75, 1)
EBU 4988 (76, 5)
EBU 4997 (77, 2)
EBU 6463 (78, 1)
EBU 7566 (79, 7)
EBU 7575 (80, 1)
EBU 7690 (81, 1)
EBU 31801 (82, 2)
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EBU 31804 (83,
EBU 33794 (84,

Alcchol no. Q0478
Alcohol no. QQ632
Alcohol no. QQ723

1)

1)
(85, 1)
(86, 1)
(87, 1)

SAM R 56724 (88, 1)}
SAM R 56770 (89, 1)

Oxyuranus microlepidotus BBTC 56237
Oxyuranus microlepidotus RBTC 58708

Oxyuranus scutellatus RBTC 29118
Oxyuranus scutellatus ABTC 32087
Oxyuranus scutellatus BBTC 44040

Outgroup

Demansia papuensis
Demansia papuensis

Pseudechis australis
Pseudechis australis
Pseudechis australis

ABTC 72829
ABTC 72830

ABTC 11880
ABTC 32031
ABTC 32032
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Pseudonaja affinis

ABTC 6467 (1, 13)
ABTC 6469 (2, 3)

ABTC 56326 (3, 4)
ABTC 56435 (4, 1)
ABTC 75123 (5, 1}
ABTC 75133 (6, 1}
ABTC 75140 (7, 1)

Pseudonaja guttata

ABTC 31913 (8, 1)
ABTC 32082 {9, 1)
ABTC 56317 (10, 1)

Pseudonaja inframacula

ABTC 563$3 (11, 15)
ABTC 56414 (12, 1)
ABTC 567¢7 (13, 1)
ABTC 57076 (14, 1)

Pseudonaja modesta

ABTC 479 (15, 1)
ABTC 9167 (16, 2)
ABTC 41340 (17, 1)
ABTC 56329 (18, 2)
ABTC 56391 (19, 1)
ABTC 56432 (20, 2)
ABTC 58520 (21, 1)
ABTC 75149 (22, 1)
ABTC 75157 (23, 1)
EBU 6428 (24, 1)

Pseudonaja nuchalis ‘Darwin’

ABTC 13468 (25, 6)
ABTC 29603 (26, 1)
ABTC 32072 (27, 1)
Alcohol mo. D3499 (28, 2)

Pseudonaja nuchalis 'Pale/black headed’

ABTC 30295 (29, 1)
ABTC 35983 (30, 2)
ABTC 42334 (31, 1)
ABTC 42400 (32, 1)
ABTC 42401 (33, 1)
ABTC 56330 (34, 1)
ABTC 56336 (35, 6)
ABTC 56348 (36, 1)
ABTC 56430 (37, 1)
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ABTC 56433 (38, 21)
ABTC 56447 (39, 1)
ABTC 56906 (40, 2)
ABTC 75173 (41, 1)
ABTC 75176 (42, 1)
ABTC 75180 (43, 2)
ABTC 75183 (44, 1)
ABTC 75196 (45, 1)
SAM 56714 (46, 1)
SAaM 56715 (47, 1)
SAM 56716 (48, 3)
SAM 56722 (49, 1)
SaM 56723 (50, 1)
SAaM 56725 (51, 1)

mow R Ao

Pseudonaja nuchalis *Southern’

ABTC 755 (52, 2)

ABTC 13179 (53, 2)
ABTC 35596 (54, 1)
ABTC 56268 (55, 1)
ABTC 56265 (56, 6)
ABTC 56208 (57, 4)
ABTC 56354 (58, 6)
ABTC 56405 (59, 3)
ABTC 56406 (60, 1)
ABTC 56410 (61, 1)
ABTC 56703 (62, 1)
ABTC 56712 {63, 1)
ABTC 57672 (64, 1)
ABTC 58369 {65, 1)
EBU 33712 (66, 1)

Pseudonaja textilis

ABTC 8920 (67, 1)
ABTC 31930 (68, 1)
ABTC 56274 (69, 1)
ABTC 56312 (70, 1)
ABTC 56407 (71, 1)
ABTC 56473 (72, 1)
ABTC 56478 (73, 2)
ABTC 65504 (74, 2)
EBU 3930 (75, 1)
EBU 4988 (76, 5)
EBU 4997 (77, 2)
EBU 6463 (78, 1)
EBU 7566 (79, 7)
EBU 7575 (80, 1)
EBU 7690 (81, 1)
EBU 31801 (82, 2)
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EBU 31804 (83, 1)
EBU 33794 (B4, 1)

Alcohol no. QQ478 (85, 1)
Alcohol no. QQ632 (86, 1)
alcohol no. QQ723 (87, 1)

SBM R 56724 (88, 1)
SAM R 56770 (89, 1)

Oxyuranus microlepidotus ABTC 56237
Oxyuranus microlepidotus ABTC 58708

Oxyuranus scutellatus ABTC 29118
Oxyuranus scutellatus ABTC 32087
Oxyuranus scutellatus RBTC 44040

Outgroup

Demansia papuensis RBTC
Demansia papuensis RBTC

Pseudechis australis ABTC
Pseudechis australis RBTC
Pseudechis australis RBTC

72829
72830

11880
32031
32032

4444444444 4444444445
8888888889 9999999990
1234567890 1234567890

.C..Cax
.C..Cu

5555555555

0000000001

1234567890

<7 Cu C rasmwiNwaier
CuivssaC edBuwusaC.

¢ CaaaanC mmmme et

ie -Can C mmsrsmmd C.
N o c.
ae o CoseaslC R e o(X
eeCos C ..G... c.
G..Covrris ssarsssnans
Y o e e

2s-Ce . veaC.
va+Cavrene sasnessaCe
i Comgmmm wammsensCo
vinCrsgene ACesT.Co
v lBanas A.C..T..C.
ceeBiaveess BTl Cl

5555555555 5555555555
1111111112 2222222223
1234567890 1234567890

[« PR~ S
L P o PR
B.-:Ceses
i R o PR
2 c JPO PR
P - SRR

R 8 o o35
e Co B} 2+ 5

wessCaaans
+G..CCun
:G.:CCussa

5555555555
3333333334
1234567890

P Y o)
+4G.CTawins

+TGCT4 « s
+« TGCT+s5 s
++TGCT. s

s Ca O
+ve-CuuCAL

e CLALLL
R S T
R . . R

5555555555
4444444445
1234567890

5555555555
5555555556
1234567890

-.T
.T
»T
T .
. T.
.T
T

[ERPRERERER TRt
hannano

A.CT..G...
A.CT..

Qe

ATCTT.
ATCTT.
ATCTT.

2

bbb B

5555555555 5555555555
6666666667 7777777778
1234567890 1234567850

5555555555
88888688889
1234567890

wvaToweesT o

seiiThasaaT

esxTT. AL
oo ITT.R. s

T..A..C...
Y T S
S P

5555555556
9999999990
1234567890

cnw s T s aCh
voss s TeaCA

LawesBALCR
c..Bhl W CA
aweiBaaCA

g xipuaddy



sel

Pseudonaja affinis

ABTC 6467 (1, 13)
ABTC 6469 (2, 3)

ABTC 56326 (3, 4)
BBTC 56435 (4, 1)
ABTC 75129 (5, 1)
ABTC 75133 (6, 1)
ABRTC 75140 (7, 1)

Pseudonaja guitata

ABTC 31913 (8, 1)

ABTC 32082 (9, 1)

ABTC 56317 (10, 1)
ABTC 56393 (11, 15)
ABTC 56414 (12, 1)
ABTC 56797 (13, 1)
ABTC 5707¢ (14, 1)

Pseudonaja modesta

ABTC 479 (15, 1)

ABTC 9167 (16, 2)

ABTC 41340 (17, 1)
ABTC 56329 (18, 2)
ABTC 56391 (19, 1)
ABTC 56432 (20, 2)
ABTC 58520 (21, 1)
BBTC 75143 (22, 1)
ABTC 75167 (23, 1)
EBU 6428 (24, 1)

Pseudonaja nuchalis ‘Darwin’

ABTC 13468 (25, 6)
ABTC 29603 (26, 1)
ABTC 32072 (27, 1)
Alcohol no. D3499 (28,

Pseudonaja nuchalis ‘Pale/black headed’

ABTC 30295 (29, 1)
ABTC 35983 (30, 2)
ABTC 42334 (31, 1)
ABTC 42400 (32, 1)
ABTC 42401 (33, 1)
ABTC 56330 (34, 1)
ABTC 56336 (35, 6)
ABTC 56348 (36, 1)
ABTC 56430 (37, 1)
ABTC 56433 (38, 21)
ABTC 56447 (39, 1)
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ABTC
ABTC
ABTC
ABTC
ABTC
ABTC

56906
75173
7517¢
75180
7518z
75196

SAM R 56714
SAM R 56715
SAM R 56716
SEM R 56722
SAM R 56723
SBM R 56725

Pseudonaja nuchalis *Southern’

ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
EBU

(40, 2)
(41, 1)
(42, 1)
(43, 2)
(44, 1)
(45, 1)
(46, 1)
(47, 1)
(28, 3)
(49, 1)
(50, 1)
(51, 1)

755 (52, 2)

13179
35596
56268
56269
56208
56354
564C5
56406
56410
56703
56712
57672
58369
33712

(53, 2)
(54, 1)
(55, 1)
(56, 6)
(57, 4)
(58, 6)
(59, 3)
(60, 1)
(61, 1)
(62, 1)
(63, 1)
(64, 1)
(65, 1)

(66, 1)

Pseudonaja textilis

ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
ABTC
EBU

8922 (67, 1)

31930
56274
56312
56407
56473
56478
65504
3930

(68, 1)
(69, 1)
(70, 1)
(71, 1)
(72, 1)
(73, 2)
(72, 2)

(75, 1)

4988 (76, 5)

4997

(77, 2)

6463 (78, 1)
7566 (79, 7)

7575

(80, 1)

7690 (81, 1)
31801 (82, 2)
31804 (83, 1)
33794 (84, 1)

6666666666
0000000001
1234567830

6666666666
1111111112
1234567890

veesBasaas

P - S

venseanasC

6666666666
2222222223
1234567890

A, oS
Y o P

e G
[ = B

.C

6666666666
3333333334
1231567890

I Sddddddddds

IS Sddddds

.

I3 223304444
33223322044

b b
b

b

T332 dd dds

33444

bbb bbb bbb

noannan

6666666666
4444444445
1234567890

Covnnnnnnn
[
Covunnnnns

nnnan

6666666666
5555555556
1234567890

6666666666
6666666667
1234567830

6666666666
7771777778
1234567890

6666666666
8888888889
1234567890

6666666667
99999999390
1234567890

Qivasaaias
Covvnnnnns

7777777777
0000000001
1234567890

L« DL

7777717777
1111111112
12345678390
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6666666666 6666666666 6666666666 66666€6666 6666666666 6666666666 6666666666 6666666666 6666666666 6666666667 7777777777 7777777777
0000000001 1111111112 2222222223 3333323334 4444444445 5555555556 6666666667 7777777778 888868688889 9999999990 0000000001 1111111112
12345676890 1234567890 1234567890 1234567890 1234567830 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890 1234567890

Alcohol no. QQ478 (85, 1) CEE e e W e e o k@Ceocn- G. ....A..A.. saraaaay =aialel Vaarae eake'ed AT maeea s HEEE wEwa evews Becsanverss sewaaassas PERCRERT 2
Alcohol no. QQ632 (86, 1)  sessees R Iy o PUPIPE G. srs-B. Al seieaaaans i R e AR = SR o a e P Fe JERERn e

Alcohol no. QQ723 (87, 1)  secsesenns e vee 24CC....G. L. AR Ll Viaied awa AR AT - wiace e - Cusssmvnan (e Sl
SAM R 56724 (B8, 1)  eeeen saaes e e m e e e o [ - G S i S AREEEEE R R STEEE e ase e B Crvscawa . :G.s . s et
S8AM R 56770 (89, 1)  sessas vase wwmsssaren +xCeooon G. ....A..A.. ddaaEe sessawea T v T I e o o {2 SRR R i 3 e =2
Oxyuranus microlepidotus ABTC 56237 s o R v «G.TC.T..C ..C....... iR s TealienT e sn@eemama derewemsy ¢ TwaPaeyias mamagaaaas o AR G e R e
Oxyuranus microlepidotus ABTC 58708 BCsnaes .. .G.TC.T..C ..C....... iedsALGA.L O CaidinaTas ealoeases awew e wuy T Qi GG, Louean P R
Obyuranus scutellamus RBTC 29118 230, Tasasa Cc..TC.CC.C ..C..onn. LGisA vy «GCRL s wwleliieeain SeeaddEEe T S UUPROURRR <-4 G weiliiseiGC warETTaman
Oxyuranusscutellam.s ABTC 32087 ..C.T..... C..TC.CC.C ..C....... LG, A .... GCA...... IR ¢ TR W = -5 esans caa raEEEEsees G mimind B8, ..--au GC: wewsTTewas
Oxyuranus scutellatus ABTC 44040 250 . Tasnas C..TC.CC.C +uC.vonnt .G..A..... GCA...... FiEL - P e RN e TR e LR venn Coseees@3. coceinns GC. WaeaTTauas
Outgroup

Demansia papuensis BBTC 72829 CTeiiesBie cesCCisass soByasenvn sessBoBes 0 AL.GT.. e GaA=mi e i < 5
Demansia paguensis RBBTC 72830 B T L T . o NS A Y LA eesBe o GT.. coGeB==uyy ‘=iliaawisn

Pseudechis ausrralis ABTC 11880 TC.. . R.s Co2iCuus i@ 2:BALG..G: .uswAclBiy 0nBlGT.. WG A-- iy wmrrnaanes

Pseudechis australis ABTC 32031 D iuii. ....C.C..C ..BA.G..G. ....A..A.. T..A..GT.. A.G.A-=.vy = ersrrnr-s

Pseudechis australis ABTC 32032 PYuisnses ...TC.C..C ..BAA.G..G. vessAL AL, T..B..GT,. A.G.A=~.1s s scersnns

7 Xipuaddy
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7977777777 17777771777 1777777777 7777777777 7777777777
2222222223 3333333334 4444444445 5555555556 6666666667
1234567890 1234567890 1234567830 1234567890 1234567890
Pseudonaja affinis

ABTC 6467 {1, 13) GGGGTTACAR GACCTGCTAA CTCTTTRACC TGGTACTARA A-CCCAGCCC
ABTC 6469 (2, 3)

ABTC 56326 (3, 4) olatatels S e e TR esanas .
ABTC 56435 (4, 1) eaddRE Y. W e e s
ARTC 75129 (5, 1) Seidda e T . e peee
ABTC 75133 (6, 1) salaieaeuin . e e ~eraaaaes

ABTC 75140 (7, 1) v .
ABTC 31913 (8, 1) essas s SRR ey mresiecy wPey S0 n R Ee
ABTC 32082 (9, 1)  eesses T e G e sy n B e s
ABTC 56317 (10, 1) e R s L

Pseudonaja inframacula

ABTC 56393 (11, 15) csasaeen g weaawmewe =aas-Cores weris Towes d™aaasenas
ARTC 56414 (12, 1) Gaaiewaee Y o e o .
ABTC 56797 (13, 1)  sssssees su e N L - FPRRSE
ABTC 57076 (14, 1) niwim e g e i P o L Taivs s™essnsses

Pseudonaja modesta

ABTC 479 (15, 1) sssss sesiie eseemeaa £ 2 m e C. s swsleawissy aBewe sy ..
ABTC 9167 (16, 2) i @i seeeswvies Ao Couin senRaempes sBReceannas
ABTC 4134C (17, 1) R R A B T C.iis eosdesenne sibesaBoany
ABTC 5632% (18, 2) amaara s P S C.own siweBesmrnn rfhesessess
ABTC 56391 (19, 1) e ataliTe PRSP N Covoe socBaneres sBosansons
ABTC 5643z (20, 2) Y o o P L R Coove cnsBuvenns B
ABTC 58520 (21, 1) ik FaE e TR REREE e e . Cuovoe sncBucevan sBoicesssas
ABTC 751492 (22, 1) e dsaesaas EEERA A e e Covew =osBevvree Bicesaas T
ABTC 75167 (23, 1) T T TP I R T i 8 o w wwes Civae vocBocens s Bl e T
EBU 6428 (24, 1) O - - S < Lt L SEE .

Pseudonaja nuchalis ‘Darwin’

ABTC 13468 (25, 6) B TP
ABTC 29603 (26, 1) 7 P T I
ABTC 32072 (27, 1) B R T TR .e W e "
Alcohol no. D3499 (28, 2) e swaininnn saeses vaes hheeeeesTi weaCiTames sy asrnsys

Pseudonaja nuchalis ‘Pale/black headed’

ABTC 30295 (29, 1) P sadREaa i RN vaaTa o
ABTC 35983 (30, 2) CBl i deaamewaes weEE e O
ARPTC 42332 (31, 1) A derewwsiess wwevrsseTe e
ABTC 42400 (32, 1) Rosviveas wewaessias sssesensTe e
ABTC 42401 (33, 1) B SE e R Eessaeen Deees
ABTC 56330 (34, 1) CBiiiieave sasasiiias wraer vowinTes
ABTC 56336 (35, 6) R S LI 3 e el e
ABTC 56348 (36, 1) R iis A TesEe Ewnm e e
ABTC 56430 (37, 1) Resanwaas mavssaes TR B
ABTC 56433 (38, 21) Y I & RS OUU PR S. oS-
ABTC 56447 (39, 1) B cianine sasasessaa rrees seeTa wss

a

HHHHRBAHERRS
L]

nan:

oana:r
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7777777777 1777777777 1777777777 1773777777 7777777777
2222222223 3333333334 4444444445 5555555556 6666666667
1234567890 1234567890 1234567890 1234567890 1234567890

ABTC 56906 (40, 2) SRR SRR EERSE e I
BBTC 75173 (41, 1) T B [ S,
ABTC 75176 (42, 1) Alsiaet FsasEEewy R T. ...
ABTC 75180 (43, 2} Aricrns win R .
ABTC 75183 (44, 1) Ruerrens sessasess i T,
BABTC 75196 (45, 1) Reeann D, P T3
SAM R 56714 (46, 1) e ne amae e e Eie e 25 S
SAM R 56715 (47, 1) 1 VR Tl S P
SAM R 56716 (48, 3) e 40 5
SAM R 56722 (49, 1) 5% PO R cieare oTaind
SAM R 56723 (50, 1) A e v TS 4 s e
SAM R 56725 (51, 1) B PO i e e eeEaaTe ;

mmeaanonnnan-

WA m
MABRREARENES S

Pseudonaja nuchalis ‘Southern’

ABTC 755 (52, 2) A G M STERIANT e na s B EE amE L S A
ABTC 13179 (53, 2)  seesusn e o T L L Tevee emansnnnen
ABTC 3559€ (54, 1) L eeeesaaaae sewmibrwee swemeTerre 2T A
ABTC 5626¢ (55, 1) LTSI - MRS GO el TETI
ARTC 5626¢ (56, 6)  weesess Y| - ——— Tiivide e talarara wte i
ABTC 56208 (57, 4) AL o T e R
ABTC 56354 (58, 6) R T A e memine b Coives wasaa Taiah G Ml
ABTC 56405 (59, 3) e ceee weaes wam G G auas g e R B ]
ABTC 56406 (60, 1) . ar s wrsm by RN, - oJUF S g Tjricits wewie ki & e
ABTC 56410 (61, 1) evessensae SaEealiieans datieBranie wninsm Taen moawereTye
ABTC 56703 (62, 1) S - { o R cvppeBasny measnTaems @oaEaris .
ABTC 56712 (63, 1) O 2. podtiiu cviee vveed@ssse wamas Tews w5y geresey
ABTC 57672 (64, 1)  eaessssses A i R Lawan weaas Tasime 8= eteseana
ABTC 58369 (65, 1) R A i EESEEET W Cuiiin waeey Tawps o= esssoena
EBU 33712 (66, 1)  asesaen S EEERR sweEE Seweanes s Thuwee «=evsarnsn

Pseudonaja textilis

ABTC 8920 (67, 1) R e e 565 wammrsa T e Db e e W7 & 58
BBTC 31932 (68, 1) s il eueveses T, . e
ABTC 56274 (69, 1) e e e e e emmmwee T xes e B d s, 2 e e
ABTC 56312 (70, 1) SRR Rure svmminassien vewenenaTe we CiTuaie a=wauuiui =
ABTC S6407 (71, 1)  eeees SHEEE s vn wasias ee Ta ebes e Baien amalallTw
ABTC 56473 (72, 1) T m——
ABTC 56478 (73, 2) A R, e - Vi F ==
BBTC 65504 (74, 2) o mmmnTiae e mimia S AT RO Toaa Qi emneemnues
EBU 3930 (75, 1) e
EBU 4988 (76, 5) SR o R 5
EBU 4997 (77, 2}  eweesss Wos Tl v remmereeaTe cemne e ETes v
ERU 6463 (78, 1)  eesans e RS e aaasazesTes nnas fBawes s emme e
EBU 7566 (79, 7)  seseses Ay i saw e enasnase Ty apyasTrsey = Tessnes .
EBU 7575 (80, 1) BB seeswssaee sessseweTy srmarTroes aTamanena
EBU 7690 (81, 1) A o EEEEE vy Te sommaToren s=essssas u
EBU 31801 (82, 2) i ssaveseess cxssmpep Ty seeesTuy s s ilnaee i
EBU 31804 (83, 1) ST Ris saesmama s PR R TIRO U PEA A
EBU 33794 (B4, 1) GREE eemamanaas seseseasle sobes L e IR FoH
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7777777777 7777777777 171777177777 7777777717 7777777777
2222222223 3333333334 4444444445 5555555556 6666666667
1234567890 1234567890 12345678590 1232567890 1234567890
Alcohol no. QQ478 (85, 1)  eeeaees Aie wiaeaida .e wowraimaaie Do ivTensn s neaesnny
Alcohol no. QQ632 (86, 1) PRt A, o yHEEEE “ a bR, T. .. e Tosan s=sssrrons
Alcohol no. QQ723 (87, 1)  eeesn GuBE EEaee s iewswaTe seersTeses 2™ rasnnnan
SAM R 56724 (88, 1) Rty - G T PR T. +++CeTuss = el .
SaM R 56770 (8%, 1) e TN I & e . wewasserle seecs Tas L R
Oxyuranus microlepidotus ABTC 56237 BG4 W eCosTe wieCiaaaas Aieeianss
Oxyuranus microlepidotus ABTC 58708 e MR SRR %, a08CaisTe 2aeCausaes B s aan
Oxyuranus scutellatus ABTC 29118 cviawC. TRE waiwiss e ve saaesALT. LA
Oxyuranus scutellanus ABTC 32087 waniiniC. Taisl wledamrs ek veBieTe awedhe soren
Oxyuranus scutellatus ABTC 44040 veensC.Tun Wity i weraBaeTan waeR . sxace v
Outgroup
Demansia papuensis ABTC 72829 X SRR At e wEE RS (N vewas vwesTBesee 2 Sreseres A
Demansia papuensis BBTC 72830 s Taraaae PRI et e sEEaa waein TR i —— A
Pseudechis australis ABTC 11880
Pseudechis australis ABTC 32031
Pseudechis australis ABTC 32032
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Appendix 3

Inferred indels were coded using the ‘simple indel coding’ method of Simmons and
Ochoterena (2000), in which particular indels are treated as two state characters, the aliernative states
being ‘present’ or ‘absent’. Where an indel observed for a terminal, A, completely overlaps one or
more smaller indels observed for another terminal, B, A is coded as ‘present’ for the first indel and
‘inapplicable’ for the smaller indels, while B is coded as ‘absent’ for the first indel and ‘present’ for

the smaller indels. Simmons and Ochoterena (2000) discuss the theoretical basis for this procedure.

Distribution of indels among mitochondrial DNA haplotypes observed in this study. 0 = absent, 1 = present, - = inapplicable.

Haplotype numbers correspond to those in Appendix 1.

Indel (position[s] in alignment)

Species Haplotype 656-657 657 662 671 715-716 724 746 762 763

Pseudonaja affinis 1 0 0 0 1 1 0 0 | 0
2 0 0 0 1 | 0 0 1 0

3 0 0 0 1 ! 0 0 1 0

4 0 0 0 1 1 0 0 1 0

5 0 0 0 1 1 0 0 1 0

6 0 0 0 1 | 0 0 | 0

7 0 0 0 1 1 0 0 | 0

Pseudonaja guttata 8 0 0 0 1 1 0 0 0 0
9 0 0 0 1 I 0 0 0 0

10 0 0 0 1 1 0 0 0 0

Pseudonaja inframacula 11 0 0 1 1 | 0 0 1 0
12 0 0 1 1 1 0 0 1 0

13 0 0 1 1 1 0 0 1 0

14 0 0 1 1 1 0 0 1 0

Pseudonaja modesta 15 0 0 1 1 1 0 0 0 0
16 0 0 1 0 ! 0 0 0 0

17 0 0 1 1 1 0 0 0 0

18 0 0 1 0 | 0 0 0 0

19 0 0 ! 1 1 0 0 0 0

20 0 0 i I 1 0 0 0 0

21 0 0 | 1 1 0 0 0 0

22 0 0 1 | 1 0 0 0 0

23 0 0 1 0 I 0 0 0 0
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Indel (position(s] in alignment)

746 762 763

715-716 724

662 671

657

656-657

Haplotype

Species

24

Pseudonaja nuchalis 'Darwin

25
26
27

28
29

Pseudonaja nuchalis 'Pale/black headed’

30
31

32
33

34
35

36
37

38
39
40

4

42

43

45

46

47

4

49

50

51

Pseudonaja nuchalis 'Southern

52
53

54
55

56
57
58
59
60

61

62

63

65

142



Appendix 3

Species

Haplotype

Indel (position(s] in alignment)

656-657

657

662

671

715-716

724

746

762

763

Pseudonaja textilis

Oxyurunus mivrolepidotus

Oxyuranus microlepidotus

Oxyuranus scutellatus
Oxyuranus scutellatus

Oxyuranus scutellatus

Outgroup

Demansia papuensis
Demansia papuensis
Pseudechis australis
Pseudechis australis

Pseudechis australis

66
67
68
69
70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

ABTC 56237

ABTC 58708

ABTC 29118
ABTC 32087

ABTC 44040

ABTC 72829
ABTC 72830
ABTC 11880
ABTC 32031

ABTC 32032

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o o o o ©

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o & o o ©

—_

o o ©

OOOOOOOOOOOOOOOOOOOOOOO
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Appendix 4

Allozyme electrophoretic data. Locus abbreviations, proteins, and enzyme commission numbers are in Richardson et al. (1986). Alleles are designated alphabetically, with 'a’ being the most cathodally

migrating allele.
Locus

Species Tissue Number Aco-1 Aco-2 Ada Adh-1 £nol  Est-1 Fdp Fum Gapd Gda Glo Got-1 Gpd Gpi Gpt Gsr  Idh-1 {dh-2

Pseudonaja affinis ABTC 56281 bb ce cc bb bb bd aa aa bb ad bb aa aa aa dd bb bb bb
ABTC 56282 bb cc cc bb bb bd aa aa bb cc bb aa aa aa dd bb bb bb
ABTC 56319 bb cc cc bb bb bd aa aa bb ac bb aa aa aa de bb bb bb
ABTC 56326 bb cc cc bb bb bb aa aa bb aa bb aa aa aa cc ab bb bb
ABTC 56339 bb cc cc bb bb bb aa aa bb aa bb aa aa aa cc aa bb bb
ABTC 56368 bb cc cc bb bb bd aa aa bb dd bb aa aa aa cc bb bb bb
ABTC 56402 bb cc cc bb be bb aa aa bb aa bb aa aa aa cc bb bb bb
ABTC 56403 bb cc cc bb bk bb aa aa bb ac bb aa aa aa cc bb bb bb
ABTC 56435 bb cc cc bb b dd aa aa bb cd bb aa aa aa cc ab bb bb

Pseudonaja gustata ABTC 56317 aa cc ce aa bb bb an cc cc dd 23 aa aa bb bb bb bb cc

Pseudonaja inframacula ABTC 56393 bb cc cc bb bb bb aa aa bb ad bb aa aa aa de ab b bb
ABTC 56394 bb cc cc bb bb bb aa 2a bb dd bb aa aa aa de ab bb bb
ABTC 56396 bb cc cc bb b> bb aa aa bb dd bb aa aa aa ee bb bb bb
ABTC 56397 bb cc cc bb bb bb aa aa bb dd aa aa aa aa dd bb bb bb
ABTC 56398 bb cc cc bb bb bb aa aa bb dd ab aa aa aa ce ab bb bb
ABTC 56413 bb cc cc bb bb bb aa aa bb dad ab aa aa aa ce bb bb bb

ABTC 56422 bb cc cc bb kb bb aa aa bb dd bb aa aa aa de bb bb bb



Locus

Syl

Species Tissue Number Aco-! Aco-2 Ada Adh-1 Enol  Est-1 Fdp Fum Gapd Gda Glo Got-1 Gpd Gpi Gpt Gsr  Idn-1  Idh-2
ABTC 56444 bb cc cc bb b bb aa aa bb dd ab aa aa aa ee bb bb bb
ABTC 56449 bb cc cc bb bb aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56452 bb cc cc bb bb bb aa aa bb dd ab aa aa aa dd bb bb bb
Pseudonaja modzsta ABTC 56432 bb ac dd bb bb bb aa aa bb cc bb aa aa aa cc bb bb bb
Pseudonaja muckalis 'Pale/black headed' ABTC 56330 bb cc cc bb bb dd aa aa aa cc bb aa aa 23 cc bb bb bb
ABTC 56336 bb cc cc bb bb dd aa aa aa cc bb aa aa aa cc bb bb bb
ABTC 56347 bb cc cc bb bb dd aa aa aa cc bb aa aa aa cc bb bb bb
ABTC 56348 bb cc cc bb bb bd aa aa aa ce bb aa aa aa cc bb bb bb
ABTC 56349 bb cc cc bb bb bd aa aa aa cc bb aa aa aa cc bb bb bb
ABTC 56404 bb cc cc bb bb dd aa aa aa cc bb aa aa aa cc bb bb bb
ABTC 56430 bb cc cc bb bb dd aa aa aa cc bb aa aa aa cc bb bb bb
ABTC 56434 bb [ cc bb bb dd aa aa aa cc bb aa aa aa cd bb bb b
ABTC 56447 bb cc cc bb bb dd aa aa aa cc bb aa aa aa cc bb bb bb
Pseudonaja nuchalis 'Southern' ABTC 56268 bb cc cc bb bb ab aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56269 bb cc cc bb bk ab aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56270 bb cc cc bb ak ad aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56280 bb ac cc bb bb aa aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56342 bb cc cc bb bb aa aa aa bb cc bb aa a3 aa ac ab bb bb
ABTC 56354 bb cc cc bb bb bb aa aa bb cc bb aa aa aa cd bb bb bb
ABTC 56356 bb cc cc bb bb bb aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56357 bb cc cc bb bb bb aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56361 bb cc cc bb bb ab aa aa bb cc bb aa aa aa cc bb bb bb
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Locus

Species Tissue Number Aco-1 Aco-2 Ada Adh-1 Enol  Est-1 Fdp Fum Gapd Gda Glo Got-1 Gpd Gpi Gpt Gsr M1 Idh-2
ABTC 56389 bb cc cc bb ob ab aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56390 tb cc & bb bb aa aa aa bb ac bb aa aa aa cc bb bb bb
ABTC 56405 bb: cc cc bb bb aa aa aa bb cc bb aa aa aa cc bb bb bb
ABTC 56399 bb cc cc bb b bb aa aa bb cc bb aa aa aa dd ab bb bb

Pseudonaja textifis ABTC 56274 bb cd cc bb bb bb aa aa bb dd bb aa aa cc bb bb b
ABTC 56312 bb ce be bb bb bb aa aa bb dd bb aa dd b bb bb

Outgroup

Pseudechis australis ABTC 11880 bb cc ee bb bb bd aa bb bb =4 bb aa bb aa ab bb bb bb

puaddy
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Locus

Species Tissue Number Ldh-1 Ldh-2 Mdh-1 Mdh-2 Mpi Np Pep-4 Pep-B Pep-C Pep-D Pgam 6-Pgd  Pgk  Pgm-l Pgm-2  Sod  Srdh Ipi
Pseudonaja affinis ABTC 56281 aa bb aa aa ob bb bb bb cc be bb cc aa cc dd bb dd aa
ABTC 56282 aa bb aa aa bb bb bb bb ee bb bb cc aa cc dd bb dd aa
ABTC 56319 aa bb aa aa bb bb bb bb ee bb bb cc aa cc fg bb dd aa
ABTC 56326 aa bb aa aa be bb bb bb ce bb bb cc aa cc dd bb dad aa
ABTC 56359 aa bb aa aa bb bb bb bb cc be bb cc aa cc dd bb dd aa
ABTC 56368 aa bb aa aa bb bb bb bb ce bb bb cc aa cc dd bb ee aa
ABTC 56402 aa bb aa aa bb bb bb bb cc bb bb cc aa cc dd bb dd aa
ABTC 56403 aa bb aa aa c© bb bb bb ce bb bb cc aa cc ad bb dd aa
ABTC 56435 aa bb aa aa bb bb bb bb cc bb bb ce cc dd bb dd as
Pseudonaja guttata ABTC 56317 aa bb aa aa bb bb bb dd cc bb bb cc bb ff 28 bb dd aa
Pseudonaja inframacula ABTC 56393 aa bb aa aa cc bb bb bb dd bb bb cc aa cc bf bb de aa
ABTC 56394 aa bb aa aa e bb bb bb dd bb bb o aa cc df bb de aa
ABTC 56396 aa bb aa aa cc bb bb bb dd bb bb cc aa ac bd bb dd aa
ABTC 56397 aa bb aa aa cc bb bb bb dd bb bb cc 2a ac bb bb dd 2a
ABTC 56398 aa bb aa aa cc bb bb bb dd bb bb cc aa cc df bb dd aa
ABTC 56413 aa bb aa aa cc bb bb bb dd bb bb cc aa cc dd bb dd ab
ABTC 56422 aa bb aa aa cc bb bb bb de bb bb cc aa cc bb bb dad aa
ABTC 56444 aa b aa aa cc bb bb bb dd bb bb cc aa cc dd bb dd ab
ABTC 56449 aa bb aa aa bb bb bb be ee bb bb be aa cc dd bb dd aa
ABTC 56452 aa bb aa aa cc bb bb bb dd bb bb cc aa cc dd b dd aa
Pseudonaja medesta ABTC 56432 aa bb bb aa b> bb bb cc cc bb bb de ab cc ff bb dd aa
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Locus

Species Tissue Number Ldh-1 Ldh-2 Mdh-1 Mdh-2 Mpi Np Pep-A4 Pep-B Pep-C Pep-D Pgam 6-Pgd  Pgk Pgm-1 Pgm-2  Sod  Srdh Tpi
Pseudonaja nuckhalis 'Pale/black headed' ABTC 56330 aa bb aa aa bb bb bb aa ce bb bb ac aa cc dd bb dd aa
ABTC 56336 aa bb aa aa bb bb bb aa ce bb bb cc aa cc dd bb dd aa
ABTC 56347 aa bb aa aa bb bb bb aa ee bb bb cc aa cc df bb dd aa
ABTC 56348 aa bb aa aa bb bb bb ab cc bb bb cc aa cc dad bb dad aa
ABTC 56349 aa bb aa aa bb bb bb aa cc bb bb ac aa cc df bb dd aa
ABTC 56404 aa bb aa aa bb bb bb aa ee bb bb cc aa cc dad bb dd aa
ABTC 56430 aa bb aa aa bb bb bb bb ce bb bb cc aa cc df bb dd aa
ABTC 56434 aa bb aa aa bb bb bb bb cc bb bb cc aa cc dd bb dd aa
ABTC 56447 aa bb aa aa bb bb bb bb cc bb bb cc aa cc dd bb dd aa
Pseudonaja ruchalis 'Southern’ ABTC 56268 aa bb aa aa bb bb bb bb ee bb bb cc aa cc dd bb dd aa
ABTC 56269 aa bb aa aa bb bb bb cc ee bb bb cc aa cc ff bb dd aa
ABTC 56270 aa bb aa aa bb bb bb be ee ab bb cc aa cc dd bb dd aa
ABTC 56280 aa bb aa aa bt bb bb be ee bb bb cc aa cc df bb dd aa
ABTC 56342 aa bb aa aa bk bb bb be ee bb bb cc aa cc af bb dd aa
ABTC 56354 aa bb aa aa bb bb bb bb ee be bb cc aa cc df bb dd aa
ABTC 56356 aa bb aa aa bb bb bb cc ec bb bb cc aa cc dd bb dd aa
ABTC 56357 aa bb aa aa bb bb bb be e bb bb cc aa cc daf bb dd aa
ABTC 56361 aa bb aa aa bb bb bb bb ee bb bb cc aa cc - bb bd aa
ABTC 56389 aa bb aa aa bb bb bb b ee bb bb cc aa cc df bb dd aa
ABTC 56390 aa bb aa aa bb bb bb be ce bb bb cc aa cc dfr bb dd aa
ABTC 56405 aa bb aa aa b> bb bb be ee be bb cc aa cc bd bb dd aa
ABTC 56399 aa bb aa aa bb bb bb bb - bb bb cc aa cc df bb bd aa
Pseudonaja textilis ABTC 56274 aa bb aa aa < bb bb bb cc bb bb cc bb ce ff bb bb aa
ABTC 56312 aa bb aa aa cc bb bb bb cc bb bb cc ab o ff bb bb aa
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Locus
Species Tissue Number Ldh-1 Ldh-2 Mdh-1 Mdh-2 Mpi Np Pep-4 Pep-B Pep-C Pep-D Pgam 6-Pgd Pgk Pgm-1 Pgm-2 Sod  Srdh Tpi
Outgroup
Pseudechis ausiralis ABTC 11880 aa bb bb aa cc cc aa bb bb [0S bb aa bb dd ee aa aa aa
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Appendix 5

Raw measurements recorded for available specimens of nominal Pseudonaja affinis, Pseudonaja inframacula, Pseudonaja nuchalis, and Pseudonaja textilis for multivariate statistical analyses. All measurements are

in millimetres. Measurements for specimens having a snout-vent length less than 300 mm cr for specimens for which one or measurements could not be recorded were not included in analyses and are not presented.

Distance from Mean distance

. Distance i Mean distance :
Species Specimen Number Snout-veml 1y e opn L‘;ﬁ“‘;"f W&'ndf:a‘l’r rgir;ia;: * %E:mf SM“:Zgi "(’)‘g“ ol L%—?E:‘;r ps{sggﬁr:gd ::%qud IO piead widin p fom eeto “:g“ﬂ:l
suture ol mandible
Pseudonaja affinis
Male
SAM R 18996 734 126 6.01 3.50 2.96 2.20 5.21 8.46 6.18 17.16 23.98 9.11 13.33 373 4.67 5.11
SAM R 20605 1093 194 827 3.05 4.06 2.79 7.05 11.76 7.96 2320 3358 12.29 17.87 4.7 6.12 7.30
SAM R 20807 1234 197 8.40 4.64 5.03 3.03 7.38 12.35 8.78 25.21 35.28 13.01 19.11 4.32 6.77 7.01
SAM R 24807 460 91 5.36 231 3.34 2.4} 4.72 6.10 461 14.01 18.79 7.39 8.01 337 3.43 375
SAM R 24808 662 123 6.34 3.86 2.69 1.67 525 8.17 6.01 16.34 2179 8.88 10.31 353 4.34 5.14
SAM R 26268 318 156 6.49 3.42 3.69 2.30 5.76 8.53 6.09 18.52 26.18 9.53 13.66 4.14 4.86 371
SAM R 29468 396 69 4.30 2.65 239 1.80 3.79 5.54 4.27 12.38 16.15 6.16 6.65 2.97 3.10 3.45
SAMR 52360 1299 225 8.43 512 471 3.25 7.34 1191 8.52 24,15 34381 12.63 19.03 4.90 6.52 7.65
WAMR 115146 373 65 4.40 2.31 2.15 1.37 381 5.70 4.35 12.14 15.85 6.15 6.70 285 2.86 3
WAMR 119172 925 149 6.65 4.17 3.65 2.54 594 8.96 6.60 19.19 27.13 9.80 12.69 4.11 5.21 5.67
WAMR 119550 710 140 6.44 3.62 3.29 251 5.68 8.57 6.62 18.47 25,58 8.83 13.09 3.80 476 5.18
WAMR 121144 1252 205 8.47 5.20 5.68 3.65 747 11.56 9.06 26.80 3563 14.14 17.76 4.73 722 835
Female
SAMR 18995 728 127 5.36 3,05 335 2.67 5.02 7.90 6.63 17.50 23.19 893 1233 373 4.62 5.26

SAMR 21955 701 142 6.17 356 319 1.98 5.24 8.49 6.17 17.40 23.97 8.65 12.00 3.68 4.38 5.5
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Distance from Mean distance

suture of mandible
SAM R 23000 1130 181 7.05 385 4.45 295 6.45 10.90 8.20 2324 32,54 11.67 14.45 4.73 6.24 6.15
SAM R 26347 865 155 6.56 4.25 375 253 5.79 9.54 6.87 19.21 26.50 10.11 14.10 4.09 4.79 5.78
SAMR 31704 1017 181 7.74 4.76 397 2.69 6.56 10.74 729 21.71 31.88 1142 15.40 471 5.97 6.47
WAMR 77743 575 109 4.89 2.84 3.03 1.79 4.53 6.49 4.72 14.60 20.27 7.50 10.09 342 3.70 4.50
WAMR 104272 712 114 5.39 2.94 2.96 2.01 4.83 147 530 15.71 21.93 7.75 10.00 3,56 407 4.39
WAMR 125640 1199 204 7.62 3.83 3.48 335 7.11 10.76 8.25 23.67 33.02 11.83 14.84 4.65 6.41 6.64
WAM R 136095 917 162 6.17 3.70 3.87 2.47 5.84 9.21 6.70 20.30 29.27 9.89 15.11 374 5.05 6.06
Pseudonaja inframacula
Male
SAMR 24751 1188 195 7.33 4.15 5.15 332 6.49 10,03 7.38 23.02 30.38 1227 12.21 5.01 5.92 7.30
SAM R 24752 877 164 6.90 373 4.91 2.87 549 8.97 6.60 19.79 26.56 9.68 1177 431 5.29 6.07
SAMR 24755 953 187 6.84 3.65 4.92 2.85 6.02 9.58 6.81 21,13 29.01 10.15 12,25 435 5.43 5.74
SAM R 24756 1179 223 8.37 4.38 5.90 4.10 7.32 11.21 7.98 24.98 34.80 12.45 16.46 5.17 6.67 7.77
SAMR 24757 457 89 4.99 252 3.20 2.09 4.08 5.85 4.14 13.20 16.99 6.46 7.26 3 3.27 77
SAM R 25702 1023 181 7.77 4.18 419 262 691 10.90 797 2229 30.25 11.82 13.17 4.77 5.26 6.65
SAM R 26474 1174 189 7.87 4.47 6.74 3.86 6.67 10.64 7.46 2391 33.03 12,10 15.85 4,80 6.22 7.14
SAM R 28457 777 142 6.55 324 4.49 2,55 5.93 921 6.81 19.46 26.70 10.19 11,98 428 5.07 5.70
SAM R 29026 742 154 6.16 349 4.63 2.64 544 8.06 5.60 17.76 25.88 9.32 12,32 4.16 4.58 5.65
SAMR 31599 634 126 5.12 3.08 4.12 250 4.45 7.07 5.36 15.95 21.63 8.22 11,24 3.37 4.12 4.40
SAMR 31698 879 158 6.80 3.74 5.06 310 5.83 8.62 5.89 20.03 27.17 1119 14.55 4.24 5.10 6.36
Female
SAMR 25422 706 149 6.29 320 395 2,50 5.63 845 5.92 18.10 24.62 9.55 12.79 4.12 4.78 5.46
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Distance from  Mean distance

. . Distance from Length of Mean length Length of snout tip 1o from snouv Mcan distance .
. G Snout-vent . Length of Width of s Mean Jength 2 . . Interocular . Mean eye Internarial
Species Specimen Number Tail length rosiral 1o prefrontal of ; parietal posterior end tipto - Head widih A from eye lo AT
length frontal frontal Fontal s supracculars of parietals - ofparictal  posterior and distance diameter ‘nostril distance
suture of mandible
SAM R 36588 687 153 6.17 332 3.77 2.55 4.89 7.78 5.52 17.61 2394 8.76 12,94 381 4.47 4.96
SAMR 38193 779 168 6.42 322 3.83 2.18 5.59 8.93 6.33 18.60 24.30 9.29 10.75 391 4.42 332
SAM R 56771 948 177 6.90 341 459 2.88 5.76 9.24 6.03 19.89 28.09 10.04 12.77 445 5.03 5.33
SAM R 57076 921 191 6.09 3.31 4.13 252 5.30 8.33 6,00 18.28 24.57 8.91 11.08 3.68 4.44 497
Pseudonaja muchalis 'Darwin'
Male
NTM R 10685 1116 224 8.53 4.24 434 2.15 7.66 11.81 8.54 2640 37.45 12.26 17.72 5.64 7.18 8.16
SAMR 56773 991 190 7.73 4.44 4.06 243 6.02 10.51 7.44 22.90 30.66 11.00 13.39 4.62 6.02 6.00
SAMR 56774 859 148 6.76 372 2.89 1.79 5.28 8.99 6.38 19.41 2738 9.40 13.25 396 4.57 5.70
SAMR 56775 977 189 7.45 4.03 321 1.73 5.90 10.20 7.60 2170 29.95 10.72 14.63 433 5.67 6.37
Female
SAMR 56772 1092 205 7.76 3,89 3.67 1.86 6.38 9.55 7.15 2242 31,61 10.75 13.23 4.42 5.94 6.19
Pseudonaja nuchalis 'Pale/black headed'
Male
SAM R 20981 815 172 6.35 3.56 341 230 497 9.78 7.16 19.16 25,25 9.31 12.96 385 4.86 3.87
SAM R 21025 484 98 4.31 2.50 2.88 1.86 387 6.85 4.96 13.80 18.37 6.67 9.19 2383 3.55 3.70
SAMR 21413 787 162 6.17 326 390 272 535 8.77 6.64 18.96 26.50 8.65 12.90 4.08 5.07 5.67
SAMR 21414 835 146 6.64 3.10 4.13 2.36 5.68 9.29 6.79 18.84 26.59 9.53 14.27 3.55 5.25 5.14
SAM R 24821 608 119 5.84 3.08 2.797 1.86 4.98 717 4.95 15.76 21.38 791 11.26 313 4.30 4.65
SAMR 28531 1028 189 7.09 4.05 3,70 227 5.99 11.08 7.9% 2275 31.57 10.95 14.48 3.69 6.06 742
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Disiance fom Mean distance

suture of mandible
SAMR 29360 999 181 7.14 4.32 5.15 3.40 6.22 10.25 7.54 22,10 30.10 10.51 14.15 4.40 6.05 6.75
SAMR 51516 794 143 5.66 329 334 231 5.30 8.74 6.76 17.63 23.93 7.67 11.39 342 4,55 435
SAMR 51591 769 146 593 3.46 3.17 L7 5.05 8.30 6.14 17.70 23,38 8.19 11.84 3.56 453 5.20
SAM R 51592 799 156 6.35 3.07 3.19 2.14 5.44 8.92 6.61 17.45 24,06 8.34 12.36 372 4.63 4.86
SAMR 56714 1007 174 7.14 3.92 3.66 2.26 593 1041 6.95 21.20 29,90 9.55 14.50 398 5.82 5.59
SAMR 56715 876 157 5.92 318 3.80 247 4.30 9.13 6.03 18.59 25.92 8.94 14.01 3.50 494 5.35
SAMR 56723 1012 178 6.91 3.88 3.96 259 5.1 10.03 7.11 21.48 29.46 9.83 13.01 392 5.85 6.24
SAM R 56725 1067 186 6.32 397 3.91 247 3.55 10.90 7.77 21.47 29.15 9.43 12,76 3.80 5,58 6.08
WAMR 103848 659 123 5.73 2.83 3.25 1.51 443 722 5.24 16.31 22.98 8.04 12,73 3.05 432 482
WAM R 103849 946 172 6.43 4.01 3.50 2.60 5.53 10.52 735 20.15 26.54 9.26 13.67 331 5.22 5.58
WAM R 103923 388 123 527 2.94 2.75 1.75 4.39 7.35 5.36 15.76 20.71 7.66 1049 327 3.86 4.34
WAMR 104187 776 155 620 341 3.30 244 4.98 9.17 7.21 19.89 25.59 861 10.45 371 4.71 5.31
WAMR 115021 842 146 6.28 3.78 3.20 1.8% 4.74 8.75 5.78 17.87 25.03 8,66 1291 3.17 4.76 5.33
WAMR 115062 896 175 6.68 3.92 3.90 243 5.55 9.76 6.70 19.80 26,96 9.60 14.34 346 5.32 5.66
WAMR 115063 841 158 6.03 3.20 372 240 5.10 8.98 6.25 18.99 26.09 9.06 14.23 354 5.13 5.63
WAMR 115180 827 151 5.90 3.35 3.20 225 5.00 8.22 5.40 17.65 24,56 8.90 12.25 322 4.70 5.06
WAMR 115182 322 51 375 1.98 1.46 085 2.99 5.08 3.65 10.28 13.13 471 6.50 228 237 270
WAMR 115183 333 62 3.80 1.80 1.95 1.25 307 5.07 3.80 10.64 13.15 5.15 6.00 230 2,50 341
WAMR 115276 386 76 4.15 220 223 1.39 3.20 5.20 3.49 11.50 15.76 5.80 8.36 225 291 346
WAMR 115607 699 125 526 3.03 3.19 216 4.68 736 5.62 15.82 2229 7.88 12,15 3.00 424 452
WAMR 115609 874 168 6.35 345 325 232 5.23 9.34 6.30 19.81 26.92 9.88 14.61 356 5,10 5.77
WAMR 115751 693 129 5.54 2.67 297 1.53 4.29 7.20 4.66 15.80 21.43 784 11.70 2834 423 4.7
WAMR 115752 800 147 5.75 3.34 353 244 5.05 8.46 6.00 17,73 24.55 8.35 12,59 323 4.64 531
WAMR 119293 666 106 5.88 254 1.99 1.92 4.35 791 5.69 16,84 22,79 781 10.92 3.16 4.11 5.68
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Distance from Mean distance

Species Specimen Number S“g‘;'ha“ Tallgh ~ “ZERof e e ?&ﬂg — "::‘5‘:‘ L,:ng:a?r pi;?::gf s ﬁo:?gtwom teoctlar jread widih Medn e M;:d;l:?: ‘ i
frontal suture supraoculars sulure of parietal  posterior end nostril
suture of mandible
Female
AMR 150262 103 103 425 2.26 2,75 1.44 393 6.96 5.09 13.46 17.51 5.69 8.80 2.82 3.47 347
NTMR 18321 621 116 4.85 269 244 1.43 4.07 7.55 6.00 15.78 20.25 7.31 14.70 303 4.11 4.48
SAMR 21415 667 118 4.88 2.26 3.29 2.14 4.90 8.03 6.38 16,51 21.49 7.44 11.08 345 4.23 438
SAMR 29288 977 166 6.36 3,64 4.15 2.70 527 10.08 6.69 20.01 27.28 10.26 13.67 358 5.1 5.95
SAM R 29407 973 176 6.80 3.79 3.84 2.27 5.54 10.88 7.92 21.34 28.81 10.38 14.81 3 6.16 6.60
SAMR 36953 809 136 6.11 353 3,64 232 525 9.17 6.33 18.80 25.37 8.81 14,42 361 5.01 5.55
SAMR 42333 792 138 5.32 2,67 320 2.01 4.52 8.33 6.76 17.54 23.19 8.14 11.66 333 4.50 531
SAMR 46920 705 121 5.32 2.60 2.84 1.83 5.00 7.74 5.34 15.14 19.58 7.15 8.87 2.98 365 424
SAMR 56716 866 143 5.56 323 3.15 1.54 4.76 9.24 6.66 18.14 2535 8.69 13.39 323 4.70 5.05
SAMR 56720 995 157 6.25 3.64 3.43 2.36 5.58 9.95 6.94 20.09 27.94 8.98 12.07 3.60 5.35 5.53
SAMR 56722 839 158 572 3.20 3.03 1.48 4.56 8.41 591 1791 24,74 8.10 11.42 323 484 5.08
WAMR 102045 755 150 5.94 3.05 3.40 240 5.21 8.47 6.65 18.37 24.93 8.30 12.20 372 4.88 485
WAMR 103924 634 114 4.99 2.50 239 1.46 386 6.84 491 14.75 19.88 6.85 10.45 285 3.70 4.10
WAMR 114659 933 162 5.96 3.70 3.32 2.10 523 9.76 7.44 20.25 27.08 9.28 14.51 3,76 4.82 5.53
WAMR 114661 935 169 6.35 3.28 297 2.00 5.18 8.81 6.30 18.90 2622 8.57 13.712 363 5.01 5.63
WAMR 114663 892 164 5.32 3.26 3.01 1.80 483 8.65 6.65 18.05 25.13 855 14.38 3.39 4.68 5.03
WAMR 115608 601 1 4389 2.69 2.46 1.66 421 6.69 4382 14.40 20.16 6.99 10.25 2.67 363 4.64
WAMR 115610 990 177 6.65 345 365 2.27 5.42 8.15 6.80 19.96 27.59 9.29 15.54 3.64 498 591
WAMR 116498 733 136 5.65 2.87 3,07 1.83 4,73 7.76 6.22 16.80 21.56 7.81 12.78 3,16 433 445
WAMR 119526 1077 206 7.35 4.06 3.29 232 575 11.02 7.57 21.59 29.11 9,55 12.90 3.89 5.49 5.78
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Distance from Mean distance X
Length of Widh of Distance from  Length of Mean length 30001 el Length of snout tip to from snout Mean distance

Specics T -~ ol e S T B N == S G E i prode gAY O gaian e more G
suture of mandible
Pseudonaja nuchalis 'Southern'
Male
AMR 157294 864 138 6.49 3.41 289 1.50 5.44 7.91 6.09 18.35 26.25 8.78 13.38 3.60 476 548
SAM R 18598 1022 144 6.90 3.28 3.04 1.98 5.73 9.23 6.86 19.41 26.79 9.75 13.29 4.05 5.13 6.10
SAMR 18599 992 153 6.65 3.87 424 2.68 6.20 9.69 6.94 20.76 28.48 10.51 15.04 3.87 5.46 6.64
SAMR 21163 853 133 6.84 327 3.16 2.01 5.16 8.56 6.16 18.46 25.03 897 12.98 3,70 493 5.66
SAM R 22746 1054 119 6.64 3.89 3.40 2.00 577 9.48 6.98 19.95 28.47 10.44 15.26 3,84 513 6.12
SAM R 24778 1276 199 8.19 4.30 431 2,64 6.69 12.26 8.1 24,77 33.04 13.16 17.81 4,03 6.55 7.75
SAM R 24828 850 109 593 3.65 2.03 203 5.16 8.09 6.03 17.66 23.92 9.42 13.31 336 451 5.69
SAMR 25295 1226 194 7.30 4.16 363 2.39 6.52 10.48 794 22,75 30.65 11.37 16.45 429 5.89 693
SAM R 28559 850 124 591 3.44 334 233 5.37 8.69 6.15 18.26 26,04 920 13.80 385 4.46 5.66
SAMR 31690 745 117 592 294 312 231 5.11 7.98 582 16.48 23.40 8,38 11.35 3.40 423 5.14
SAMR 31691 918 137 6.62 313 348 2,50 5.27 9.36 6.42 19.14 26.24 9.14 13.65 4.05 497 6.61
SAM R 36306 1098 172 7.59 4.20 392 2.54 6.59 11.05 7.94 22.52 29.99 10.38 15.46 4.08 6.02 727
SAM R 40497 854 133 6.36 3.50 2.70 1.45 5.48 8.58 6.49 18.35 25.00 9.60 10.90 394 456 5.89
SAM R 40758 526 89 4.69 2.69 248 1.56 4,18 6.04 4.34 13.58 18.61 7.07 10.14 297 345 413
SAMR 40759 896 169 6.24 3.77 2.80 2,33 5.30 8.56 5.86 13.12 26.20 9.68 12.74 363 5.05 6.17
SAM R 42409 1165 147 6.96 424 4.06 285 6.36 9.76 781 21.89 31.36 11.32 15.16 4.02 571 7.21
SAM R 42410 908 136 6.24 3.80 341 247 5.45 8.57 6.54 18.30 25.76 10.14 14.15 3.70 4.86 5.79
SAM R 46467 1112 175 6.99 3.83 394 235 5.79 9.88 6.97 2091 26.59 10,67 15.66 382 5.63 7.10
SAMR 46513 1158 182 7.11 4.49 392 2.65 598 10.78 7.79 22.81 32.03 11.80 17.26 379 6.24 7.30
SAM R 49359 848 131 6.49 3.06 34 1.94 5.31 8.83 6,12 18.67 26.23 9.37 14.09 3.64 4.99 5.81
Female

AMR 157295 735 116 567 328 3,07 1.86 5.00 7.04 5.34 16.48 22.81 8.16 14.06 3.57 4.32 4.41
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Distance from Mean distance

Species Specimen Number S“‘:‘l‘é“f" Tail lagh "ER O ety e ;rmﬂu‘;lr Mo e ";‘ﬁ“ﬁ};‘l‘f L;:ng‘gai ‘ p?;:;:s? o ﬁu:?;;m TGl geod widin prmt Mgfud;;eml‘; ¢ bremeral
frontal suture supracculars suture of parietal  posterior end nostril
suture of mandible
SAM R 18600 1056 169 7.53 3.65 2,67 1.50 5.84 9.52 6.69 20.31 2745 9.92 15.39 3.96 5.50 6.16
SAMR 18994 562 85 481 231 2.32 1.32 4.16 6.51 4.50 13.78 18.95 6.82 10.95 3.25 335 4,13
SAMR 21432 552 90 5.24 2.68 276 1.47 4.13 6.75 4.96 14.83 19.42 1.21 8,61 2.94 3.90 4.14
SAMR 21433 468 70 4.46 209 2.56 1.54 3.94 5.99 4.14 13.16 16.66 6.61 8.35 3.00 331 4.09
SAMR 21434 462 71 4.01 222 2.38 1.76 3.54 6.02 3.81 12.59 17.28 6.19 7.77 2.94 330 LN
SAMR 21435 341 49 4.15 179 1.64 0.81 3.06 459 3.80 10.79 13.74 5.15 6.26 2.48 2.70 3.17
SAM R 24410 1101 151 7.32 3.76 3.30 1.98 6,35 9.63 7.37 20.48 27.24 10.78 12.16 425 3,26 6.71
SAM R 24411 1040 157 7.54 361 3.30 2,01 583 9.30 6.67 19.80 27170 10.39 13.85 4.15 5.29 6.10
SAM R 25058 1090 183 6.60 344 331 226 6.56 9.74 7.16 20.33 28.40 10.34 15.26 437 5.13 6.17
SAM R 36352 986 143 621 3.25 341 1.95 5.24 837 6.04 18.93 25.66 9.16 14.20 397 5.24 5.96
Pseudonaja textilis
Male
AMR 141106 562 120 6.13 2.51 2.97 2.01 4.64 6.60 4.59 15.34 21.24 8.26 833 3,52 3.72 4.21
AM R 149264 1052 216 8.41 4,10 5.38 3.99 733 1112 7.86 25.07 34,52 12.72 16.18 5.19 6.41 7.00
AMR 151551 1495 221 10.69 5.11 6.20 429 9.70 13.49 1047 3193 42.56 15.96 19.16 6.72 8.02 8.54
AMR 151570 1115 222 8.32 4.14 5.30 4.00 7.49 11.02 8.06 24.45 3341 12.36 15.48 5.34 6.32 6.93
AMR 151699 1181 228 930 4.19 5.67 3.97 8.41 1170 8.04 27.01 37.44 13.85 18.83 6.21 6.84 7.11
AMR 152761 1402 206 10.10 490 6.65 450 9.10 1447 10.09 30.92 42.96 16.28 20.29 647 8.55 9.19
AMR 152790 1251 234 9.90 4,96 6.26 4.16 8.49 12.59 8.56 27.38 38.61 14.10 17.97 5.76 7.16 7.60
AMR 153025 1367 210 9.90 5.1 6.66 425 8.27 13.36 9.23 29.15 39.78 14.40 17.55 5.78 7.85 7.25
AMR 156908 863 174 7.834 4.01 471 2.47 6.13 9.16 6.26 19.80 27.97 11.22 15.07 422 551 5.84
AM R 156942 1572 254 1125 5.28 7.09 4,78 9.34 13.78 8.19 30.26 44.77 16.04 21.04 6.83 8.43 9.63
SAM R 25070 837 172 767 3.77 4.80 355 7.05 10.24 6.96 22.10 28.18 11.35 12.74 467 555 6.81
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Distance from Mean distance

Species Specimen Number 5"12';"“ Taillmgh  “REROF w;:::;f Dﬁ:ﬁ}m ;:&i-;;:f ::ﬁ:i "::‘i‘:‘ L%%ix’r %{%&:ﬁd :;&E;O:d IO Fread width Mosse Mgzn:%ml]:e l“d'i:'a‘n‘“::‘
suture of mandible
SAM R 31692 803 151 6.95 3.0l 4,11 3.24 5.99 8.68 6.13 19.60 27.13 9.75 13.41 411 5.06 5.36
SAMR 31701 874 189 7.37 3.68 520 372 6.89 9.39 6.75 22.18 30.72 11,40 15.6% 482 5.81 651
SAM R 56770 964 212 8.30 398 6.45 424 7.10 10.24 7.07 23.34 3320 12.26 15.44 4.90 6.07 7.23
Females
AM R 142766 770 166 6.55 3.45 4.70 3.30 6.44 8.44 6.09 19.20 28.16 10.36 13.51 4.59 5.24 576
AM R 153008 934 208 7.50 3.65 5.11 3.20 6.59 10,07 6.70 22.16 3092 10.75 14.64 4.69 583 5.78
SAMR 18605 937 226 7.7 3.87 5.16 375 6.76 9.51 6.26 15.64 29.70 11.14 14.80 4.64 5.56 6.21
SAM R 19943 1415 273 9.82 427 6.94 472 8.90 12.97 8.90 21.24 44,08 15.06 22.66 6.00 8.17 8.45
SAMR 31697 830 182 7.52 3.38 4.66 332 6.70 9.34 7.10 21.21 28.38 11.21 13.95 4717 5.08 573
SAMR 56724 1002 192 7.26 3.47 437 2.87 587 8.83 6.18 2031 2783 9.91 13.75 4.12 5.12 5.95
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Appendix 6

Geographical groups were delimited on the basis of collecting gaps and presumed

physiographical barriers (e.g. Great Dividing Range, Spencer Gulf).

wa l|l e Z N

S ) M) - - ¢
N ““‘“»-_,-ﬁ)&.,g/’rﬂ“
A "-Sa

Geographical groups delimited on the basis of collecting gaps and presumed physiographical barriers. Abbreviations are:
CenNSW — central NSW, CenNT — central NT, CR-Asp — central ranges and Alice Springs, Dar — Darwin, EyrPen — Eyre

Peninsula, Flin-OR — Flinders and Olary Ranges, NSWne — NSW north coast, YorPen — Yorke Peninsula.

The homogeneity of each group was assessed using principal components analysis.
Separate analyses were performed for male and female specimens, negating any effect of sexual
dimorphism. Where geographical groups were observed to exhibit internal heterogeneity (i.e. where
principal components analysis indicated the presence of more than one morphologically distinct
group), specimens were partitioned into morphologically homogeneous subgroups. In a number of

cases, geographical groups (or subgroups) contained specimens of more than one major
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mitochondrial DNA clade. These group

DNA clades in which specimens were placed.

Appendix 6

s were divided (still) further according to the mitochondrial
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Principal component plot for male specimens of the Eyre Peninsula (EyrPen) group (see above).
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P. affinis EyrPen (1)

P. effinis EyrPen (2)

P. affinis EyrPen (3)

P. inframa... EyrPen (1)
P, inframa... EyrPen (2)
'Pale/bla... EyrPen (1}
‘Pale/bla.., EyrPen (2)
"Southern' EyrPen

Specimens are identified

"Pale/bla... Flin-OR (1)
'Pale/bla... Flin-OR (2)
'Southern' Flin-OR

P. textilis Flin-OR (1)
P. textilis Flin-OR (2)

n-OR) group (see above). Specimens are
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Principal component plot for male specimens of the WA group (see above). Specimens are identified according to the final

geographical group in which they were placed.
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Principal component plot for male specimens of the Yorke Peninsula (YorPen) group (see above).. Specimens are identified

according to the final geographical group in which they were placed.
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‘Pale/black ... Flin-OR
'Southern' CenNSW
‘Southern' Flin-OR

P. textilis CenNSW
P. textilis Fin-OR

P. textilis NSWnc

r female specimens of the central NSW (CenNSW), Flinders and Olary Ranges (Flin-OR), and

NSW north coast (NSWnc) groups (see above). Specimens are identified according to the final geographical group in which

they were placed.
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Principal component plot for female specimens of the central NT (CenNT),

'Darwin' Dar
'Pale/black ... CenNT
"Pale/black ... CR-ASp
'Southern' CR-ASp

P. textilis CR-ASp

Darwin (Dar), and central ranges and Alice

Springs (CR-Asp) groups (see above). Specimens are identified according to the final geographical

placed.
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Principal component plot for female specimens of the Eyre Peninsula (EyrPen) group (see above).

according to the final geographical group in which they were placed.
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geographical group in which they were placed.
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Principal component plot for female specimens of the Yorke Peninsula (YorPen) group (see above). Specimens are identified

according to the final geographical group in which they were placed.

The final geographical groups employed are listed below.

Final geographical groups. Abbreviations are: CenNSW — central NSW, CenNT — central NT, CR-Asp — central ranges and Alice
Springs, Dar — Darwin, EyrPen — Eyre Peninsula, Flin-OR — Flinders and Olary Ranges, NSWnc — NSW north coast, YorPen —

Yorke Peninsula.

Mitochonrial DNA Clade Geographical Group  Included Specimens

Pseudonaja affinis

Male
EyrPen (1) SAM R 24807
EyrPen (2) SAM R 20807, SAM R 52360
EyrPen (3) SAM R 18996, SAM R 20605, SAM R 24808, SAM R 26268
WA (1) SAM R 29468
WA (2) WAM R 119172
WA (3) WAM R 119550
Female
EyrPen SAM R 18995, SAM R 21955, SAM R 26347, SAM R 31704
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Mitochonrial DNA Clade

Geographical Group

Included Specimens

WA (1)
WA (2)

Pseudonaja inframacula
Male
EyrPen (1)
EyrPen (2)

YorPen (1)
YorPen (2)
YorPen (3)

Female
EyrPen (1)
EyrPen (2)

YorPen
Pseudonaja nuchalis
‘Darwin’
Male
Dar (1)
Dar (2)

Female

Pseudonaja nuchalis
"Pale/black headed’

Male
CR-Asp

EyrPen (1)
EyrPen(2)

Flin-OR (1)
Flin-OR (2)

WA (1)

WA (2)
WA (3)

Female

CenNT

CR-Asp

Flin-OR

SAM R 23000, WAM R 104272, WAM R 125640, WAM R 136095
WAM R 77743

SAM R 25702, SAM R 28457, SAM R 29026
SAM R 28559

SAM R 24751, SAM R 24752, SAM R 24755, SAM R 24756, SAM R 31698
SAM R 31599
SAM R 24757

SAM R 25422, SAM R 36588, SAM R 38193
SAM R 57076

SAM R 56771

NTM R 10685, SAM R 56774, SAM R 56775
SAM R 56773

SAM R 56772

SAM R 51516, SAM R 51591, SAM R 51592, SAM R 56714, SAM R 56715, SAM R 56723,
SAM R 56725 .

SAM R 24821
SAM R 21414

SAM R 20981, SAM R 21413
SAM R 21025

SAM R 28531, SAM R 29360, WAM R 103848, WAM R 103849, WAM R 104187, WAM R
115021, WAM R 115062, WAM R 115063, WAM R 115180, WAM R 115607, WAM R
115609, WAM R 115751, WAM R 115752, WAM R 119293

WAM R 115183, WAM R 115276
WAM R 115182

NTM R 18321
SAM R 46920, SAM R 56716, SAM R 56720, SAM R 56722

AM R 150262, SAM R 21415, SAM R 36953, SAM R 42333
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Mitochonrial DNA Clade

Geographical Group

Appendix 6

Included Specimens

Pseudonaja nuchalis
‘Southern’

Pseudonaja textilis

WA (1)

WA (2)

Male
CenNSW

EyrPen

Flin-OR

YorPen (1)
YorPen (2)

Female

CenNSW

CR-Asp

EyrPen (1)
EyrPen (2)

Flin-OR

YorPen (1)
YorPen (2)
YorPen (3)

Male
CenNSW

Flin-OR (1)
Flin-OR (2)

NSWne

YorPen

Female

CenNSW

CR-Asp

Flin-OR

NSWne

YorPen

SAM R 29288, SAM R 29407, WAM R 102045, WAM R 114659, WAM R 114661, WAM R
114663, WAM R 115608, WAM R 115610, WAM R 116498

WAM R 119526

AM R 157294

SAM R 18599, SAM R 21163, SAM R 22746, SAM R 31691, SAM R 42409, SAM R 42410,
SAM R 46513

SAM R 18598, SAM R 24828, SAM R 31690, SAM R 36306, SAM R 40497, SAM R 46467,
SAM R 49359

SAM R 24778, SAM R 25295, SAM R 407549
SAM R 40758

AMR 15729

SAM R 18600

SAM R 24410, SAM R 24411
SAM R 18994

SAM R 36352

SAM R 21432, SAM R 21433, SAM R 21434
SAM R 25058
SAM R 21435

AM R 141106, AM R 149264, AM R 151551, AM R 156908

AM R 151570, AM R 151699
SAM R 31692

AM R 152761, AM R 153025, AM R 156942

SAM R 25070, SAM R 31701, SAM R 56770

AM R 142766

SAM R 56724

SAM R 19943

AM R 153008

SAM R 18605, SAM R 31697
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Appendix 7

Scale counts recorded for nominal P. affinis, P. inframacula, P. nuchalis, and P. textilis specimens in the SAM.

Number of dolomooe  Namberof b

u

Species Specimen number Number ofventrals e 67 dorsal rows o e h::])(:l:‘g\‘-h dor:;:l::)\&v; al ‘:::E i?%%;: QTR

10 parieals

Pseudonaja affinis SAM R 18995 223 58 20 17 17 i5 15
SAM R 18996 220 61 22 17 17 13 15
SAM R 20605 212 62 21 17 17 13 16
SAM R 20807 212 59 23 17 17 14 15
SAM R 21955 219 63 23 17 19 15 15
SAM R 22974 209 55 22 19 19 15 17
SAM R 23000 220 56 23 19 19 15 17
SAM R 24807 204 60 22 19 17 13 16
SAM R 24808 219 61 23 18 17 15 15
SAM R 26268 221 63 21 19 19 13 16
SAM R 26347 222 60 22 17 17 15 16
SAM R 29468 211 58 21 19 19 15 15
SAM R 31704 211 57 23 17 19 15 15
SAM R 52360 213 59 23 18 17 15 15

Psendonaja inframacula SAM R 24751 208 59 19 17 17 13 16
SAM R 24752 204 58 20 17 17 13 16
SAM R 24755 199 62 19 17 17 13 15
SAM R 24756 195 63 19 17 17 13 15
SAM R 25702 200 61 21 17 17 13 15
SAM R 26474 198 58 21 17 17 13 15
SAM R 28457 195 58 21 17 17 13 15
SAM R 29026 200 64 21 17 17 13 16
SAM R 31698 200 55 20 17 17 13 15
SAM R 31599 201 62 20 17 17 13 15
SAM R 24757 208 66 20 17 17 13 15
SAM R 25422 204 60 22 17 17 15 15
SAM R 31599 202 62 21 17 17 13 15
SAM R 36588 202 62 20 17 17 13 15
SAM R 38193 199 56 21 17 17 13 15
SAM R 57076 205 61 21 17 17 13 15
SAM R 56771 205 58 23 17 17 13 15

Pseudonaja nuchalis 'Darwin’ SAM R 56772 204 57 24 19 17 15 15
SAM R 51138 199 62 24 19 17 14 15
SAM R 56774 198 58 23 21 17 15 17
SAM R 56775 194 60 25 21 17 16 15
SAM R 56773 199 61 23 19 17 15 15
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Species

Appendix 7

headed'

A Number of e ons Nuher ol inobeof
Speciimen numbier Number of ventrals  hoe o dorsl rows o hep&::[{:_:g:h S (::E};::(:: E%%}.: Mot
1o parieals

Psendonaja michalis "Pale/black
SAM R 56723 203 55 20 17 17 13 15
SAM R 56725 206 59 21 19 17 i5 16
SAM R 56714 205 56 21 17 17 13 15
SAM R 28531 210 58 21 17 17 13 15
SAM R 29360 212 63 21 17 17 13 15
SAM R 56715 199 55 21 17 17 3 15
SAM R 56716 203 49 19 17 17 13 15
SAM R 56719 206 19 17 17 15 17
SAM R 56720 204 50 20 17 17 13 15
SAM R 56722 205 62 21 17 17 15 15
SAM R 46920 215 51 21 17 17 14 15
SAM R 36953 211 56 21 17 17 13 17
SAM R 21414 206 55 19 17 17 13 14
SAM R 21415 204 52 21 17 17 13 15
SAM R 51516 210 56 21 17 17 13 16
SAM R 51591 209 58 - 17 13 16
SAM R 51592 207 58 21 17 17 13 15
SAM R 20981 208 58 21 17 17 13 16
SAM R 21025 210 61 21 17 17 13 15
SAM R 21413 203 58 23 17 17 13 13
SAM R 24821 201 58 21 17 17 15 15
SAM R 29288 221 58 21 17 17 15 17
SAM R 29407 214 59 21 17 17 15 17
SAM R 36954 - 20 17 -
SAM R 42333 224 54 21 17 17 13 15

Pseudonaja nuchalis 'Southern' SAM R 18598 223 56 19 17 17 13 15
SAM R 18599 210 59 21 19 17 13 16
SAM R 18600 219 56 22 19 17 13 15
SAM R 18994 221 48 21 17 17 13 15
SAM R 21163 209 53 23 19 17 13 15
SAM R 21432 215 52 23 19 17 15 18
SAM R 21433 226 49 22 19 17 13 15
SAM R 21434 218 52 22 19 17 13 16
SAM R 21435 217 49 20 19 17 13 15
SAM R 22746 21 - 22 19 17 13 15
SAM R 24410 219 47 21 19 17 13 14
SAM R 24411 209 50 22 18 17 13 15
SAM R 24778 209 56 23 19 17 13 16
SAM R 24828 214 47 21 18 17 13 15
SAM R 25058 220 55 22 19 17 13 15
SAM R 25295 215 56 23 19 17 13 15
SAM R 28559 210 53 21 19 17 13 15
SAM R 31690 208 50 22 19 17 14 16
SAM R 31691 212 54 23 19 17 13 15
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Species

Mumber i

Specimen number Nurmber of ventrals :.‘;,'c“;m!f .hrﬁﬁ a.::rlim '*%E%?c d:‘ﬁr;l: ET;:[;; :%zr?%%: N..:::;r;z?m
10 parietals

SAM R 36306 212 52 22 17 17 13 15
SAM R 36352 224 50 20 17 17 13 15
SAM R 40497 213 54 21 18 17 13 13
SAM R 40758 210 54 22 19 17 13 17
SAM R 40759 207 63 21 19 17 13 15
SAM R 42409 212 51 23 19 17 13 14
SAM R 42410 219 57 23 19 17 13 15
SAM R 46467 208 54 21 18 17 13 16
SAM R 46513 212 56 22 19 17 14 16
SAM R 49359 209 52 20 19 17 13 17

Psendonaja textilis SAM R 25070 199 63 23 17 17 13 15
SAM R 31692 210 64 21 17 17 14 15
SAM R 31701 194 65 19 17 17 15 17
SAM R 56770 203 68 21 17 17 13 16
SAM R 31697 203 64 20 17 17 15 15
SAM R 18605 205 70 19 19 17 15 17
SAM R 19943 210 62 21 17 17 13 17
SAM R 42663 - - 21 19 - = =
SAM R 56724 229 66 21 17 17 15 15
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Appendix 8

Canonical scores for the first two canonical variates extracted in a discriminant funiction analysis

including all male specimens.

Mitochondrial DNA Clade Specimen Number Canonical variate | Canonical variate 2
Pseudonaja affinis SAM R 18996 -1.30 -0.36
SAM R 20605 -0.74 0.52
SAM R 20807 0.15 1.60
SAM R 24807 8.43 -5.44
SAM R 24808 -1.01 -1.81
SAM R 26268 0.41 -0.10
SAM R 29468 0.11 -8.56
SAM R 52360 0.52 2.40
WAM R 119172 0.40 0.89
WAM R 119550 -1.87 -2.09
Pseudonaja inframacula SAM R 24751 472 1.39
SAM R 24752 2.81 -1.10
SAM R 24755 2.10 -0.85
SAM R 24756 3.89 -0.04
SAM R 24757 4,39 -6.79
SAM R 25702 2.64 -0.11
SAM R 28457 2.63 211
SAM R 28559 -1.33 0.04
SAM R 29026 2.53 -3.43
SAM R 31599 1.81 4.09
SAM R 31698 5.18 -1.95
Pseudonaja nuchalis 'Darwin’ NTM R 10685 -2.30 1.19
SAM R 56773 0.21 0.17
SAM R 56774 -2.54 0.68
SAM R 56775 -2.59 1.94

Pseudonaja nuchalis 'Pale/black

headed' SAM R 20981 -2.53 -1.30
SAM R 21025 -4.52 -7.18
SAM R 21413 -1.38 -1.36
SAM R 21414 -0.51 0.52
SAM R 24821 -1.63 -2.52
SAM R 28531 -3.93 0.05
SAM R 29360 1.10 -1.22
SAM R 51516 -3.16 -0.24
SAM R 51591 -3.42 -0.64
SAM R 51592 -1.64 1.19
SAM R 56714 -2.74 1.24
SAM R 56715 -1,72 -0.27
SAM R 56723 -1.46 0.66
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Mitochondrial DNA Clade Specimen Number Canonical variate | Canonical variate 2
SAM R 56725 -3.23 0.52
WAM R 103848 -3.47 -0.87
WAM R 103849 -3.37 -0.64
WAM R 104187 -2.48 -2.09
WAM R 115021 -3.50 -0.14
WAM R 115062 -2.20 -0.93
WAM R 115063 -2.32 -0.64
WAM R 115180 -0.97 -0.27
WAM R 115182 -8.73 -8.23
WAM R 115183 -4.05 -9.06
WAM R 115276 -4.51 -8.00
WAM R 115607 -2.35 -0.68
WAM R 115609 -1.99 -0.40
WAM R 115751 -2.43 -0.51
WAM R 115752 -2.56 -1.34
WAM R 119293 -5.04 -1.20

Pseudonaja nuchalis 'Southern' AM R 157294 -3.05 271
SAM R 18598 -0.60 4.10
SAM R 18599 -0.37 0.20
SAM R 21163 -0.91 2.05
SAM R 22746 -1.42 3.20
SAM R24778 -0.13 2.24
SAM R 24828 -1.98 2.14
SAM R 25295 -0.85 3.60
SAM R 31690 -0.25 0.17
SAM R 31691 -0.95 122
SAM R 36306 -2.25 1.44
SAM R 40497 -1.25 1.83
SAM R 40758 -1.92 -3.26
SAM R 40759 -0.57 445
SAM R 42409 -0.01 2.80
SAM R 42410 0.41 1.64
SAM R 46467 -0.37 2.40
SAM R 46513 -1.86 1.83
SAM R 49359 -1.72 1.14

Pseudonaja textilis AM R 141106 6.52 -1.95
AM R 149264 4.74 -1.07
AM R 151551 5.25 2.61
AM R 151570 4.89 0.28
AM R 151699 5.49 0.50
AM R 152761 4.79 0.97
AM R 153025 4.83 0.99
AM R 156908 3.75 -0.23
AM R 156942 5.80 1.91
SAM R 25070 5.45 -4.31
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Mitochondrial DNA Clade

Specimen Number

Canonical variate |

Canonical variate 2

SAM R 31692
SAM R 31701
SAM R 56770

3.94
4.98
6.82

-0.86
-2.70
-3.18

Canonical scores for the first two canonical variates extracted in a discriminant

including male specimens of the Pseudonaja affinis,

Appendix 8

function analysis

Pseudonaja nuchalis ‘Darwin’, Pseudonaja

nuchalis ‘Pale/black headed’, and Pseudonaja nuchalis ‘Southern’ clades (excluding SAM R

21025, SAM R 24807, SAM R 29468, WAM R 115182, WAM R 115183, and WAM R 115276),

and SAM R 28559.

Mitochondrial DNA Clade

Specimen Number

Canonical variate 1

Canonical variate 2

Pseudonaja affinis

Pseudonaja inframacula

Pseudonaja nuchalis 'Darwin'

Pseudonaja nuchalis 'Pale/black
headed'

SAM R 18996
SAM R 20605
SAM R 20807
SAM R 24808
SAM R 26268
SAM R 52360
WAMR 119172
WAM R 119550

SAM R 28559

NTM R 10685
SAM R 56773
SAM R 56774
SAM R 56775

SAM R 20981
SAM R 21413
SAM R 21414
SAM R 24821
SAM R 28531
SAM R 29360
SAM R 51516
SAM R 51591
SAM R 51592
SAM R 56714
SAM R 56715
SAM R 56723
SAM R 56725

172

0.35
0.17
-2.45
0.06
0.23
-1.90
-0.76
3.73

-1.26

2.28
3.14
1.91
1.66

3.28
3.93
-1.28
2.91
1.45
0.77
2.77
275
0.37
2.52
221
1.53
2.11

2.06
1.53
-1.72
1.91
2,70
0.74
1.39
0.00

217

3.83
1.75
2.38
2.19

132

0.85
=215
-1.03
-2.27
-1.16
0.51

2.14
1.54
0.67
-0.15
-1.06
0.25



Mitochondrial DNA Clade

Specimen Number

Canonical variate |

Canonical variate 2

Pseudonaja nuchalis 'Southern'

WAM R 103848
WAM R 103849
WAM R 104187
WAM R 115021
WAM R 115062
WAM R 115063
WAM R 115180
WAM R 115607
WAM R 115609
WAM R 115751
WAM R 115752
WAM R 119293

AM R 157294
SAM R 18598
SAM R 18599
SAM R 21163
SAM R 22746
SAM R 24778
SAM R 24828
SAM R 25295
SAM R 31690
SAM R 31691
SAM R 36306
SAM R 40497
SAM R 40758
SAM R 40759
SAM R 42409
SAM R 42410
SAM R 46467
SAM R 46513
SAM R 49359

2.88
2.49
5.01
2.94
2.98
2.43
2.11
1.71
2.70
1.91
2.55
1.44

-0.66
-5.16
-2.64
-2.29
-5.32
-3.79
-3.69
-3.20
-2.59
-3.12
-2.26
-3.18
191

-3.35
-5.33
-3.49
-4.39
-1.26
-2.08

-1.83
-1.52
-0.86
-0.94
-1.39
-0.71
-0.78
-1.61
-0.29
-1.48
-1.52
-2.58

0.59
1.07
-0.86
-0.71
0.51
-1.62
0.01
0.90
-0.97
0.47
-0.88
311
2.61
0.93
-1.88
-0.10
-0.47
-1.87
-0.40

Appendix 8

Canonical scores for the first two canonical variates extracted in a discriminant function analysis

including all female specimens.

Mitochondrial DNA Clade Specimen Number Canonical variate 1 Canonical variate 2

Pseudonaja affinis SAM R 18995 -2.89 -1.22
SAM R 21955 -4.00 -0.59
SAM R 23000 -0.74 -1.15
SAM R 26347 -3.69 -2.03
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Mitochondrial DNA Clade

Specimen Number

Canonical variate |

Canonical variate 2

Pseudonaja inframacula

Pseudonaja nuchalis 'Darwin'

Pseudonaja nuchalis 'Pale/black
headed'

Pseudonaja nuchalis 'Southern'

SAM R 31704
WAM R 104272
WAM R 125640
WAM R 136095
WAM R 77743

SAM R 25422
SAM R 36588
SAM R 38193
SAM R 56771
SAM R 57076

SAM R 56772

AM R 150262
NTM R 18321
SAM R 21415
SAM R 29288
SAM R 29407
SAM R 36953
SAM R 42333
SAM R 46920
SAM R 56716
SAM R 56720
SAM R 56722
WAM R 102045
WAM R 103924
WAM R 114659
WAM R 114661
WAM R 114663
WAM R 115608
WAM R 115610
WAM R 116498
WAM R 119526

AM R 157295
SAM R 18600
SAM R 18994
SAM R 21432
SAM R 21433
SAM R 21434
SAM R 21435
SAM R 24410
SAM R 24411
SAM R 25058
SAM R 36352
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-3.13
-1.04
0.55
1.15
-5.84

-6.43
-5.52
-5.25
-3.28
-1.79

-1.08

5.02
5.42
2.52
2.04
3.81
1.50
2.73
3.51
4.27
5.55
4.01
0.24
3.08
2.10
4.44
314
2.67
2.47
3.14
3.07

0.73
4.37
-0.01
-0.33
-0.79
-0.43
-4.19
0.85
0.72

4.64

-3.24
-3.68
-0.96
0.40
-4.45

-0.27
137
2.31
1.37
2.80

-2.04

4.46
2.27
4.30
1.06
1.08
4.52
3.23
0.39
0.15
-0.47
-0.32
245
-0.07
1.44
1.12
1.08
-0.64
1.60
1.25
2.56

-5.63
-3.24
-2.73
-5.77
-5.21
-5.44
-7.12
-5.08
-3.51
-0.54
-3.24
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Appendix 8

Mitochondiial DNA Clade Specimen Number Canonical variate 1 Canonical variate 2
Pseudonaja textilis AM R 142766 -9.31 -0.32
AM R 153008 -3.83 4.04
SAM R 18605 -11,68 4.63
SAM R 19943 -5.79 5.88
SAM R 31697 -10.53 2.74
SAM R 56724 -3.10 172

175





