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Abstract

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 has been

regardedasespeciallyproblematic.IndoingSo'Iattempttodemonstratethatspecieslevel

systematics can be practiced in a scientific malìner, and that proposals to abandon the species

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

RecentargumentspresentedbyEreshefsþ(1999),Mishler(1999),andPleijelandRouse

(2000) for abandoning the species category rn 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 Ereshefsþ (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 bejustifiably recognised as such' Pleijel

and Rouse's (2000) concern that, in permitting the recognition of non-monophyletic groups of

demes, l,he ilclusion of spccies in taxonomic schemes may result in a loss of historical information is

unfounded, extending f¡om 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 justihcation for accepting hlpotheses of species limits'

Such hypotheses can be connected to a number of testable predictions that are unlikely to be realised

under alternative hlpotheses, so that they may be assessed in the same manner as all hypotheses in

sclence.

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. ffinis, P' inframacula' arld P' textilis

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

evolutionarily independent entities is corroborated. Nonethcless, specimens presently referred to P'

nuchqlis represent at least three distinct species, two of these corresponding with the 'Darwin' and

'southern' morphs described by Mengden (19S5b), 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 ta)<a within P. modesta and perhaps P ' textilis '



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

diploma in any university or other tertiary institution and, to the best of my knowledge and belief'

contains no material previously published or written by another person' except where due reference

has been made in the text'

I give consent to this copy of my thesis, when deposited in the university Library, being

available for loan and photocopying.

Adam'ü/. Skinner

June 2003
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Chapter 1

General Introduction

Whitehead (1990) expressed concem for the perception of systematics within the general

biological community, suggesting that the discipline is regarded by many as having limited

theoretical and practical relçvance. He attributed this view to misunderstanding concerning the goals

and methodology of systematics and the failure of systematists to communicate the signif,tcance 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 proc€ss

through which its elements (component parts) are related' (de Querioz, 1988, p. 241; see also

Hennig, 1966; Griffrths, 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, ¡¡rore 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 resçarch may also provide information that is valuable in moderating the impact of

economically and/or medically important groups of organisms.



Chapler L Ceneral Introduction

As wiens and Penkrot (2002, p.69) noted, systematics involves two primary activities'

.delimiting species and reconstructing their phylogenetic relationships'' Although considerable

effort 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, '[f]ew 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 V/hitehead (1990)'

In this thesis, I review the species level systematics of Pseudonaia, 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 scientif,rc endeavour

generally, is presented in Chapter 2. The ideas discussed in this reply are subsequently applied in

Chapter 3 in reviewing brown snake systematics'
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Chapter 2

A Reply to critics of the species category with a consideration of

Methodology in Species Level Systematics

2.1 Introduction

Recently, Ereshefsþ (lggg),Mishler (1999), and Pleijel and Rouse (2000; see also Pleijel,

1999) have proposed that the species cat€gory 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 evidencc 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 tfie uature of spccics and dovelop 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

Ereshefsþ (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 ¡ationale 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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Chapter 2. A Reply to Critics of the Species Category

Queiroz and Gauthier , 1992; Ereshefsky, 2001].) Insofar as there is no ontological basis for

distinguishing species from higher taxa, I 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' 1g74,Ig87,1997; Hull, 1976, |98};Mayden, 1997; Wiley,lg'r.8,1980' 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 (sensø Ghiselin, 1981, 1997)' This distinction clarifies what I

consider to be signihcant 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 particulat 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) identifiçd 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 pattems' and

properties (3)-(4), which refer to the action ofprocesses'

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, Mishlcr and Brandon,1987' p' 402)' Thus'

individuals are usually considcred 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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Chapter 2. A Reply to Critics of'the Species Category

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 dehning 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 ,1g74,1997; Hull, I976,l9}O;Wiley, 1980, 1989)' In regarding orgamsms 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 ofnecessary and sufficient properties; they

may onlybe defined ostensively (e.g. Ghiselin ,1974,1997; Hull, 1976,1980 Mayden' 1997;Wlley'

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' aO\' Integration refers to

.active interaction among parts of an entity' (Mishler and Brandon,lg87' p' 400)' The tissues

comprising a metazoaîorganism, 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' (Mistrler 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 morc 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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Chapter 2. A Repty to Crítics ol the Species Categorv

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 lsee Sober' 1993])'

It is diffrcult (if not impossible) to conceptualise an integrated' cohesive entity that is

spatiotemporally unrestricted (cf. Mishler and Brandon , |987, p, 402). It would secm 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 disptaying integration and cohesion' Ghiselin (198'7 ' 1997)

preferred to refèr to all spatiotemporally localised entities as individuals' distinguishing between

cohesive individuats (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 thc 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

6



Chapter 2. A Reply to Critics ofthe Species Category

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 betvveen 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 speoies 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 thcoretical 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 identiff 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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Chapter 2. A Reply to Critics of the Species Category

population lineages (Frost and Kluge, 1994, p. 215). The idea that species are population lineages

has been espoused by several authors (e.g. Simpson, l95l; vy'iley, 1978' 1981; Ridley, 1989; Frost

and Kluge, 1994; deQueiroz, 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, l98l; 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 of a

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) mai¡rtain that

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

Although Ereshefsþ (lgg9) 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 .... Suchprocesses 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

8



Chctpter 2. A Repty to Critics of'the Species Category

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 syst€m

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 signifrcant reproductive interactions among local

populations take place. As noted above (see cohesive and historical individuals), it is not necessary

that all p.arts 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 sufhciently 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 generatron

times, selective pressures, and population sizes (all of which affect the rute at which an allele

becomes hxed 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

(i.e.species);thatagroupoforganismsispresentlyreferredtoasasinglespeciesdoesnot

9
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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

def,rning 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 interbreedrng per se that

dehnes 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. 623) 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



Chapter 2. A Reply to Critics oJ'the Species Category

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;GoldsteinandDeSalle,2000).Nonetheless'evenifsuchanapplicationofthesetermsis

permitted, I 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 ofparts 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 refened to more than one hicrarchical 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 indirectþ, 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 tate al 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, citedby Eldredge and Salthe, 1984)'

Lidén (1990, p. 183) noted that '[e]ven if monophyly is a universal concept, it is rn a

particular case meaningful only in relation to the conceptual singularities [i'e' individuals] in the

model [i.e. system] concerned'. As hlpotheses of common descent, claims of monophyly

ll



Chapter 2. A Repty to Critics of the Species Categoty

necessafily 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 conccrn 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 i¡relevant if our goal is to develop a phylogenetic system (i.e. a system based

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

The difliculty 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 hicrarchical 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 ofprocesses 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 
^ 

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 hlpotheses 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, I 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 hlpotheses of species limits, accordingly, is unfounded'

2.4.1 Sophisticatedfalsification and progress in science

According to thc 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 ofthe surrounding universe. Popper (1959, pp 32-34) considered that the process ofcritically

evaluating hlpotheses (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 madç 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 çonclusions and one or more observational statements are inconsistent, the hypothesis is

considered to have been falsified and, accordingly, is abandoned. 'Falsif,tcationism' 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 becn 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 moro

observational statements. Indeed, Lakatos (1978, p. ó) noted that 'all fresearch] 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 'naïve falsificationism',

popper formulated a refined, 'sophisticated falsificationist' perspective of scientific methodology,

elaborated by Lakatos (1970). According to this perspective, a hypothesis, å, is considered to be

falsified only when a second hypothesis, h*,hasbeen proposed that (1) is consistent with all relevant
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observational statements that are consistent with h and (2) predicts one or more observational

statements that are improbable under å, especially those that would be considered by the 'naive

falsificationist,to refute fr (see Lakatos, 1970, p. 116). consequently, a hlpothesis that is

inconsistent with empirical evidence may be retained if there is no alternative hypothesis having the

properties of h* Io replace it. Furthermore, progress in science no longer consists in disproving

hl,potheses by exposing their inconsistency with observational statements (a logical impossibility

considering the fallabilþ of observational statements), but instead consists in formulating

hlpotheses 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

.falsihcation refers to theories based on universal laws. Since classifications are not such theories'

falsihcation is an inappropriate consideration'. However, Popper did not oonsider (sophisticated)

falsification to be restricted to universal statements, noting that 'the description of unique [i'e'

historicall 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 falsihed 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 statemcnts 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 hlpotheses that

can be readily evaluated according to 'sophisticated falsificationist' principles (see' for example'

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

2.4.2 Sophis ticated falsificqlion 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
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integrated lineage entails testable conclusions (i.e. conclusions that can be confirmed or disconhrmed

by observational statements). In particular, if it is possible to idenJi'þy potentially observable

conditions or events, the realisation of which would be improbable except under a specific

hlpothesis of species limits, there is no reason to expect that species level systematics can not be

practiced in accordance with the 'sophisticated falsificationist' account ofscience'

Althoughsomeauthors(e.g.sokalandCrovello'lr97};Mayr,1982)haveclaimedthat

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 Queìro z (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 phenotlpic 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 ofalleles 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

ofthese events orprocesses canbe investigated empirically; the lcvel ofepiphenotypic 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 oforganisms, thought to represent part ofa different lineage)'

de Queiroz (1998) considered that observational statements following from the occuffence

of those events or pfocesses 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 hlpothesis 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 ofepiphenotypic 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. corroborate) 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 stâ'tes, 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 g€nes (s€e, for example, Avise ¿l al', 198'7; Avise'

lgg4,2000). Avise (1994, p.2alconsidered that '[m]onophyletic groups [of alleles] distinguished

by large phylogenetic gaps usually arise from long-term extrinsic (biogeographic) barriers to genç

flow,. Thus, where two reciprocally monophyletic assemblages of alleles are separated by a large

number of nuclcotide substitutions (or resulting changes in amino acid sequences)' lve 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. Densmo re et a1.,1992; Rodríguez-Robles and

De Jesús-Escobar' 2000; Rodríguez-Robles ¿' al., 2001). However, even if we disregard the

possibility of distinct haplotype clades arising in the absence of extrinsic reproductive barriers (see

Avise, 2000, p. l3g; 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

ofcorrespondence between these parts and subgroups containing distinct, reciprocally monophyletic

assemblages of alleles. Nonetheless, although the observation that two subgroups contain distinct

haplotypecladcsisconsistentwiththeexistenceofasingleintegratedlineageormultiplelineages'

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 f-ormer 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 pfocess that can integrate species (de Queiroz and Donoghue, 1988, pp 32I-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 hlpothesis 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 sufftcient 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

locus and would be expected only in the absence of interbreeding (where organisms of two groups

are interbrecding 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 a1.,7982; Baverstock et al', 1984; Hutchinson

and Donnellan, 1999; James e/ 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 disoussed above' Additionally, direct evidence for intrinsic

reproductive isolation may be provided by breeding studies or the observation of ch¡omosomal

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 falsiff (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 ii a manner

consistent with the 'sophisticated falsificationist' view of scientifrc progress generally' This is the

case even where systematists are provided with only limited preserved material' Here it is possible

to test predictions ofconsistent differences in unlinked characters or disjunctive patterns ofvariation

in quantitative characters, so that the proposition that 'a few dead specimens represent a spocies"

instead of being 'an extravagant extrapolation having no place in science', may falsify alternative

hlpothesesand,accordingly,constitutesalegitimatescientifichypothesis'

2.5 Conclusion

TheargumentspresentedbyEreshefsky(1999)'Mishler(1999),andPleijelandRouse

(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 Ereshefsþ (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, thc inclusion of species in

taxonomic schemes may result in a loss of historical information is unfounded, extending from an

inadequate appreciation ofthe hierarchical organisation ofbiological 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 conslderation 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

suffrcient empirical justifrcation for accepting hlpotheses of species iit"it'' St'"h hlpotheses can be

connected to a number of tostable predictions that are unlikely to be realised under alternative

hlpotheses, so that they may be assessed on the basis of their relativc explanatory powel and'

consequently, either accepted orrejected 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

ofscientific endeavour generally (Lakatos, 1970; Popper, lg5g,1983)' I argued that hypotheses of

species limits can be corurected 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 thcse ideas in reviewing the species level systematics

o1 Pseudonaja, a group of hydrophiine snakes (sensu slowinski and Keogh, 2000), commonly called

brown snakes, the classihcation ofwhich has been regarded as especially problematic'

Pseudonaja is distributed throughout mainland Australia and southem New Guinea'

occurring in all major terrestrial habitats except closed forest (Cogger, 1992; O'Shea' 1996; Greer'

1gg7). Typically, individuals are various shades of brown dorsally (hence the commonly used

vemacular 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 contams among

the most highly venomous snakes in the world and all nominal species except one (P' modesta) ate

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 fiom 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 benehted 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 poorþ resolved despite

significant irnplications for public health. Brown snakes are responsible for the majorify of cases of
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snake bite and snake bite fatality reported in Australia each year (suthcrland, 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 $/hite' 1997)' Williams

and white (lgg'7) reported intra- and interspecific variation in the procoagulant activity (the agent

producing coagulopathy in snake bite victims) of venom samples from P' lextilis and P' nuchalis

specimens. Similarly, Williams et al. (1994) reported variation in procoagulant activity among

venom samples from P. ffinis, P. inframacula, P. nuchalLrs' 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 Pseudonaia impedes further understanding of the factors responsible for variation

in patient response to envenomation.

3.2 Historical Review and Objectives

In 1858, Günther erected the name Pseudonaia 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 u914])' an aÎrangement

adopted by the majority of authors (e.g. Loveridge, 1934; Kinghorn, 1956) until Wonell (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. 2O), 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)'

Pseudonajais diagnosed by several derived character states, including the presence offused

temporolabial and posterior supralabial scales (Cogger, 1992; Greer, 1997) aú unique chromosome

(Mengden, 1985a,b) and hemipenis (Keogh, 1999) morphology, and the majority of authors have

considered the group to be monophyletic (e.g. v/onell ,7961; McDowell, 1967; Mengden, l985a,b;

Hutchinson, 1990; Greer, 1997; Keogh,1999; see however, wallach, 1985; Keogh et al', 1998)'

Seven species are recognised currently (P. ffinis, 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 (lgg2,p. 668), for example, proposed that the existing 'classifìcation

is uncertain and unreliable, and that 'most species are probably composite'. Likewise, Hutchinson

(1990, p. 402) noted that the 'aþha taxono my fof Pseudonaia) 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 incorporatc several species (e'g' Mengden,

1985b; Mengden and Fitzgerald,,1987; Wilson and Knowles, 1989; Shine' 1991; Greer, 1997; see'

however, Bush, l989a,b; Orange, 1992 and below)'

Whilc there is some consensus that the classification of Pseudonajø is in need of revision,

rhe group has received little detailed study. Gillam (lgig) redescribed those recognised species of

Pseudonajaoccurring 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 recoÍrmended 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 fot Pseudonaja as well as describing

six new species fiom central and northern Australia. As with many of their taxonomic propositions'

Wells and Vy'ellington 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)examinedch¡omosomemorphologyinallnominalspeciesof

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. 19S) 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'l), 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 clariff the problems conceming the classification of

Pseudonaia, 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 bc added that Mengden's chromosome data are alone

insufficient to support his conclusions concerning species limits within Pseudonaia' v/hile Mengden

considered that at least some of the ch¡omosomal 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 intraspecihc' as opposed to

interspecifltc, variation (see Chapter 2). Although Mengden presented observations of colotu 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 thc material he
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Karyotype Colour Pattem
Morph

'Daruin'

'Pale head, gey nape'

'Omnge with black head'

'Southem'

'Southern'

'southem with black nuchal band'

'southem with black bands'

'carínata'

2N = 34; eutosome pain 4-16 sepanble into two distinct

size classes: sex chmmosomes differ markedly in size'

2N = 32; autosome pain 4-15 gradually decreasing in size;

sex chromosomes equal in size'

2N = 34; autosome pairs 4-16 sepanble into two distinct

size classes; sex chromosomes equl in size

2N = 34: autosome pain 4-16 sepamble into two distinct

size classes; sex ch¡omosomes equal in size.

2N = 34; autosome pairs 4-16 separable into two distinct

size classes; sex ch¡omosomes differ markedly in size

2N = 34: autosome pairs 4-16 separable into two distinct

size classes; sex chromosomes equal in size.

2N = 30; autosome pain 4-14 gradully decreasing in size;

sex chromcsomes equal in size.

'... unifom light brown (in summer). The snout is oftel paler

followed by a ãark interoccula region The nuchal area is often

flecked witi a few d¿rk scales. sometimes forming a nanow band on

the neck'(Mengden 1985b, P. 202).

'... possesses a pale head, dark interocular region, grey nape and

heningbone pattem on the posterior two-thirds of the body' (Mengden'

1985b, p. 198).

'... orange ... with hening-bone pattem and black head and nape'

(Mengden, 1985b, P. 198).

þrown] or Possess a darker brown or

les on the nape' This is also sometimes

markings on the posterior dorsolateml

surfaces' (Mengden, 1985b' p. 202).

As for the 'southem' morPh but with a broad dark brown or black band

on the neck.

As for the 'Southem' morph but with a series of broad dark brown or

black bands on the body. 'The ground colour may be pale omnge to

brown'(Mengden, 1985b, P. 202)
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Chapter j. Hyctrophiine Brown Snake Systematics

examined, so that it is difhcult to assess how robust the reported correspondence of karyotype and

colourpatterniS.Accordingly,thereisnotonlyaneedtoconductabroaderstudyincorporatmg

more material, but also incorporating explicit data on independent (with respect to the reported

chromosome differences) characters'

InresponsetoMengden(1985b),Bush(1989a,b)andorange(|992)publishedobservations

ofP,nuchallsin.WesternAustraliathatpromptedthemtoquerythesupposedcompositenatureof

this taxon. They reported considerable ontogenetic variation in colour pattem' 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 t1989b] Fig. 4,which depicts a Specimen that may be regarded as

an interrnediate 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

,cerinata'andconspicuouslybandedindividuals)exhibitsimilarcolourationasjuveniles'Perhaps

most significantly, however, Bush (1989b) observed successful crosses involving two 'Pale head'

greynape'specimens,andamalespecimenthatmayberegardedasa'Palehead'greynape'-

.orange with black head' intermediate (see Bush's t1989bl Fig' a) 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 Vy'estem Australia' 'P' nuchalis is a single species'

albeitahighlyvariableone,(Orange,1992,p.23)andthat.oneshouldeffonthesideof

conservatism when considering ... [its] taxonomic dismemberment' (Bush' 1989b' p' 30; also quoted

by Orange, 1992,P.29).

It is evident that several questions conceming the species level systematics of Pseudonaia

remain to be resolved: (l) 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 thcre evidence that the four
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Chapter 3. Hydrophiine Brown Snake Systematics

karyomorphs within this group (see Table 3.2) constitute distinct species? (a) Do the reputedly

isolated populations or p. rcxtilis 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

Pseudonajathat 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 refèrence 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 pattem characters are' in

the majority of cases, unlikely to çxhibit 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,

19951), 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 andlor intrinsically

isolated; see chapter 2). Subsequentþ, 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 andbelow). Additionally, scale and colour pattem 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 (1985b).
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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 comnents 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 scquences were obtaincd for 189 individuals, representing all nominal

species of Pseudonaja except P. ingrami, and the seven colour morphs of P' nuchalls identified by

Mengden (l9s5b) as possessing distinctive karyotypes. As larger specimens were used in

morphological comparisons (see below), sequencc 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

northem Australia (see Species Accounts)'

Although the nominal species of Pseudonaja have been considered by many authors to

comprise a clade (see Introduction), the rcsults 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 e/

a/.'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' texlilís 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 andthree individuals of o. scutellatus were included in the analysis

presented here to test the monophyly of Pseudonaja'

According to Wallach's (1985, his Fig. 5) preferred hypothesis of terrestrial hydrophiine

relationships, the sister group to Pseudonaja and Oxyuranas is a clade consisting of Demansia and

Pseudechis. Keogh's (1999, his Fig. 8) phylogenetic hlpothesis' similarly' indicates a close affinity

among these taxa (see, however, Greer, 1997; Keogh et al., 1998), although his arrangement differs',

with Demansia appeaitng as the sister lineag e to Pseudonaja, exclusive of Oryuranus and

pseudechis (cf. the previous paragraph). A close relationship among Pseudechis' Pseudonaia' and

oxyuranus has also been proposed by Mengden (1985a, his Fig. 5), however, he considered

Demansiato be only distantly related with this group. Considering the inconsistency in these studies

with regard to the exact relationships of Pseudonaja and oxyuranzs, 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. australl¡ and two individuals of D' papuensis'

3.3.2 Specimens and tissues

Storage and collection cletails 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 Musçum (AM, Sydney), Evolutionary

Biology Unit (EBU, Australian Museum, Sydney), Northern Territory Museum (NTM' Darwin)'

South Australian Museum (sAM, Adelaide), westem Australian Museum (wAM, Perth)' All of the

specimens examined had been fixed with 10% formalin and were stored in 70o/o ethanoL Tissues

consisted ofliver, heart, kidney, or skeletal muscle and had been cither stored at -80oC or preserved

in a 1 :1 solution of absolute ethanol and 0'85% saline'

3.3.3 Mitochondrial DNA

3.3.3.1 DNA extraction, amplification, and sequencmg

Total cellular DNA was extracted using DNAzol (Life Technologies) following a protocol

modihed from the manufactuer's instructions. 0.2-0.5 g of tissue was homogenised in I mL of
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DNAzol then t0 pL of Proteinase K (20 mgml r) added and the mixture either incubated at 56 
oC for

2 hr or left at room temperature ovemight. Ethanol-preserved tissue was washed ''¡/ith distilled water

prior to homogenisation. Following Proteinase K digestion, insoluble tissue debris' RNA' and excess

polysaccharides were pelleted by centrifuging at I1000 rpm for 12 min' DNA was precipitated from

500-750 pL of supernatant with 0.5 x vol of absolute ethanol aI _20 oC for at least 20 min'

PrecipitatedDNAwaspelletedbycentrifugingat12000rpmfor15minthenwashedi¡rlT0V'

ethanol,air-driedforatleast15min,andresuspendedin100-300pLof1xTEbuffer.

An approxim ate|y 770bp mitochondrial DNA fragment, including the 3, end of the protein

coding gene ND4(668 bp) and the adjacent tRNAs, TENAH¡' and tRNAsu (approximately 102 bp; see

Arévalo et al., 1994),was amplified using the polymerase chain reaction (PCR; Saiki et al'' 1985'

lggs). pcR conditions were as follows: 50-100 ng template DNA, 0'1 ¡rL AmpliTaq Gold

polymerase(PerkinElmer),4mMMgCl2,2'5¡tLGeneAmpl0xPCRbuffer(PerkinElmer)'0'8

mM dNTPs, and 0.5 pM primers in a total volume of 25 ¡tL. Light and heavy strand primer

sequQnces are ND4 s',-TGA CTA CCA AIAA GCT CAT GTA GAA GC-3' (Forstner et al'', 1'995)

and Leu 5'-TTT TAC TTG GAT TTG CAC CA-3', (Arévalo et al'' 1994) respectively' PcRs were

canied out on a corbett Research PC-960G Thermal cycler'ù/ith the following cycling conditions:

one cycle of 92 "cfor 9 min, 55-58 'c for 1 min, and72 'c fbr I min, 34 cycles of 92 "c for 45 sec'

55-58 .C for 45 sec, and'72 0c 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 amplihcation. sequencing was carried out on either a Hybaid omn-E Thermal cycler or a

CorbettResearchPC-960GThermalCyclerwiththefollowingreactionandcyclingconditions:70-

100 ng template DNA, 3 pL Ready Reaction Premix, and 0.5 pM primers in a total volume of 10 ¡rL;

25 cycles of 92 "C for 30 sec, 50 oc for 15 sec, and 60 oc for 4 min and one cycle of 60 "c for 4

min. DNA was precipitated from the extension products with75Yo isopropanol at room temperature
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for at least 15 min. precipitated DNA was then pelleted, washed in75/" 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 f-or examples from hydrophiines). such incorporations can present a considerable

diffrculty when inferring population- or higher-level phylogeny from mitochondrial DNA sequences'

as preferential amplihcation 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 a|.2001)

The potential for the primers used here to ampliff nuclear paralogues was assessed using a

method similar to that described by Donnellan et 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 10-6) of the mitochondrial DNA-enriched extracts

served as templale DNA in two ssts 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 sequ€nces are 5'-GGT TGA TCC TGC CAG

TAG_3,and S,-AGG CTC CCT CTC CGG AAT CGA A-3" respectively [modifred from Hillis and

Dixon, 1991]) were used. Reaction and cycling conditions lvere as above (see DNA extraction'

amplification, and sequencing), except that the amount of template DNA varied (l 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 l8S rRNA primers were used)' In all

cases, it was possible to identiff an extract concentration for which DNA fragments could be

amplified with the ND4 and Leu primers but not with the l8s rRNA 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 Pelqmis platurus

and the elapines Bungarus fasciatus and Micrurus fulviu.s (GenBank accession numbers AAC27874'

AAC2786l,and 44L66806, respectively). Insertions/deletions (indels) are absent in this region and

the alignr[eilts 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 sequençes were obtained for more than one

individual, a single representative individual was included in the analysis to reduce computation

time. A1l substitutions were weighted equally (see Kluge, I997b fot 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 corresponding large pumber 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 e/ al. (200I). Bootstrap values are not presented for reasons discussed by Kluge and

Wolf (1993, PP 194-195)'

3.3.4 AtlozYme electroPhoresis

Theallozymeelectrophoreticdatapresentedherederivefromapreliminarysurveyof

allozymevariation within Pseudonajaundertaken by M. Adams (Evolutionary Biology unit' SAM)

prior to the commencement of the present study. Data were availabb ror 44 individuals (although

more than 170 individuals were included in M. Adams' preliminary investigation' only those for

which mitochondrial DNA sequence datahad been obtained werc considered)' representing all

species of pseudonajaexcept p. ingrami,and the 'Pale head, grey nape', 'orange with black head"

and'southern' colour morphs of P' nuchalls. Thirty-six loci were assayed following Richardson ¿t

at. (1986; APPendix 4).

A phylogenetic analysis was performed using PAUP' (version 4.0 b8; Swofford, 1999),

treatirrg loci as charactcrs and alloles as unorderecl 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 afe 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'

australisincluded in M. Adams, preliminary survey was employed as the outgroup' Heterozygosity

was accommodated using the 'polymorphic' option for multistate taxa' as recommended Komet and

Tumer (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 MorPholog

The multivariate statistical methods employed in the present study are similar to those

described by Wüster and Thorpe (1989, 1992) aldWüster et al. (|995). Generally, specimens were

partitionedinto(morphologicallyhomogeneous)geographicalgroups,therelationsofwhichwere

investigated using discriminant function analysis (canonical variates analysis)' This approach has

beenusedeffectivelyinelucidatingpatternsofmorhologicalvariationinanumberofgroups,

including snakes (reviewed by Thorpe, 1976; for additional examples concerning snakes' see Thorpe

andMcCarthy,|9l8;Thorpe,1980;WüsterandThorpe,1989,1992;Wüsteretal.,1995,1997:

Slowinski and'Wüster, 2000; Burbrink' 2001)'

A series of continuous variables, many of which relate to scale dimensions' was measured

on available specimens of nominal P. ffinis, P. inframacula, P' nuchalis' and P' textilis fot

statistical analyses. These species have proved to be the most problematic with regard to the

classification of pseudonajø (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

rlìlrr using a diol calliper. In an initjal 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 analysos, measurements were scaled to the mean snout-vent

length for all specimens (g74 mm) according to the functionyi:y,[xJx,]á, where Yi andY¡atethe

scaled and observed values for each measurement respectively, Xo is the designated body size to

which all measurements are scaled, x¡ is the observed body size, and ó 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, |976; Reist, i985). In practice' the

value of b is usually estimated as the slope of the linear regression line obtained when lnl/¡ is

regressed against lnX¡ (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 Psettdonaia ffinis, Psettdonaia inframacula' Pseudonaia

nuchalís, and Pseudonaja textilis for multivariate statistical analyses'

Means are of the left and right sides'

Snout-vent length

Tail length

Length offrontal

Width of frontal

Distance frorn rostral to frontal

Lengh of Prefrontal suture

Mean length of suPraoculars

Mean length of Parietals

Iængth of Parietal suture

Distance from snout tip to postenor end ofparietal suture

Mean distance from snout tip to posterior end of mandible

lnterocular distance

Head width (measured between comers 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,forallspecies),itsusewasnecessitatedbysmallsamplesizesforthe

majority of grouPs

Geographicalgroupsweredelimitedonthebasisofcollectinggapsandpfesumed

physiographical barriers (e.g' Great Dividing Range, Spencer Gulf¡. The homogeneity of each group

was assessed using principle components analysis. Separate analysçs were perfoflned for male and

female specimens, negating any effect of sexual dimorphism (see Thorpe' 1976' p' 471)' where

geographical groups were observed to exhibit intemal heterogeneity (i'e' where principle 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(orsubgroups)containedspecimçnsofmorethanonemajormitochondrialDNAclade(see

Results). These groups were divided (still) further according to the mitochondrial DNA cladcs in

which specimçns were placed, thereby allowing specimens of different mitochondrial DNA clades to
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assort independently in the discriminant function analyses' A more detailed account of the procedure

employed in delimiting geographical groups is presented in Appendix 6'

DiscriminantfunctionanalyseswereperformedusingStatistica(Version5;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. ffinis, 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 fust 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 V/AM. 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 1l individuals (SAM R numbers 56719, 56'720, 56722,

56723,56j24,56770,56771,56772,56'173,56774,567750; these individuals were acquired live

during the coursc of this study), representing nominal P' inframacula and P' textilis' and the

.Darwin,, .Pale head, grey nape" and 'orange with black hcad' colour morphs of P' nuchqlis'

Mitotic chromosome spreads were prepafed by R. Hutchinson (Vy'omen'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

3.4.1 Mítochondrial DNA

Typically,DNAfragmentscouldbeamplifiedfrommitochondrialDNA-enrichedextracts

to dilutions of 10-3 and 10-2 using the ND4 and Leu, and l8S rRNA primers' respectively' In all

cases, sequences derived from dilutions of 10-3 and total genomic DNA (with the ND4 and Leu

primers) could not be distinguished. Furthermore, unexpected stop codons are absent in all protein

coding sequenaes. Accordingly, it was concluded that inadvertent amplification of nuclear

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

oftheTTOa|tgnedsites,42Sareinvariable,320areparsimony-informative,and22are

variable but uninf-ormative 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

Appendix3).Includingfouroutgrouphaplotypes,g8haplotypeswerediscovered'2Tofwhichare

shared by more than one individual (see Appendix l; 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 ofthe

ingroup is strongly supported; (2) the two nominal species of oxyuranu's comprise a moderately

supported clade, although their relationship to the remaining parts of the ingroup is unresolved; (3)

Pseudonajaconsists of at least eight moderately to strongly supported clades' of which hve (the P'

ffinis, 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' nuchalls '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. textilisclades; and (5) P. ffinis, 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 relationship s (P. inframacula, P. nuchalis'southern') and (P' nuchalß'Darwin" P'

nuchalis'Palelblack headed') are resolved'
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TheeightmajorcladesofPseudonajaidentifiedinthestrictconsensus(seeFig.3.l)are

separatedbycomparativelylongbranches(Fig.3.2)and,withtheexceptionoftheP.modestaclade

(seebelow),uncoffectedpercentsequencedivergencewithinclades(0.2-1.7Yo;exchldingP.

modesta) is generally lower than that among clades (2'3-1 4'5Y';Table 3'3)' comparatively long

branches also separate the strongly-supported subclades of the P' modesta clade (Fig' 3'2)' which

displaycomparablelevelsofintercladesequencedivergence(10.4%betweenthetwomoststrongly

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 arc

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: (l) the placement of P. guttata rs 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 coltsensus obtqined in the mitochon<lrial DNA sequence analysis) are pfesent' as is the P'

inframaculaclade, excluding ABTC 56449;(3) individuals of the P' ffinis' P' modesta' P' nuchalis

,Pale/black headed" artd P. nuchalis 'southern' clades in Figure 3'1' and ABTC 56449 comprise a

clade, the relationships within which are largely unresolved; and (a) the single individual of P'

modestaforms a clade with two P' nuchalis'southern' individuals'

with the exception of the P. ffinis and P. inframaculc clades' and the P' ffinis and P'

nuchqlis 'southern' clades, at least one fixed difference exists between the major clades of the P'

textilisgroupidentifiedinFigure3.l(seeAppendix4).Lociforwhichfixeddifferenceswere

observed are as follow s: P. ffinis and P. nuchalis'Palelblack headed' - Gapd; P' ffinis and P'

textilis - Srdh; P. inframacula (excluding ABTC 56449) and P. nuchalis 
.Pale/black headed, -

Gapd,Gda,Mpi;P'inframacula(excludingABTC56449)andP.nuchalis.Southern'(including

ABTC56449;seeMorphologybelow)_Gda,Mpi;P.inframacula(excludingABTC56449)andP.
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Table 3.3 uncorrected percent sequence divergence among and rvithin the major mitochondrial DNA clades of Pseudonaia' Values are means of all Pairwise

compansons.
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Fig. 3.3. Strict consensus of 12ó 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'Palelblack 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 frrst two canonical variates (which account for 44'2V"

and21.3o/oof the total variance, respectively; Appendix 8) are plotted in Figure 3'4' Two major

groups are separated along the first canonical vaiate, one consisting of specimens of the P'

inframacula and P' textilís clades (excluding SAM R 28559 IABTC 564491; Fig. 3.1) and SAM R

24807 (ABT C 56402,which is placed in the P. ffinis clade in Fig' 3'1), the other consisting of the
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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

fromspecimensofbothclades'Withinthelattergroup,SAMR21025,wAMRll5l32,wAMR

115183, V/AM R 115276 (ABTC numbers 56336,75197' 75198' aîd 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. ffinis clade ìn Fig. 3'l) are separated from the remaining

specimens along the second canonical variate'

AfurtheranalysiswasperformedwithspecimensoftheP.inframaculaandP.textilß

clades (excluding SAM R 28559 IABTC 56449)), SAM R 24807, SAM R 21025, wAM R 115182'

v/AM R 115183, WAM R 115276, and SAM F-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

59.2%o a'd j.2.6yo or fhetotal 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. nuchal¡s 'Pale/black headed' clade. The second canonical variate incompletely separates

specimens of the P. nuchalis 'Darwin' (Fig. 3.1) and P' nuchalis'Pale'lblack headed' clades' while

specimens of the P. nuchalis'Darwin' clade are completely separated from specimens of the P'

ffinis clade(exclcuding 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

52.9o/o artd24.0%of the total variance, respectively; Appendix 8) are plotted in Figure 3'6' With the
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Fig.3.5.Plotofcanonicalscoresfofthefirsttwocanonicalvariatesextractedinadiscriminantfunction

analysis including male specimens of the Pseudonaia affinis, Pseudonaia nuchalis 'Darwin" Pseudonaia

nuchalis,pale/black headed', and pseudonaja nuchalís 'southem' 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 '2o/o and 12'6Vn of ¡he

total variance, respectively. Numbers identiff specimens referred to in the text: I - 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. nuchal¡s .Southern' clades, emerging among specimens of the P. ffinis clade'

variation in scale counts within the maj or P . textilis group clades (Fig. 3 . I ) is summarised

in Table 3.4. Specimens of Ihe P. ffinis clade generally possess a grealer number of ventrals than

those of the P. inframqculq arLd P. nuchalis 'Darwin' clades (excluding SAM R 28559 IABTC

564491;see below). Pseudonaia 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 f'emale specimens. The first and second canonical variates account for 52'9o/o a,nd 24'0o/o

of the total variance, respectively

and consistently possess a greater number of vcntrals than P' nuchalis 'Darwin' specimens'

variation in the number of ventrals within lhe P. nuchalis 'Palelblack 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 specimerNi of the remaining clades' while P'

nuchalis 'southem' specimens tend to possess a relatively low number of subcaudals' Specimens of

the P. nuchal¡s 'Darwin' clade generally possess a gteater 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 rorils on the neck than P' inframacula

specimens (excluding sAM R 28559). In nearly all cases, P' nuchalis 'Pale/black headed'

specimerui possess 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.

Spæiæ VdraJs Subcaclals
Dosal rcw at 6¡sl

v@tal

Pseudonaja afinß

Psandonøja infamaaila*

Ps and o nai a ntrch a/is'Da¡¡¡in'

Ps eudomj ø ntclløli s ?alclblack headed'

Ps eudonaj a m rchali s'Southem'++

Pseudonaja efülis

+ Excludbg SAM R 2E599 (ABTC 56'149)

*+ Includidg SANÍ R 28599 (ABTC 56449)

215.4 QM-223>

201.5 (195-208)

198.8 (19,1-204)

208.2 (199-2241

214.2 QO7-226)

206.6 (19+229)

59.4 (55-63)

60.3 (5s-66)

s9.6 (s7-62)

56.5 (4e-63)

s3 (47-ó3)

65.3 (62-70)

22.1 Q0-23l

20.s (19-23)

23.8 {23-2s)

20.7 (19-23)

2r.7 (19-23)

20.7 (t9-23',)

Doral rom ole had lmgth
postaior to pdietals

17.9 (r7-r9)

17

19.8 O9-21)

r7.1 (17-19)

18.6 (U-19)

17.4 (17-19',)

Doßal row at

midbody

t1.9 (17-t9)

t7

t7

17

t7

17

DoEal ros one had leûgth
ælqior to v@t

14.4 (r3-15)

13.1 (13-15)

1s (14-16)

13.5 (13-1s)

13.1 (13-15)

14.1 (13-15)

Donal ¡ow at

æal

15.6 (15-17)

1s.2 (is-l6)

15.4 (15-1Ð

1s.4 (13-17)

15.3 (13-18)

15.9 (15-17)
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Chapter 3. Hyclrophiitte Brown Snake Systematícs

the p. ffinis clade, specimens of all clades possess 17 dorsal rows at midbody' Pseudonaja ffinis

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 remainin g P. ffinis 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, I describe variation in colour pattern within each of the major P' lextilis gtoup

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'

Pseudonaia ffinis. The dorsum is typically pale to dark brown or greyish-brown'

commonly grading to lighter brown or grey laterally. In WAM F.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 pattem may be discernable only laterally' A subtle black

reticulated pattem 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 F_lI52gl,WAM F-llg|'72, 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 areblacþ 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) cresçent
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Chapter 3. Hyctrophiine Brown Snake Systematics

shaped markings on the ventrals laterally. The posterior margins of the ventrals of some speclmens

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.

V/AM 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 pattem 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')

Pseudonajainframacula(excludingSAMR28559IABTC56449D.Thedorsumts

typically light to very dark brown (nearly black in some specimens), occasionally grading to lighter

brown laterally and/or anteriody. 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 251702. A subtle black reticulated pattern is discernable posteriorly in SAM R 29026'

conspicuous black bands, tapering laterally from2-4 dorsals to one dorsal wide' are present on the

body of SAM R 57076. Often, there are numerous dark or pafially dark scales on the body' these

being concentrated dorsomedially in may specimens' There are coÍlmonly 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 F-2go26' 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 andsAM R 31698. In SAM R26474, there are contrasting darkbrown 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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Chapter j. Hydrophiine Brown Snake Systematics

Pseudonajctnuchalis.Darwin,.Thedorsumislighttomediumbrown,commonlygrading

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 f¡om the juvenile semaphoront (see P'

nuchqlis ,Pale/black headed' anð P. nuchalis 'southem' 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 scattcred dark

scales on the neck. The venter is cream or yellowish-cream' There arc 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 darkbluish-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'

56720,56722,56"123,56725) contains three 'Pale head, grey nape' specimens and hve 'Orange with

black head, specimens. Specimens that might be considered intermediates of these two colour forms

w€re 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 laterally 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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Chapter 3. Hydrophiine Brown Snake Systemalics

approximately two dorsals wide, may be present on the posterior body' A number of specimens from

western Australia (wAM R 103924, V/AM 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

parfíallydark 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 areaand anterior portion ofthe 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'

v/AM R 1151g3, 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 36g54 andsAM 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 2g288,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, thcre 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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Chapter 3, Hydrophiine Brown Snake Systematics

head and neck are contrasting dark brown or black. Black scales are present on the neck in SAM R

21414 and SAM R 56714 (nboth 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 laterally. Often, a scries 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 cot;ird, 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 pres€nt on

the body. These bands extend onto the ventrals, where they break up into a mottled pattern' The

dorsum in SAM I_2g4O7 is uniformly dark brown, gradrng 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 posteriorþ. Laterally, there are contrasting dark-medium brown crescent shaped

markings on the ventrals.

Pseudonaia nuchulis '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 R24410. 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 I572g4' 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 t1985b] 'southern with black nuchal band' morph [see

Introduction above]). A series of indistinct to distinct darkcr brown or black bands' 15-20 dorsal
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wide, is present on the body in some specim€ns (these specimens corTespond to the 'southern with

black bands' morph described by Mengden [1985b; see Introduction above])' There are cornmonly

scattered black scales on the body and nape. Often, the interocular area and anterior portion of the

parietals afe 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 27432-5), 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 ditty

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 pattern of darker greyish-brown oblique bands, l-2 dorsals wide'

posterolaterally. A scries 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 arc present on the body' The venter is

dirty cream.

Pseudonaia 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, l-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 cfeam'

yellowish cream, or yellow, occasionally grading to dirfy medium brown or greyish-brown

posteriorly. There are medium brown crescent shaped markings on thc 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. inframaculø specimen

differ considerably in size, the w chromosome being nearly 5To/olarger 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. nuchal¡s '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)'

Hov/ever, the sex chromosomcs 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'Palelblack headed'

specimens can be refèrred to Mengden's 'Orange with black head' karyomorph' exhibiting a diploid

chromosome number of 32, with chfomosome pairs 4- 1 5 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 thosc of the 'Orange
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Fig. 3.7' Gross karyotyp es: (a) Pseudonaja inframacula (SAM R 56771), (b) Pseudonaja nuchalis ,Darwin'

(sAM R 567'/2), (c) Pseudonaja nuchalis 'orange with black head' (SAM R 5ó720)' (d) Pseudonaia nuchølis

.pale head, grey nape, (sAM R 56722), and (e) Pseudonaia retrrlts (sAM R 56724)' Sex chromosomes are

1abelled.
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with black head' specimens, contrary to Mengden's observations (see Mengden' 1985b' p' 198 and

his Table l).

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 malìner. 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 demonstratcd 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

falsifrcationist, view that scientific endeavour consists in evaluating alternative hypotheses on the

basis of their relative explanatory porwer' hlpotheses 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 Pseudonaia' 'lhese

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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guttataand P. modest(t clades had previously been referred to nominal P' guttata and P' modesta'

respectively. Both of these taxa differ from other nominal species of Pseudonaja 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. guttqta and P. modesta, as presently conceptualised, are cvolutionarily independent entities

(species or perhaps, in thc case of P. modesta. monophyletic groups of species fconsidering 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 onç or more allo4¡rne 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. ffinis, P. inframacula, and P. textilis, which, as delimited here'

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

with rhe 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 l), the

quantitative variables included in the multivariate analyses largely separate specimens of the P'

ffinis clade from those of the remaining P. textilis group clades (Figs 3.4-3.6). When compared

with specimens of the P. nuchalis'Palelblack hcaded' and P' textilis clades, specimens of the P'

ffinis clade also exhibit consistently different alleles at at least one allozyme locus' FurtheÛnore'
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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 ch¡omosome number of 34 for P. ffinis, with autosome pairs 4-

16 gradually decreasing in size. Thus, considering that all specimens previously referred to nominal

P. ffinis were placed in the P. ffinis clade, it is probable that the specimens composing this clade

differ from those of the P. inframacula, P. nuchalis'Darwin', P' nuchalis'Palelblack headed" and

p. textilis clades in diploid chromosome number (Fig. 3.7; see, however, the discussion of

chromosome data for P. nuchqlis 'Pale/black headed' below), and from specimens of the P'

infrømacula, 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 remainin g 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 ch¡omosome numbers (see Fig' 3"7 atñ

Mengden, 1985b), and are separable from specimens of The P. nuchalis 'Pale/r.lack headed' and P'

nuchalis,southern' clades, as well as from one another, inpossessing consistently different alleles at

one or more allozyme loci. Specimens of the P. textilis clade also possess consistently different

alleles at at least one allozyme locus when compared with specimens of the P' ffinis clade' It

should be noted, however, that allozyme data are available for only two specimens of the P' textilis

clade, so that observed fixcd differcnces 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

cfescent shaped markings on the ventrals laterally. These specimens also differ from specimens of

the P. nuchal¿s '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'Palelblack headed', P' nuchalis

'southern', and P. textilis clades in possessing sex chromosomes that differ markedly in size (see

Fig.3.7 andMengden, lg85b). Specimensof theP. textilis cladetendtopossessagreaternumberof

subcaudals than those of the remaini ng 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'Palelblack headed' specimens and a single

p. textilis specimen were collected from Alice Springs, and two P. nuchalis'Palelblack headed'

specimens and a single P. nuchalis 'southern' specimen 
"vere 

collected from Roxby Downs; see

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'

ffinis, P. inframacula, and P. nuchalis'southern' clades are sympatric on Eyre Peninsula' while

specimens of the P. ffinis and P. nuchalis'Palelblack 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 thc 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. ffinis, P. inframacula, arrd P' textilis clades (excluding SAM R

28559, SAM R 24807, SAM R 29468, WAM R 119550, and possibly v/AM R 115297' WAM R

llgl72, and v/AM R 136095 fsee below]) constitute parts of independently evolving lineages (or

perhaps, in the case of P. textilis specimens, monophyletic gfoups 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 çhromosome 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 afe P' affinis specimens' They can be

differentiated fiom specimens of the P. inframacula, P' nuchalis'Palelblack 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. ffinis specimens; loci for which

differences were obseryed are as follows: P. inframacula [excluding sAM R 28559]- Est-l [sAM R

29468 only]'Gda [SAM R 24807 on|yf, Mpi, Pep-C; P. nuchalis.Pale/black headed, ' Gapd, Gdø

ISAMR24807oriy);P.nuchalis.Southern,fincludingSAMR28559]-Est-]ISAMR29468

onlyl,pep-c;p.textilis-Est-IISAMR29468only],Gda[sAMR24807only],Mpi,Pgm-2'Srdh

[see,however'cautionarynoteabove];seeAppendix4)andarewidelyseparatedgeographically

from specimens of the P. nuchalis 'Darwin' clade (see Appendix I and the Species Accounts below)'

Furthermore, SAM R 2946g possesses 19 dorsal rows at midbody, a condition observed only

(although not ubiquitously) in P. ffinis 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 (19':6, p' 412 and his Fig' 1) noted that where patterns of

allometric growth (specifrcally, 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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TheplacementofWAMRllg550inthemultivariateanalyses(SeeFig.3.5)isnotas

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 pattem

resembling that of 'Pale head, grey nape' P. nuchalis'Palelblack headed' specimens' but possesses

19 dorsal rows at midbody, this specimen is possibly a P' ffinis-P' nuchalis'Palelblack headed'

hybrid. This may also be the case for WAM R 11529,7, wAM R ||9172, and WAM R 136095'

which display a colour pattern similar to that of some 'Pale head, grey nape' P' nuchalis'Palelblack

headed' specimens and possess l7 dorsal rows at midbody (unusually among western Australian

specimens of the P. alJìnis clade), but are placed among other specimens of the P ' ffinis clade in the

multivariateanalyses(seeAppendix8andFigs3.5and3.6;wAMRll52gTwasnotincludedin

these analyses due to missing data). Nonetheless, in the absence of allozyme electrophoretic data'

anyproposalthatthesespecimens(i.e.wAMR119550,WAMI.I752g7,WAMR119172'and

WAM R 136095) constitute P. ffinis-P. nuchalis 'Pale/black headed' hybrids can only be regarded

as speculative

As presently conceptualised, P. nuchalls clearly incorporates more than one species' The

majority of nominal P. nuchalis specimens (i.e. those that previousty 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' ffinis clade and are almost certainly

parts of P. ffinis, as this species is delimited here), these forming either a paraphyletic or

polyphyleticassemblage,dependingontheirrelationship toP'ffinis andP' textilis' Twoof 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' nuchqlis

.Darwin, specimens, diptoid ch¡omosomç 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 fiom those of the P. nuchqlis'Darwin' clade, and nearly completely separable from
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those of fhe P. nuchalls 'southern' clade, with respect to the quantitative variables included in the

multivariate analyses (Figs 3.5 and 3.6). Additionally, these variables neady 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' nuchalís '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 ÌheP. nuchalis'Palelblackheaded' clade below), while specimens of theP'

nuchalis.Darwin, and P. nuchalis'Palelblack 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' nuchqlis'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 gr€at€r 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'Palelblack 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. nuchqlis'Darwin' clade generally posses a grealer number of dorsal rows at the

level of the hrst ventral than those of the remaining clades. specimens of the P. nuchalis'Palelblack

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'Palelblack headed" and P' nuchalls 'southern'

clades constitute parts of independently evolving lineages' These specimens' as well as containing

monophyletic assemblages of mitochondrial DNA haplotlpes, 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, ch¡omosome morphology, scalation, and/or colour

pattern. Additionally, specimens of the P. nuchalis'Palelblack headed' and P. nuchaljs 'Southern'

clades exhibit consistently different alleles at at least one alloz)'me locus' Differences in quantitative
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and qualitative characters between P. nuchalis'Palelblack headed' and P' nuchalis 'Southern'

specimens persist in probable afeas of sympatry, providing evidence for their intrinsic reproductive

isolation. Furthermore, Ïhe P. nuchalis'Palelblack 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. nuchal¡s '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. 20$ and infertile, but otherwise

apparently normal, eggs.

As with sAM R 2480'.7 and sAM R 29468, the anomalous placement of SAM R 21025',

wAM R 115182, WAM R 115183, and V/AM 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. nuchqlis 'Pale/black headed' specimens and the mean body size to

which measurements were scaled (see Appendix l), and scaled measurements for each specimen are

generally considerably higher than those for other specimens. The remaining P' nuchalìs'Palelblack

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 (19S5b) observations'

possess similar karyotypes. The discrepancy between Mengden's chromosome data and that

presented here may reflect individual or geographical variation within +he P. nuchalls 'Pale/black

headed' lineage in conjunction with limited sampling. Although chromosome data were obøined for

eight P. nuchalis'Palelblack headed' specimens in the present study, these were collected from a

single locality (Alice Springs; see Materials and Methods and Appendix l), 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 bet\ryeen 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 head, 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'Palelblack headed' specimens but possessing a different karyotype' A

further (although perhaps improbable) possibility is that Mengden obtained ch¡omosome data for one

or more p. nuchalis.Southem, 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' grôup. 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' karyotlpes (which concern the morphology of autosome pairs 4-16

and the sex chromosomes) would represent fuither variation within the P' nuchalis 'Southem'

lineage (see below). Given Mengden's failure to provide details of the material he examined' it is

difhcult to evaluate the above explanations. It should be noted however' that none of these

explanations ent¿ils 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 intraspeciltc variation in colour pattern has been reported for a number of species of

snakes (see Mattison , lgg5, pp 124-125). Thus, the evidence presented here allows the conclusions

of Mengden (1985b) and Bush (1989a,b) and orange (lgg2) to be largely reconciled; while nominal

p. nuchalis incorporates more than one species, as proposed by Mengden, Bush's and Orange's

observations or p. nuchalis in Western Australia (see Historical Review and objectives above) were

almost certainly based on p. nuchalis'palelblack 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 variatc plots). Furthernore, these specimens can not be consistently diffçrentiated with
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fespect 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 abanier to interbreeding' While this does not limit their value as potentially

diagnostic character states, it is unclear how robust the reported correspondence ofcolour pattern and

karyotypeisand,consequently,whetherthesedifferencesprovidesupportingevidenceforthe

presence of more than one species or represent intraspecific variation' It is possible that Mengden

obtained chromosome data fot 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 karyot1pe, and hencc the existence of multiple taxa, within the P' nuchal¡s 'Southern'

lineage. The conclusion that specimens of the 'southern" 'southern with black nuchal band" and

,southern 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 'southem with black nuchal

band, and ,southern with black bands' colour forms, respectively) vary from highly conspicuous (as

illustratcd in Mengden's [19S5b] Plate lF and lG) to scarcely discernable' and may fade

considerablyoverarclativelybriefperiod(1-2years;P.Mirtschin,pers.comm.)'

Mengden (1985b, p, 207) considered that .[t]he ,,cailnata,, morph .'. is chromosornally

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 'carinatø' 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 lhe P. nuchalis 'Pale/black headed' lineage (see the discussion of

colour pattern variation in the Results above). Thus, both lhe P' nuchalís 'Pale/black headed' arrd P'

nuchalis 'southern' lineages may contain individuals referable to the 'carinLtT' morph'

Alternatively, Mengden's 'carinata' karyomorph may in fact form part of the P' nuchqlis'Palelblack

headed' lineage (rather than the P. nuchqlis 'southern' lineage)' The differences Mengden observed

between the 'Pale head, grey nape' and 'curinatT' karyotypes are not great' concerníng the

morphology of autosome pairs 4-16 and the sex ch¡omosomes' 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 blackhead' specimens considered here (see previous paragraph)' it is

plausible that these differences reflect further variation within the P' nuchalis 'Palelblack headed'

lineage. Another possibility is that Meng den's 'carinala' 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 sequenÇe and morphological data for typical 'carinata' specimens andlot

chromosomedatafor'Palehead,grçynape'P.nuchalis'Palelblackheaded'specimensexhibiting

the'carinqta'bandingpattern,itisdiffrculttoassesstheabovepossibilitiesandhencethestatusof

Mengden's' carinata' grouP.

sAM R 28559 is almost certainly part of the P. nuchalis'southern' lineage' Although this

specimen appears in the P. inframaculamitochondrial DNA clade, it is placed among specimens of

the p. nuchal¿s 
.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'southem' 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 neck (as opposed to 17 in P'

inframacula) and a relatively low number of subcaudals (fewer than all P' inframaculø 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 sequçnce divergence between

the P. inframacula and P. nuchqlis 'southern' clades is relatively low' suggesfing l1rlat P'

ínframacula 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 Pseudonaia' iI is

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

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 regafded the possession

of 19 midbody dorsal rows as a distinctive attribute of P . ffinis specimens, serving to differentiate

them from specimens of P. inframacula, P. nuchalis, and P' textilis' As delimited hcre' however' P'

ffinis 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 or P. ffinis specimens is likely to have

promptedMengdenartdìitzgerald,s(1987,p.affi)claimthatP.ffinísandthe.Southern'morphof

p. nuchalismay hybridise in south-westcm South Australia' This claim is based on a specimen f¡om

penong, illustrated by Mengden (1985b, his Plate lH) and Mengden andFitzgetald (1987' p' 466)'

for which Mengden (1985b) obtained chromosome data' Mengden (1985b' p' I91) considered that

this specimen, which almost certainly possesses 17 midbody dorsal rows' exhibits an 'aberrant black

pattern ... and karyotype, and may represent an intergrade,. Ho,üever, 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. ffinß specimens (and typical of

specimens fiom south-western south Australia), while the observed karyotype is nearly

indistinguishable from that reported fot P. ffinis (see Mengden, 1985b' his Table 1)' Thus' it is

doubtful that Mengden (1985b) would have regarded this specimen as a 'P' ffinis cross' had it

possessed 19 midbody dorsal rows. According to the 'traditional classification' presented by cogger

(lgg2, 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. textilis specimens' Additionally' some P' nuchqlis

.Pale/black headed, and P. nuchalis.Southem, specimens exhibit neither banding nor dark scales on

the nape, while conspicuous dark bands may be present tn P ' inframacula specimens (although these

bands are distinctive in tapering laterally; see discussion of colour pattern variation in the Rcsults

above). Thus, these supposedly diagnostic colour pattern elements are not only variable within

68



Chapler 3. Hydrophiine Brown Snake Systemalics

species, but are, in a number of cases, shared among species. cogger (lggz,p' 668) also considered

that specimens of P. nuchaliscan be differentiated from those of P' afJìnis in possessing alarge'

strap like rostral that is .higher than broad and conspicuous when viewed from above,. However,

although the rostral of nominal P. nuchalís specimens is usually conspicuous in dorsal view' it is

straplikeonlyinP.nuchalis.Southern,specimens(atleastasthisconditionisconsideredhere;see

Results above). Furthermore, the rostral of p. ffinis specimens is often large and is typically

conspicuous when viewed from above'

ConsideringthatmoderatelytostronglysupportedmitochondrialDNAcladesseparatedby

comparativelylongbranchesarepresentwithinP.modestaandP.textilis.thesetaxamayincorporate

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 anÜor intrinsically)

groupsoforganismswhoseevolutionaryindependencemaybetestedusingevidencefromunlinked

characters (indeed, this is the approach that has been employed in thc present study)' Donnellan e/

al.(|993)havesuggestedthatthosespecreswithextensivegeographicaldistributionsand/or

exhibiting considerable morphological variation are most likely to incorporate unrecognised taxa

(although Donnellan et al. wereconcerned specifrcally 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 attd P. textilis are widely distributed' occurring throughout western

and central Australia and eastern Australia, respectively (see' for example' cogger' 1992 artdfhe

SpeciesAccountsbelow)'Furthermore,anumberofauthors(e.g.Gillam,1979;Mirtschinand

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(SAMR56124)appearsinamoderatelysupportedcladewithspecimensfromnorth-eastem

south Australia and western Queensland and two specimens from Merauke in Irian Jaya' so that the

mitochondriatDNAselluencedatadonotsupportGillam's(1979)suppositionthatP.textilis

specimens from the MacDonnell Ranges are parts of a distinct specles'
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3.5.2 Phylogenetic relationshiPs

Although the mitochondrial DNA sequence data do not resolve the placement of oxyurønus

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 refèrred to Hemiaspis (there is general

agreement that, within Hydrophiinae , Hemiaspis is distantly related to Pseudonaja aîd 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 ch¡omosome and hemipenis morphology, respectively, that P' modesta is part of

Pseudonaja. Mengden's (1985b, his Fig. 3) conclusion 1lrrat P' ffinis, P' textilìs' 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 dala 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. nuchal¿s 'southern' are sister lineages (see Fig' 3'1)' The conclusion

that P. ffinis, P. textilis,and at least the P. nuchalis'Palelblack 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). ln 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 incongnrence may be

attributable to persistent ancestral variation in the allozyme electrophoretic data set; if the rate of

allozyme evolution within Pseudonaja were sufltciently 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 e/ al., 1998)'

That P. ffinis arÃ P. inframacula, and P. ffinis and P. nuchalis 'southern' exhibit no fxed

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 Pseudonaja is

indecd slow, supporting this explanation'
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3.6 Species Accounts

In this section, I provide brief accounts for the P. texlilis group species discussed above'

specimens of these species are separable from those of P' guttata in possessing 17' as opposed to 19

or 21, dorsal rows at midbody or 1g dorsal rows at midbody and six, as opposed to seven, infralabials

(see Gillam, 1979), andfrom specimens of P. modesta in possessing a greater number of ventrals

(more than 180; Gillam, 1979; cogger, 1992). It is probable that P' ingrami is part of the P' textilis

group(seeWallach,1985,hisFig.5),however,thisspecieswasnotconsideredhere(duetoan

absence of suitable material; see Materials and Methods above) and, although I regard the available

morphological(Gillam,1979;Phillips,1993)andchromosomal(Mengden,l985b)evidenceas

sufficient to justify its recognition, I do not present an account below' Specimens of P' ingrami ate

separable from those of P. ffinis, 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'

1g19,p.17). Comments regarding nomenclature are provided where appropriate' Synonymies are

in Cogger et al. (1983)

P s eudonaj a ffinis Gitnlher, 197 2

Figure 3.8

Holotype

British Museum of Natural History (BMNH, London) 1946'l'19'77' collected from

Australia.

Diagnosis

specimens of P. ffinis 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'Palclblack headed' specimens' this is invariably

associated with a dark brown or black head and neck.) Additionally , P ' ffinis specimens differ from

p. inframacula, P. nuchalls 'Darwin" P. textilis, and at least some (perhaps all; see the Discussion

above) P. nuchalis 'Pale/black hcaded' specimens in possessing a diploid chromosome number of

34; from specimens of P. inframaculø, P. nuchalis 'southern', and P' lextilis in possessing
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(a) (b)

(c) (d)

(e) (Ð

Fig. 3.8. Pseudonajø afinis: (a)sAM R 23000, dorsal view; (b) sAM R 20605, dorsal view; (c) sAM R 21955'

dorsal view; (d) sAMR 18995, dorsal view; (e) sAMR20605, ventral view; (Ð sAMR 21955, vental view'
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autosomes that can be partitioned into only two (rather than three) distinct size classes; from

specimens of P. infi,amaculq inexhibiting a medium to dark brown, or dirty cream or pale yellow

venter; from specimens of P. nuchalis 'southem' inpossessing a normal, as opposed to strap like'

rostral; and from specimens of P. textilis in exhibiting a predominantly darkbluish-grey or black

mouth lining . Pseudonaja ffinis specimens also tend to possess a grealet number of ventrals than P'

inframacula and P. nuchalls 'Darwin' specimens'

Distribution

The individuals considered in this study were collected in southem Western Australia and

south-western South Australia, from the Perth area to Lake Gillies on Eyre Peninsula (Fig' 3'9)'

Pseudonai a inframacula (Waite, 1 925)

Figure 3.10

Syntypes

SAM, not found (cogg er et a1.,1983), collected f¡om northern end of coffin Bay Peninsula,

west coast of Eyre Peninsula, South Australia'

Diagnosis

Specimens of P. inframqcula afe 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. inframaculc specimens differ from specimens of P'

nuchalis'Darwin" P. nuchqlis 'Pale/black headed" P' nuchalis 'Southem" and P' textilis in

possessing sex chromosomes that differ markedly in size; from specimens of P' ffinis, 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' ffinis it 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. nuchalß '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 noÍnal, as opposed to strap like, rostral; and from specimens of P' textilis
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(a) (b)

(c) (d)

(e) (Ð

Fig. 3.10. Pseudonaja infmmøcula: (a) SAM R 24755, dorsal view; (b) SAM R 26474, dorsal view; (c) SAM R

29026, dorsal view; (d) sAM R 57076, dorsal view; (e) sAM R 24755 vental view; (f sAM R 26474, ve¡tral

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

specimens also tend to possess fewer ventrals than P' ffinis arld P' nuchalis'southern' specimerxi'

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 collccted near Nullarbor Station' west of

Eyre Peninsula (Fig. 3'11).

P s eudonaj a nuchalis'Darwin'

Figure 3'12

Diagnosis

Specimens of P. nuchal¿s 'Darwin' are separable from those of the remaining P' textilis

group species inpossessing a diploid chromosome number of 30. Additionally, P' nuchalis'Darwin'

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;

from specimens of P. ffinis inlacking a contrasting dark grey or dark brown throat; from specimens

of P. inframacula inexhibiting a cream or yellowish-cream venter, possessing sex chromosomes that

are approximately equal in size, and possessing 19 dorsal rovr's 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 grealer 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 gr€ater number of dorsal rows on the neck than P. nuchalis 'Pale/black headed'

specimens, and generally possess fewer ventrals than P' ffinis specimens'

Distribution

The majority of individuals considered in this study were collected north of 13'S in the

Northem Territory. ABTC 32072 (no specimen) was collected from Nardoo Station in southem

central Queensland (Fig. 3.13).
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,J

(a) (b)

(c)

Fig. 3.12. Pseudonaia nuchalis 'Darwin': (a) SAM R 56775, dorsal vieq (b) SAM R 56775, dorsal view of

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

Conunents

According to Mengden (l9S5b, p.z}2),there is no available nâme for the "'Darwin' morph'. It is

probable that the geographical distribution of P. nuchal¡s 'Darwin' incorporates the collection

locality for the lectotype of Pseudonaja nuchalis Günther, 1S5S (BMNH 1946.1.20'41, collected

from Port Essingtor¡ Northern Tenitory), however, this specimen exhibits a colour pattern

considerably different to that of the P. nuchalis'Darwin' specimens examined here (see Mengden's

t19g5b] Figs 4A and 4A') and may represent a distinct species. The holotype of Pseudonaia iukesi

Wells and WellingtorU 1985 OITM R 1186, collected from Oenpelli, Northern Territory) is almost
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certainly a specimen of P. nuchalis 'Darwin' (I have examined all of the wells and wellington

holotlpes), so that the name jukesi could be ascribed to this lineage'

Pseudonaj a nuchalis'Palelblack headed'

Figures 3'I4-3.16

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' lextilis group species in possessing a

diploid chromosome number of 32. Additionally, P. nuchølis'Palelblack headed' specimens differ

fromspecimensofP.inframacula,P'nuchølis.Southern',andP.textilisinpossessingautosomes

that can be partitioned into only two (rather than three) distinct size classes (see' however' Mengden'

1985b); from specimens of P. ffinis in lacking a contrasting dark grey or dark brown throat (see

Diagnosis for P. alJinis 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, 19S5b); from specimens of P. nuchalis 'southern' in possessing a normal' as opposed to

strap like, rostral; and f¡om specimens of P- textilis in exhibiting a predominantly dark bluish-grey or

black mouth lining. The majority of P. nuchqlis 'Pale/black headed' specimens also possess fewer

dorsal rows on the neck th an P. nuchal¿s 'Darwin' and P. nuchqlls 'southern' specimens'

Distribution

The individuals considered in this study were collected throughout western and central

Australia, from near camarvon in western Australia to Mootwingee National Park in western New

South Wales (Fig. 3.17)'

Comments

Mengden(1985b,p.200)notedthattheholotypeorPseudelapsbancroftiDeVis,l9ll

(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 carinatø'(the holotl'pe after which Mengden named the'carinata' morph)'

A number of P. nuchqhs 'Pale/black headed' specimens considered here exhibit colouration similar
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(a) (b)

(c) (d)

(e) (Ð

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 vieq (f) SAM R 56725, ventral view'

li

.!q'-'

..¡a

9ft¡ 
'F¿Ü-'!

r
i!

t
4

81



Chapter 3. Hydrophüne Brown Snake Systematics

(a) (b)

(c) (d)

(e)

Fig. 3.15. Pseudonaja nuchalis 'Pale/black headed" 'orange with black he¿d' form: (a) sAM R 42333' dorsal

vieq (b) sAMR21414, dorsal view; (c) sAMR 56723,dorslvieu (d) sAMR 56714,dorsal viewof head;

(e) SAM R 21414, ventral view; (Ð SAM R 56714, venhal view'

(Ð
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(b)(a)

: .,1:.:.ir, -.-:1.- l

(c)

Fig.3.16. Pseudonajanuchalis'Palelblackheaded':(a)SAMR2353l,dorsalview;(b)SAMR29407,dorsal

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

to this, displaying 'carinata'-Í1pe 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 bancroJti should be ascribed to the P.

nuchalis'Palelblack headed' lineage, noting that I have only examined photographs of the holotype

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

(d)
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TheholotypesofPseudonajakellyiWellsandWellington,lgs5(NTMRl639,collectedon

Stuart Highway, 160 km north of Ayres Rock turnoff, Northem Territory) and Pseudonqia

vanderstraat¿ni wells and wellington, 1985 (N-rM R 0371, collected 100 km north of Katherine'

Northern Territory), and the holotype of Pseudonaia mengdeni wells and \ùy'ellington' 1985 (NTM R

1989, collected 2 km east of Maryvale, Northern Territory) are specimens of thc 'orange with black

head, and .Pale head, grey nape' colour forms or P. nuchalls 'Pale/black headed" respectively'

Accordingly, the names kellyi, mengdeni, and vanderstraatenl should be regarded as junior

synonyms ofbancrofti.

P s e ud onaj a nuch al is' Southern'

Figure 3.18

Diagnosis

Specimens or P. nuchqlls '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. ffinis, P. nuchalis'Darwin" and P. nuchalis'Palelblack headed' in

possessing autosomes that can be partitioned into three (rather than only two) distinct size classes;

from specimens of P. ffinis it lacking a contrasting dark grey or dark brown throa! from specimens

of P. infrømacula inexhibiting a dirty cream or yellow, or mcdium brown venter, and possessing sex

chromosomes that are approximately equal in size; from specimens of P' nuchalß 'Darwin' in

possessing a greater number of ventrals; and from specimens o1 P. textilis in exhibiting a

predominantly dark bluish-grey or black mouth l]fltrng. 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 P' textilis group

specres.
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(a) (b)

(c) (d)

(e) (Ð

Fig. 3.18. Pseudonaja nuchalis 'southem': (a) SAM R 18599, dorsal view, (b) SAM R 18860, dorsal view; (c)

SAM R 2lló3, dorsal view; (d) SAM R 21163, dorsal view ofhead; (e) SAM R 18599, vental view; (Ð SAM

R 18860, ventral view.
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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 Hermidalc in central New South wales (Fig' 3'19)'

Comments

Mengden(1985b,p.200)consideredtheholotypeofDiemeniaaspidorhynchaMcCoy,

1879 (National Museum of Victoria, Melbourne, D 7z3s2'collection locality unknown' presumably

restricted to junction of Murray and Darling Rivers, Victoria fCoventry' 1970])' 'although badly

faded and discoloured,, to be .most like the ... "southern" morph'. An evaluation of Mengden's

(1gg5b) Figure 4C'rçveals that this specimen possesses alatge strap like rostral' considered here to

diagnose P. nuchalis 'southern' specimens (see above). Thus, I tentatively agree with Mengden's

(1985b)propositionthatthenameaspidorhynchashouldbeascribedtothisspecies.

Mengden (19s5b) also referred the holotype or Demansiq qcutirostris 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' nuchal¡s 'southern' lineage'

Accordingly, the name acutirostrisshouldbe regarded as ajunior synonym ofaspidorhyncha'

Pseudonaja textilis (Duméril, Bibron, and Duméril' 1854)

Figure 3'20

Holotype

Muséum National d,Histoire Naturelle, Paris' 3944 (not found [Cogger et al., 19831)'

collected from Australia.

Diagnosis

Specimens of P. textilis are separable from those of the remaining P' textílis 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. ffinis, P' nuchalis'Darwin" and P' nuchalis

.Pale/blackheaded,inpossessingautosomesthatcanbepartitionedintothree(ratherthanonlytwo)

distinct size classes; from specimens of p. ffinis inlacking a contrasting dark grey or dark brown
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(b)

(d)

(e)

Fig. 3.20. Pseudonaja textilis'. (a) SAM R 31701, dorsal view; (b) SAM R 31692, dorsal view; (c) SAM R

56724, dorsalview; (d) SAM R 19943, dorsal view; (e) SAM R 31701, vental view; if SAM R 31692, ventral

vlew.
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throat; from specimens of P. inframaculø in exhibiting a dirty cream' yellowish-cream' or ¡'ellow

venter, and possessing sex chfomosomes 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 gfeatet 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 wascollected 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' textilis' I propose that

the name ohnoi s:nouldbe 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 prevlous

authors (e.g. Hutchinson, 1990; Cogger, 1992) have supposed. As delimited here' P' ffinis' P'

inframacula, and P. textilis are largely coincident with recognised taxa, while the status of P' guttata

aird p. modestq as evolutionarily independent entities is supported by mitochondrial DNA sequencç

data. Nonetheless, specimens presently referred Io P. nuchalls 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'
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morphs. A number of avenues of study femain to be pursued' In particular' the status of Mengden's

(19s5b),carinata,morphremainsunresolved,asdoesthepossibilityofunrecognisedtaxawithinP.

modesta and P. textilis (a more detailed survey of variation within P' modesta is in progress)' and the

issue of Pseudonaiamonophyly. Progress in these areas, as well as in brown snake systematics

generally, will depend on the acquisition of new material and dala' and a consideration of additional

sources ofevidence (e.g. nuolear gene sequences, osteology, soft anatomy).

Whilesystematistshavelargelybeenunconcerncdwiththedataandmethodsemployedin

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'

specif,rchlpothesesofspecieslimitscanbeconncctedtoanumberoftestablepredictionsthatare

unlikely to be realised under alternative hlpotheses, 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 I consider that this perspective dispels the claim that

systematistsarerarelyabletoprovidesufficientempiricaljustificationforacceptinghlpothesesof

species limits (see chapter 2), it is undoubtedly in need of elaboration' It is my hope that future

workers will further develop this (or a similar) view, so that a detailed' cohercnt methodology for

delimiting species may eventually emcrge'
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Appendix I

Storage and colleotion details for material used in this stucly. Mitochondrial DNA haplotype numbefs cofrespond to those in Figures 3 'l and 3 '2 '
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3l5100s

323740S

129 06 20 E

l3l 16 50E

13l 50 E

131 50 E

133 52 E

135 45 E

t36 29 E

ll72l E

121 15 E

136 02 E

136 028

120 03 E

I33 25 53 E

t33 41 568

1160000E

t24 50 408

l0lENE BordíVilage, SA

50 ktr W Yalata RoadhoN€. SA

Yaláa Misior. SA

Yalxa Mission. SA

241ú S Ced@ SA

NøCorcbimieHiil, SA

L¿ke Gillæ, SA

Wils6Inlet. D6nark, WA

65 l@WEspeøcq WA

Hmbidge CP, SA

H@bidgeCP, SA

2lmE Ravæthorye, WA

YubamCP, SA

lllúEC€d@SA

MâidÂ Vale. 1VA

Toolina Roclùolc, WA

U¡k¡om

Codup, WA

Frgu€ of Eight Islan4 WA

7 LmNW Fra¡kland, WA

)

2

3

4

5 321500s

340200s

3421 00s

u60000E

12r 37 00 E

lt70l00E



\)

ÉtDNA HaplotFe
Number

I¡titude Lotgitude
TÈsue Núber SPsiEd NuÉbo Coltection Localily

Spæi6

Psqdonøia guilotø

Psødonoja infrømulo

WNqoo,WA

Cadup, WA

Woodvale, WA

Trigg, WA

Tæoobe ad Depot Cþû Sttr., QLD

Longr@\ QLD

Goydo Lagoon, SA

Shcll B@b. I¡¡6NP, SA

IE6ton Ruiß, SA

19 h E Maion Bay, SA

33 h Sw Wr@ka SA

I¡¡6ton Ruiß, SA

Coffin BayNP, SA

7 ¡o NW Nu[dbor StL, SA

Eyre Pøi6ula, SA

Coffir Bay õe4 SA

Lincol¡ NP. SA

Wadag Islæ<L SA

Wüdå¡g Isldd. SA

24 kn w Stsnho& Bay, SA

4 hr E Hincks CP. SA

2 lo E Koppio, SA

TMbyBay, SA

I !û W lú610!" SA

314500s

321500s

314700s

31 5200s

1154800E

ll6 00 00E

l15 47 00 E

1154600E

2404S

2328S

264ÁS

143 23 E

r44 t4 E

r39 08 E

ABTC 75140

ABTC 75 143

AB,T015262

ABTC 75263

ABTC 31913

ABTC 32082

ABTC 563 l7

ABTC 56393

ABTC 56394

ABTC 56396

ABTC 56397

ABTC 5639E

ABTC 56413

ABTC 56414

A81C56422

ABTC 56444

ABTC 56452

ABTC 56459

ABTC 56464

ABTC s64?9

AB"IC 5619',1

ABTC 57104

Uregistued

Uregistsed

wAMR 125640

wAMR 136095

wAM R 115297

wAMR il9172

sAM R 20582

sAM R 2475 I

sAM R 24752

s-AM R 24755

sAM R 24756

sAM R 24757

sAM R 25422

sAM R 25702

sAM R 26474

sAM R 28457

sAM R 29026

sAM R 3 1572

SAM R 31599

SAM R 31698

sAM R 3ó588

sAM R 38 193

SAM R 57076

sAM R 56771

35 16S

3516S

3s13S

3508s

35 16S

3434S

3125S

136 5l E

136 54 E

137 05 E

137 0ó E

13ó 54 E

135 18 E

lto 49 46 Ë

3438S

3450S

3430S

3430S

35lls

33 5r S

3426 S

3423S

35 164l S

l3s 28 E

t35 50 E

t3'122ß.

137 228

t3ó 54 E

136 12 E

135 53 E

t36 06 E

136 53 25 E

I

r0

N)

ll

ll

ll

ll

ll

II

t2

ll

ll

ll

ll

ll

u

l3

ll

t4

ll

È
G

Ð_
*'



Tissue Nmbq Speimer Nubq Coüætion Lcality
mtDNA Hælotwe

Nuobq
Latitude Longiturle

u)

Spæie

Pseudonaia modesla

P sqd o Mi a tu c h a lí s'DNi^'

P s ad omi a nuc hø li s P ale4:,lrck

haded

sAM R 35874

SAM R 4292I

SAM R 20859

SAM R 24656

sAM R 29347

SAM R 48586

sAM R 31930

wAMR9663l

wAMR 117097

wAMR 138971

AM R 155038

NTM R 21673

NTM R 10685

sAM R 22291

(Alcohol uo. D 3'199)

sAM R 56772

sAM R 56773

SAM R 56774

SAM R 567?5

t km S Huihon homestea4 SA

142 km E W-mdorah, QLD

Lodc¡@b, QLD

134 h ENE l¿vqto¡, WA

OlyBpic DaE, Roxby Dow. SA

7 1@ N Kiûg Lookout, SA

WooælhoE6{€4WA

5 kúNNEMt. Ch6t@, SA

8 kú r¡,r PiDjæ De Y@bd4 SA

I¡chada hoo6t€4 WA

Cõ€yDowSû,ìúA

West Angclæ, \ryA

Waøiûg,NSW

A¡¡ûm Highway, NT

Palmætoû Wooùmfq NI

Nãdoo StL, QLD

40 h S Howud SPrings' NT

U¡hom

Kakadu. NT

Dryi4NT

Dryi¡.NT

DNiqNT

DNin,NT

t2 425

1228S

21 4'l s

1230S

13l 25 E

130 58 E

145 52E

l3l 04 E

1252S

1227S

1227 S

122't S

t2215

I32 45 E

130 50 E

t30 50 E

130 50 E

130 50 E

ABTC 479

ABTC 9167

ABTC 31967

ABTC 41340

ABTC 56329

ABrc 56391

ABTC 56432

ABTC 58520

ABTC 643s6

ABTC 75149

ABTC 75155

ABTC 75167

EBU 6428

ABTC 13468

ABTC 29603

ABTC 32072

ABTC s6264

ABTC 56360

Uûegistqed

Uregistsed

Uuegistøed

Uúegisttred

Uûegis,tled

l5

l6

ló

t7

l8

t9

20

2l

l8

22

20

23

24

2644S

26 l0s

2328S

2844S

3027S

2653S

25,14 S

272201s

32084ts

291200s

253700s

23n46S

294159S

135 04 E

t43 29 E

144 14 E

t2229 E

I16 53 E

140 36 E

l14 l8 E

130 21 06 E

134 43 5l E

il63300E

1152800E

l18 3l l0 E

144 08 35 E

25

26

27

25

25

28

25

25

25

28 \
s-
F.

ABTC 30295 NTM R I832I I I 8 lm N Thæ WaYs, NT 29 182566S 13351218



Tissue Nmbs SPæimm Numbø Collectiou Locality
mtDNA HaplotyPe

Nmber
Latitude Longitude

Spæies

s

ABTC 35983

AËrc 42334

ABTC 42400

ABTC 42401

ABTC 56330

ABTC 56336

ABTC 56347

ABTC 56348

ABTC s6349

ABTC 56404

ABTC 56430

ÀBTC 56433

ABTC 56434

AB;Íc 56441

ABÎC 56906

ABTC 56907

ABTC 57660

ABTC 75 173

ABTC 75175

ABTC 75176

ABTC 75180

ABTC 75181

ABTC 7s I 83

ABTC 75188

ABTC 75190

ABTC 75192

sAM R 46920

SAM R 51516

sAM R 5 l59l

sAM R 5 1592

sAM R 2098 I

sAM R 21025

sAM R 21413

sAM R 21414

sAM R2l4l5

sAMR 24821

sAM R 29288

SAM R 29360

sAM R 29407

SAM R 2853I

sAM R 36953

sAM R 36954

sAM R 42333

wAMR 102045

WAM R IO384E

wAM R 103849

\¡{AM R 103923

wAMR 103924

wAMR 104187

wÀM R I 14659

\\¡AMR t1466l

wAMR l14ó63

2627395

265755S

270t36S

265933S

3022S

3043S

2740S

3140s

30225

3302S

24535

2626S

2840S

2826S

3023S

3023S

3032S

3230S

284600s

303600s

134 55 37 E

133 20 59 E

132 3ó 08 E

132 48 48 E

136 56 E

136 53 E

140 48 E

135 t0 E

136 56 E

137 35 E

t1340E

l14 Il E

l1436E

n6tlE

136 5l E

136 5l E

139 18 E

11843008

1143700E

1164600E

3 km l¡r' Top CuP Wellc SA

4 km E I¡ò¡lka¡a. SA

ll hWSWMinili SA

I I lon E Mimili, SA

Ol¡mpic Dao. RoxbY Dow' SA

OlyEpic Dæ, Roxb'Y Dow' SA

? lú NE l!¡miûcka. SA

Lake Ev@d Stû-, SA

Ollmpic Dao, RoxþDom' SA

Whyaua, SA

NøCmon,WA

Hmelit hom6l€4 rùr'A

I hSDroond,WA

68lnE Mullwa. WA

RoxbyDow, SA

Roxby Dow, SA

Baløoou C¡eelc SA

Karatha WA

Gældto¡. WA

Ballidu. WA

C+tive bred

Captive tred

Woodstock WA

24 !úE Mt. Micbæl. wA

Bulla Rivq, WA

Bullq Rivq, WA

30

3l

32

33

34

35

35

36

35

35

3'1

38

38

39

40

40

35

4l

38

42

41

43

44

38

38

38

2t3634S

284600S

2E5200s

285200S

l185916E

u5 1200E

il43700E

1143700E

\
\
G

Þ-
È'



Tisuc Nmb<r SPæimd Numbl Colledioû Locality
ÉIDNA Haplotype

Núbe¡ LaÌilude Longitude
Spæiæ

ABTC 75193

ABTC 75194

ABTC 75195

ABTC 7s19ó

ABTC 75197

ABTC 75 198

ABTC 75199

ABTC 75200

ABTC 75201

A81C15202

ABTC 75203

ABTC 75205

ABTC 7520ó

ABTC 75211

ABTC 75216

ABTC 752IE

EBU 6616

Uregistqed

Uûregistqed

Uüegisrtred

Uregisaed

Uüegi$qed

Uûegi$qed

Uuegistøed

UEegisrsed

wAM R I15021

vr'AM R r 15062

wAM R l 15063

wAM R l 15180

wAMR ll5l82

wAMR l15l83

wAMR 115276

wAMR 115607

wAMR 115608

wAMR 115609

wAMR l15610

wÀMR l1575l

wAMR 115752

rtrAM R l 16498

wAM R r 19293

WAMR I19526

AM R 150262

sAM R 56714

sAM R 56715

sAM R 56716

SAM R 56719

SAM R 56720

SAM R 56722

sAM R 56723

sAM R 56725

284700S

284700S

284600S

284330S

283900S

283900s

285700s

284600s

284600S

284600s

284600S

284600s

284600S

284600s

284600S

284600s

3l 17s

2342S

2J 425

23 425

23 425

2342S

2342S

2342S

21 425

1143900E

U43900E

1143700E

11437308

114 38 00 E

ll4 38 00 E

'n44400 E

11437008

1143700E

1143700E

1t43700E

1143700E

1143700E

1143700E

u43700E

1143700E

142 18 E

t33 52 E

t33 528

133 52 E

r33 52 E

133 52 E

133 52 E

133 52 E

r33 528

UtakaÉ GeÉldtoD. WA

Utakæ GqaldoD, rùr'A

R@geviw. WA

SNet BøtL G6aldtoD, WA

Spaldiûg Prk, Gtraldto!, WA

Spalding Palq Gdaldto4 WA

Cffiough, WA

Webbqto4 Gtraldto!, WA

Suls€t Bæb, GqaldroD, WA

Mt Scott, Geñldtoq IYA

Kãloo, GsaldtoD, WA

SE€t Bæh. GúaldtoÁ, WA

Rægmy, Gøaldtol !üA

Gøaldtoo aø

Gqaldtoû da

Gsaldloû õø

Moowingæ NP. NSW

Alice Springs, NT

Alice Springs, NT

Alice Spriûgs, NT

Alice Sprbgs, NT

Alice Spri¡gs, NT

Alice Springs, NT

Alice Springs, NT

Alice Spri4l NT

38

38

38

45

38

38

38

38

38

38

38

38

38

38

38

38

35

46

47

48

48

48

49

50

5l

\
\
o
Þ_



Tissue Nuobq Spæimm Nubø Collection Locality
mtDNA HaplotyPe

Number
Latitude Longitude

Spæiæ

P s ado naj a nv c h o lß'S oú}¡'@'

o\

ABTC 755

ABTC 13179

ABTC 3559ó

ABTC 56268

ABTC 56269

ABTC 56270

ABTC 56280

ABTC 56342

ABTC 563s4

ABTC s6355

ABTC 56356

ABTC 56357

ABTC 56361

ABTC 56363

ABTC 56389

ABTC 56390

ABTC 56399

ABTC 56405

ABTC 56406

ABTC 56410

ABTC 56449

ABTC 56471

þß"rc 56472

ABTC 56?03

ABTC 56?21

ABTC 57459

sAM R 40497

sAM R 49359

SAM R 46467

sAMR 18598

sAMR 18599

sAM R 18600

sAMR 18994

SAM R 2I 163

sAM R 21432

sAM R 2 1433

SAM R 21434

sAM R 21435

SAM R 22545

SAM R 22746

sAM R 24410

sAM R 2441 I

sAM R 24778

sAM R 24828

SAM R 25058

SAM R 25295

SAM R 2E559

SAM R 31690

sAM R 31691

SAM R 36306

sAM R 36352

SAM R 40758

3049S

293600s

2922t15

29 445

32lls

2704S

3302S

3257S

3308s

3301s

3301s

3301s

3303S

3235S

3241S

3241S

3255S

3122S

3403S

341230S

3238S

29295

32495

3023 S

2835S

3229S

138 25 E

138 07 00 E

136 37 25 E

138 06 E

137 37 E

136 03 E

137 35 E

131 23 E

138 0t E

138 00 E

138 00 E

138 00 E

I38 04 E

t34 43 E

134 16 E

134 16 E

138 04 E

138 43 E

ß94l E

140 38 E

136 53 E

t3'l 12 E

r37 23 E

136 5l E

138 49 E

137 50 E

Beltæa Rùhs. SA

30 km SVr' Lake Harry Ruins, SA

I 4 Iø SSW Bqsford Bore, SA

l0lsD S M4æ

I0 kn SW Pon Augut4 SA

Snake C¡æk Bore, SA

Whyal'la, SA

Middleback Stn, SA

wenoona Isla¡d. 8 km N Po¡t Pirie' SA

Pon Gmein Gorgc, SA

Port Gmein Gorye, SA

Port Cemeitr Gorge, SA

Telowie bæL SA

Cugæ SA

Eba Islaú CP. SA

Eba Islæd CP, SA

Bdoota R6woû, SA

Orapail@ homestød, SA

Morgæ CP. SA

Cooltong Dm, SA

Lake Gitles Ta¡ks, SA

l00lo S Williæ C¡æk, SA

Nø Roop@ Sttr. SA

Roxby Do\ru, SA

Nø Coopq Cræk Fary Crossing, SA

Stiling Norrh, SA

52

53

54

55

s6

53

57

5'l

58

58

58

58

58

56

56

56

58

59

60

6l

ll

52

51

62

63

64

\
È
G



Spæies

Psqdoruia tqt¡lß

TissueNumbs SpecinmNumbm Collectionlocality
BTDNA Haplot)?e

Nmbq
Latitude Loúgi1ùde

1229 S

33 14S

33 14S

3303S

3155S

3128S

3128S

2401s

22495

3453S

26465

32245

27 445

3425 S

3425 S

830S

830S

3403S

3338S

3207S

3132S

3045S

3103s

2850S

2850s

ABTC 57460

ABTC 57671

þßTC 5'1672

AËrc 577'19

ABTC 5E369

EBU 337t2

EBU 33714

137 50 E

t34 38 E

t34 38 E

r37 3l Ë

t32 59 E

146 19 E

146 39 E

ABTC 8920

ABTC 31930

ABTC 56214

ABTC 56312

ABTC 56407

ABTC 5ó473

ABTC 56478

ABTC 56482

ABTC 65504

ABTC 6551 I

EBU 3930

EBU 4988

EBU 4997

EBU 6247

EBU 6463

EBU 74OI

EBU 7566

EBU 7570

sAM R 40759

SAM R 42409

sAM R 42410

sAM R 43080

sAM R 465 13

AM R 157294

AMR 157295

sAM R 42663

sAM R 18ó05

sAM R 19943

sAM R 25070

sAM R 3 1692

sAM R 3 1697

sAM R 3 l70l

AM R 147652

AM R 1476s9

AM R l4l 106

AM R 14276ó

AM R 142827

AM R 149264

AM R 148735

AM R 15l55l

AM R 153025

AMR 1s3008

Stirling Noltt\ SA

Vmus Bay CP, SA

v@us Bay CP, SA

3 to SW rWhyalla SA

2 l¡ú lv P@oûg, SA

Collaúoy Stû , I 0 ln NW H@idatq Nsw

Coüaroy Sh., l0 loNìV Hæidale NSW

B€doüie to Boüli4 QLD

26hSCl@oú,QLD

l0 kn E Mamuo, SA

Goydø Lagoor, SA

RicbmæVattey, SA

I¡lmi¡cka SA

Poiût Pøce, SA

Nã Poiít Pøce, SA

Mæukg Iriæ Jaya

Møauke, Iria JaYa

Buctdigowa N& NSW

Mddrua.NSW

NøNoomine,NSW

2 kmN Nynga NSVr'

Sætts I{44 NSW

Mullaley ae4 NSW

North Ballim, NSW

Alstoilillc, NSW

59

56

64

57

65

66

56

-J

6'l

68

69

'lo

1l

'12

13

13

'74

't4

'15

76

7'l

77

7E

76

'79

19

139 33 E

147 38 E

139 30 E

r39 08 E

t38 03 E

i40 46 E

t3'1 29 E

137 30F'

t40 30 E

140 30 E

r47 0l 45 E

149 07 45 E

148 06 45 E

147 ll E

153 00 45 E

150 02 E

153 3l E

153 268

À\\(\
\-'



Tissu€Nubq SptrimmNmbr Collætion Locality
EÍDNA Haplotwe

Nmbq
Latilude hogitude

Spæies

Oryurønw m¡crcleP¡dofiß

dlurcnre súlellatut

AMR 152279

AM R 152280

AM R 152281

AM R 152282

AMR 152761

AM R 152?90

AM R 156908

AM R 156942

AM R 157781

AM R 158564

(AlcoholDo. QQ 402)

(Alcoholto. QQ 478)

(Alcohol ûo- QQ ó32)

(Alcobol no. QQ 723)

sAM R 56724

sAM R 56770

NTM R I7OO9

200 lgr S Tiboobua, NSW

Nø Mootwirgæ NP, NSrùr'

B6dmsSttr.NSW

Mullaley, NSW

Mulaley arca NS\ry

Mullaley ae4 NSW

Mullaley, NSW

2 kD E Bægalow, NSW

Coop6 Chute NSW (?)

I I !ú W Gld I¡nG

Mullumbimby Creek, NSW

G@¡øgqry,NSw

Grifrtb. NSw

Nø Biloel4 QLD

North QLD

NøMalæda QLD

CbrtæTowm, QLD

Alice Springs, NT

4 km w MhtatoD. SA

Goyda L:gooo. SA

20 ln NE Cæbø Pedy, SA

BathEt Islt¡d, NT

Mt osa QLD

Pon Moræby, PNG

r4l 48 33 E

14t 59 33 E

146 13 E

149 55 E

150 02 E

149 50 E

149 55 E

153 32 E

29435

2832S

28354sS

3417s

2425 045

l5l 38 E

153 28 E

153 25 E

t46 028

150 25 58 E

145 3l l8 E

146 14 40 E

133 52 E

137 42 45 Ê

EBU 7575

EBU 7690

EBU 31287

EBU 31801

EBU 31802

EBU 31803

EBU 31804

EBU 31926

EBU 31943

EBU 33253

EBIJ 33262

EBU 33751

EBU 33794

Uüegis{qed

Uûegistqed

Uuegistoed

Uuegisaed

Uuegistaed

Uû€gistqed

AMR 151570

AMR 151699

80

8l

't6

82

16

82

83

79

'19

76

79

'19

84

't9

85

E6

87

88

89

3058S

312130s

3018s

3106s

3103s

3l 16s

3103s

284052S

æ

172403S

200632S

2342S

3440S

ABTC 56237

ABTC 58708

sAM R 20583

SAM R49883

26465

28 5l S

139 08 E

134 53 E

1602S

2058S

930S

123 328

148 50 E

147 07 E

ABTC 291 l8

ABTC 32087

ABTC 44040

t\
\-.

AM R I 19562



Tisue NuEbs Spæimen Nuobø Collectiot Locality
útDNA Haplo¡¡pe

Numbq
Latitude Longitude

Species

Outgloup

Demonsia popuens¡s

Pseudech¡s aßtralís

ABTC 72829

ABTC 72830

ABTC 11880

ABTC 3203 I

ABTC 32032

SAM R 5442?

SAM R 54397

sAM R 34179

13 IoENE Krobamoft, QLD

4l kn ENE Knroba tuotr, QLD

46 l@ SW Borolool4 NT

BeBa Sh, QLD

Arilalah, QLD

172528S

171846S

l4llSltE

l4l 3t 21 E

t62lS

2407S

2341 S

l3ó 05 E

t43 428

143 53 E

\
(\
s-
F.



Appendix 2

Appendix I

1 1111111111 1111111111

1 1111111112 2222222223 3333333334 4444444445 5555555556 6666666667 7717717't1B 8888888889 9999999990 OO0ooooo0l 111111-1112

t234s67a90 r234567a90 123455?g90 L234s67g90 1-234561a9o r234561a90 tzz+selaáo r234s'1890 1234567890 123455?890 1234561890 1234567890
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Psadonaja ffinis
ÀBTC 646? (1, 13)
ÀBTc 6469 (2, 3)
ÀBTC 55326 (3, 4)
ÀBTc 56435 (4, 1)
À31C ?5129 (5, 1)
ABTC ?s133 (5, 1)
ÀBTc 75140 (7, 1)

Pseudonajo guttata

ABTC a1913 (8, 1)
ÀBTC 32082 (9, 1)
ÀBTC s631t (10, 1)

P s ø d o nai a í n-fr a ma cula

ÀrTc 56393 (11, 15)
ABTC 56414 (12, 1)

ÀBTC 56?9? (13, 1)
ÀBTC 5?0?6 (14, t)

Psadonajo rcdesø

ÀBTc 4?9 (15, 1)
ÀBTc 9167 (16, 2)
ÀBTC 4134) (17, 1)
ÀBTC 5632t (18, 2)
ABTC 56391 (19, 1)
Þß!C s6432 (2O, 2l
À3rc 58s20 (21, 1)
Þß5:c 75149 (22, t)
ÀBTc ?516? (23, 1)
Fffl 6428 Q4, L)

P sudonaj a nuc hali s' Dw in'

ÀBTC 13468 (25, 6)
ÀBTC 29603 (26, 1)
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î'BTC 32072 (2't, r)
Àl-cohol rc- D3499 (28' 2\

Pseud.onøj a nuchøIis'Pale/black headed'

ABTC 3029s (29, 1)
ÀBTC 35983 (30, 2)
ABTC 42334 (31, 1)
ÀBTC 42400 (32, 1)
ÀBTC 42401 (33, 1)
ÀBTC 56330 (34, 1)
ÀBTC 56335 (35, 6)
ÀBTC s6348 (36, 1)
ÀBTC 56430 (37, 1)
ÀBTC s5433 (38. 21)
ÀBTC 5644? (39, 1)
.ABTC s6906 (40, 2)
ÀBTC ?s1?3 (41, 1)
À3TC 75176 (42, l-)
ÀBTC ?5180 (43, 2)
ÀB.rc ?5183 (44, 1)
ÀBTC 7519€ (45, 1)
sAM R 56714 (45, 1)
SÀer R 56?15 (47, 1)
sAM R 56?16 (48, 3)
sÀM R 56?22 (49, 1)
sÀM R 56?23 (50, 1)
sÀM R 56?25 (51, 1)

P sødonaj a nuc hal ís'Southm'

ÀBTC ?s5 (52, 2)
ABTC 131?9 (53, 2)
A3TC a5s96 (54, t)
ÀBrc 56264 (s5, 1)
ÀBTC 56269 (56, 6)
À3.r'c 56203 (s7, 4)
ÀBTC 56354 (58, 5)
ÀBTC s6405 (s9, 3)
ÀBTC 56406 (60, 1)

ÀBTC 55410 (51, 1)
ÀBTC 55?03 (62, 1)
ÀBTC 56?l-2 (63, 1)
ÀBTC 5?672 (64, 1)
ABTC 58369 (65, 1)
EBU 33?12 (66, 1)

Pseudonaja textilis

ÀBTC 8920 (67, 1)
ÀBTC 31930 (68, 1)
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ÞB]lC 56274 (69, L')
ÀBTC 56312 (70, 1)
ABTC 5540? (71, 1)
ÀBTC 55473 (72, 1)
À3TC 56478 (?3, 2)
Þ TC 65504 ('74, 2\
EtsU 3930 (?s, 1)
mu 4988 (?6, 5)
wv 4991 171 , 2)
EBU 6463 (?8, 1)
EBIJ 7566 179, 7l
BU ?5?5 1.80, 1)
EBU ?690 ¡:81, 1)
EBU 31801 (82, 2)
BU 31804 (83¡ 1)
EBU 33794 (84, 1)
Àlcoho1 no- 0Q478 (85, 1)

Àlcohol no- QQ632 (86, 1)
ÀIcohol no. QQ?23 (87, 1)

sAM R 56724 (88, 1)
sÀI,r R 56?70 (89, 1)
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Oryaranus microlepídottß AB'lc 5 623'7

Oxyuronus m'.crolep¡Zotus ÀBTc 58709

Oryuranw s@tellarus ÀBTc 29118

Oryuranw scutellørus AlTc 32087

Oryuronus scutellons ÀBTC 44040

Outgroup

Demansia Poøueß¡s ?8TC 72829

Demansiã Poqueßß ÄBTc 72830

Psudechis ownolis ÀBTc 11880

Psadechis øustralis ÀBTc 32031

Pse¿echis cuslrølß ÀBTc 32032
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Pseudonaia ffinis
ASTC 646? (1, 13)
ABTC 6459 (2, 3)
ÀBTC 56325 (3, 4)
ÃBTC 56435 (4, 1)
ABTC ?s129 (5, 1)
ÀBTC ?5133 (6, 1)
¡s1s 7514¡ (2, 1)

Psevdonaia gL;ttatø

ÀBTC 3191: (8, 1)
ÀBTC 32082 (9, 1)
ABTC 5631? (10, 1)

Psudonøja ir{ramacula

ABTC 56393 (11, 15)
ABTC 55414 (12, 1)
ÀBTC 56?9? (13, 1)
ÀBTC 570?6 (14, 1)

Pseudonojo nodesta

ABTC 4?9 (15, 1)
ÀBTC 916? (15, 2)
ÀBTC 41340 (1?, 1)
ÀBTC 55329 (l-8, 2)
A3TC 56391 (19, 1)
AB'ÛC 56432 (2O, 2\
ABTC 58520 (21, 1)

îßTC 75a49 (22, 1\
ÀBTC 7516? (23, 1)

F.FIJ 6428 (24 ' r't

P seud on aj a nuchalis' Duwin'

ÀBTC 134€8 (25, 6)
ABTC 29603 (26, 1)
þE)'IC a2O12 (21 , Ll
ÀLcobol no. D3499 (28, 2)

Pseudonai o rucialis'Pale/black headed'

ÀBTC a0295 (29, 1)
ÀBTC a5983 (30, 2)
ÀBTC 42334 (31, 1)
ÀBTC 42410 (32, 1)
ÀBTC 42411 (33, 1)
ÀB.r'c s6330 (34, 1)
ÀBTC s6336 (35, 6)
ÀBTC 55348 (36, 1)
ÀBTC 56430 (37, 1)
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l.JÞ

ABTC 56433 (38, 2L)
ÀBTC 55447 (39, 1)

ABTC 56906 (40, 2)
ÀBTC 75173 (41, 1)

ÀBTC ?s1?6 (42, 1)
ÀBTC 75180 (43, 2)
ÀBTC ?5183 (44, 1)
ÀBTC ?5195 (45, 1)
sÄr!.r R 56?14 (46, 1)
sÀM R 56?15 (47. 1)
sÀM R 5671ó (4S, 3)
sÀM R 56?22 (49, 1)
sÀM R 56723 (50, 1)
sÀr,t R 55725 (51, 1)

Ps ød o naj a nuch a lis'Southem'

Þßîc 155 (52, 2't

ÀBTC 131?9 (53, 2)
ÂBTC 35s96 (54, 1)

ABTC 55268 (5s, 1)
ÀBTC 56269 (56, 6)
ÀBTc 56208 (5?, 4)
ÀBTC 56354 (58, 6)
ÀBTC 56405 (59, 3)
ÀBTC 5640€ (60, 1)
ÀBTC 56410 (61, 1)

ÃBTC 56?0: (62, 1)
ÀBTC 56712 (63, 1)
ÀBTC 57672 (64, 1)
ÀBTC 58369 (65, 1)
rBn 33712 (66, 1)

Ps%donøia te-Yt¡lß

ÀBTc 8920 (6?, 1)
ÀBTc 31931 (68,
ÀBTc 562?1 (59,
ÀBTc 56312 (70,
ÀBTc 56407 (71,
ÞJBrc 56413 (72,
ÀBTc 56478 (?3,
ABTC 65s04 (?4,
EBU 3930 (7s, 1)
Bgu ¿gee (?6, 5)
EFIJ 4997 (77, 2)
EBU 5463 (?8, 1)
EBü 't566 (19, '1)

EBU 7575 (so, 1)

EBU ?590 (81, 1)
EBU 31801 (82, 2
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EBU 31804 (83, 1)
EBU 33794 (84, 1)
Atcohol no. QQ478 (85, 1)

AIcohoI no. QQ632 (85, 1)
Al.cohol no. QQ?23 (8?, 1)
sÀM R 56724 (88, 1)
sÀI"l R s6?70 (89, 1)

Orywonw microlep¡dohts AB'IC 56237

Oryuranus microlepidotus ABIC 5a7 08

Oryuranw scutellatw ÀBTc 29118

Oryurønus rcuællans ÀBTc 32087
Oryuronus scuellaus ÀBTc 44040

Outgroup

Demaßia PaPuercis AB\C 72829
Denansia PaPuensis ÀBTC 72830

Psudechis austrolß ABTC 11880
Psadechis ausÍolis ÀBTc 32031

Ps%dechis aLrtrol¡s ÀBTc 32032
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cATTTÀccrc ÀTcÀccAcrr rrcrc,ccrAG cÀ.A,¡-cAccrc crAccÀÀccc AcAcAÀÀccc ccÀTTÀTAcr rcrÀÀccccA ccATTccÀcA ÀcATTcrAcc ÀÀTAGcc¿cA AccTGATGÀcPseudonaja øfitis

À3.rc 546? :1, 13)
ABTC 5469 12, 3)
ABTC 56326 (3, 4)
ÀBTc s6435 (4, 1)
ÀBTC ?5129 (5, 1)
ÀBTC ?5133 (6, 1)
ABTC z5r4o (7, 1)

Psudonaja gurtata

A3TC a1913 (8, 1)
ÀBTc 32082 (9, 1)
ÀBTC s6317 (10, 1)

Psudoruiø inYamoculo

ÀBTc 56393 (11, 15)
À3.r'C 56414 (12, 1)
ASTC 56?9? (13, 1)
ABTC 570?6 (l-4, 1)

Pseudonoiø modestq

ABTC 4?9 (15, 1)

-ABTC 916? (16,2)
ÀBTc 41340 (17, 1)
ABTC 56329 (18¡ 2)
ÀBTC 5639i (19, 1)
ÀBTc s643? (20, 2)
ÀBTC 58520 (21-, 1)
ÞßTC 15749 (22, Ll
ÀBTC 7s16? (23, 1)
EBU 5428 (24, 1)

P sad onaj o ntc ha I is' Dux it'
ÀBÎC 13463 (25, 6)
ÃBTc 29603 (26, 1)
?È'.rc 32012 l2'7 , r,
Alcohol. ß. D3499 (25, 2,

Pseudonaja mchalis'Pale/black headed

ABTC 30295 (29, 1)
ÀBTC 35983 (30, 2)
ÀBTC 42334 (31, 1)
ÀBTC 424C0 (32, 1)
ÀBTC 424C1 (33, 1)
ÀBTC s63:0 (34, 1)
ABTC 563:6 (35, 6)
ÀBTC 55348 (36, 1)
ABTC 56430 (3?, 1)
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ÀBTC 56433 (38, 21)
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ÀBÎC 56906 (40, 2)
ABTC ?5173 (41, 1)
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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 altemative states

being .present, or ,absent,. Vy'here 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 frrst indel and 'present' for

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

Distribution of indels arnong rnitochondrial DNA haplotypes observed in this study. 0 = absent, I : present, - : inapplicable'
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Appendix 3
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süe

M@disdæ
Êom soul

tip to
posrdor ad
of mædible

Spæi6

Psqdonøjo aiinis

SpeiEa Nubs

sAM R 18996

sAM R 20605

sAM R 20807

sAM R 24807

sAM R 24808

SAM R 2626E

sAM R 29468

sAM R 52360

wAM R I 15146

v/AMR l19l72

wAM R I19550

WAMR I2ll,l4

Male

Fmale

734

t093

t234

460

662

818

396

t299

373

925

710

t252

126

194

t97

9l

t23

156

69

225

65

r49

140

205

3s0

5.05

464

2-a t

386

342

265

5.r2

2.3t

4.11

3.62

520

2.96

4.06

503

269

3.69

2.39

4.1r

2.t5

3.65

568

220

2.19

303

2.41

I 6't

230

180

325

t 3'7

254

2.5t

365

52t

705

738

412

525

576

379

134

3 8l

594

568

7 4'l

8.46

lt 7ó

12.35

610

817

853

554

ll9l

570

8.96

857

lt 56

313

4'71

432

331

353

4_t4

29'7

4.90

285

4ll

380

413

5 rl

730

701

315

514

5 71

145

76s

3ll

567

5 t8

815

601

I2'l

8.40

5-36

634

6.49

4.30

8.43

4.40

6.65

6.44

I4'1

618

196

878

461

60r

6.09

421

852

4.35

6ó0

662

906

17.16

23 20

25 21

14 0t

16 34

l8 52

l2 38

24 15

12 t4

t9 19

18 47

26.80

23 98

33 58

35 28

l8 79

2t'19

26 18

t6 l5

34.81

l5 85

27 13

25 58

35 63

9ll

t2 29

r3 0l

7.39

8.88

953

616

12 63

615

980

883

t4.r4

13 33

tl E1

l9.lt

801

l0 3l

13 66

665

19 03

610

t2 69

13 09

t7 76

4 6't

612

677

434

486

310

652

286

s.21

4't6

122

t27

t42

728

701

sAM R 18995

sAM R 219s5

536

6 t'7

305

356

335

3 t9

2.6'l

r98

5.02

s24

790

849

663

6t1

17,50

t7 40

23 t9

23 9'7

893

8,65

12 33

12 00

3't3

1.68

462

438

526

5t5



Tail lflgh kgú of
froûlål

width of
ÊoDtal

Dilaæ liom
fos¿¡ lo

Èontal

L6g1h of
preÈonlal

sutue

Mø lqgù
of

$prddæ
Mø laglh
ofpaiEals

Lqgù¡ ol'
pãiáal

lnts@rld
dilmæ

Mø eye

diands

Ma disac€
ÊoE eye ¡o

Dofil

lnlmdiâl
distdce

DiÍæce ÈoE Mø disdæ
soú tip !o Êom $out

ælsior 6d lip lo
ofpãidal Pos6iorqd

sùMe of mdlble

H¿d vidtb

Spei6

Psildonoiø ¡alroMdla

S¡ouLvat
Spæim6 Nuk lÐCth

sAM R 23000

sAM R 26347

SAM R 31704

wAM R 77743

wAMR 104272

vfAMR 125640

wAM R 136095

sAM R 24751

sAM R 24752

sAM R 24755

sAM R 24756

sAM R 24757

SAM R 25702

SAM R26474

SAM R 28457

sAM R 29026

sAM R 3 1599

sAM R 3 1698

l 130

865

l0l7

575

'112

I r99

9t7

7.05

6.56

't.74

489

539

't 62

6t7

3.85

4.25

4.16

284

2.94

3.83

370

445

375

397

3.03

2.96

3.48

3.87

l0 90

954

l0 74

6.49

7.41

l0 76

921

8.20

6.87

'129

472

5.30

825

610

32 54

26.50

31 88

202'l

2t 93

33 02

29.27

I 1.67

l0 ll

|42

750

1;t5

11.83

989

t4 45

r4 l0

15 40

10.09

r0 00

14 84

15 lt

624

4'79

597

370

4 0'l

64t

505

t8l

155

l8l

109

t14

204

t62

295

t<1

269

t79

201

3.35

241

645

579

6s6

453

483

'l lI

584

23 24

t9 2l

2t '11

14.60

l5 7l

23 6'l

20.30

4'13

409

4;tI

7^1

356

465

3't4

t279 4 12

615

578

641

450

439

664

606

Male

l 188

I'l'l

953

tt'19

457

t023

ll'14

7't'7

742

634

879

4t5

173

36s

4.38

252

4.18

447

3.24

349

3.08

3.74

3.32

2.87

2.85

4.10

209

262

386

255

264

250

3r0

649

s49

602

'7.32

4.08

6.91

6 6'1

593

s44

445

583

10 03

897

958

ll 2l

585

l0 90

10.64

9-21

806

't 0'l

862

23.02

t9 79

2l 13

24 98

t3 20

2229

23 9l

t9 46

t1'16

15 95

20 03

30.38

26 56

29 0l

34 80

16.99

30.25

33 03

26'10

25 88

2t 63

27 l'7

t227

968

l0 15

12 45

646

I 1.82

12 lo

t0 r9

932

822

ll 19

t2 2l

tt 17

t225

16 46

't 26

l3 l7

t5 85

ll98

t2 )2

tt 24

14 55

5.92

5.29

543

6.67

3 2'l

5.26

6.22

507

4s8

4t2

5- r0

730

607

574

7 7'l

3 '11

665

7t4

570

5.65

440

636

195

164

187

223

89

r8l

189

r42

154

t26

158

133

690

684

8.3?

4.99

1 't'l

1.8'l

6.55

6.1ó

s.l2

6.80

5. l5

491

4.92

590

320

4;19

614

4.49

4.6J

412

5-06

738

660

6.8t

798

4t4

19'l

'1 46

6.81

560

536

589

501

4il

4.35

stl

3ll

4't7

480

428

4t6

3 3'l

424

\
G

\
Ë'

18 l0 24.62 9 55
Female

SAM R 25422 706 149 629 3_20 395 250 563 845
4't8 546



Speimo Nubs Sooùlvml
16srtr

Logù of
Font¡l

Widlù of
6'0Dtal

Dste@ ûom
dallo
Êoúål

M@ l@gth
of

supEæddssp6i6

Pseulonøj o mc hali s'Dwø

Male

Female

Psandoruja whalß ?alq/black haded

Male

Lqglb ot
prelimt¡l Mø Ìogùr

ofpddals

Lãglh ot
pùidâl
sÚe

Dislæ@ from Ma difmæ
sout tiP lo Êom 9il1

æs6ior ad liPlo
ofpriaal postciorod

$tre ofnædible

Iûsædd
distææ

Mmrye
dimdq

Mø digæce
Êom rye to

ûosil

lntmùial
difdceH6d widù

Tail øglh

sAM R 36588

sAM R 38193

SAM R 56?7I

sAM R 57076

687

779

948

92t

153

t68

t'l'l

l9l

322

3.41

3.31

3 8l

3 9l

445

168

496

i 1t

533

4 9'l

6.t'7

6.42

690

6.09

3 ,1'l

383

4s9

4.13

2.55

2t8

2.88

4E9

559

516

5_t0

O.JJ

6.03

600

17.61

18.60

19.89

18 28

23.94

24-30

28 09

24 57

876

929

l0 04

891

t2 94

10.75

t2't7

n08

4 4'l

442

5.03

4.44

118

893

924

833

l.J

NTM R 10685

sAM R 56773

sAM R s6774

sAM R 5677s

lll6

991

859

9't'1

224

190

148

189

8.53

't.73

6.76

't.4s

424

444

372

403

434

4.06

289

32t

7.66

602

528

s90

ll8l

l0 5l

899

10.20

8.54

'7 44

638

760

26 40

22.90

l9 4l

2t 70

17.45

30 6ó

21.38

29 95

12.26

lr 00

9.40

t0'12

t1 12

13 39

t3 25

14 63

564

462

396

433

7.18

602

457

5 6'7

2.t5

243

179

173

8 16

600

5?0

631

't -t5 22.42 31 6l r0 ?5 t3 25 4.42 594 619

sAM R 56772 r092 205 7.76

|12

98

r62

t46

ll9

189

3 89 367 186 6.38 955

4.91

387

5.35

568

49E

s99

sAM R 2098 I

sAM R 21025

sAM R 21413

sAM R 21414

sAM R 24821

SAM R 2853 I

8r5

484

781

835

608

1028

6.35

431

6 t'l

664

584

't 09

356

250

326

3.10

3.08

4.05

230

186

2_12

2.36

r8ó

978

685

811

929

1.11

1108

7.t6

4.96

664

679

495

799

19 ló

l3 80

18 96

18 84

15.16

)) 15

18.37

26 50

26 59

21.38

31.57

9.31

661

865

9.53

191

10.95

t2 96

919

12 90

t4 21

tl 26

14 48

486

355

5.07

525

430

606

3 4l

?88

390

413

2'7'7

370

385

283

408

355

313

369

587

370

5 6'7

514

465

742

\\\
s

Þ<



Spëië Sp6iúð NubE Snoul-vflt
l@gù

Tail 16gth
L@glì of

ftonlal
Widlh of

Êoutal

Dilæc€ Êoú
rcfô¡ t)
f-otrl¿l

hgù of
pfeûonal

Mtr l6eth
of

suprmlds

Mru logrh
ofpdidals

LÐgù of
pdic¿l

Di$Ðce Fot M@ dilæce
sroùl lip to ËoE $our

ffirøior od liplo
'ofpdidal 

PolqiorÐd
{tue ofmmdible

hl6ædü
disdce

Hød widl.h
Mørye
dimds

M@ dilãæ
froú ry1o

no*il di5úce
sEe

sAM R 29360

SAMR51516

SAM R 5 I591

sAM R 51592

sAM R 56714

sAM R 56715

sAM R 56723

sAM R 56725

WAMR 103848

wAM R 103849

wAM R 103923

wAMR 104187

vúAM R I 15021

wAMR l150ó2

wAMR 1t5063

wAMR l15l80

wAMR t15l82

wAMR l15t83

wAMR I15276

wAM R I15607

wAM R I15609

vvAM R 115751

wAMR ll5?52

wAM R I19293

999

794

't69

199

1007

876

l0l2

I067

659

946

588

1't6

842

896

841

821

322

313

386

699

874

693

800

666

l8l

143

146

156

I't4

ts'7

178

t86

121

112

t23

155

146

t't5

158

l5l

5l

62

'16

125

r68

t29

t4'l

106

'1 t4

566

5.93

635

't t4

5.92

6.91

6.32

s73

6.43

s27

620

6.28

ó.68

590

3'15

3.80

4.15

526

635

554

575

5.88

4.32

329

1.46

3.0'1

3.92

3-18

388

397

2.83

401

2.94

341

378

3.92

3-20

3.35

1.98

1.80

2.20

3.03

3.45

267

3.34

2.94

515

314

317

319

166

3.80

3.96

3.91

3.25

350

2;15

330

320

3.90

3.12

3.20

r46

195

3.19

3.25

2.9'l

153

199

340

231

l7l

214

2.26

2.47

2.59

247

151

260

1.75

244

189

2.43

2.40

2.25

085

125

1.39

2\6

t53

2.44

1.92

530

505

544

593

4.80

5.'7 |

i.55

443

553

439

498

4.74

5.55

510

500

2.99

307

320

468

5.23

429

505

4.35

154

6;t6

6. t4

661

695

603

7.1 I

7'l'1

524

135

5.36

'1.21

578

6.10

6.25

5.40

365

3.80

349

5.62

630

466

600

569

22.t0

I'1.63

17.70

l7 45

2t 20

l8 59

2 t.48

2t 4'7

16 3l

20.15

t5 76

l9 89

t'l.87

19 80

18 99

17 65

t0 28

I0.64

lt 50

t5 82

I9 8l

15 80

t't 73

16 84

10.5 I

't 61

819

834

955

894

983

9.43

8.04

926

1.66

861

866

9.60

906

890

47t

515

580

7.88

9.88

'7 84

83s

7.81

14 t5

ll39

I 1.84

t2 56

l4 50

14 0t

l3 01

12'76

t2't3

13.67

l0 49

t0 45

t2 9l

t4 34

t4 23

12.25

ó,50

600

836

12 15

14 6l

ll70

12 59

l0 92

440

342

356

111

398

3s0

392

380

305

3 3l

t71

371

311

346

354

3.22

228

230

225

300

356

284

323

3.16

6.05

455

453

4.63

582

494

585

558

432

3.86

411

4.76

532

5 13

470

2.31

250

291

4.24

510

423

4_64

4ll

6'15

435

520

486

559

535

624

60E

482

558

434

5 3l

533

566

565

506

270

341

3.46

5'l'7

411

5 3l

568

l0 25

8.74

810

8.92

10.41

913

10.03

l0 90

722

10.52

735

9.t7

8.7s

916

8.98

8.22

5.0E

5.07

5.20

1.36

9-34

1.20

846

791

l0 l0

23 93

23 38

24 06

29 90

,< o?

29 46

29.15

2298

26 54

20'n

25 59

25.03

26 96

26 09

24 56

l3 l3

13.15

t5 76

2229

26 92

2t 43

24.55

22 79

\
C!

F'



Spdimo NMbq SDoú-vol
I@eù

Tåil logb hgrb of
Êdlal

widú of
&@tal

Di$æce liom
ñdlo
footal

Mø lagth
of

sP6OCulæ

Iøgrh of
prúodal

Ma logrh
ofpriqãls

Laglh of
pãidal
stte

Dirúce Èoú Mø di$ilce
sout tip to Êoú sou

Ff,sior Ðd tip lo
ofpãidal Posmorqd

$Ee of mædible

tûtEæult
disdcc Hsd widllì

Mø €fe
dimds

Md dilæce
Êom eye to

noffil

Intmritl
dirdcc

Speie slue

Female

Þ

AM R 150262

NTM R I832I

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

wAMR 102045

wAM R 103924

wAMR 114659

wAM R I 14ó61

wAMR 114663

wAM R I 15608

wAMR l15610

wAMR 116498

wAMR 119526

13 46

15 78

16 5l

20 0l

2t.34

r8.80

t't.54

t5.14

18.r4

20 09

t'l 9l

18 37

14't5

2025

18.90

18.05

14.40

19 96

16.80

2t 59

t7 5l

20 25

2t 49

27.28

28 8r

251'7

23 t9

19,58

25_35

27 94

24 74

24 93

r9.88

27.08

2622

25 t3

20. l6

2'l s9

21 56

29 ll

103

621

661

9't7

913

809

792

'105

86ó

99s

839

't55

634

933

935

892

601

990

133

tÛ't'l

103

ll6

llE

166

116

186

138

t2t

t43

t5'l

158

150

ll4

t62

r69

t64

lll

t17

136

206

425

4.85

4.88

6.36

6.80

6.ll

5.32

5.32

5.56

625

5'12

5.94

499

5.96

6.35

5.32

4.89

6.65

s.65

1.35

226

269

2.26

364

379

353

261

2.60

323

3.64

320

3.05

250

3.70

328

326

2.69

345

287

4.06

215

244

329

415

3.84

364

320

284

315

3.03

3.40

239

332

291

3 0l

246

365

307

3.29

l.4A

1.43

2-t4

2.70

22'1

t¡,

2.01

1.83

r54

2.36

148

240

1.46

2.10

2.00

1.80

166

22'1

183

2-32

393

407

490

s17

5.s4

525

4.52

500

4.'16

558

456

s.2t

386

5.23

5.t8

483

421

5.42

473

57s

696

'1 55

803

l0 08

l0 88

9-t'1

E.33

7-74

9.24

9.95

8 4l

8.41

684

976

8 8t

86s

6.69

815

7.16

I 1.02

5.09

600

6.38

669

1q)

6.33

676

5.34

666

694

5.91

665

49t

'7 44

6.30

66s

482

680

622

757

569

7 3l

144

t0.26

10 38

8 8l

814

715

869

898

810

830

6.85

928

857

855

6.99

929

7 8l

955

8.80

t4'70

1108

t3 67

l4_81

t4 42

ll ó6

887

r3.39

t2_07

tr 42

t2.20

10.45

l4 5l

t3 12

l4 38

t0.25

15.54

t2.78

12 90

282

303

3.45

358

l7'l

3.61

3.33

298

3.23

3ó0

323

3'12

285

376

3.ó3

339

267

364

316

389

341

4lr

4.23

5ll

616

501

450

3ó5

470

535

484

488

370

482

5 0l

468

363

498

433

549

347

448

438

595

660

555

5 31

424

505

553

508

485

410

553

561

503

464

5 9l

445

5'78

\(\
È
ç'



spæimo Nubs S¡oþvqr
169tr

Tail l6g1h
L@g¡h of

tu¡lal
Widú of

ftonlal

Disæce Ëom
rcsal lo

ÊonbI

M@ logilr
of

spruæulæ

Mø lagdr
ofpùiEals

Iãglh o¡
pdidat
sM9

L6glh of
preFonlal

Dislææ Êom Mø dild@
soul tip to Êom soul
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Appendix 6

Geographicalgroupsweredelimitedonthebasisofcollectinggapsandpresumed

physiographical barriers (e'g' Great Dividing Range' Spencer Gulfl'

Geographical groups delirnited on the basis of collecting gaps and presuned physiographical barriers' Abbreviations are:

cenNSW - central NSW, CenNT - central NT, CR-Asp - central ranges and Alice springs' Dar - Darwin' EyrPen - Eyre

Peninsula,Flin-oR_FlindersandolaryRanges,NSWnc_NSWnorthcoast,YorPen_YorkePeninsula.

Thehomogeneþofeachgroupwasassessedusingprincipalcomponentsanalysis.

Separate analyses wore pcrfonned 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

n
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Appendix 6

mitochondrial DNA clade. These groups were divided (still) fudher according to the mitochondrial

DNA clades in which specimens were placed'
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The final geographical groups employed are listed below
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Mitochonrial DNA Clade Geographical Group Included Specimens
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SAM R 5ó773

SAM R2482I

SAM R 2I4I4

SAM R2O98I, SAM R21413

SAM R 2I025

SAM R 28531, SAM R 29360, V/AM R 103848. V/AM R 103849' V/AM R 104187' Vr'AM R

îiiozi.-wÁrtr R 115062. wAM R 11s063, wAM R 115180' wAM R 115607' \ilAM R

t isoos, wnNa R I 15751, wAM R 1 1s752, v/AM R I 19293

\vAM R 115183, WAM R 115276

v/AM R 115182

NTM R 1832I

SAM R 46920, SAM R 56716, SAM R 56720' SAM R 56722

AM R 150262, SAM R 21415, SAM R 36953, SAM R 42333

EyrPen (1)

EyrPen(2)

Flin-OR (1)

Flin-OR (2)

wA(1)

lvA (2)

wA(3)

CenNT

CR-Asp

Flin-OR

Female

165



Appendix 6

Mitochoûial DNA Clade Ceographical Group lncluded Spæimens

wA(l)

wA (2)

Psudonaio nucholis
'Southem'

Male

CenNSW

EyrPen

YorPen (l)

YorPen (2)

Fe¡nale

CenNSW

CR-Asp

EyrPen (l)

EyrPen (2)

Flin-OR

YorPen (l)

YorPen (2)

YorPen (3)

Pseudonqio text¡l¡s

Male

CenNSW

Flin-OR (1)

Flin-OR (2)

NSlVnc

YorPen

Female

CenNSW

CR-Asp

Flin-OR

NSWnc

sAM R 29288. SAM R 29407, WAM R 102045' WAM R 114659' Vr'AM R ll466l', wAM R

iriàei, wnvr n 115608' v/AM R ll5610, v/AM R 116498

v/AM R I 19526

SAM R 465I3

Flin-OR 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

AM R 157294

SAM R 18599, SAM R 21163. SAM R 22746, SAM R 3169I' SAM R 42409' SAM R 42410'

AM R 15729

SAM R 18600

SAM R 2ll410, SAM R 24411

SAM R 18994

SAM R 36352

SAM R 21432, SAM R 21433. SAM R 21434

SAM R 25058

SAM R21435

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 15ó942

SAM R 25070, SAM R 3170I, SAM R 56770

AM R 142766

SAM R 56724

SAM R 19943

AM R 153008

SAM R I8605, SAM R 31697YorPen
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Appendix 7

Scale counts recorded ¡or nom i¡al p. afrìnis, p. inframacula, P. nuchalis, a¡d P. texlilis specimens in the sAM'

Spdimm nurnbs Numbq ofvolråls
Numbq of
sùbcåudals

Nilnbq of
doßål rcws ål ñrs

v6lral

Núbs of
doß61 rovs ål

midMy

NumbtofdoNal
rows al mål

Nurnbq ol

had lqglh
poslflof

lo f,åndnls

Numbqof

hød l6glh
mlcior lo vmlSpæie

Pseúon$a oLfittis

Pseudonaja ifiiamaada

SAM R 18995

SAM R I8996

SAM R 20605

SAM R 20807

SAM R 21955

SAM R 22974

sAM R 23000

SAM R 24807

SAM R 24808

SAM R 26268

SAM R 26347

SAM R 29468

SAM R 31704

SAM R 52360

SAM R2475I

SAM R 24752

SAM R24755

SAM R 24756

SAM R25702

SAM R 26474

SAM R 28457

SAM R 29026

SAM R 3Ió98

SAM R 31599

SAM R24757

SAM R 25422

SAM R 31599

SAM R 3ó588

SAM R 38193

SAM R 57076

SAM R 5677I

SAM R 56772

sAM R 51 138

SAM R 5ó774

SAM R 56775

SAM R 56773

223

220

212

212

2t9

209

220

204

219

221

222

211

211

213

58

6l

62

59

63

55

56

60

61

63

60

58

57

59

20

22

2l

23

23

22

23

22

23

2t

22

2l

23

23

t7

t7

17

t7

17

l9

19

l9

18

t9

t7

l9

l7

l8

t7

t7

t7

t7

l9

r9

l9

l7

t7

19

17

l9

l9

t7

t5

l3

t3

t4

15

15

15

13

15

l3

15

l5

l5

15

l5

l5

t6

l5

l5

t7

17

l6

l5

t6

l6

l5

15

15

208

204

r99

195

200

198

195

200

200

201

208

204

202

202

199

205

205

59

58

62

63

61

58

58

64

55

62

66

60

62

62

56

61

58

l9

20

l9

l9

2l

2l

2l

2l

20

20

20

22

21

20

2l

21

23

l7

17

17

t7

17

17

l7

17

l7

17

17

11

't1

17

l7

17

't7

t7

17

17

t7

t7

t7

17

t7

l7

17

17

17

17

t7

l7

l7

l7

13

l3

l3

13

l3

l3

l3

l3

l3

t3

l3

l5

13

l3

l3

l3

l3

l6

l6

l5

l5

l5

l5

l5

l6

l5

l5

l5

l5

l5

l5

l5

15

t5

204

199

198

t94

199

51

62

58

60

6l

24

24

23

25

23

l9

l9

21

2l

19

l7

l7

17

17

l5

'14

l5

16

l5

r5

l5

t7

l5

l5

Ps e ud o naj a w rc h alis'Daruin'
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Appendix 7

Numb6 ol'

h4d 169ú
¡osl6or

lo ptriqals

Nilrnbs ol
dorsal rows one

hdd lqglh
als¡or to vot

Nornhqol_
suhsurlais

Ntrmbs ol
doßål rovs trl fiN

vmlrol

Nunrbs ol

midbdly

Nilrnts ol dorsa¡

Species

Ps et rdonai a nuch ttlis'Palelblack
headed'

Ps etdo naj a nt Lch a/iç'Southem'

Spe¡[s numhs Nuilhq ofvðtals

SAM R 5ó723

SAM R 56725

SAM R 56714

SAM R 2853 I

SAM R 29360

SAM R 56715

SAM R 56716

SAM R 56719

SAM R 56720

SAM R 5ó722

SAM R 46920

SAM R 36953

SAM R2I4I4

SAM R 214I5

SAM R 515I6

SAM R 5I59I

SAM R 51592

SAM R 20981

SAM R21025

SAM R21413

SAM R 24821

SAM R 29288

SAM R 29407

SAM R 36954

SAM R 42333

203

206

205

210

2t2

199

203

206

204

205

215

21t

206

204

210

209

207

208

210

203

201

22t

214

55

59

56

58

63

55

49

20

21

2l

2t

2l

2l

l9

l9

20

21

21

21

l9

2t

21

17

t9

l7

!7

l7

l7

t7

t7

t7

t7

t7

17

l7

17

t7

l7

t7

t7

t7

17

t7

17

17

17

t7

11

t7

t1

17

t7

t7

t7

t7

t7

t7

17

17

't7

l3

15

13

l3

l3

l3

t3

15

l3

15

14

t3

l3

13

l3

l3

l3

l3

l3

13

l5

15

l5

l5

1ó

t5

l5

l5

15

l5

l7

l5

l5

l5

17

t4

l5

l6

l6

15

l6

l5

l3

t5

l7

l7

50

62

5l

56

55

52

5ó

58

58

58

6l

58

58

58

59

2t

21

21

23

2l

21

2l

20

2l

17

t7

t7

17

r7

l7

t7

t7

17

SAM R I8598

SAM R 18599

SAM R I 8600

SAM R I 8994

SAM R 2I163

SAM R21432

SAM R21433

SAM R21434

SAM R 21435

SAM R 22746

SAM R 24410

SAM R 2¿1411

sAM R 24778

SAM R24828

SAM R25058

SAM R 25295

SAM R 28559

SAM R 31690

SAM R 3169I

224

223

2t0

219

221

209

215

226

218

2t7

211

219

209

209

2t4

220

215

210

208

212

54

5ó

59

56

48

53

52

49

52

49

47

50

56

47

55

5ó

53

50

54

l9

21

22

21

23

23

22

22

20

22

2l

22

23

2l

22

23

2l

22

23

17

19

19

17

l9

l9

19

19

19

t9

19

18

l9

l8

19

l9

l9

t9

l9

t7

't7

t7

17

17

17

17

l7

t7

17

17

17

t7

t7

t7

17

t7

t7

l7

t1

l3 l5

l3

l3

l3

13

13

l5

l3

t3

l3

l3

l3

r3

l3

l3

l3

l3

13

l4

l3

15

1ó

l5

15

15

t8

l5

l6

l5

15

t4

l5

l6

l5

15

l5

15

l6

l5
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Appendix 7

Slcimanumbs Numb6of v6hls
Nnmbs of
sutrcaulals

Nur¡bsof
¡{uúbq of dNd rows one

dorsûl rcws ¡t ññ hsd loglh
vøÛ¡l Po$qior

10 lrtid€ls

Nomlt6 of
doNal rows at

midbody

Nümbdo[
doß¡l row me

hød ltglh
dtÉiorlo vmf

Ntrmbq ofdosol

Spæies

SAM R 36306

SAM R 36352

SAM R 40497

sAM R 40758

SAM R 40?59

SAM R 42409

SAM R42410

SAM R 4ó467

SAM R4ó513

SAM R 49359

SAM R 25070

SAM R31692

SAM R31701

SAM R 56770

SAM R 31697

SAM R 18ó05

SAM R 19943

SAM R 42663

SAM R 56724

212

224

213

2'10

207

212

219

208

212

209

52

50

54

54

63

51

51

54

56

52

22

20

21

22

2'l

23

23

2l

22

20

l7

t7

l8

l9

19

19

t9

l8

19

19

t7

17

17

17

17

r7

t7

t'7

17

t7

13

l3

l3

l3

13

t3

l3

l3

l4

l3

15

l5

l3

17

l5

14

15

16

l6

r7

Pseildoilaid textil¡s t99

2lo

t94

203

203

205

2lo

229

63

64

68

64

70

62

66

23

21

l9

21

20

19

21

2l

2t

t1

17

r7

17

17

19

t7

19

17

17

r7

t7

t7

17

t7

t7

13

14

l5

t3

l5

15

l3

l5

15

17

16

15

t7

t7

17 15 15
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Appendix 8

Canonicalscoresforthefirsttwocanonicalvariatesextractedinadiscriminantfunctionanalysis

including all rnale sPecimans.

Mitochondrial DNA Clade Spæimen Numbø Cmoniøl vuiate I Caûonical viliato 2

Preudonaia olJìn¡s

Psildonqjo ¡t{rømsculø

Psqdonsi a nucha lís'DN E'

Psudonoj ø nuc h t lis'Pale/blæk
heded'

SAM R 1899ó

SAM R 20ó05

SAM R 20807

SAM R 24807

SAM R 24808

SAM R 26268

SAM R 29468

SAM R 52360

wAM R 119172

wAM R 119550

SAM R 24751

SAM R 24752

SAM R 24755

SAM R 24756

SAM R 24757

SAM R 25702

SAM R 28457

SAM R 28559

sAM R 29026

sAM R 31599

SAM R31698

NTM R 10ó85

SAM R 5ó773

SAM R 56774

SAM R 56775

SAM R2098I

SAM R 21025

SAM R 21413

SAM R2I4I4

SAM R 24821

SAM R 28531

SAM R 29360

SAM R 51516

SAM R 5159I

sAM R 5t592

SAM R 56714

SAM R 56715

SAM R 56723

-1.30

-0.74

0.15

8.43

-1.01

0.41

0,11

0.52

0.40

-1.87

-0.3ó

0.52

r.60

-s.44

-1.81

-0.10

-8.56

2.40

0.89

:2.09

4.72

2.81

2.to

3.89

4.39

2.64

2.63

-r.33

2.53

l.8l

5.r8

1.39

-1.10

-0.85

-0.04

-6.79

-0.11

-2,11

0.04

3,43

4.09

-1.9s

-2.30

0.21

-2.54

-2.59

1.19

0.17

0.ó8

t.94

-2.53

4.52

-1.38

-0.51

-1.63

-3.93

1.10

-3.16

-3.42

-1.64

-2.74

-'t 72

-1 46

-1 30

-7.18

-1.36

0.52

-2.52

0.05

-1.22

-0.24

-0.64

r.19

1.24

-0.27

0.66
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Appendix 8

Spæimen Numbq Canonical vüiate I Cmonical vaiate 2
Mitochond¡i¿l DNA Clade

Ps ildo nqj s nuc halí s'So\¡hfr'

Psildonqjs texl¡l¡s

sAM R 56725

v/AM R 103848

wAM R 103849

wAM R 104187

wAM R 115021

wAM R 115062

wAM R 1150ó3

wAM R 115180

v/AM R 11s182

wAM R 1t5183

wAM R 115276

wAM R 115607

wAM R 115609

wAM R 115751

wAM R 115752

v/AM R 119293

AM R 157294

SAM R 18598

SAM R 18599

SAM R21163

SAMP.22746

SAM R24778

sAM R24828

SAM R 25295

SAM R31690

SAM R 3169I

SAM R 36306

SAM R 40497

SAM R40758

SAM R40759

SAM R 42409

SAM R42410

SAM R 46467

SAM R 46513

SAM R 49359

AM R 141106

AM R 149264

AM R 151551

AM R 151570

AM R 151699

AM R 152761

AM R 153025

AM R 156908

AM R 156942

SAM R 25070

-3.23

-3.47

-3.37

-2.48

-3.50

-2.20

-2.32

-0.97

-8.73

-4.05

-4.51

-2.35

-1.99

-2.43

-2.56

-5.04

0.52

-0.87

-0.64

-2.09

-0 14

-0.93

-0.64

-0,27

-8.23

-9.06

-8.00

-0.ó8

-0.40

-0.51

-1.34

-r.20

-3.05

-0.60

-o.37

-0.91

-1.42

-0.r3

-1.98

-0.85

-0.25

-0.95

_) )<

-7.25

-1.92

-0.57

-0.01

0.41

-0.37

-1.86

-l.72

6.52

4.74

5.25

4.89

s.49

4.79

4.83

3.75

s.80

5.45

2.71

4.t0

0.20

2.05

3.20

2.24

2.14

3.60

0. t7

1.22

1.M

1.83

-3.26

4.45

2.80

t.64

2.40

1.83

1.14

-1.95

-1.07

2.61

0.28

0.50

0.97

0.99

-0.23

t.9l

4.31

l'11



Appendix I

Specimen Number Canonical vuiate I Canonical veiate 2
Mitochondrial DNA Clade

SAM R 31692

SAM R317OI

SAM R 56770

3.94

4.98

6.82

-0.86

-2.70

-3.1 8

canonical scores for the lìrst two canonical variates extfacted in a discriminant function analysis

including male specimens of the Pseudonaja ffinís, Pseudonaja nuchalis 'Darwin" Pseudonaja

nuchalis.Pale/black headed,, and Pseudonaja nuchalis .Southem, clades (excluding SAM R

21025, SAM R24807, SAM R29468' l/AM R ll5l82' WAM R 115183' and 'WAM R 115276)'

and SAM R 28559.

Mitochondrial DNA Clade Spæimen Numbe Canonical vdiate I canorical vtiat€ 2

Pseudonoja aJJìnis

Pseudonaj s ¡ nlrqmaculo

Ps ildo nsj ø nuc h4 l¡ s'DNiú'

Psudonoj a n uc h alis'Paldblæk
headed'

SAM R 18996

SAM R 20605

SAM R 20807

SAM R 24808

SAM R 26268

SAM R 52360

wAM R I19172

wAM R 119550

SAM R 28559

NTM R IOó85

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 515Ió

SAM R 5159I

SAM R 51592

SAM R 5ó714

SAM R 56715

SAM R 56723

SAM R 56725

0.35

0.17

-2.45

0.06

0.23

-1.90

-0.76

373

-1.26

2.28

3.14

1.91

1.66

2.06

1.53

-1.72

L9l

2.70

0.74

1.39

0.00

2,17

3.83

1.75

2.38

2.19

3.28

3.93

-1.28

2.91

1.45

0.77

2.77

2.75

0.37

2.52

2.2t

1.53

2.lr

t.32

0.85

-2.15

-1.03

aa1

-1.16

0.51

2.14

L54

0.61

-0. l5

-t.06

0.25

1'72



Appendix I

Sp$imen Numbq Cilonical vùiale I Canonical vdiate 2
Mitochonùiat DNA Clade

wAM R 103848

wAM R 103849

wAM R 104187

wAM R I15021

wAM R 115062

wAM R 115063

wAM R 115180

wAM R 115ó07

wAM R 115609

vr'AM R I 15751

\vAM R I 15752

wAM Rl19293

AM R 157294

sAM R 18598

sAM R I 8599

SAM R 21 163

SAM R 22746

sAM R 24778

SAM R 24828

SAM R 25295

SAM R 31690

SAM R 3Ió9I

SAM R 36306

SAM R 40497

SAM R 40758

SAM R 40759

SAM R 42409

SAM R424IO

SAM R 46467

SAM R46513

SAM R 49359

2.88

2.49

5.01

2.94

2.98

2.43

2.11

t.7l

2.10

1.9'l

2.55

1.44

-1.83

-1.52

-0.8ó

-0.94

-1.39

-o.71

-0.78

-1.61

-029

-1.48

-1.52

-2.58

P s qd o n ai a n uc h o l¡ s'S o\ll¡.n'

Canonical scores for the fìrst two oanonical variates oxtracted in a discriminant finction analysis

including all female sPecimens.

Mitochondrial DNA Clade Specinen Numbq Cmoniøl vùiate I Cmonical vaiate 2

-0.66

-5.16

-2.64

1 to

-5.32

-3.79

-3.69

-3.20

-2,59

-3.12

-2.26

-3.18

l,91

-3.35

-5.33

-3.49

4.39

-1.26

-2.08

0.59

1.07

-0.86

-0.71

0.51

-1.62

0.01

0.90

-0.97

0.47

-0.88

3.1l

2.61

0.93

-1.88

-0.10

-0.47

- 1.87

-0.40

SAM R 18995

SAM R 21955

SAM R 23OOO

SAM R 26347

-2.89

4.00

-0.74

-3 69

-1.22

-0.59

-1. l5

-2.03

Psudonoia oflinis

t73



Appendix I

Specimen Numbo Canon¡øl vùiate I Cilonical veiate 2
Mitochondr¡al DNA Clade

Psudonaia infranoculø

Pseudo nai a nuc ha l¡s'DN td

Psudonai o nuc høl i s'Patdblæk
h€ded'

P s eud o nøi o n uc h o I i s'S oulbø'

SAM R 31704

v/AM R 104272

ttvAM R 125640

wAM R 13ó095

V/AM R 77743

SAM R 25422

SAM R 36588

SAM R 38193

SAM R 5677I

SAM R 5707ó

SAM R 56772

AM R 150262

NTM R I 832I

SAM R 21415

SÀM R 29288

SAM R 29407

SAM R 36953

SAM R 42333

SAM R46920

SAM R 5ó716

SAM R 56720

SAM R 5ó722

wAM R 102045

wAM R 103924

rrvAM R I14659

v/AM R 1 14661

wAM R 114663

wAM R 115608

wAM R r 15ó10

r!¡/AM R 116498

wAM R 119526

AM R 157295

SAM R I8óOO

SAM R 18994

SAM R 21432

SAM R 21433

SAM R21434

SAM R21435

SAM R244IO

SAM R24411

SAM R 25058

SAM R 36352

-3.13

-1.04

0.55

1.15

-5.84

-3.24

-3 68

-0.96

0.40

-4 45

-6.43

-5.52

-5.25

-3.28

-1.79

-l.08

-0.27

1.37

2.31

1.17

2.80

-2.04

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

3.14

2.67

2.47

3.14

3.07

4.46

2.27

4.30

1.06

L08

4.52

3.23

0.39

0.1s

-0.47

-0.32

2,4s

-0.07

r.44

l.l2

L08

-0.64

1.60

l.2s

2.56

0.73

4.37

-0.01

-0.33

-0.79

-0.43

-4.19

0.85

0.72

l.l3

4.64

-5.63

-3.24

_1 17

-5.77

-5.21

-5,M

-7.12

-5.08

-3.51

-0.54

-3.24
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Appendix 8

Canonical vuiate 1 Canonical vriate 2

i\4itochondtìal DNA CIade Specimen Number

Ps?udonaia lerl¡lis AM R 14276ó

AM R 153008

SAM R I 8ó05

SAM R I 9943

SAM R 31697

sAM R 56724

-9 3l

-3.83

-11 68

-5.79

-10.53

-3. l0

-0.32

404

463

5.88

274

3.72
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