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ABSTRACT 

Previous studies of two species of Northern Hemisphere algae 

(Ricus spp., Fucales, Phaeophyta), have shown that the geographical 

expression of their morphological variation takes the form of a fine-

scale mosaic super-imposed on weak clines. Over 80% of the 

morphological variation (excluding between individuals differences) 

was expressed over a scale of less than 10 km. This work is here 

extended to the Tasmanian endemic alga Xiphophora gladiata (Fucales, 
Phaeophyta) and to still finer geographic scales (100's of kilometres 

to centimetres). Pattern analysis of the distribution of X. gladiata 
showed that, within its major beds, it grows in pronounced clumps 

(typically 10 cm in diameter and 15-25 cm apart), which formed the 

primary units for morphological analyses. 30 characters were 

measured on each of 2488 plants from - 14 sites around Tasmania. 

Multivariate and univariate analyses of these data showed that the 

clumps differ markedly in morphology but that there are only limited 

differences over larger scales (metres to 100's of kilometres). 

Since the variation occurs over such fine scales, it is only weakly 

related to such environmental factors as exposure, in marked contrast 

to the pattern in Fltcus. In a search for the factors controlling 

morphological variation in X. gladiata, an improved technique for 
electrophoresis of brown algal enzymes was developed. An 

electrophoretic survey of 26 gene loci was performed on all of the 

individuals from four neighbouring clumps from one site. The clumps 

were found to differ markedly in allele frequency (Nei's Distance 

0.12 to 0.36) and to have a significant excess of heterozygotes. 

These results are compared with patterns of differentiation observed 

in other algae and in higher plants. Mechanisms which could promote 

such a high degree of differentiation over such small geographic 

scales are discussed. Other possible influences on morphology that 

were examined included the response of X. 'gtadiata to wounding, 

seasonal variation in morphological characters and environmental 

correlates. Finally, the taxonomy of the genus Xiphophora was 

reviewed. Some implications of the morphological and genotypic 

patterns observed in X. gladiata for the speciation process in this 
genus are discussed. 
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INTRODICTION 

The Fucales, and marine macroalgae in general, have very simple 

thalli which can display only a relatively limited range of 

morphological variation. Yet most authorities on this Order stress 

the 'extreme variability' and 'high degree of plasticity' of these 

plants (e.g. Thom 1983; Russell 1978; Powell 1963; Burrows 1956; 

Burrows & Lodge 1951). This choice of terms implies that these algal 

species vary in form, not only between individuals, but also between 

local populations or across broader areas. Such geographic variation 

has led some authors to describe multiple formae (e.g. Setchell & 

Gardner 1925), ecads (e.g. Niell et al. 1980) and ecotypes (e.g. 

Sideman & Mathieson 1983). Other authors have perceived continuous 

(with respect to the controlling factors) clinal variability, at 

least in some characters (e.g. Chapman 1974; Powell 1957; Borgesen 

1902). Such differentiation between populations of a species not 

only causes considerable taxonomic confusion (Rice & Chapman 1985) 

but also raises questions concerning population genetics and genetic 

biogeography (cf. Endler 1977) which are crucial to ecological, 

evolutionary and commercially-applied studies of marine macrophyte 

communities. 

In a unique study of intra-specific variation over a range of 

geographic scales in two species of monoecious fucoids, Rice et at. 

(1985) identified a mosaic pattern of morphology superimposed on 

statistically significant but weak exposure and geographic clines. 

Interestingly, less than 25% of the morphological variation in the 

species could be explained by these clines, thus calling into 

question the claimed high degree of environmental variability of the 

fucoid thallus. The majority of the variation (50% and 60% 

respectively by species) was found to be between the individuals 

within each study site and was explained as being caused by inter-

individual intrinsic differences and differences in ontogenetic 

stage. Most importantly, the remaining variation was expressed 

primarily between the study sites within each locality (15% and 32% 

respectively for each species), on some geographic scale between 10 m 

and 10 km. Because, contrary to expectations, the majority of the 



morphological variation occurred at or below the smallest geographic 

scale studied, it could not be determined more precisely, nor could 

the form of the boundaries of the populations be described. Overall, 

it was concluded that morphological variation in these two species 

takes the form of a small-scale mosaic with adjacent populations 

either meeting at a morphological discontinuity or being connected by 

micro-clinal variation. The whole structure is superimposed on weak 

but large-scale morphological clines (Rice et al. 1985). 

There have been no works directly comparable with Rice et al.'s 

(1985) study. However, studies of ecotypic variation of other 

species of marine algae (e.g. Espinoza & Chapman 1983; Russell & 

Bolton 1975) and genetic comparisons of their populations through the 

electrophoretic examination of enzyme polymorphism (e.g. Innes 1984; 

Innes & Yarish 1984; Miura et al. 1979) have indicated that genetic 
- 

differentiation of populations may also occur over similarly small 

geographic scales. 

The aims of the present study were firstly to examine the scales 

of morphological variation in a fucoid species, similar to those 

investigated by Rice et al. (1985), both to test the generality of 

their results and, more importantly, to examine morphological 

variation over still finer geographic scales, and secondly to 

determine whether this pattern of morphological variation overlies a 

similar arrangement of genotypic variation. 

Xiphophora gladiata (Labill.) Mont. ex Kjell. (Fucaceae, 
Fucales, Phaeophyta) was chosen as the test species on the basis of 

its morphological and anatomical similarity to Fttcus (Mitchell 1941; 

Heine 1932; Barton 1893) and its comparatively restricted 

distribution which facilitated a more complete sampling of the 

species than would be possible with a more broadly distributed alga. 

The first chapter of this dissertation reviews present knowledge 

of relevant aspects of the biology of Xiphophora gladiata. This is 

followed by the examination of the patterns of morphological 

variation in this species, the description of a new method for 

electrophoresis of the enzymes of fucalean algae, and the application 

of this method to a study of genotypic variation in X. gladiata over 
very fine geographic scales. Finally, the taxonomy of the genus 
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Xiphophora is re-examined in light of this new understanding of 

intra-specific variation in one of its component species, and the _ _ 
_ broader significance-of the-variation pattern in X. gladiata is 

discussed. Various supporting studies and -data sets are described in 

appendices. 



CHAPTER 1 

ASPECTS OF THE BIOLOGY OF XIPHOPHORA GLADIATA  

The brown algal genus Xiphophora Montagne (1842), the only Southern 

Hemisphere representative of the family Fucaceae, is endemic to the 

rocky littoral fringes of cool temperature and sub-antarctic 

Australasian waters. 'It is a dominant alga in climax communities 

there (Edgar 1984) and has been considered to be one of the most 

important lower littoral fuc al ean genera in the Austral asi an region 

(King 1973; Ni zanuddin 1964; Wanersley 1959). 

Xiphophora is relatively poorly known when compared to many of 

the Northern HEmisphere fucalean genera, in part because of its 

restricted range. Nevertheless, interpretation of the results of 

some analyses described in later Chapters of this thesis requires 

some knowl edge of certain aspects of the biology of these al gae and 

of the environnent which they inhabit. To cite but four exanples: 

the genetic control of plant morphology (Chapters 2 and 6) will be 

greatly influenced by the degree of inbreeding or outcrossing. This 

mating system is itself controlled by the reproductive 

characteristics and mechanisms of the plants. Similarly, the genetic 

evidence for cloning in X. gladiata (Chapter 6) must be considered in 

the light of knowledge of adventive enbryony in the Fucales, and 

hence of the early ontogenetic development of Xiphophora. 

Interpretation of the morphological and genetic data (Chapters 2,3 

and 6) hinges on an understanding of plant growth and successful 

settlement rates, that is of demography. Lastly, information on 

voter movements and conditions, and hence a knowledge of the coastal 

oceanography of the region, is essential throughout this thesis, but 

especially in relation to ecological (Appendix F) and taxonomic 

(Chapter 8) analyses. 

In this Chapter, these and other aspects of the biology and 

environment of Xiphophora are reviewed, in order to provide the 

necessary basis for understanding subsequent Chapters. Where 

possible, this review is based on published work or on completed 

studies that are described in full in Appendices A to F. Hovever, 



some aspects of Xiphophora biology have not been studied in this 

degree of detail. Therefore, this review necessarily relies on 

inference from studies of related genera and on unpublished 

observations by the author of X. gladiata and X. chondrophylla 
These observations were gathered from the field and laboratory during 

the course of the work reported in this thesis. Where claims are 

made about these species in this Chapter without specific citation of 

a source of the information, they may be assuned to be based on such 

observations. 

General Morphology of Xiphophora  

Xiphophora plants have somewhat irregularly dic hotom izi ng , 

strap-like thal 1 i ( see Frontispiece) , generally similar to those of 

Fucus , and (in X. gladiata) up to 1.5 metres long. They are attached 

to the substrate by a simple holdfast, frcm which the thallus arises 

without a morphologically discrete stipe. A single "plant" arises 

frcm each holdfast, with no sign of the serial production of shoots 

seen in, for example, the confamilial genus Ascophyllum (Cousens 

1985) nor of clonal development frcm holdfast tissue (cf. Fucus 

distichus : Edelstein & Mc Lac hl an 1975). Receptacles ( sensu Bold & 

Wynne 1978) are terminal and only vseakly differentiated frcm the 

vegetative parts of the thallus. The plants are (usually) 

monoecious, but the antheridia and ocgonia develop in separate 

conceptacles (Montagne 1842). Each oogoniun contains four ova 

divided tetrahedrally (Barton 1893; Hooker & Harvey 1845), as in 

Ascophyllum. 

Taxonany and Range  

Two species of Xiphophora are recognized (see Chapter 8): X. 

gladiata (Labill .) Mont. ex Kjell. and X. chondrophylla (R. Br. ex 

Turn.) Mont. ex Harvey. There are two varieties of the latter 

species: var. chondrophylla (cf. Parsons & Fenwick 1984; Nizanuddin 

1964) and var. maxima J. Ag. The status of these varieties is 

discussed in Chapters 8. 



X. chondrophylla is the more widespread of the species, 

occurring on sheltered (King 1973) to exposed (Wcmersley 1981a) 

coasts of southeastern Australia and New Zeal and. In Australia it is 

found from Kangaroo Island, South Australia (Wcmersley 1967; Fig. 

1.1) to Wariatah Bay, Wilson's Promontory, Victoria [National 

Herbarium Victoria (MEL) 659631, 659632], along the north coast of 

Tasmania [but not 'around' Tasmania as reported by Womersley (1967) 

and Guiler (1952 a ,b)] and on the Bass Strait islands (King 1973). 

In New Zealand it occurs on both North and South Islands, and on the 

Chathans and all of •the New Zealand stbantarctic island groups (Hay 

et al. 1985; Laing 1927; Fig. 1.2). However, neither Xiphophora 

species has yet been recorded on Macquarie Island (Dr. R.W. Ricker, 

University of California, pers. comm.). 

X. gladiata , the subject of this dissertation, is much less 

widely distributed. It occurs only on the west, south and east 

coasts of Tasmania, reaching at least as far north as Wast Point on 

the west coast (pers. obs.) and to Eddystone Point on the east coast, 

where it grows subtidally to 18 m depth (Edgar 1984). It is not 

found on the Bass Strait coast. 

X. gladiata has also been reported as occurring in Victoria 

(Edgar 1984; Nizamuddin 1970; Wcmersley 1967), but apparently on the 

basis of a single collection by William H. Harvey. He collected the 

species from kt stern Port, Victoria in December 1854, and included it 

in an Exsiccata (Alg. Aust. Exsicc . #33: BM, MEL18797). He claimed 

that it wes "abundant" in that area (Harvey 1858). X. gladiata has 

not been found in Victoria in recent decades (M. Clayton, Monash 

University, pers. canrn.; S. Ducker, University of Melbourne, pers. 

comm.; R. King, University of New South Wales, pers. comm.). During 

August 1986, I Examined a nunber of sites in the Western Port 

vicinity, including the south shore of Phillip Island and the 

entrance to the Bay at Flinders and The Nobbies, but could find no 

trace of this species. 

It is possible that Harvey mistook his collection locality (he 

visited southern Tasmania from 25 February to 20 March 1855 on the 

same expedition), though he is not known to have ever made such an 

error (S. Ducker, pers. ccmm.). Furthermore, the state of receptacle 
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development in his preserved plants suggests a DecEmber, as opposed 

to a late summer, collection date. Thus, the range of X. gladiata 

appears to have contracted to the southward since 1854. 

The Western Port locality has undergone major changes in that 

period, as its human population has increased, with serious effects 

latterly on the marine flora of at least the inner parts of the 

bay. Similar changes in other parts of the world have resulted in 

marked changes in algal species composition (e.g. Orange Co., 

California: Thom & Widdowson 1978; Oslo Fjord: Bokn & Lein 1978). 

There has also been a pronounced global warming trend since before 

Harvey's time (Cushing 1982). Lt is suggested below that this trend 

may have greatly altered the characteristics of the waters off the 

Victorian coast ( raising the temperature and lowering the nutrient 

1 evel s). Such changes may have made the Western Port area 

inhospitable for X. gladiata . More subtly, these oceanographic 

changes may have cut off recruitment frcm Tasmania by interposing a 

water mass from the Great Austral Ian Bight, leading to the fail ure of 

a possibly largely, if not exclusively, expatriate population. pri 

example of such temporary expatriatism has recently been observed in 

this region by Dr. R.J. King (pers. comm.). In the late 1960's, the 

Tasmanian endemic fucoid Cystophora xiphocarpa Harvey was collected 

"as a common sublittoral species in a sheltered aree' at Cape Otway, 

Victoria. This record has not been substantiated on recent trips to 

the locality and the population would seen to have only persisted for 

a short period outside its established range]. Whatever the 

mechanism, Xiphophora gladiata is now end EMiC to Tasmania although it 

almost certainly occurred in Victoria within the last 135 years. 

Habitat and Local Distribution of X. gladiata  

Both species of Xiphophora are characteristically found on 

moderately sheltered to exposed rocky shores. Bennett and Pope 

(1960) suggested that X. giadiata is absent frcm extremely exposed 

areas, but it certainly grows in the most exposed areas visited by 

the present author, including rocks at West Point, Tasmania, which 

face an uninterrupted fetch across the Southern Ocean. At the 



opposite end of the exposure scale, X. gZadiata occurs in the semi-

enclosed waters of the D'Entrecasteaux Channel, but it is absent from 

_ quiet enbayments._It-isLnot found in the Derwent Estuary or other 

areas subject to marked terrestrial influences. (Though it is not 

known whether this is a result of reduced wave action, reduced 

sal inity, increased siltation or other factors). 

In all areas in which it occurs, X. gladiata grows only on 

bedrock and large boulders. It can tolerate the presence of sand 

bodies near these rocks, at least on exposed shores (e.g. Mawson Bay, 

Tasmania, pers. ohs.), but it is clearly absent frcm areas of 

extensive sand beaches. This makes its distribution notably 

di scontinuous around Tasmania, with large  stretches of the west and 

north-east coasts being unsuitable. 

On exposed coasts, X. gladiata is mainly found in a_ narrow band 

immediately above the belt of Durvillczea potatorum (Bennett & Pope 

1960) , at the upper edge of the subl ittoral fringe. Isolated cl unps 

of X. gladiata, amidst Ecklonia and other species, are also seen 

subtidally to a maximum depth of about 20 metres (Edgar 1984). In 

more sheltered areas, where Durvillaea is not found, X. gladiata 

develops into a broad belt frcm about the level of Lowest Astroncmic 

Tide (LAT) to a depth of about 2 m below LAT. 

X. gladiata co-occurs with a large nunber of plant and animal 

species (Appendix F). The principal ones are the four algal genera 

Bania, Laurencia, Corallina and Cystophora (the latter being a 

fellow member of the Fucal es) , a species of prostrate sponge, the 

whelk Dicathais textilosa, the limpet Patelloicia victoriccna, the 

mussel Mytilus edulis ptanutatus, the epiphytic bryozoan Emma 

trianguta, and Amphoroidea elegans, an anphi pod commonly found anidst 

the fronds of Xiphophora (Appendix F). 

In a few areas, the narrow band of Xiphophora on exposed shores 

appears to be a continuous mass of plants. However, it is more 

typical for the species to grow as a series of discrete clunps. This 

pattern is described in detail , for two sites in the D'Entrecasteaux 

Channel, in Appendix A (cf. Rice 1987). It is there shown that the 

plants grow in clunps some 100 m in diameter, with typically 10 to 

20 plants per cl unp and about 10 clunps per square metre. The causes 



of this fine-scale distribution pattern are unknown, but appear to 

involve sane biotic mechanism (perhaps the preferential settlement or 

survival of zygotes near the holdfasts of previously settled x. 

gladiata) . 

Demography of X. g/adiata  

Very little is know of the demography of X. gladiata. In 

Appendix B, sane data on the survival of tagged plants are used to 

fit an exponential model of survivorship. The results are rather 

imprecise but suggest that this species is very long-lived [mean age 

about 10 yrs; maximun expected age of one individual anongst the 2500 

plants measured for morphcmetrics (Chapter 2) in excess of 50 yrs]. 

It may be assumed that such a long-lived species will show other 

demographic characteristics associated with this high adult survival 

rate. These might include: slow growth, relatively 1 ow fecundity 

(per year: X. gladiata is iteroparous), high pre-adult mortality and 

successful zygote settl anent that is particul arly irregular in space 

and time. There is sane field evidence for all, of these traits. 

Curing studies of seasonal changes in morphology (Chapter 2, 

Appendix E), little net plant growth was seen during two years of 

observations. 

In Chapter 3, the mean number of female conceptacles per adult 

plant is very approximately estimated as between 10 4  and 10. There 

are many successively developing oogonia per female conceptacl e and 

four ova per oogoni un, so that the average annual fecundity per adult 

plant is perhaps between 10 5  and 10 7  ova. This is much lower than 

for sane algae, and even if allowance is made for the high mean age 

in this species mean cumulative lifetime fecundity is only 10 6  to 108  

[In ccmpari son, sane Laminaria spp. produce 1& spores per 

individual per year (Chapnan 1984), though some of this difference 

may relate to the better survival of ova and zygotes than of spores]. 

Some of the quadrats, cleared during collection of the samples 

described in Chapter 2, received no successful Xiphophora settlement 

during the following two reproductive seasons. Of several clunps of 

excl us iv el y j uvenil e pl ants mon i tored duri ng the morphol og ic al 



studies (Chapter 2, Appendix E), few survived for as long as two 

years. 7. gladiata thus appears to have both irregular settlement 

and poor pre-adult survival. Its long adult life must ensure 

sufficiently prolonged reproduction to sustain the population ultil 

chance conditions permit successful settlement and survival to 

adulthood of a new generation. 

Reproduction and Ontogeny  

The most important aspects of Xiphophora biology, for 

interpretation of subsequent analyses, are its mode of reproduction 

and the subsequent ontogenetic development of morphology. 

Information on these topics is limited and often less firmly based 

than could be desired. However, its importance is such that even 

this minimal knowl edge is worth review. 

Xiphophora has the typical fuc al ean life hi story, comprising a 

single diploid phase which arises through ooganous syngany (Chapman 

1979). This represents the ultimate reduction of the ganetophyte 

generation (Clayton 1984). In camion with many, but not all , members 

of the family, both species of Xiphophora are primarily monoecious. 

However, a few populations (each ccmprising a few clunps) of X. 

gladia -ta have been observed in which all of the individuals are the 

same single sex. Single-sexed individuals  are al so occasionally seen 

in monoecious populations (pers. obs.). This suggests that, in this 

species, dioecious habit may be controlled by a genetic abnormality. 

Amongst the monoecious Fucaceae, Xiphophora is unique in that 

separate male and female conceptacles occur on the same 

receptacles. All other monoecious Fucac'eae have hermaphroditic 

conceptacles. In X. gZadiata , the male conceptacles are concentrated 

towerds the edges of the receptacles with the female ones towards the 

centre (Mzanuddin 1964; pers. obs.). Limited observations of X. 

chondrophylla suggest that this species is often either protandrous, 

with male conceptacles maturing before female ones or dioecious. The 

male and female conceptacl es when they co-occur are scattered 

throughout the receptacle (Ni zanuddin 1964) . 

Early authors attributed great taxonomic importance to the 
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arrangement of conceptacles within the receptacles of these two 

species (Ni zanuddin 1964; Heine 1932; Agardh 1877). The conceptacles 

of X. gladiata were said to lie in 4 or more longitudinal rows, while 

only 1 to 3 such series occur in X. chondrophylla. In fact, no such 

al igrrnent occurs (Fig. 1.3). The appearance of rows and their 

differing nunbers are only the result of relatively large and 

invariable conceptacle size within receptacles of variable width. 

The development of the conceptacles and gametangia in Xiphophora 

has been described (Mitchell 1941; Heine 1932) and is generally 

similar to that of the confanilial genus Fucus (e.g. Evans et al. 

1982; Cal low et al. 1978; Pollock 1970). Ho wev er , in Xiphophora the 

oogonia produce four ova each, as in Ascophyllum (Mitchell 1941; 

Heine 1932; Barton 1893) with four supernumerary nuclei quickly 

disintegrating (Mitchell 1941). In contrast, Fucus species produce 8 

ova per oogoniun. Furthermore, the spermatazooid of Xiphophora is 

unique, within the family, in that a large spine is present on the 

anterior flagellum (Moestrup 1982). 

Heine (1932) claimed that the two Xiphophora species have .a two-

fold difference in oogoni um size. This is incorrect, the oogonia of 

X. chondrophylla being 230-270 x 110-330 pm while those of X. 

gZadiata are 200-280 x 110-160 pm (Nizanuddin 1964). The antheridia 

of these species do, horever, differ somewhat is size, being 

respectively 25-35 x 12-16 pm and 20-30 x 10-15 pm (Nizanuddin 1964). 

The processes by which the ova are fertilized by spennatozooids 

have been intensively studied in the Fucaceae in general, though not 

in xiphophora. These processes involve sperm-attractant secretions, 

spermatozooid phototactic responses and mechanisms for the 

synchronization of gamete release. In the monoecious species Fucus 

spiralis , Mi1l er and Gassmann (1985) observed processes 1 eadi ng to 

frequent self-fertilization. In that species, the oogonia and 

antheridia emerge simultaneously frcrn the sane conceptacles. The 

spennatozooids are released and proceed to invade the intact oogonia, 

suggesting that the sperm-attractant is produced by the ova while 

still enclosed in the endochite. The majority (ca. 90%) of the eggs 

leave their oogonia as self-fertilized zygotes. This selfing is 

further promoted by the spennatozooids being trapped in mucilage 
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LAING 4123 

Fig. 1.3. Tracings of conceptacle positions on receptacles of 
A) X. chondrophylla  var. chondrophylla  B) X. chondrophylla  
var. maxima  and C) X. gladiata.  Herbarium and specimen 
number are indicated' for the New Zealand plants. 



12 

strands which are held by the conceptacle hairs and thus contain 

oogonia and ova frcm the sane conceptacle. However, it is known that 

the spennatozooids and ova of Fucus can survive for, respectively, 

sane hours and several days after release (McLachlan & Bidwell 1978) 

so that those ova which escape self-fertilization are presumably 

"avail abl e" for cross-fertili zation by those spe rmatozoo ids which 

escape from other pl ants. 

In comparison, little  is known of the mode of breeding in 

Xiphophora. As explained above, the male and female gametes 

originate in separate conceptacles, which may reduce the incidence of 

self-fertilization. The spennatozoo ids are highly negatively 

phototactic, and it has been suggested that, upon release, they swim 

towards the substrate, where the negatively-buoyant eggs should 

settle. The spennatozooids would then locate the ova by chemotaxis, 

following the sperm-attractants honnosirene and dictyopte -rene A which 

Xiphophora ova release (Mbl ler et al. 1985). This would result in a 

largely outbreeding mating system, though with a concentration of 

siblings around the parent plant. 

Hovever, an alternative hypothesis, under which the plants are 

predominantly self-fertilizing, is al so consistent with what little  

is know of Xiphophora. Observations of gamete rel ease in cul ture 

(Appendix C) show that the antheridia are extruded in a similar 

manner to those of Fucus spiralis and that both ova and sperm-

atozooids are associated with mucilage (Naylor 1954; pers. obs.). It 

is possible that the female conceptacle serves to concentrate the 

sperm-attractants, if these are released while the ova are still in 

the oogonia as are those of F. spiralis . The volatile attractants 

would then form a concentration gradient through the ostioles of the 

female conceptacl es and extending to the neighbouring male 

conceptacles. Both hormosirene and dictyopterene A are known Only to 

attract spermatozooids over distances of less than 1 am (Miller et 

al. 1985), which corresponds to the spacing of male and female 

conceptacl es wi thin an X. gladiata receptacle. Thus, these 

pheromones appear well suited to attracting spermatozooids, 

immediately upon release, to neighbouring female conceptacl es. The 

negatively phototactic response hould then encourage then to enter. 
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This effect might be enhanced by the mucilage produced by the 

conceptacles, if the spennatozooids are constrained within it (by its 

surface tension) and so held close to their parents' conceptacles 

(cf. Deysher & Norton 1982). Field observations to date have failed 

to corroborate or refute either hypothesis for X. gladiata as ganete 

release has not been observed. 

Cl earl y, i f X. chondrophylla proves to be protandrous or 

dioecious it must have a predominantly outcrossing mode of 

reproduction. 

Apart from some early studies of X. chondrophylla (Naylor 1954; 

Heine 1932) , nothing has been published on the post-fertilization 

dev el opment of Xiphophora. Some culture studies of X. gladiata were 

therefore undertaken, and are fully described in Appendix C. This 

work showed fertil ization to occur within minutes of ganete release, 

with the first cell division being evident within 24 hours thereafter 

(cf. Nayl or 1954). The general dev el opmental sequence was similar to 

that in all other Fucales, and indeed indistinguishable from Heine's 

(1932 ) description of X. chondrophylla. 

'Adventive enbryos' (Fulcher & ficCully 1969) have been reported 

to develop spontaneously from the rhi zo id al fil aments of Fucus 

spore] i ngs under a wide range of conditions of tenperat ure , light and 

nutrition. These Embryos can radically change the morphology of the 

resulting plant. The Embryos attach thenselved to the substratum by 

fil anentous rhi zo id s. They tend to develop close to the parent 

gennl ing, resulting in an intermingling of primary axes and a bushy 

adult. Presumably some adventive embryos develop at a short distance 

from the parent, thus producing apparently separate plants which 

would be recognized as clones. Such adventive enbryos from 

rhizoidal filaments were not observed in the cultures of Xiphophora 

(Appendix C). However, in Fucus evarzescens, F. serratus and F. 

vesiculosus, these enbryos were initiated later in the sporelings 

development and were sparse (fkLauchl an & Chen 1972). Therefore, 

although adventive enbryony has not be observed in Xiphophora, it 

cannot yet be certain that the phenomenon does not occur. 

In the cultures of X. gladiata (Appendix C), the first dichotomy 

stage was not reached until the young plants were 3 to 4 months old; 
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Heine (1 932) (under unspecified conditions) grew X. chondrophylla to 

an equivalent stage in 3 or 4 months. Various species of Fucus 

achieve several dichotomies within 1 to 2 months of age. 

Fran field collections, it can be seen that unwounded young X. 

gladiata dichotomize regularly with equal segment lengths through the 

first three orders of branching (i.e. to seven dichotomies). 

Subsequent branching is often so unequal that it appears to be 

monopodial (Mitchell 1941). Plants as small as 200 m in length 

usually have a branching order of 12 to 15, while larger plants 

(whether wounded or not) rarely exceed this. Thus, growth beyond 

about 200 own appears to be achieved by extension of the internodal 

segments rather than by further dichotomies. The wound-induced 

proliferations (see below) develop much as independent young 

plantlets (McLachlan et al. 1971). Thus, the great longevity of X. 

gladiata (see above and Appendix B) appears to be linked to slow 

growth in young plants as much as in the adults (see above and 

Appendix E). Such slow juvenile growth and development may also 

reduce the competitive capability of young Xiphophora, thus redwing 

survival to maturity as suggested above. 

-Sane comments on the later ontogeny of X. gladiata can be based 

on field and laboratory observations. In certain areas, including 

bedrock at the level of LAT (-i .e. above the main Xiphophora belt) at 

White Cliff, D'Entrecasteaux Channel , Tasmania (see Chapter 2), 

cl unps of excl-us iv el y "j uven 11 e" X. gladiata were seen. These pl ants 

were all small (< 100 m long), with narrow fronds, and formed dense 

masses of Xiphophora individuals anidst a turf dominated by other 

species. A few of these ind iv id ual s dev el oped receptacl es. Those 

few "juvenile" clumps which survived throughout the two years of 

fieldwork at White Cliff showed 1 ittl e morphological change, 

suggesting continued slow growth and development. 

kbund Response  

Regeneration from a wounded surface is a well-documented 

phenomenon in fucalean algae (e.g. McLachlan & Chen 1972; Fulcher & 

McCully 1969; Moss 1964; Burrows 1956; Mitchell 1941) and is 



15 

considered to be a mechanism by which a population can recover from 

extensive damage (Moss 1950). In Fucus , such proliferations result 

from a loss of apical control of cell division (E3urrows 1956), which 

is especially prevalent in young tissue (Moss 1966). 

Wound-generated growths are frequent in Xiphophora (Mitchell 

1941; Heine 1932; Kjellman 1898; Turner 1819); in X. gladiata 92% of 

the plants show at least some visible regeneration and some plants 

are canposed almost entirely of such growths. Regenerated tissue 

appears at the damaged apices (Mitchell 1941k and at various 

positions along the thall us , most canmonly at its edges rather than 

from its faces (Fig. 1.4). The resulting proliferations usually lie 

in the plane of the thall us. 

They are fully capable of producing receptacles. When they 

arise from cortical tissue, they do not generate holdfast tissue 

(thus marking a distinction from growths resulting from zygotes which 

settle on adult plants; at least some of the latter do form holdfast 

tissue). 

Wound-induced growths can radically alter the shape of the 

plant. The dense masses of such growths on some plants suggest that 

they can grow faster than the original major axes of development. 

Thus, if regeneration is induced by minor danage (with little tissue 

loss), there may be a net gain in plant size and reproductive 

potential . 

The factors involved in hounding and subsequent regeneration are 

discussed in more detail in Chapter 4. 
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500 mm 

Fig. 1.4. Portions of X. gladiata illustrating typical forms of 
wound-induce ff proliferations (indicated in solid black). 
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CGASTAL GEOGRAPHY AND OCEANOGRAPHY OF XIPHOPHORA 'S RANGE 

In this section, sane salient points of the coastal feat ures of 

areas inhabited by Xiphophora are described for the benefit of 

readers unfamiliar with the region. Thereafter, the oceanography of 

the area is considered at some length, leading to estimates of 

dispersal rates of drifting Xlphophora , characteristics of the water 

masses in which these algae live and conclusions of limits to the 

envirormental range that they can survive in. 

Physical Features  

The Australian range (Fig. 1.1) of both species of Xiphophora 

includes most of that part of the continent which projects south of 

36°S. This is a physically diverse area, with rocky shores, often 

exposed to the westerly winds of the Southern Ocean (e.g. on Kangaroo 

Island, much of the western coasts of Victoria and parts of the vest 

coast of Tasmania), interspersal with extensive sand beaches, which 

provide unsuitable habitat for Xiphophora. Indeed, most of the 

northern half of the vest coast of Tasmania is sandy, as is much of 

the north-eastern ti p of the island.  These inhospitable  shores may 

contribute to the exclusion of X. gZadiata frcm areas to the north of 

its present range. Similarly, the eastern limit of the mainland 

Australian distribution of X. chondrophyna may be set by the 

extensive stretch of sand (including Ni nety Mile Beach) eastward of 

Wilson's Prcniontory, though its absence frcm the southern coast of 

w South Wales must have other causes. 

The major physical feature of this region is Bass Strait ; a 

large, semi-enclosed marine basin. The coasts of this Strait, 

incl udi ng those of the islands  velich del imit it to the vest (King 

Isl and) and east ( Hinders Island and many others), farm the core of 

the Australian range of X. chondrophylla. However, the extensive 

embayments which open off the Strait, notably Port Phillip and 

*stern Port Bays in Victoria and the Tamar River in Tasmania, have 

few or no Xiphophora much inside their entrances. 

The oceanic coasts of Tasmania, the range of X. gladiata , have a 



18 

number of features of note besides the areas of sand already 

mentioned. The vest coast includes two major enbayments, Macquarie 

Harbour and Port Davey, Which receive very considerable freshwater 

discharges frcrn the Gordon and Davey Rivers respectively. These 

rivers carry high tannin concentrations which stain the %%eters of the 

enbayments, with marked effects on light penetration (Edgar 1984). 

Xiphophora penetrates into the mouth of Port Davey, but has not been 

found nearer to Macquarie Harbour than the tip of Cape Sorell (pers. 

obs.) 

The south east coast of the State has a much more complex 

coastline with several large, sheltered bays frcm which Xiphophora 

has rarely been reported (e.g. Dement River, Fredrick Henry Bay and 

Norfolk Bay). More importantly, Br uny Island, by forming the western 

shore of Storm Bay, delimits the D'Entrecasteaux Channel; the type 

locality for X. gladiata (Chapter 8) and site of much of the research 

reported in this thesis. The Channel receives freshwater input from 

the Huon River with similar, but less pronounced , effects to those of 

the Gordon and Davey Rivers. Yiphophora appears to inhabit the 

entire southern part of the D'Entrecasteaux Channel, to at least its 

confluence with the Huon, and is found in the northern entrance to 

the Channel at Tinderbox. However, its distribution may not be 

continuous between these areas. 

The remainder of Xiphophora's range lies some 2000 km to the 

eastward, in New Zealand (Fig. 1.2). There are no areas of seabed of 

suitable depths for macroalgal growth between the shores of the two 

countries. As in Australia, there are extensive areas of sand on the 

New Zealand shores, particularly on the west coast of North Island. 

X. chondrophylla does, however, occupy many areas on that Island, 

mostly notably the Bay of Islands and the Bay of Plenty. It has been 

widely recorded from the shores of South Island, Stewart Island and 

the sub antarctic archipelagos of the Snares, Auc kl and , Anti podes and 

Canpbell groups (Hay et al. 1985). All of these have largely rocky 

shores. The final extent of Xiphophora's range is the Chatham 

Islands, some 1000 km east of South Island. 



19 

Offshore Surface Water Misses and Currents 

The region inhabited by the two Xiphophora species is 

predominantly influenced by the circunpolar, east-going ktst Wind 

Drift or Southern Ocean Current, but this is very considerably 

modified or replaced by other water masses and currents in many areas 

(Fig. 1.5). A description of the surface oceanography of this region 

is best approached as an account of the l•st Wind Drift followed by a 

west-to-east discussion of other currents and their interactions with 

this major flow. 

The lEst Wind Drift, which occupies much of the surface of the 

Southern Ocean, is a highly variable current. Its normal direction 

is between south-east and north-east, but intermittent, wind-driven 

movements occur in all directions, including westwards. Its mean net 

rate of eastward displacement is about 0.5 knots (0.25 m sec -1 ), but 

flows of up to four times this velocity occur (Anon. 1974). 

Several water masses contribute to this Drift (Table 1.1), with 

generally zonal (i.e. following parallel of latitude) boundaries 

between them. The nomenclature and positions of these boundaries are 

the subject of much debate. One of then, sometimes termed the 

"Subantarctic Front" (e.g. Heath 1985a), lies close to 50 °S, but is 

deflected further poleward around the Canpbell Plateau (Heath 

1 985a). It therefore appears to form the southern boundary to the 

range of Xiphophora, with the New Zealand sibantarctic islands  lying 

to its northward and Macquarie Island (where Xiphophora has not yet 

been reported: see above) to its southward. This front has been 

suggested to be a biogeographic barrier for a range of species 

(Deacon 19E2). Its northern, warm edge has a surface tenperature of 

8 °C. 

Many authors claim that there is a "subtropical convergence" 

within the west wind belt but north of the Stbantarctic Convergence" 

(e.g. Deacon 1982). In Australasian longitudes, this is sometimes 

supposed to lie generally between 40 °S and 45°S but to be deflected 

poleward around Tasmania and South Island, New Zealand (Heath 1985a; 

Deacon 19E2). Wyrtki (1960), on the other hand, placed the 

Subtropical Convergence at the southward limit of the East Australian 
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Table 1. 	Major Water M3sses In fl tenting aiores Inhabited by xiphopbora (see text 

for details). 

Water M355  

Sibantarctic Surface Water 

Central Bight Water 

North Bass Strait Water 

Eden (bastal Water 

Subtropical Slrface Water 

Area 

Most of the region, offshore 

Continental shelf off South 
Pustral ia and ve stern 
Victoria in winter 

Victorian coast and much of 
Bass Strait 

Eastern Victoria and 
Southern Pew South Wales 

East Pustral ian Wrrent 
north of the Tasnan Front, 
warm core eddies in southern 
Tasman Sea, north coast 

rth Islard, Fw Zealand 

Properties  

8 - 16°C, 34.6 - 35.2°/oo 
Phosphate rich 
(with latitudinal gradient) 

Up to 19°C, up to 35.9°/oo 
Phosphate poor 

13 - 17°C, 35.6°/oo 
Phosphate and nitrate poor 

13 °C, 35. 5°/ oo 

19 -21 °C, 35. 4 - 35. 6°/ oo 
Nitrate poor 

South West Tasman Sea Water 
	

East coast of Tasmania 
	

10 - 15 °C, 35.0 - 35.40/oo 
Phosphate and nitrate rich 

East and West Tasmania Waters 	Ctean coast of Tasmania 
	

10 - 16.5°C, 35.0 - 35.2°/oo 



22 

Current; that is frail about 43°S on the Tasmanian east coast to about 

Narth Gape, tew Zealand. The existence of a real oceanic feature in 

this area has recently been derionstrated (Harris et al. in press) 

whereas there is little evidence of a marked boundary to the 

southward of Tasmania. Indeed, it may be that the concept of a 

"Stbtropical Convergence" is not a very useful one in the south-east 

Pustralian area. Rather, on the 135°E meridian the West Wind Drift 

north of the Sibantarctic Front may be viewed as ccmposed of a 

continuous surface water mass, with an even gradient in temperature 

frcm the 8°Cof the Front (I-eath 1985a) to the 13°-16°C of the vest 

coast of Tasmania (Newell 1961). This water mass too has a ccuipl ex  
of names (Pearce 1981), but is perhaps best referred to as the 

Subantarctic Surface Water (Heath 1985a; Pearce 1981; Rochford 

1957). Its salinity ranges frail about 34.6°/oo to 35.2 0/oo (Pearce 

1981; Ike vel 1 1 961 ). 

This water mass flows eastward across the Great Aistral ian 

Bight, passes around Tasmania and sweeps on to pass Isew Zealand. 

Jenks et al. (1 982) have estimated its net rate of fl ow in the 

vicinity of South Island, tew Zealand as same 0.15 to 0.25 m sec -1  

based on drift-bottle data. At these speeds, a parcel of voter tould 

move frcm the Australian to the few Zealand portions of Xiphophora' s 

range in some 80 to 130 days. 

To the northwerd of these West Wind Drift waters, the 

continental shelf and slope region in the Great Pustralian Bight 

contains two mom water masses (Rochford 1986). Of these the low 

salinity "Leeuwin Current Water" appears not to extend as far east as 

Kangaroo Island (contrary to some earlier accounts) and hence does 

not enter Xiphophora' s range. The "Central Bight Water" does however 

drift south-eastwards towards the Victorian state border as the 

dominant shelf weter mass, particularly in water (Rochford 1986). In 

doing so, it raises the temperatures immediately offshore near 

Kangaroo lsl and to 19°C and the sal inities to 35.9°/oo. Furthermore, 

its south-eastwerd fl ow during the winter reproductive season may 

prevent X. chondrophylla frcm expanding its range northward into the 

Bight. 

This ■Intral Bight Water seems to be formed by intense 
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evaporation in the most northerly part of the Bight (Rochford 

1962). It is notably phosphate poor (Rochford 1962, 1980). Scmewhat 

further to the east, fewel 1 (1961) recognized a "forth Bass Strait 

Water" of up to 17°C and 35.6 °/oo salinity. This water mass too is 

phosphate poor (Rochford 1980) and, while Rochford (1957) and ftwell 

(1961) suggested that it derives frcm the Smith Australian Gulfs, it 

seems likely that it is in fact continuous with the Central Bight 

Water. 

The torth Bass Strait Water itself forms the immediate offshore 

water mass of the entire Victorian coast (ftwell 1961). lo the 

eastward it becomes progressively more mixed with Sub antarctic 

Surface Water and, with winter cool ing, forms "Eden (bastal Water" of 

about 13°C and 35.45°/oo salinity. This can move up the coast of few 

South Wales, inshore of the East Aistralian Current (fewell 1961). 

Meanwhile, other Bass Strait water, in winter, fl ows dowi the eastern 

Victorian continental slope in the form of a submarine "cascade s' 

(Gibbs et al. 1986; Godfrey et al. 1980). In the process, a 

pronounced surface front is formed at a convergence zone between the 

Bass Strait and Tasman Sea waters. The Bass Strait water spreads 

into the Tasman Sea at intermediate depths (e.g. Tcmezak 1981). 

Thus, in winter the entire mainland range of X. chondrophylla 

lies inshore frcm an east-going phosphate-poor water mass, with its 

origin in the C'eat Aistralian Bight. As it moves eastwards, this 

water is cooled and diluted, frcm up to 19°C and 35.9 °/oo (Rochforcl 

1986) at the western extreme of Xiphophora' s range (Kangaroo Island) 

to 15°C and 35.6 0/oo (tewell 1961) at the eastern limit (Wilson's 

Promontory). The phosphate-deficient nature of these waters has 

already been mentioned. In Bass Strait, they are also low in 

nitrates (Rochford 1984). 

In simmer, however, the pattern is quite different. The current 

reverses, at least off western Victoria and eastern South Australia, 

and fl ows to the north-west as the "A inders Current" (Baines et al. 

1983; Bye 1970; tewell 1961). it arshore and offshore temperatures 

increase somewhat (from 13°-14°C to 17°-18°C nearshore off Port 

MacDonnell , SA: Lewis 1981; from 14°-15°C to 16°-17°C in Bass Strait : 

tevel 1 1961), whereas sal inities are little altered. Close inshore, 
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minor upw,ellings occur off Gi ppsl and, eastern Victoria (Rochford 

1977a, 1980) ard westwards from Gape Bridgewater, western Victoria to 

about Cape Jaffa, SA (Lewi_s__1981; Rochford -- 1-977,1980; Hynd & Robins 
- _ 

1967) . The latter is particularly clearly seen in recent satellite 

images (Dr G. Cresswell, CSIRO Division of Ileanography, pers. 

-ccmm.). Both upwellings are minor, but they do serve to lower the 

coastal summer temperatures to 13°-14°C and gre -ably-Ao increase the 

local nitrate levels  (Roch ford 1980) , which must influence the 

easternmost and westerrmost X. chondrophylla on the Aistralian 

mai nl and. 

*Ile the Central Bight Water or itrth Bass Strait Water, in 

winter, largely passes east through Bass Strait, part of it (with the 

West Wind Drift waters to its southward) is deflected to the south-

east by King Island and the Tasmanian continental shelf and 

coastl me. This deflection is partial ly represented by the" Zeehan 

Current" which flows above the continental slope (Baines et a/. 1983) 

and has been detected by surface temperature measurenents as far 

south as South West Gape, Tasmania (C. Nilsson, CSIRO Division of 

Oceanography, pers. conm.). At the Cape, the Zeehan Current Water 

can be at 14°C, and hence same 2° warmer than the water through which 

it flows. Baines et al. (1983) have suggested that this current 

flows during all seasons but Bye (1970) claimed that the Flirders 

current draws water northwards from as far south as 42°S in summer. 

Both of these are essentially oceanic currents. 

fevell (1961), on the other hand, proposed that there is a wind-

driven, seasonally-changing flow over the continental shelf west of 

Tasmania (and hence inshore of the Zeehan and Fl inders Wrrent). As 

with the circulation further north, this moves south-east in winter 

and north in summer. Recent studies of fish larval distributions 

(Kenchington et al. 1986) have shown that the southward winter flow 

does indeed occur, though there is also evidence for a gyre off Sandy 

Cape (north-western Tasmania) and for at least occasional current 

reversals in some seasons. Preliminary results from a drift card 

study appear to confirm the fish larval data and show a net clockwise 

displ acenent of water around Tasmania in winter at about 10 to 15 km 

per day (Dr. R.E. Thresher, CSIRO Division of Fisheries Research, 



25 

pers. ccmm.) . Such a south-going current during the winter 

reproductive season of X. gladiata may limit its ability to spread 

beyond the north-west ti p of Tasmania . 

Apart frcm the water in the Zeehan Current, this area vest of 

Tasmania is covered by the Subantarctic Surface Water of the West 

Wind Drift, as already described. In winter, it is 12 °43°C and 

35. 00/00 - 35.30/00 salinity, whereas in summer it reaches 14°-18°C 

without a marked change in salinity (Edwards 1979; 	well 1961). 

These waters are phosphate-rich but do not have exceptional nitrate 

levels  (Roch ford 1980). 

To the distant north-east of the areas discussed so far, the 

East Australia Current flows southward down the coast of the 

continent to between 30° and 34% (typically to Sugarloaf Rrint, 

32°30'S). It then breaks away frcm the shore (Godfrey et _al. 1980) 

and begins a amp] ex behaviour. Heath (1985b) has suggested that the 

presence of the 1%ew Zealand submarine platform causes the bulk of the 

current to leave Pustralia at about 33°30'S and flow east to tOrth 

Gape, Pew Zealand. Andrews et aZ. (1980) have described this jet as 

a persistent current vhereas Godfrey et al. (1980) have cast some 

dotbt on its consistency. When it occurs, its southern margin 

represents a distinct ocean boundary, the "Tasman Front", at about 

23°C surface tenperature. The Tasman Front is ccmpl ex, with 

mesoscale lateral meanders and both warm- and cold-core eddies 

( Andrews et a/. 1980; Nilsson & 0 .ess wel 1 1980). Scme of the warm-

core eddies, and other ccmpl ex warm flows broken from the East 

Australian Current , move southward in the vestern Tasman Sea into the 

range of Xiphophora (Nilsson & Osessvell 1980).. 

Meanwhile, sane of the West Wind Drift waters that pass south of 

Tasmania move northward into this same area. The result, when 

expressed as ten year monthly means (Edwards 1979), shows winter 

(July to rovember) temperatures varying steadily from 12°C off South 

East (ape, Tasmania to 14°C off Gape I-bve, NSW (corresponding 

salinities 35. 2°/oo - 35. 5°/oo) . The equivalent summer ( March and 

April) tenperature and salinity ranges are 17°-21°C and 35.3 0/oo - 

35. 5°/00 (Edwards 1979). Such means can, hovever,  , be misl eading and 

the water masses east of Tasmania may better be viewed as a 
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constantly-changing ccmpl ex of inter-mingl ing warm and cold water 

bodies. Harris et al. (in press) have assenbl ed the relevant data 

for an area off Maria Island, Tasmania. They have show' that, in 

sumer, bodies of "Coral Sea" or "Subtropical" water (up to 20 °C and 

35. 6 °/oo sal inity) from the East Australia Current occur offshore. 

In winter, in contrast, this area is flooded by "South-Wast Tasman 

Sea Water" or "East Tasmanian Water" (sensu Rochford 1957) of 10°- 

15 °C and 35.0 0/oo -35.4 °/oo. In practise, there is probably a field 

of warm eddies in a cold matrix, with the eddies pushing further 

south in summer. Their mixing, plus direct solar heating, will raise 

the general surface temperatures in the summer. 

If the East Australia Current warms the waters off eastern 

Tasmania in this way, it is important to determine the southerly 

extent of the effect. Recent satellite images have shown .warm-core 

eddies as far south as Tasman Island (43 °15'S), though only offshore 

(Dr. 1.3. Kenchington, CSIRO Division of Fisheries Research, pers. 

canm.). Similarly, Isbwell (1974) has presented evidence of the 

presence, in summer, of Subtropical Water off Storm Bay, Tasmania, 

though not in the immediate vicinity of the coast. Thus, the East 

Australia Current may exert an indirect influence on the entire east 

and southeast coasts of Tasmania. However, if it washes the shore of 

this State at all, such direct effect is probably confined to areas 

north of Maria Isl and. As described above, the North Bass Strait 

Water and its derivative, Eden Coastal Water, lie between the East 

Al stral ia Current and the X. chondrophylla on Wilson' s Promontory. 

The eastern shore of Flinders Island and the rest of the Furneaux 

Group are, however, within the possible range of influence of the 

current with its 20 °C water. 

In terms of surface nutrients, the waters east of Tasmania are 

very rich in phosphates and rich in nitrates (Rochford 1980, 1984). 

The Subtropical Water is, however, nitrate deficient (Rochford 1984). 

The only part of the Australian range of Xiphophora that remains 

to be discussed is the Tasmanian section of Bass Strait. Newell 

(1961) showed North Bass Strait Water occupying much of the eastern 

part of the Strait, including the western shore of Fl inders Isl and 

and part of the Tasmanian coast east of the Tanar. The rest was 
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filled with cooler, less sal ine waters of West Wind Drift origin. 

Rochford (1 957) suggested more ccmpl ex relationships of tOrth Bass 

Strait, East Tasmanian and South-West Tasman Sea Waters, whereas 

Edwards (1979) found the ten year monthly mean tenperatures and 

salinities to be approximately constant (per month) across the 

central Strait (between King and Flinders islands). There does seen 

to be a mean salinity gradient of about 0.2 °/co between the Victorian 

and Tasmanian coasts in most months, but otherwise the surface waters 

of the central Strait are more-or-less homogeneous. Summer 

temperatures exceed 18°C throughout the area (in March) when 

sal inities exceed 3 5. 5°/oo. In the wi nter (September) , temperatures 

drop to about 13°C, but the salinity changes little (Edwards 1979). 

From these Pustralian coasts, the currents flow towards Pew 

Zealand. In the north, the Tasman Front flows fran near Sydney to 

forth Gape. The Central Tasman Sea Water (sensu Rochford"1 957) tends 

north-easterly to the south of this front, and scmetimes shows (in 

satellite images) a distinct front of its owl extending from Maria 

Isl and towards tOrth Gape (Harris et al. in press). This is the 

interface between the East Pustralian (Urrent eddies (and their 

prodicts) and the true Stbantarctic Surface Water and corresponds to 

Wyrtki s s (1 960) "Subtropical (Onvergence". Its position is variable, 

with its Australian end lying anywhere between St. Helens and the 

Tasman ibninsul a and its eastern extremity being directed well to the 

northward of North (ape in winter or towards Wok Strait in sunvner 

(Wyrtki 1960)-. Sauthvard again of this boundary, the West Wind Drift 

continues its general easting. 

These currents are again deflected from their zonal pattern by 

Pew Zealand and its continental shelves in ways recently and 

ccmprehensively reviewed by I-eath (1985a) . The main western boundary 

current (represented  by the Tasman Front) encounters torth Is] and at 

tbrth 	pe and flops south-east, al ong the coast, as the "East 

Auckland Current" (tbath 1985a). Its coastal ccmponent then turns • 

south around East Cape to became the East Cape Current and ultimately 

to enter a permanent gyre off the eastern end of Wok Strait. The 

water mass concerned is still the Subtropical Surface Water but here 

has temperatures of 19°-21°C and salinities of 3 5.4 - 3 5.6 °/oo (Itath 
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1985a). 

The lest Wind Drift is deflected southwards along the 

continental slope and west coast of South Island and flows through 

Foveaux Strait. It then turns north-east, following the South Island 

Coast, as the "Southland Current". One ccmponent of this, close 

inshore,  can extend as far north as 40°S (Heath 1985a) • wall beyond 

Cook Strait. The south and east coasts of South Island, and part of 

the east coast of North Island, therefore experience offshore summer 

temperatures of about 15°C and salinities of less than 35 0/oo (Heath 

1985a). 

Currents on the vest coast are much less well known. There 

seems to be a southward flow off the northern part of North Island 

With a northward current off its southern part. Off the northwestern 

coast of South Island there is a northeasterly flow, the "Westland 

Current", which enters Cook Strait as the "D'Urville Current". The 

net flows in Cook Strait are unclear, being much less than the tidal 

streams. However, any waters passing east must meet the "East Cape" 

and "Southland Currents". These mingle in a ccmpl ex manner before 

moving away to the east and north-east (Heath 1985a). Summer 

temperatures on the west coast of New Zeal and grade progressively 

from about 16 °C in the extreme south to about 20% at North Cape 

(Heath 1985a). Winter temperatures range simil any from 12 °  to 16°C 

(Edwards 1979 ). 

New Zealand's sub antarctic isl ands experience cool er and less 

sal me waters more typical of urmixed Subantarctic Surface Water 

(Heath 1985a). In terms of monthly means, offshore surface 

temperatures are 5.5 °-9 °C off Campbell Isl and, - 6.5 °41 °C off the 

An tipodes Isl ands, 7. 5 °-11°C off Puc kl and Island, 8 °-13 °C off the 

Bounty Islands and 9 ° -12 °C off the Snares (1-ky et ca. 1985). 

To the east, the Chatham Islands are washed by the eastgoing 

mixture of waters leaving New Zeal and. Their summer surface 

temperatures are about 17°C and their sal inities about 35.0 0/00 

(Heath 1985a). 

In terms of surface nutrientss phosphate and nitrate levels are 

both very high near North Cape, where there is marked upwelling- . The 

vest coast of North and South Isl ands are otherwise deficient in both 
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of these (Rochford 1980). 

Coastal Waters  

In a few areas, distinct coastal water masses lie between these 

offshore waters and the land. The up well i ng plumes off the 

Austral ian mainland and the Eden Coastal waters have been described 

above. Rochford (1957) suggested the existence of "East Tasmanian" 

and "West Tasmanian" Waters of 10 0-14 °C and 35.0 °/oo - 35.2 °/oo 

salinity, which he thought were formed by fluvial dilution of Bass 

Strait waters. However, he actually found these coastal water masses 

off much of the east and west coasts of Tasmania and rarely in Bass 

Strait. Since the two coastal waters are intermediate in temperature 

and salinity between Subantarctic Surface Water on the one hand and 

South West Tasman Sea Water (itself a mix of Subantarctic surface and 

Coral Sea Waters: Rochford 1957) on the other (Pearce 1981), it is 

more probable that they are formed by coastal mixing processes (e.g. 

tidal streams in continental shelf depths) acting on these offshore 

waters, suppl emented by local heating and cool ing and dil ution from 

runoff. 

%well (1974) identified a coastal water mass in the mouth of 

Storm Bay and around the Tasman Peninsula in summer. This water was 

between 15° and 16.5°C and around 35.0 to 35.1 °/oo salinity. This is 

much like Rochford I  s (1957) East Tasmanian Water but is markedly 

warmer. It could arise through inshore warming of Subantarctic 

Surface Water or fluvial  d ution of Subtropical Surface Water, or 

perhaps both combined with coastal mixing. 

Although many coastal oceanographic studies have been carried 

out around Naw Zealand (Heath 1985a) no discrete coastal water masses 

appear to have been described. 

In shore Waters  

Very few data are available on the inshore water conditions that 

directly affect Xiphophora. Clearly, they will reflect the offshore 

or coastal water masses described above. However, their properties 
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will al so reflect such local processes as coastal upvel ling or 

mixing,  runoff and inshore heating or cooling. 

The extent of the effects of these factors can be documented for 

sane areas. As described above, the Porth Bass Strait Water is about 

17°-19°C in March and 13°4 4°C in September (Edwards 1979; %well 

1961). At the mouth of Port Phillip Bay, within an area inhabited by 

X. chondrophyl la, King (1 970) rep rted summer max imurn temperatures of 

19 ° -20°C and winter minima of 11°-12°C. Within Port Phillip Bay 

itself, Jenkins (1 986)-found maxima of 19°-21°C and minima of 9°- 

11°C. The correspondi ng sal ini ties were 33 °/oo - 38 0/oo (Jenkins 

1986) in contrast to the 35. 5°/oo - 35. 6°/oo offshore (Edwards 1979; 

fewell 1961). 

Such temperature el evations of 2°C inshore in summer and similar 

depressions in winter, frcm offshore conditions, may not be untypical 

of south-east Arstralian coasts, though Fbrt Fhil lip Bay, being 

shallow and sheltered, may experience more local modification of 

water properties than do some other areas. Edgar (1 984) has 

suggested that water temperatures in shallow bays in Tasmania can be 

as low as 2°C in winter or as high as 27°C in summer, but are usually 

between 8° and 22°C. These latter limits, which may be more 

applicable to the open coastal areas inhabited by iiphophora, are 

respectively 4°C below and above the corresponding offshore 

temperatures (cf. Edwards 1979). At the opposite extreme, some parts 

of Xiphophora' s range, such as the vest coast of Tasmania, may 

experience such pronounced wave-induced mixing that the inshore and 

coastal temperatures do not measureably differ. 

lteful specific field data are available for one pair of the 

sites at which Xiphophora was collected for this study (cf. Chapter 

2). Bonham (1 984) has presented some temperature and salinity data, 

collected by M. J. Duffy, for surface and 5 m depth waters at Arch 

Rock, D'Entrecasteaux Channel (circa 1 km from the ltiite a iff and 

frinepin Point sites described in Chapter 2). These show surface 

salinities as low as 26. 6°/oo (in (ttober), but usually between 

32 °/oo and 34°/oo. At 5 m depth, the salinities were between 

32. 40/00 and 34.00/00. The corresponding temperatures varied between 

9.6 ° C in July and 15.1°C in December, with little evidence of thermal 
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stratification between the surface and 5 m depth (Bonham 1984). 

These temperatures are little different from those of the East 

Tasmanian and Storm Bay coastal waters, but the sal inities are very 

much reduced presunably by the Huon River runoff. 

Tidal Ranges and Streams  

Tidal ranges thoughout the Xiphophora region are mostly small 

(Table 1.2). Only within Bass Strait and off the West Coast of North 

Island, rt w Zealand do mean spring tide ranges of much over 1 m 

occur. Bass Strait tides have been the subject of comparatively 

intense studies. They are dominated by the semi-diurnal M2 tide 

which enters the Strait from both ends, hence producing a standing 

Kelvin wave, which results in the enhanced anpl itude (Fandry et al. 
1985). The other major tidal constituents (S2, 01, K1) are very much 

less significant. The M2  tide is large enough that the associated 

strews predominate over wind driven flows within the Strait and, 

indeed, tidal streams in areas such as Bank's Strait can reach 3ms-1  

(Fandry et a/. 1985). The large quantity of water ejected through 

this Strait on an east-going tide can form a tongue of Bass Strait 

water along the north-east coast of Tasmania towards St. Helens (Hynd 

& Robins 1967)-. This tongue appears to become interleaved amongst 

the East Australia Current eddies and the other Tasman Sea waters, 

but it may contribute to the oceanographic influences on this coast. 

New Zealand's tides (reviewed by Heath 1985a) are ccmposed of a 

predominantly progressive wave M2  tide and a predominantly standing 

wave S 2  tide. The latter acts almost exclusively on the vest 

coast. The amplitudes of the M2  tide range form 0.49 m to 1.31 nig, 

while the S2 is about 0.03 m on the central east coast and 0.40 m on 

the west. The M2  tide shows a complete phase cycle around New 

Zealand, which results in rapid phase changes and hence tidal streans 

around the Northl and Peninsula and in Foreaux and Cook Straits. The 

Cook Strait area in particular has very coup] ex tides (Heath 1985a). 
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Table 1. 2. 	Tidal 	Ranges of Aistralian 

Xiphophora. 	(Source: 

Location 

Shores Within the Range of 

	

kistralian 	tational 	Tide Tables). 

	

Range of Mean 	Range of 

Spring 	Tides (m) 	Extreme Tides (m) 

Kent 	Group, Bass 	Strait 2.1 

Westernport, Victoria 1. 8 3. 4 

Port, Phill ip 	Heads, 	Victoria 1.1 1. 9 

Apollo Bay, Victoria 1.3 

Portland, 	Victoria 0.6 1.3 

Kangaroo 	Isl and, SA 0. 8 

King 	Island, 	Bass 	Strait 0.6 

Devonport, Tasmania 2. 6 3. 8 

Georgetom, Tasmania 2.5 3.5 

Eddystone klint, Tasmania 0. 9 

Pirates 	Bay, 	Tasmania 0.8 

Hobart, Tasmania 0. 8 1. 7 

Port Davey, 	Tasmania 0.5 

Cape Sorell, Tasmania 0. 5 
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Wave Exposure  

It is frequently assuned that vest-facing coasts open to the 

uthern Ocean must be anong the most exposed in the world. There 

have even been attempts to quantify this stbjective view, taking Cape 

Bridgewater, Victoria, as the standard of ultimate exposure (Edgar 

1984; Bennett & Pope 1960). While there is undoubtedly some truth in 

this (sane NASA wave height images show the area south of Australia 

as the roughest in the ,orld ocean), a more objective approach would 

be desirable. 

This is available for tew Zealand, for which area it has been 

show that the wave climate is dcminated by swell frcm the vest and 

south-west and by storm waves from the north. Offshore, the swells 

are 3.5 to 4.5 m high (mean significant height) with 10-12 second 

periods. This results in the west coast experiencing 1-3 m high, 4-8 

second period waves, the east coast, in contrast, receives 0.5-2 m 

waves of 7-11 second periods, whereas the north coast (between NJ rth 

atpe and East (ape) has only 0.5-1.5 m waves of 5-7 second periods 

(Heath 1985a) . The only ccmparable values from 9outhern Aistral ian 

waters are the first year's data frcm two buoys off (ape Sorell . 

These show significant wave heights of typically 3m (range about 0.5 

to 13 m) and a maximum recorded wave of 17 m. The wave periods 

ranged from 4 to 13 seconds but vere typically 8-9 seconds (Dr. C. 

Fandry, CSIRO Division of oceanography, pers. coin.). These are 

clearly rather similar to the vest coast r ■ w Zeal and data. Clearly, 

all of these wave fields are greatly modified by local coastal 

topography before affecting Xtiphophora. Such local details cannot be 

obtained on any quantitative basis. 

Env irormental Tolerance Limits for Xi phophora  

Frcm all of this information, it is possible to suggest some 

environmental limits for the habitat in which the two Xiphophora 

species are found. These are not necessarily physiological tolerance 

limits, though they may be indicative of such constraints. 
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'either species has yet been rep rted from Macquarie Isl and or 

anywhere else south of the Stbantarctic Front. The lovest 

temperatures at which they are found therefore correspond to summer 

offshore temperatures above 8 ° C. X. gladiata, at least , grows well 

in the D'Entrecasteaux channel at sal inities of 32°/oo (and 

occasionally much lower). In terms of nutrient levels, X. 
chondrophylla tolerates the nutrient-deficient waters of Bass Strait, 

but X. gladiata occurs only in the moderate to rich waters of the 

oceanic coasts of Tasmania. 

At the opposite extreme, X. glacliata grows only on coasts where 

the offshore monthly mean temperature does not rise much above 

18°C. Indeed, on the extreme north-western and north-eastern 

Tasmanian shores were it approaches this limit, X. gZadiata occurs 

only on coasts exposed to long ocean waves, these may, by mixing , 

prevent summer inshore temperatures from rising much above their 

offshore counterparts. In south-western Bass Strait, where offshore 

temperatures are little higher, the wave climate may permit a greater 

inshore summer temperature rise. This may prevent the growth of x. 
gladiata in that area. If so, this suggests an upper temperature 

tolerance limit  for this species of about 20°C. 

Macrocystis pyrifera is similarly confined to the oceanic coasts 

of Tasmania, being repl aced by M. angustifolia within Bass Strait, 

whereas six species of Cystophora (C. retrorlexa, C. expansa, C. 
xiphocarpa, C. congesta, C. cuspidata and C. intermedia) occur on the 

north coast of the State, but not within the range of X. gladiata 
(Edgar 1985). This biogeographic boundary has been ascribed to rapid 

gradients in water temperature and wave exposure, but the latter 

conflicts with the occurrence of species on the (sheltered) northern 

coast of Tasmania and on the (exposed) Victorian coast. 

X. chondrophylla tolerates higher temperatures, at least in few 

Zealand. Bay of Islands, in which this species grows, reaches 24°C 

in summer (Booth 1974). In Austral ia , it is probably regularly 

exposed to the 20°C observed at Port Phillip Bay 'tads, but the 

cord triction of maximun offshore temperatures in the Central Bight 

Waters with cool winter weather may prevent extreme shore 

temperatures between Kangaroo Island and Wilson's Promontory. If it 
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is water temperature that prevents Xiphophora from colonizing the 

coast of New South Wales, its maximun tenperature tolerance must be 

less than 25 °C. 

Australian X. chondrophylla may be absent fran areas of moderate 

or high nutrient levels. 

Temporal changes  

This account of the oceanography of Xiphophora' s region has been 

based on conditions during the last 30 years, and often on long-term 

averages during that period. However, it would be very misleading to 

assune that these conditions are stable between years, besides their 

within-year cycles. 

Cushing (1982 J has recently rev iewed the evidence for climatic 

variations and their effects on marine biota. The most prcminent 

short-term pattern is the El Nino - Southern Oscillation (ENSO) cycle 

in the South Pacific Ocean. Rochford (1981) described the 

propagation of some ENSO-related events into the Tasman Sea, with 

resulting 0.5 °C increases in average temperatures in parts of 

Xiphophora' s range. Harris et al. (in press) have show that the 

ENSO signal can be detected off Maria Island, Tasmania in a range of 

oceanographic parameters including temperatures and the timing of the 

spring phytoplankton blocm. Such changes limit the usefullness of 

short-period observations of ocean climate (such as measures of 

inshore temperature for a single season: e.g. Bonham 1984; King 1970) 

but they are perhaps most important here as a reminder of the 

variability of the ocean. 

Of more importance are the longer term cycles, particularly the 

global warming trend which began, in terms of English air 

temperatures, about 1700 and peaked in 1940 and in terms of glacier 

lengths began about 1750 and is still continuing (Cushing 1982). The 

warmest part of this cycle seems to have controlled the "Russell 

Cycle" in the Engl ish Channel during the middle years of this 

century, as well as a set of related changes in other parts of the 

North Atlantic region. The Russell Cycle involved northward range 
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extensions for many marine species (including some in the 

intertidal), followed by their retraction after the 1940 temperature 

peak (Cushing 1982). The mechanism appears to be more ccmpl ex than a 

simple warming and may involve changes in mean current flow or the 

degree of stratification which serve to amplify the effects of 

increased solar energy input. It is therefore impossible to predict 

the equiv al ent changes in southern Austral asian waters, but it is 

entirely likely that in 1750 the Central Bight Water was not as 

extensive as now, allowing the Ikest Wind Drift to flood Bass Strait 

and radically altering the distribution of the two Xiphophora 

species. The date of a change to present conditions cannot be 

suggested but it could have been after Harvey's observations of X. 

glacliata at Westernport (see above). 

A still longer cycle is represented by the glaciations and their 

associated effects. The last glaciation reached its peak some 20,000 

years BP, with the last ice disappearing frcm the Australian mainland 

at about 15,000 years BP and from Tasmania at about 10,000 BP 

(Kiernon 1982). Globally, the change to our present inter-glacial 

conditions was more-or-less canplete by 9,000 years BP (Cushing 

1982). However, the warming trend continued, and from 8,000 to 3,000 

years BP the world was substantially warmer than it now is. Indeed, 

until 1000 AD periods warmer than the present were more frequent than 

colder ones (Cushing 1982). 

Southern Austral ian sea temperatures probably fell to 0 *-5 

during the glaciation (Kemp 1978). This may have involved both a 

northward displ acment of climatic zones rel ative to their present 

positions and a marked change in ocean currents. The lower sea 

level s during a glaciation would result in a much smaller marine 

channel between Australia and Asia. Recent studies (Dr. G. 

Cresswell, CSIRO Division of Oceanography, pers. comm.) suggest that 

blocking these passages would lead to a major fall in Indian Ctean 

temperatures and the .cessation of the Leeuwin Current. When ccmbined 

with globial declines in temperature, this would cause stbantarctic 

West Wind Drift waters to flood the Bight and perhaps much of the 

Western Australian coast. The entire area would then be inhopsitable 

for Xiphophora. 
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Cri the east coast, however, the obstruction to water fl ow north 

of Austr-alia would lead to a strengthening of the East Australia 

Current. At present temperatures it would be expected to flow as a 

discrete current (rather than a ccmpl ex of eddies) to the southern 

tip of Tasmania (Dr. G. Cresswell , pers. comm.). Hovever, the 

interactions of this pattern with glacial cool ing and the resulting 

temperatures and currents are quite unknown. Godfrey et al. (1980) 

have suggested, on the basis of sediment data, that the East 

Pustral ia Current may have maintained its point of separation from 

the coast near Sugarloaf Point for a long period. However, this 

gives little hint of the flow south of that area. 

There is also no information on sea temperatures around 

Austral ia during the climatic optimun about 5,000 years ago. 

Increased temperatures might be expected to result in a stronger 

South Equatorial Current. This could give rise to a stronger and 

warmer Leeuwin Current and perhaps more and warmer East Australian 

Current eddies. With more evaporation and heating in the Bight, 

producing a greater quantity of wanner and more saline Central Bight 

Water, the whole of south eastern Austral ia could well have 

experienced sea surface temperatures a few degrees warmer than at 

present. The east coast of New Zealand, in contrast, may have 

remained cool under the influence of stbantarctic waters in the 

Southland Current. 

These sorts of changes, which would make much of the present 

range of Xiphophora untenable for one or both species, either being 

too warn or two cold, will have occurred repeatedly during the 

present Ice Age. Three separate glacial advances have been 

recognized in Tasmania during the Pleistocene (since circa 35,000 

years BP: Kiernan 1982) and there have been a series of such cold 

periods in the south temperate zone since the late Miocene (circa 5 

million years ago: Kiernan 19E2). Thus, the evolution of Xiphophora, 

which is thought to be a relatively recent event (Clayton 1984), and 

its separation into two species has occurred during a series of 

extensive range and/or temperature tolerance changes. 

There are still longer climate cycles, which are ccmpl wed with 

the effects of continental drift (cf. Barlow 1981). However, over 
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time scales of millions of years, evolution can adapt species to such 

changes and the latter cannot be usefully examined in ccmpari son with 

the present nature of Xiphophora. 
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CHAPTER 2 

GEOGRA PH ICAL SCALES OF MORPHOLOGICAL VAR IAT ION IN  

XIPHOPHORA CLADIATA  

INTRODIETION 

Xiphophora gladiata plants often grow close together with holdfasts a 

few mill imetres apart, whereas the species' range covers several 

hundred kil cmetres around the coast of Tasmania. The possible 

geographic scales over which the intra-specific morphological 

variation of X. gladiata might be expressed, therefore span eight 

orders of magnitude. 

In order to determine at which scales the variation is 

expressed, an appropriate set of phenotypic data is required on which 

a nested or hierarchical analysis of variance can be performed (Rice 

et al. 1985, Underwood 1981; Sokal & Rohlf 1969). Such nested 

analyses require a hierarchical arrangement of randomly chosen 

sampl i ng units, with each level of the hierarchy encompassi ng a 

different geographic scale. They lead to a variance ccmp3nent for 

each level or scale, which can be presented as a percentage of the 

total morphological variation, and hence to the identification of the 

geographic scales over which that variation is expressed. For a 

complete experimental design, in such analyses, each higher level 

unit must contain the same nunber of lower level units. This would 

require an impossibly large data set if all eight orders of magnitude 

were included in one analysis. Thus, two experiments were 

performed. The first covered the whole range of X. gladiata and 

examined scales from 100's of kilometres down to metres. The second 

vas restricted to one area, and examined scales from kilometres to 

centimetres. 

In this chapter, the methods used to gather the data set are 

outlined and the analyses described. From these, the geographic 

scales of phenotypic variation in X. gladiata are determined. 
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MATERIALS AND METHODS 

1. Regional Sanpl i ng  

The geographic range of Xiphophora g/adiata was sampled in a 

hierarchical manner. At the highest level in the design, four 

geographic regions were drawn as the four aspects of the state (Fig. 

2.1). Within each of these regions, three sites were selected (Fig. 

2.2 to 2.5, Table 2.1). 

These units were chosen as places combining practical shore 

access with the presence of Xiphophora , and were as close as possible 

to two kilometres apart. [Two additional sites, at Cape Sorel] and 

the Tasman Peninsula were sant)] ed (Table 2.1, Fig. 2.2 and 2.5), but 

data from these were not used in the analyses presented in this 

Chapter.] 

At each site, two 0.25 m2  grids were randomly placed within a 

distance of 10 m of each other in the Xiphophora zone. In each grid, 

all plants were harvested by cutting as close as possible to the 

substratum using a sharp knife. At some sites this procedure was 

done underwater with the aid of SCUBA (Table 2.1). At others, the 

main bed of Xiphophora hes exposed at low tide and sampled then. The 

harvested plants from each primary clump (approximately 100 mm 

across: Appendix A) were bagged together. After the removal of 

Xiphophora , al 1 other al gae and fauna were removed from the grid area 

and separately bagged. The plants were drained and transported, on 

ice in a large insulated container, to the laboratory. Cri arrival, 

they were frozen and held at -20 °C until processed. 

2. Local Intensive Sampling  

Two sites within the regional sampling programme, Ninepin Po int 

and White Cliff in the D 'Entrecasteaux Channel, (Fig. 2.6) were 

chosen as the upper-most level in the second hierarchical sampl ing 

design. These sites were selected because a continuous band of 

Xiphophora gladiata extends over the two kilcmetres between then, the 

shore is accessible at most points along that distance and the 
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Fig. 2.1. A map of Tasmania indicating the six regions sampled 
for X. gladiata. 



42 

Fig. 2.2. Detailed maps of the sampling sites at the Cape Sorell 
(top) and Port Davey (bottom) regions. Exact location of 
sites are indicated by a star. Scale of detailed maps: 
1:100 000. Drawn from TASMAP 7913 and 8011 respectively 
with the permission of the Lands Department, Hobart. 
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Fig. 2.3. Detailed map of the sampling sites at the north-east 
region. Exact location of sites are indicated by a 
star. Scale of detailed map: 1:100 000. Drawn from 
TASMAP 8515 with the permission of the Lands Department, 
Hobart. 
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Fig. 2.4. Detailed map of the sampling sites at the north-west 
region. Exact location of sites are indicated by a 
star. Scale of detailed map: 1:100 000. Drawn from 
TASMAP 7816 and 7815 with permission of the Lands 
Department, Hobart. 
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Fig. 2.5. Detailed maps-of the sampling sites at the Tasman 
Peninsula (top) and D'Entrecasteaux Channel (bottom) 
regions. Exact location of sites are indicated by a 
star. Scale of detailed maps: 1:100 000. Drawn from 
TASMAP 8412 and 8311 respectively with the permission 
of the Lands Department, Hobart. 
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Fig. 2.6. The two study sites sampled for the local-intensive 
analyses. Open squares indicate the relative positions 
of the 1m2  grids. Drawn from an aerial photograph with 
the permission of the Lands Department, Hobart. 



Table 2.1. Sites sampled for Geographic Study of Morpholoyical Variation. 

Region Site Latitude Longitude Date 

North-West ktst 	Point 40 °56'S 144 '37 'E 16 Nov enber 1985 

North Mawson Bay 40°56'S 144°37'E 17 Nov em ber 1 985 

Bluff 	Hill 	Point 41 001 'S 144 °37 'E 16 November 1985 

West Cape Sorel 1 42°12'S 145°10 1E 3 Novan ber 1985 

South-ktst *Bathurst 	Channel 43 019 'S 145 059 'E 27 February 1985 
*Bramble Cove 43 °20'S 146 °00 1E 25 February 1985 

*Spain Cove 43 022 'S 145 058 'E 25 February 1985 

D 'Entrecasteaux *Verona Sands 43 °17'S 147 c9 'E 20 October 1 985 

Channel *Ninepin 	Point 43 °17'S 147 010 'E 23 Sept. - 3 Ca 1984 

*141 	te Cliff 43 °17'S 147 °11'E 22 September 1 984 

South-East Blowhol e 43°02 'S 147 °57 20 October 1985 

rth-East *urns Bay 41 °17'S 148 °21'E 26 October 1985 
*Skeleton Bay 41 °lb 'S 148°19'E 26 Ct tober 1985 

The Gardens Shoal 41 °1 0 'S 148 °17'E 26 October 1 985 

sampled with the aid of S. C. U.B. A. 
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locality  is within convenient travelling time of the laboratory. 

This selection was not influenced by plant morphology. At each of 

these sites a small rocky point projects seaward. The western faces 

of these points were chosen for the sanpling. 

At each site, four 1 n? grids were sampled with the aid of SCUBA 

(Table 2.2). The first grid at each site was randomly placed within 

the Xiphophora bed and the remaining grids were subsequently placed 

at 4 m intervals along the axis of the shoreline. The X. gladiata 

growing within each grid were harvested, and bagged in their primary 

clunps, as in the regional study. The other algae and animals within 

each grid were collected, and all of this material was returned to 

the laboratory for frozen storage. 

Laboratory Processing  

Up to twenty-eight morphological characters were determined for 

each of the plants collected frcm the two sanpl ing regimes (Table 

2.3; Appendix D). The character suite was compiled from those 

characters which have been used to describe the species (Wcmersley 

1967; Nizamuddin 1964; Mitchell 1941; Heine 1932), from those which 

have been useful in morphological analyses of the related genus Fueus 

(Rice et a/. 1985; Rice and Chapman 1985; Marsden et al. 1983) and a 

few "new" characters which were chosen ta best capture the shapes of 

Xiphophora individuals. Selection of a character set on these bases 

must impose a weighting (Pratt 1972). The use of taxonanic 

diagnostic characters alone would lead to an overestimate of the 

difference between species and of the similarity within the species, 

whereas analytically "useful" characters are those with explicable 

variation patterns and hence are likely to show relatively low intra-

specific constancy. However, any character suite must involve such 

weighting, and the one used here seems as representative of the 

plants as is possible within the limits of practicality set by the 

large sanple size (itself  a function of the hierarchical analysis 

design). 
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Table 2.2. Collection Dates for the Local Intensive Sampling 

Proy ramme. 

Si te 
	

Grid # 	 Da te 

White Cliff 
	

1 	 10 /6 /84 

2 	 9/7/84 

3 	 9 /7 /84 

4 	 10 /7 /84 

Ninepin Point 
	

6 	 11 /7 /84 

7 	 19/8/84 

8 	 23 /8 /84 

9 	 23/8/84 
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Table 2.3. Characters Recorded for Each Specimen of X. gladiata . 

Number 	Character  

1 	Plant number 

2 	Site 

3 	Date of collection 

4 	Grid number 

5 	Clump position or sequential number 

6 	Plant length 

7 	Plant width 

8 	Receptacle length  ( x5) 

9 	Receptacle width (x5) 

10 	Maximum length of wound induced growth 

11 	Holdfast width 

12 	Sti pe width 

13 	Di stance to oldest dichotomy 

14 	Distance to oldest dichotcmy on a wound induced growth 

on the upper half of pl ant 

15 	Intercalary distance between young dich3tcmies on a 

wound induced growth on the upper hal f of pl ant 

16 

	

	Distance to oldest dichotcmy on a wound induced growth 

on the lover hal f of pl ant 

17 	Intercalary distance between young dichotcmies on a 

wound induced growth on the lover half of plant 

18 	Conceptacle length  (x5) 

19 	Conceptacle width (x5) 

20 	Number of male conceptacles 

21 	Number of female conceptacl es 

22 	Number of lower dichotcmies 

23 	Number of upper dichotomies 

24 	Number of wound induced proliferations in upper plant 

25 	Number of hound induced proliferations in lover plant 

26 	Number of dichotcmies in upper half of a proliferation 
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Table 2. 3. continued 

27 	Number of dichotomies in lower half of a proliferation 

28 	Angle of oldest dichotcmy 

29 	Angle of youngest dichotomy ( x5 ) 

30 	Wilber of vegetative tips 

31 	Number of reproductive tips 

32 	Number of conceptacles/mm receptacle 
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Data Preparation  

Of the characters exanined, some were determined for only a sub-

set of the plants. This was because the characterized structure was 

missing from the individual concerned (e.g. the maximun length of a 

wound induced proliferation could not be determined for a plant 

lacking such growths). To optimize the number of characters and the 

nunber of individuals in the analyses, ten of the measured characters 

(primarily ones related to wounds induced growths) were dropped, 

while all juvenile plants (defined as those lacking receptacles) were 

eliminated, thus permitting the use of characters measured on 

reproductive structures. This left 516 plants with valid data for 

all included characters in the regional study and 708 in the 

intensive study. 

In any morphological data set, some characters vary with the 

size of the plants. If plant size di ffers between regions or sites, 

this pattern will then be reflected in several characters, rather 

than isolated as a single, ccmprehensible factor. It is therefore 

necessary to test the characters for correlations with plant size and 

to convert those which are so related into size-independent indices 

of plant shape. 

These tests require a measure of plant size. One such measure 

would be plant length, however, as determined here (Appendix D) this 

is a combination of the length of the receptacles and that of the 

dichotcmi zing , vegetative part of the thallus. Since these two are 

markedly different in form and since receptacle length varies 

seasonally while the size of the vegetative parts of the plant does 

not (Appendix E), a new character "vegetative length" was defined as 

the difference between measured plant length and receptacle length 

(of the largest receptacle when more than one was measured). Length 

alone may be a poor estimator of size in Xiphophora , and so stipe 

width was also used as a size measure. Each of the characters was 

regressed against these size measurenents and scatter plots of their 

relationships were examined. 

This work showed that, while most of the characters were only 

weakly related to plant size, the nunbers of dichotcmies and of plant 



53 

ti 	(which equal s the number of dichotomies plus one) varied with 

plant length in a ccmpl ex manner. A simple model of the development 

of X. gladiata was, therefore, constructed and used to derive size-

independent shape indices. 

In a perfectly regularly dichotomizing plant with unbranched 

'receptacles on the tips of its thallus, the total numbers of 

dichotomies must be: 

D = 2 /-)i- 1 

where: 

D =Total number dichotomies 

L = Vegetative length 

S = Inter-dichotomy distance 

• .• (I) + 1) = 2' 

(assuming that the new dichotomies are countable when the growing 

fronds extend a distance S beyond the previous dichotcmy). In X. 

gladiata , however, the distance between dichotomies a) tends to 

decline towards actively growing tips, b) is effectively reduced by 

the presence of wound induced proliferations and c) may be increased 

if a dichotcmy is ccmpletely masked by wounding and subsequent re-

growth. Similarly, the total dichotomy count is reduced by the loss 

(through wounding) of same branches and by their failure to develop 

fully, whereas it may be increased by the presence of wound induced 

proliferations. The relationship between d ic hotcmy number and plant 

length in this species is therefore stochastic. If: 

A = 2 
1/c 

Then approximately: 

(D 	y = AL. 6 

log (0 + 1) = log (A). L + c 
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Wen this was fitted to the caitplete data set, in an attempt to 

determine A, it proved to have a highly significant intercept (P « 

.001, t = 67.09). Thus, a more precise description of dichotomy 

nurther in this species would be: 

log (D + 1) =, log (A). L + C + E 

or: 

(0 + 1) = AL. C. e 

= (21 / 5 . c 1 /1-)L. 

This model was fitted to the complete data set by common linear 

regression (A = 1.0330; S = 21.3493; C = 1.9289; r 2  = 0.129; N = 

1650). Although the proportion of the variance explained by this 

regression yes small, it was highly significant (P < 0.0001) and 

inspection of the scatter plot showed no tendency towards non-

linearity or unstable variance. 

The residuals from the regression line, expressed as logarithms, 

were adopted as a size-independent index of the degree of dichotomy 

or "branchiness" of each plant. The index, termed "dichotomy index" 

is independent of vegetative length ( r2  < 0.0001; 

P = 0.917; N = 1650). 

While this dichotomy index serves to quantify the "branchiness" 

of the plants, it does not identify where that "branchiness" is 

found. This requires a size independent adaptation of the ratio of 

dichotomies in the upper half of the plant to those in the lower 

half. Following the above logic, in a perfectly regularly 

dichotcmi zing plant, the number of dichotomies in the lower half 

v,ould be: 

N = 2 (P /2 * 1 / S)-1 

where: 

N = Number of lower dichotomies 

P = Plant length 
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In such a plant, (N + 1) branches would pass through the mid-point of 

the plant's length (one half of P frcm the holdfast). Each of these 

branches would bear V dichotomies, where: 

V = 2 [  (P/2 - R) 1 /s] 

where: 

V = Number of upper dichotomies per lower branch 

R = Length of unbranched receptacle 

and: 

U = V (N+1) 

where: 

U = Number of upper dichotomies 

The ratio of upper to lower dichotomies plus unity is, therefore: 

U = V = 2 [(PP 	R) 1/s3  -1 

N+1 

I P 
U +1 =A 

N+1 

log ( vi- +1 ) = log A ( 7  -R ) 

This is again a stochastic relationship, which can only approximately 

be modelled by linear regression. It has anomalous behaviour in 

plants with receptacles longer than one half the total plant 

length. 1-bwever, a two-stage function: 
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log ( 	+ 1 ) = log A ( 2- - R) +c; where P/2 > R 

log ( 4_,1)=0+ici ;  where P/2 <R 

fitted the data ccmparatively well (For P/2 > R: A = 1.00977; S = 

71.2 926). Unfortunately, the resulting "dichotomy ratio", expressed 

as a logarithm, is not independent of vegetative length ( r2  = 0.1330; 

P < 0.0001; N = 1650) but has a slight negative slope (-.0012) and an 

apparently lognormal error term. Inspection of the scatter plot 

(Fig. 2.7) shows that a high proportion of the plants had dichotcmy 

ratios less than 0.3, indicating more dichotomies in the lower half 

of the plant than in the upper, since: for large U and N = U; 

log ( 	ru 	+ 1 ) 	log 2 

-= 0.3 

This tendency towards excess dichotomies in the lower half increases 

in plants of over 500 mm vegetative length, which may be a genuine 

biological result of branch loss in large plants. Thus, al though the 

properties of this dichotomy ratio are imperfect, it was adopted as a 

measure of the relative "bushiness" of the upper and lower parts of 

the plants. 

The number of tips in a plant is necessarily one greater than 

the number of dichotanies, and so the dichotomy index is as much a 

measure of the total number of tips as of the number of dichtomies. 

However, the tip data can also be represented as a ratio of 

reproductive tips (receptacles) to vegetative tips. Since ratios of 

normal variates have intractable Couchy distributions, this index was 

defined as a proportion: 

Number Reproductive Tips 

"Reproductive Ratio" = 

Total Nimber of Tips 
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In an anal agous manner, the nu -nbers of male and female 

conceptacles were summed to give a total "nunber of conceptacles", 

and La-1 ited as: 

Nkimber frle Conceptacl es 

"Sex Ratio" = 

Total Number of Conceptacl es 

The large mount of field collection necessitated a long field 

season (Tables 2.1, 2.2)- If there were marked seasonal patterns in 

plant morphology, these would be captured in the data set and 

compl exed With any geographic patterns. A two-year study of the 

morphcmetry of 50 tagged plants Ines therefore carried out (Appendix 

E) -. This shoved that only receptacle length varied seasonally to a 

measurable extent. For the study site, at White Cliff in the 

D'Entrecasteaux Channel: 

Receptacle Length = 	Sin (Date . 2 ic ) . 29.6 +172.4 + c 

365 

where: 	 Date = Julian date counted from February 1. 

This sine curve could be used to correct all receptacle lengths 

to their annual mean values. Hovever, its anpl itude and phase have 

only been measured for the D'Entrecasteaux Channel. To avoid 

excessively distorting the data by the appl ication of possibly 

erroneous paraneters, all receptacle lengths were converted to their 

predicted lengths on Novenber 1 [approximately the mid-point of 

sanpling outside the D'Entrecasteaux Channel and South Wst regions 

(Table 2.1).] by: 

Rs  = R - (29.6 Sin e + 172.4) t. 29.6 Sin 4.665 + 172.4 

where: 	R = Measured receptacle length 

Rs  = Standardized receptacle length 
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= Date . 2n 

, 365 

In the longer term, most aspects of plant form, but particul any 

their size, will be affected by their age and growth. The tagging 

study (Appendix E) shohed that growth over a two year period was 

negligible ( in the large plants chosen for tagging), and this is 

consistent with the long lives of X. gladiata (Appendix B). Thus, 

the exclusion of juveniles frail the data set (see above) will have 

reduced the effects of age on measured morphology. Further reduction 

of this effect is not possible in the absence of sane means of 

measuring the aye of the pl ants, and ontogeny must be accepted as one 

of the factors controlling the pattern of morphological variation. 

Following the data reduction and modelling steps described in 

this section, the characters and indices in Table 2.4 were available 

for morphological analysis. 

Data Normalization  

Model II analysis of variance makes two assumptions of the data: 

that the sanples are randcmly drawn from a normal distribution and 

that the sampl e variances are homogenous (Sokal & Rohl f 1969). 

Normality of frequency distributions was exanined using all of the 

receptacle-bearing plants in the data set (N = 1650). 

Theoretically, the meristic characters follow discrete frequency 

distributions and require discrete probability functions (Sokal & 

Rohlf 1969) whereas morphcmetric characters should have continuous 

probabil ity distributions. In practise, many morphometric characters 

behave as though discretely distributed due to the precision of 

measurenent being a high proportion of their range. 

Similarly, many meristic characters can assune a near continuous 

distribution when their biological range is large. Therefore, all of 

the characters and indices in Table 2.3 were treated as continuous 

variables and data normalization was attempted for them all. 

Three met hods of ex amini ng normal ity were en ployed : cunul at ive 

normal distribution plots, calculations of skewness, kurtosis and 
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their significances, and plots of cell variances against their means. 

The emulative normal distribution plots were prepared for each 

variable. They were visually compared to the diagonal line which 

represents the normal distribution. For large data sets, such visual 

appreciation of normality is generally considered acceptable 

(Legendre & Legendre 1983), but cannot yield a quantitative result. 

One of the common techniques for quantifying departures friar, 

normality, the Kolmogorov-Snirnov goodness-of-fit test, is 

particularly rigorous in that the significance of the largest 

deviation between the relative cunulative frequencies of the data and 

the theoretical distribution is tested. This method can be used to 

advantage with 	all sample sizes (Sokal & Rohlf 1969) , but with 

larger samples it tends to respond to outl iers and frequently gives 

falsely significant results. Thus, the alternative approach of 

measuring skewness and kurtosis and then testing their values was 

adopted here. 

Scewness is a measure of the asymmetry of the distribution and 

is measured by the third moment statistic: 

g1 = (1/ns 3 ) 	(y - V ) 3  

where: n = sample si ze, s = standard deviation, V = sample mean. 

Kurtosis describes the "peakedness" of the distribution, and is 

measured by the fourth mcment statistic: 

g2= (1/ns4) 	 _ 3  

In a normal distribution both g1 and g2 are zero. Negative 

values of gi indicate a left skew, while positive values indicate the 

opposite. A positive g2 describes a leptokurtic distribution with 

samples closely clustered around the mean. A negative g2 indicates  

that there are fewer data points near the mean and at the tails than 

in the normal distribution ("platykurtic"). The g1 and g 2  statistics 

were tested for significance using a 2-tailed t-test where: 
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t s = /St/ - St P  

Sst 

where: 	St = Sample statistic (g1 or g2) 

St = Parametric value of ccmpari son (here 0) 

55t = Standard error of St 

For sample si ZB s greater than 100, SS t  is approximately 1(6/N) for 

91 and 1(24/N) for 92 (Sokal & Rohlf 1969). 

The dependence of sample variances on their means was examined 

using scatter di agrans of grid and clunp values for the regional and 

local studies respectively. 

These methods were applied to the raw data on the characters and 

indices.  On the basis of their results, appropriate normal i zi ng 

transformations %ere applied and the tests vere repeated. 

Fulfillment of the assunption of homogeneity of variances was 

then tested with the Fm ax  text (Sokal & Rohl f 1969). 

Prialysis of Variance  

For each of the regional and local studies and for each of the 

transformed characters and indices listed in Table 2.4, a three-level 

nested analysis of variance vas performed using the MANOVA subprogram 

of the Statistical Package for the Social &iences (SPS9( , Version 2; 

SPSS Inc. 1986) on the FR IME B computer at the thiversity of 

Tasmania. The regional analysis used regions, sites and grids as the 

levels in its hierarchy. Pmalgamation of the clunps within each grid 

vas required because the nunber of plants per clamp were highly 

variable and generally low. The local analysis used sites, grids and 

clunps for its hierarchy. In both, the data on individual plants 

provided the error term. 

Variance ccmponents for each level in these hierarchies and for 

each character were calculated from the hypotheses and error mean 
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Table 2.4 Characters Selected for Use in ANOVA. 

As used in ANOVA 

Vegetative Length 

Plant Width 

Standardi zed Receptacle Length 

Receptacle Width 

Hold fast Width 

Stipe Width 

Distance to Oldest Dichotcmy 

Number of Conceptacl es 

Sex Ratio 

Dichotomy index 

Dichotcmy Ratio 

Any 	of Oldest Dichotomy 

Angle of Youngest Dichotcmy 

Reproductive Ratio 

1 og 

log 10 

In log 10 form 

log 10 

109 10 

1 °9 10 

1 °9 10 

1 °9 10 
Arcsine 

In log 10 form 

In log 10 form 

Untransformed 

Untrans formed 

log 10 
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squares, and converted to percentages of their suns. It is sometimes 

suggested that the variance ccmponent for a non-significant factor 

should be set at zero and its variance partitioned amongst the other 

factors (Sokal & Rahlf 1969). This %es not done here since the 

fundamental approach folloved vas one of data description rather than 

hypothesis testing: a non-significant trend in the data %es seen as a 

trend, albeit a minor one, that might be significant with more 

data. The algebraic model of a three-level nested anova is a simple 

extension of the one-factor equation (Sokal & Rohl f 1969). Hovever, 

in the present examples there %ere unequal sample sizes (generated by 

the biologically variable plant density at the lov,est level of the 

analyses). In such cases, average sample sizes are ccmputed (Sokal & 

Rohl f 1969) and more ccmpl ex formulas for the coefficients in the 

variance ccmponent equations are required (Anderson & Bancroft 

1952). If the nesting is considered as level D (individuals) within 

level C, within B, within A, there are 'a' level A units (e.g. 

regions) each containing n i  individuals 	n i  = N) and bi level B 

units. Each of the latter contains nij individuals, grouped into cii  

level  C units. These contain nii k individuals  virich are the dij k 

level  D units. Then: 

Source of 
	

Expected MS for a hbdel II  

Variation  

II 	0 	 I 	0  

= M SA = cr 	+ n o  04 cc B  + (nc) 0 B A  + (ncb) 0  

.m% = cr2  + no a2 ccg 	2 
(ncio 13cA 

= MSC = a + n o  cr2c c  

D c C (error)---Swi thi n = a
2 

where 

n JI 
 f 	 r,2 	 n 2 	f  ti; 	 H ijciik;  

ijk 	 j k 	 i j k 

A 

Bc A 

Cc B 
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(nc) 0 = 	n 2 1J.f 1 ; (nc)
o  = 
	n 2 1. f ij'  • (ncb) = 	n 2 i  f 

	

o 	i 

and 

=  	= 	  
(l/ni ) - (1/n) 	(1/n) - (1/n.i ) 	(1/n•,) - (1/n1)(1/n1)

f. 	 • f  ; f ij 
a-1 	 y b i  - a 	iik 	C ij - y b 1  

(Anderson & Bancroft 1952). The variance components (i.e. y 2 , a2ccB, 

cr 2BcA , 0' 2A ) were found by solution of these simultaneous equations 

using a FORTRAN program and the mean squares output by the MANOVA 

subprogram. 

Model II nested ANOVA makes the additional assunptions that the 

factors (i.e. hierarchy levels) are random (as opposed to fixed), 

without interactions and that the "treatments" (i.e. factor val ues) 

are independent. The latter assunption is potentially violated by 

the fixed spacing of the grids in the local analysis and by the 

partially fixed spacing of the sites in the regional one. However, 

the effects of these spacings on recorded plant morphology should not 

be great. The former assunption was fulfill ed by the sampling design 

Employed though it should be noted that this implies that the four 

regions were selected from a much larger possible nunber of 

regions. Thus, the ''south-west" region, for example, comprises the 

entrance to Port Davey and not the entire southwestern coastline of 

Tasmania. 

RESULTS 

Relationships with Plant Si ze  

Results of the correlations of the characters with plant size 

are given in Table 2.5. Although many of the dependent characters 

are significantly correlated (P < .01 with the size variables, the 

proportions of the variation explained by the correlations ( r2 ) are 

less than 16% in most cases. Receptacle length is highly correlated 



Table 2. 5. Correlation Statistics of 	lected Variables to 

Ex arn ine the Effect of Plant Si ze . 

Transformed variable 
	

Length 	Vegetative 	Sti pe 

length 	width 

r2 	p 	r 	r2 	p 	r 	r2  

Receptacle length .70 .49 0 .03 .00 .21 

Receptacle width .15 .00 0 -.04 .00 .07 .19 .04 0 

Plant width -.04 .00 .11 .19 .03 0 .18 .03 0 

Hold fast width .17 .03 0 .13 .02 0 

Stipe 	width .17 .03 0 .22 .05 0 

Di stance to oldest dichotcmy .11 .01 0 .28 .08 0 -.01 .00 .83 

Reproductive ratio .34 . 11 0 .18 .03 0 

(bnceptacl e length .26 .07 0 .15 .02 0 

Sex 	ratio -.09 .01 0 .06 .00 .03 

rb . dichotcmies in upper plant .10 .01 0 .38 .14 0 

. dichotomies in lower plant .41 .16 0 .16 .03 0 

N). 	proliferations (upper) .15 .02 0 .34 .12 0 

. proliferations (lower) .28 .08 0 .14 .02 0 
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with length (of which it is a component), but it has no significant 

correlation with vegetative length. Conversely, plant width, stipe 

width, distance to the oldest dichotomy, the number of dichotomies 

and the number of proliferations in the upper half of the plant all 

showed increased correlation with vegetative length. The distance to 

the oldest dichotcmy was not correlated with stipe width. Plant 

width and receptacle width here both significantly correlated with 

stipe width, however, the proportion of the variation in the data 

explained is less than 5%. 

Data Normalization  

The untransformed characters and indices were almost all skewed 

and scme were extremely kurtotic. Only the angle measurements and 

branching order did not require transformation (Table 2.6). 

Logarithm (Base 10) transformations were calculated where the 

distributions ware right-skeved and the variances vere positively 

correlated with the means (Sokal & Rohlf 1969). The primary concern 

was to renove the latter effect, therefore in some cases variables 

were log transformed where their distribution would otherwise suggest 

that the milder square root transformation would be appropriate. The 

arcsine transformation was calculated on the 'sex ratio' variable as 

the distribution was expected to be binomial. Although the 

'reproductive ratio' would be expected to require an arcsine 

transformation as well, a logarithmic transformation was more suited. 

After transformation, and including the three untransformezl 

characters, ten variables were found to approximate to the normal 

distribution based on both g1 and g2 statistics. Five variables were 

symmetric but suffered significant kurtosis. Of the remaining twelve 

variables, only the maximum length of a wound induced growth and the 

number of dichotomies in the upper half of the plant were extremely 

.skewed. The former, and five other variables were largely kurtotic 

with vegetative length being extremely kurtotic. 

Sokal and Rohl f (1969) state that while skewed distributions 

have a marked effect on the F-test in ANOVA, kurtotic ones do not. 

Underwood (1981), following Cochran (1947) and Box (1953), suggests 
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0.06 O. 98 N. S. 0.20 1.62 N. S. 

-0.02 0.40 N. S. 0.07 0.58 N. S. 

-O. 18 3.00 4.001 O. 18 1.49 N. S. 

-0.10 1. 73 N. S. 0.08 0.63 N. S. 

-1. 20 19. 62 (.001 1. 24 10.12 4.001 

-O. 52 8.73 4.001 0.13 2.21 4.01 

-0.00 0.05 N. S. 0.56 4.66 <.001 

0.05 0.90 N. S. -0.19 1.55 N. S. 

O. 17 2. 39 (.01 -0.01 0.04 N. S. 

0.58 8.33 <.001 1.03 7.22 4.001 

0.33 4.90 <.001 0.54 4.06 <.001 

0.45 6.82 <.001 0.43 3.22 <.001 

-0.03 0.45 N. S. 0.73 4.96 4.001 

-0.47 6.34 4.001 1.61 10.87 4.001 

-0.38 6.35 4.001 0.12 0.98 N. S. 

-0.96 15. 93 4.001 0.82 6.79 4.001 

transformation Comment 

log io  (x) 

1°9m ( x) 

thgl 0 (x)  
1 ogio ( x) 

1°9 1 0 ( x ) 

1°910 ( x)  
1 0910  ( x) 

login ( x) 

1 °9 10 (x) 
1 0910  ( x) 

1 oyi o  ( x) 

1 0910 ( x)  
square root ( x) 

square root ( x) 

l 0910 ( x + 1  ) 
1 ogio ( x + 1 ) 

normal distribution 

normal di stribution 

left skewed 

normal distribution 

left skewed; 1 epto kur tic 

left skewed  

1 eptokurtic 

normal distribution 

normal distribution 

right-skewed; 1 eptokurtic 

r ight-s kewea; 1 eptokurt ic 

riyht-s ke wed; 1 e ptokurt ic 

1 e pto kurt ic 

1 eft-s kewea; 1 eptokurtic 

left- skewed 

1 e f t-s kewea; 1 eptokurt ic 

Table 2. 6. The Third and Fourth Moment Statistics of the Morphometric Variables. 

gl 

Plant length 1650 1. 19 2. 53 

P1 ant width 1 650 1.47 5.88 

Receptacle length ' 1 650 2. 11 8.00 

Receptacle width 1 650 0.78 1.13 

Max. length of wound 	induced growth 1 590 1.05 1.49 

Hold fast width 1 642 0.91 0.96 

Sti pe width 1650 1.90 7.41 

Distance to oldest d ic hotcmy 1 64 8 2. 71 12.99 

In terd ic h. d ist . wound growth upper 1177 1. 61 3.68 

01st. to old. d ich. wound growth upper 1195 4.88 42.48 

Interd ich dist. wound growth lower 1327 3.11 17.44 

Dist. to old. dich. wound growth lower 13 63 3.45 21.30 

Conceptacl e length 10 94 0.50 3.1 0 

Conceptacl e width 10 94 0.10 2.39 

Nunber of dichotcmies (lower) 1 650 3.87 22.22 

Number of dic 	tcmie s (upper) 1650 5.80 52.88 



Table 	6.cont' d. 

gl 92 transformation 92 

Number of vound ind . growths ( upper) 1 650 25.17 844.45 1 °910 	(x + 	1) 0. 07 1.08 N. S. -1.06 8.74 (.001 

tunber of wound i nd . growths (lower) 1 650 5.19 44.67 1 °910 	( x  + 1) -0.02 0.30 N. S. -0.47 3.91 (.001 

Nutter of d ich. hound i nd . growths (upper.) 1 650 18.99 542.96 1 ogio 	( x + 1 ) 0.36 5.93 (.001 1.28 1 0. 61 4.001 

kmber of dich. round lid, growth (lov.er) 1 650 21.83 17.19 1 0910 	( x + 1) 0.34  . 0 01 -0.21 1.74 N. S. 

Angle of oldest dichotcmy 1 643 0.13 -0.19 0.13 2.13 N. S. -0.19 1.53 N. S. 

Angl e of youngest dichotomy 1 646 0.24 0.08 0.24 3. 92 <.001 0. 08 0.68 N. S. 

Ntmber of receptacle ti ps 1 650 7.98 10 7. 90 1 0910 ( x + 1) 0.04 0.70 N. S. -0.56 4.64 (.001 

Nunber of vegetative ti ps 1 650 5.34 48.27 1 0910 ( x + 1) -0.05 0.83 N. S. 0.38 3.13 <.001 

Branching order 394 -0.02 0. 35 -0.02 0.15 N. S. O. 35 1.43 N. S. 

Vegetative length 1 650 0.99 1.36 1°g10 ( x) -0.44 7.37 (.001 2.50 20.67 (.001 

Sex ratio 	(N3. males/ to 	conc) 1553 -0.56 -0.28 arcsi n ( x) -0.12 1.87 N. S. -0.22 1.74 N. S. 

Reproductive ratio ( No . repro. ti ps) 1 650 2.12 12. 69 1 og i 0 	(x) 1.48 24.70 4.001 6. 02 49. 81 (.001 

to 	ti ps 

Correct receptacle length 1 637 0.24 0.46 -0.24 4.08 < .001 0.46 3.83 4.001 

Dic h3 tcmy irdex 1 650 -0.12 0.49 -0.12 2.02 N. S. 0.49 4.04 (.001 

Dichotcmy ratio 1 650 0.63 1.97 0.63 10.56 (.001 1.97 16.41 <.001 

Comment 

pl atykur tic 

pl atykurtic 

right-skewed; le ptok urtic 

right-skewed 

normal di stribution 

normal distribution 

pl atykurtic 

normal distribution 

normal distribution 

left-skewed; leptokurtic 

normal distribution 

r ig ht-skehed; lepto kur tic 

rig ht-skeved; leptokur tic 

normal distribution 

right-skewed; leptokurtic 
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that ANOVA is robust to most types of non-normal ity, particul any 

when sanpl e si zes are 1 a rge . 

Given the criterion of Sokal and Rohl f (1 96 9) the five 

symmetric , but kurtotic , variables (i.e. stipe width, the number of 

wound-induced growths in the upper and lover halves of the plant, the 

nunber of receptacle tips and conceptacle length) could be used in 

parametric tests. Following Underwood (1 981 ), only the maximum 

length of wound-induced growths and - the nunber of upper dichotcrnies 

are extremely skewed and should be dropped from the data set. The 

remaining variables could be included in an ANOVA on the basis of 

conformity to the normal distribution. 

Transformation successfully achieved an independence of the 

means frcm the variances. With the exception of conceptacle length 

and width measures, no trends were visible in the scatter-plots. 

In particular, no trend has observed in the untransformed angle 

and branch variables. The conceptacle characters showed odd trends 

that were not corrected by transformation. These characters were 

al so dropped frcm the data set. 

Cumul ative frequency plots shoved slight 'S tendencies on some 

variables but only at the tail-ends. The curves appeared to 

approximate straight diagonal lines. 

Fmax  tests of selected variables (Table 2.7) showed the 

variances of most characters. of both clump and grid sub-groups, to 

be significantly hcmogene.aus(P < .01). 

Regional Analysis of Variance 

The ANOVAs of the regional study are summarized in Table 2.8. 

For most of the characters, the majority of the variance (65% to 90%) 

was expressed at the level of the grids, with much of the residue (8% 

to 27%) being between regions. These characters showed zero variance 

between sites within regions. 

The exceptions to this overall pattern were the sex ratio, which 

showed much greater between-regions variation, and the dichotcrny 

index and dichotomy ratio. The latter shoved a heavy preponderance 

of between-individual variation with the residue approximately 
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Table 2.7k 	Test of I-bmogeneity of Sub-Group Variances. 

VARIABLE 	 GI ID 

Fmax 	d .f . 	Sig. 	Fm  
CUM P 

d .f . 	Sig. 

1 og i  0 (vegetative length) 6.32 	23,5 *N. S. 52.83 72,2 N. S. 

1 ogio (plant 	widt h) 9.13 	23,4 N. S. 24.39 72,2 N. S. 

1 	g 1 0 (receptacle  width) 5.65 	23, 6 N. S. 14.43 72,4 N. S. 

1 ogio ( hold fast 	width) 9.78 	23,8 N. S. 985.46 72,2 N. S. 

login (stipe width) 14.07 	23,4 N. S. 8.28 72,2 N. S. 

1 ogio 	(di st . old. dic hot .) 17.03 	23,6 N. S. 214.97 72,2 N. S. 

AN 1 e of old. d ic hotomy 5.39 	23,4 N. S. 42.66 72,2 N. S. 

Angle of nest dic hotcmy 1 O. 95 23,12 <. 01 36.97 72,5 N. S. 

1 0910 (no. of conceptacl es) 38.42 23,13 <.01 3178.62 72,2 N. S. 

arcsin (sex ratio) 2.78 	8,6 N. S. 111.86 4,3 N. S. 

1 0910 (reiroduc tiv e ratio) 5.51 	30,7 N. S. 211.67 5,2 N. S. 

Dic hotcmy irdex 2.24 	35,6 N. S. 2 6. 61 6,2 N. S. 

Dichotomy ratio 5.06 35,35 <. 01 20.48 4,2 N. S. 

Gorrected recept . length 4.37 	29,6 N. S. 16.04 6,4 N. S. 

*N. S. = non significant at a = .01 



Table 2, 8, The ttan Square (MS) and Variance (bmponents (Expressed as Percentages) of 14 

Morphological Variables Subject to lh iv ari ate tested ANOVA. I. Reg ional Anal ysi s. 

E(MS) 	 Percent Variance 

Character 
	

M ;41 ITHIN MSER ID M SS ITE 	MSREGION 	W 	%G 	%S 	%1 

0.15 178.04 66.68 109.85 0.15 84.65 0 

0.01 6.59 2.87 5.37 2.36 78.07 0 

0.01 13.35 4.78 8.11 1.63 83.23 0 

0.05 28.29 11.82 17.28 3.34 82.65 0 

0.03 22.32 7.41 15.33 2.20 80.04 0 

0.08. 44.70 18.70 50.53 2.57 70.25 0 

209.12 99341. 31 36393. 87 38462. 97 3.99 88.26 0 

1 70. 74 65655. 81 22558. 76 46188. 44 4.36 7 8. 05 0 

0. 02 45.31 19.23 36. 52 0.67 79.49 0 

0.04 164.02 64.21 75.26 0.45 89.51 0 

0. 11 0.48 0. 73 0. 75 78. 91 12.28 4. 52 
0.06 0.014 0.29 0.45 83.14 5.04 4.95 

0.00 0.05 0.03 0.42 19.36 65.75 0 

0.05 4.14 1.77 12.79 11.32 40.04 0 

15.32 66.95 0.68 

vegetative length 

plant width 

receptacle width 

hold fast width 

sti pe width 

di st .oldest dichotcmy 

angle old, dichotomy 

angle  o f new. d ic hot . 

number of conceptacl es 

corrected rec . length 

resid ual no. d ich. 

residual d ich . ratio 

reproductive ratio 

sex ratio 

AVERAGE 

15.20 

19.57 

15.14 

14.01 

17.77 

27.17 

7.75 

1 7. 59 

19. 84 

10.04 

4.18 
6.87 

14.89 

48.63 

17.05 
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equally spread between the grid, site and region levels. 

Local Analysis of Variance  

The local ANOVAs were very similar to the lower level s of the 

regional analyses (Table 2.9). Most of the variance (80% to almost 

100%)- kis expressed between clumps, with almost all the residue being 

individual variation, for all characters except dichotomy index and 

dichotomy ratio. These two again showed considerable individual 

variation, though the residue was largely expressed between clumps 

within grids. Only 2% and 5% respectively were expressed between 

sites 

DISCUSSION 

The combination of the two sets of analyses of variance clearly 

shows that the greater part of the morphological variation in 

Xiphophora gladiata is expressed over the scale of the primary 

clunps, or about 100 mm distance (Appendix A). In the regional 

study, these clumps were not analysed separately, but the small grids 

used rarely enclosed many receptacle bearing plants (average 22.4, 

maximum 53) and so this between-clump variation was expressed 

between, rather than within, the grids. 

There was considerable variabilitjat the between-regions level , 

but remarkably little  variab ity between individuals  within cl unps 

and almost none between grids (in the local study) or sites. Thus, 

the geographic scales of morphological variation are bimodal : 

approximately 100 nin and approximately 300 km. This pattern is also 

remarkably constant across the characters analysed. 

Sex ratio showed markedly more variation between regions than 

did the other characters, but it was the two dichotomy-related 

indices that were most anomalous. These vary primarily between 

individuals  within cl unps and show considerable variation between 

sites. 

These patterns are in marked contrast to Rice et al.'s (1985) 



Table 2.9. The 	an Square (MS) and Variance Components (Expressed as Percentages) 

of 14 Morphological Variables Subjected to Un iv ariate Nested ANOVA. II Local 

Analysis. 

E (MS ) 	 Percent Variance 

Character 
	

MITHINM SCL LM PS MS CR I D MSS ITE 	W 	 %s 

vegetative length 

plant width 

receptacle width 

hold fast width 

sti pe width 

dist . old. dichotomy 

angle old. dic hotcmy 

angle new. dichotomy 

nunber of conceptacl es 

corrected rec . 1 ength 

residual no. dich. 

residual dich. ratio 

reproductive ratio 

sex ratio 

AVERAGE 

0.02 63.66 26.30 0.43 0.24 99.76 0 0 

0.01 3.23 1.97 5.01 3.29 94.50 0 2.21 

0.01 4.66 2.47 0.67 1.74 98.26 0 0 

0.05 10.86 5.44 0.96 3.89 96.11 0 0 

0.03 8.93 3.92 2.15 2.70 97.30 0 0 

0.09 24.28 9.45 0.80 3.03 96.97 0 0 

199.02 26944.84 14266.07 771.57 6.10 93.90 0 0 

186.90 19872. 18 9256.50 678.91 7.66 92.34 0 0 

0.02 23.08 12.37 0.24 0.81 99.19 0 0 

0. 04 49. 70 26. 98 0. 60 0. 61 99. 39 0 0 

0.14 0.35 0.49 1.69 83.27 14.69 0 2.04 

0.13 0.96 1.36 5.30 54.88 40.44 0 4.68 

0.00 0.02 0.01 0.01 1 9. 84 80.16 0 0 

0.03 5.03 5.17 0.10 5.62 94.38 0 0 

13. 83 85.53 0 0.64 
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observations, in the only canparable study of macroalgae, of Fucus 

evanescens and F. distichus . They found that a majority of the 

morphological variation as expressed between individuals within 

sites, with a considerable between-sites component and rather smaller 

variation at higher levels. There were marked differences between 

the ten characters analysed. Sane of this difference between the 

studies may derive from the di fferent sampl ing strategies empl oyed . 

Rice et al. (1985) combined all plants from each site into a single 

sample, thus ccrnpressing some very fine scale vcariation into the 

between individuals component, though to no greater extent than 

should have occurred in the grid sampling used in the present 

regional study. Also, the two Fucus species have very wide 

distributions around the Itrthern 1-bmisphere (Rice et a/. 1985), 

which provides an opportunity, which is lacking in X. gladiata, for 

morphological variation over thousands of kilometres. 

Thus, the present study extends Rice et al.'s (1985) conclusions 

and shows that the phenotypic mosaic of a fucoid alga can have a 

scale as fine as 100 m, in contrast to their 10 m to 10 la. 

I-bvever, it also suggests that the geographic pattern of 

morphological variation in X. gladiata is quite different from those 

of F'ucus evanescens and F. distichus 
Since three quite distinct patterns of geographic expression 

have been observed in x. gladiata, with notable constancy between the 

relevant characters, there may be assumed to be three distinct sets 

of controlling factors. Firstly, at the scales of clumps and inter-

cl unp distances, the physical environment appears hcmogeneous. At 

each site, the substrate was composed of a single rock type. An y 
micro-habitat features of the rock seen unlikely to affect the form 

of full-grow' plants which project far above its surface. The water 

chenistry and physical properties cannot vary over scales of less 

than a metre in the surf zone, since va ter moves further than this 

with each wave. The substrate vas not sufficiently dissected to 

alter vave exposure betveen clunps, at least at White a iff and 

lvinepin Point. The biotic environment, particularly densities of 

grazars, may vary more between clumps but, given the long life 

expectancy of X. gladiata (Appendix B), this is likely to be averaged 
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within the time scale of dev el opment of each plant's morphol goy. 

Thus, the cause of the between-clunps morphological difference 

lies not in the envirorrnent but in the intrinsic properties of X. 

gladiata. Two such properties might influence plant morphology: 

plant aye and genotype. There has been no study of the patch 

dynanics of X. gladiata , but it is possible that the members of each 

cl um p tend towerds constant aye. If so, potentially age-related 

characters such as vegetative length, holdfast width and stipe width 

might be expected to vary between climps. However, other characters 

would not be expected to follow the sane pattern, and so the 

predominance of between-clumps variation across most characters 

suggests that age differences are not the primary controlling factor. 

Rice et al . (1985) have reviewed the evidence for a high degree 

of sel fi ng , limited di spersal and cloning in Fucus and other 

fucoids. If such processes occur in X. gladiata, they could readily 

lead to genotypic differences between the clunps and hence to the 

observed phenotypic ones. This seens the most likely cause of the 

morphological variation between clumps, and is taken up in Chapter 5. 

The morphological variation between regions observed in all 

characters could have one or both of two causes: large scale 

envirormental gradients or limited gene flow through restrictions on 

dispersal. A consideration of these alternatives is included in 

Chapter 3. 

Lastly, the anomalous variation patterns of dichotomy index and 

dichotomy ratio incl ude large variance components between individuals  

and marked ones between sites. These suggest the action of some 

environmental factor that has little influence on the other 

characters. Since both dichotomy characters would be greatly 

affected by the loss of branches from a plant or the developnent of 

wound induced proliferations, they would be influenced by the actions 

of grazers. None of the other characters would be much affected by 

these. The density of grazers certainly varied between the study 

sites (Appendix F). Thus, the geographic pattern of variation in 

dichotomy index and dichotomy ratio is likely to be, in part, an 

effect of grazing. This hypothesis is examined in Chapter 4. 
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CHAPTER 3 

PATTERNS OF INTER-REGIONAL MCRPHOLOGICAL VARIATION IN  

XIPHOPTIORA GLADIATA  

INTRODUCTION 

In the previous Chapter, it was shown that the greater part of the 

morphological variation in Xiphophora gladiata is expressed between 

neighbouring clumps. Such variation is important, but it can rarely 

be of direct concern to taxoncmy or ecology. These sciences must 

usually take a broader view, in vhich differences between clunps form 

a near-random background variation. It is above this background that 

the major differences by vhich taxa are defined are expressed. These 

differences have been shown (chapter 2) to be expressed between 

regions (scales  of 100s of ki 1 cmetres) . 

The .purpose of the present Chapter is to interpret these inter-

regional variation patterns and their relationships to a suite of 

environmental and geographic factors. These interpretations are an 

integral part of the description of morphological variation in X. 

gladiata but they also form a basis for the taxoncmic discussions of 

Chapter 8. 

MATERIALS MD METHODS 

Morphological Data  

The morphological data set analysed here is essentially the same 

as that examined in Chapter 2. The data frail the (ape &well and 

Tasman Feninsul a sites (see chapter 2 for details) ware, ho waver, 

included in most analyses. Since no marked variation between sites 

was found by the nested AN3VAs of chapter 2, the morphology of X. 

gladiata in each region can be effectively described by sanpling at a 

single site. The addition of data frcm these two sites thus allows 

the analyses to incorporate six, rather than four, regions. Field 

sampl ing at these two extra sites was identical to that in the other 

regions (see Chapter 2) and each character was measured and treated 
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in the same manner as described in thapter 2. 

The normalized data, transformed as for the analyses in Chapter 

2, were used throughout. 

Environmental Data  

The purposes of this (hapter require the estimation of values of 

several environnental paraneters for each site. In previous stuclies, 

algal morphological variation has been linked with exposure (e.g. 

Sideman & Mathieson 1983; de Paula & de Oliveira 1982; Chapman 1973), 

water temperature and salinity (e.g. Thom 1983; Russell & Bolton 

1975) and nutrient concentrations (e.g. Thom 1983; Espinoza & Chapman 

1983). Interactions with animal s and the algal flora within the 

Xiphophora stand or with stbstrate geology might also affect 

morphology. 

Exposure vas enutierated using a modification of Baardseth's 

(1970) cartographical method (Rice et al. 1985; de Paula & de 

Oliveira 1982; Russell 1977). The value of this index is equal to 

the nunber of 9 0  sectors, radiating frcm the site, which are fully 

open to seaward for 7.5 km or further. In determining values of the 

index, 1:100 000 scale topographic maps were used and all rocks and 

headlands marked on those maps were taken into account. This 

standardization of map-scale is necessary to prevent the spurious 

inclusion or exclusion of small topographic features for some 

sites. A value of 0 for the index indicates extrene shelter, while 

40 represents ultimate exposure. This index appears 	accurately to 

reflect the physical wave forces on a shore, at least in sane areas, 

without requiring the intensive fieldwork involved in direct 

measurements (Baardseth 1970). H)wever, it cannot distinguish 

exposure to the short waves generated over a 10 km fetch from 

exposure to the long swells of the Southern Ctean. The different 

degree of shelter from these two pave types afforded by an offl ying 

rock, which results frcrn the greater refraction of the longer wave, 

is also not incorporated. Thus, values of the exposure index from 

the D'Entrecasteaux Channel and the rest coast may not be fully 

comparable. However,  , they are the best available measures of 
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relative exposure. 

Since the morphological variations of concern were between 

relatively widely separated points, latitude and longitude were 

accepted as envirormental factors. In the absence of detailed 

studies, they must serve as indicators of water temperature and 

perhaps water chemistry differences between the sites, though this 

depends on the interpretation of geographic positions as indices of 

water mass characteristics. 

Differences between the sites in terms of their flora and fatria 

were recorded as the site scores on the axes calculated by principal 

co-ordinates analyses of species occurrence data (see Pppendix 	. 

Because the multivariate analysis employed in this Chapter require 

correlated environmental variables, and principal co-ordinate axes 

are necessarily orthogonal to each other, only the first axis of each 

distance matrix could be used. For the animal data, this 

incorporated 25% of the information, whereas the floral axis incl tried 

24%. The fl oral axis is positively related to veve exposure, but no 

such explanation is available for the faunal one ( Pppend ix F) . 

there single regional values for these envirormental indices 

were required by particular analyses, an average vas taken across all 

sites within each region. 

The geology of the substrate wes recorded for each site, with 

rock sanples being returned to the laboratory as necessary. The 

water masses influencing each site (both offshore waters and local 

runoffs) were noted. I-bwever, these data were too generalized for 

inclusion in numerical analyses and were instead used as 

interpretative aids. 

Anal ytical Methods : Introduction  

In Chapter 2, the geographic scales of morphological variation 

were exanined separately for each character. This allowed ccmpari son 

of characters responding in the same or different veys. It wes also 

necessitated by the assumptions of nested analysis of variance and 

its multivariate anal og; the 1 atter' s assumptions not being fulfilled 

by the available data. I-bwever, for present purposes multivariate 
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analyses were generally preferred over univariate ones since they are 

more capable of displaying trends and responses (Pimentel 1979) and 

better represent the totality of morphological variation. 

Morphological differences between the regions we re first 

examined by univariate comparisons of the regional means of each 

character and then, in a multivariate sense, by discriminant function 

analysis. The latter suggested that the differences were closely 

related to geographic location. The hypothesis that they arose 

through limited gene flow rates along the shore ves tested by 

correlation analysis of morphological and geographic distances. When 

this failed to account for the observed pattern of inter-regional 

morphological differences , correlations between the morphological 

characters and the suite of environmental variables described above 

were examined with canonical correlation analysis and multiple and 

bivariate linear regressions. 

Details of the methods used in •each step follow. 

Analytical Methods: Discriminant Function Analysis  

Discriminant function analysis (Atchley & Bryant 1975) served to 

find the linear ccmbination of variables that maximi zed the 

morphological differences between plants from the various regions and 

to test the significance of these differences. All variables that 

exceeded a tolerance level of 0.001, vere forced into the analysis 

simultaneously. (The "tolerance" of a variable being the proportion 

of its within-groups variance not accounted for by other variables in 

the anal ysi s). This method ves used in preference to a step-wise 

approach (virich 	uld select only those variables which maximize the 

distance between regions in discriminant hyperspace) because the 

purpose of the analysis ve s to relate the pattern to the univariate 

analyses of Chapter 2 rather than to find a sub-set of optimal 

discriminating characters. The analyses 'ere performed with the 

DISCRIMIN4IsIT subprogram of SPSSx (SPSS Inc. 1986). The four regions 

studied in Chapter 2 were included in one analysis *fie a second one 

incorporated these four plus the Cape Sorell and Tasman Peninsula 

regions. 

- 
1

1; 

 Continued on page 82 
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wes also cal cul ated. If the mean canonical variable scores (or 

centroid scores) for groups i and j are represented as 

(E il  , Ei 	Ei k  ) and (E ji Ej2 ' 	, Ejk ) respectively, then the 

distance between then is: 

=(E 1  . - Ejl  ) 2  + 	1 (E. 2  - E j2  ) 2  + 1  k - 	k ) 23  

(Mahal anobis 1936). Similarly, the distance betveen groups i and j 

based on the first two canonical variables only is: 

(2  ) = 	(E 11  - E 1 ) 2  + (Ei 2  - Ei 2) 23. 

The degree of distortion introduced by the two dimensional 

representation can then be expressed as: 

D.. - D 	(2)  
6 1.J. =100 	1J D1.J. 

(after G. ht Pherson, Lhiversity of Tasmania, unpublished MS). 

Pnal ytical Ivethods: Correlations of Distances  

To test the hypothesis that inter-regional differences in 

morphology arise simply through limitations to gene flow imposed by 

distance along the coast, the correlation betveen that distance and 

the di stance in morphological di scriminant hyperspace ves examined 

The geographic distances used were the shortest distances by sea 

between the central sites of each possible pair of regions, as 

measured frcm a 1:450 000 scale map of Tasmania. (Thus, no allowance 

wes male for differing gene flow rates either across the mouths of 

bays or al ong extensive sand beaches frcm the equivalent rate al ong a 

continuous x. gladiata stand.) For this purpose, separate distance 

matrices were calculated including and excluding the Bass Strait as a 

permitted route, since it is outside the range of X. gladiata 

Gtorresponding morphological distances vere determined as 

Mahal anobi s' D and as D iJ- (2)  (defined as above). The latter was 

chosen because the relationship betveen geographic position and 
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location in discriminant hyperspace of the regional centroids only 

appears on the plane defined by the first two canonical axes. 

Orrelations vere exanined by the ccmmon Fearson prodtzt mcment 

correlation coefficient. 

Pnal ytic al 	thods: Canonical Correlation Pnal ysi s  

Canonical correlation analysis ( 0 ark 1975) vas performed to 

exanine the overall ability of the suite of envirormental variables 

to explain the inter-regional differences in Xiphophora morphology. 

It thus provided a test of the hypothesis that these environmental 

variables, a sub-set, or other correlates of them, control those 

differences. 

The morphological data set ccmprised data on individual plants 

from all six regions, while regional means were used for the 

predictor variables. By restricting the second set of variables in 

this hey, the analysis hes focused on the inter-regional level and 

not influenced by variations on lesser scales. 

The analysis 'es performed with the MANOVA sibprogran of SPSSx  

(SPSS Inc. 1986). 

trial ytical Wthods: Linear Regression  

Mil tiple linear regression served to identify more specific 

relationships between the envirormental variables and each 

morphological character. By selecting that subset of env ironnental 

variables which has relatively strong relationships with morphology ,  

it provides somewhat more useful results than canonical correlation 

analysis, which can only describe the relationships of the totality 

of each data set. 

The regressions 'ere calculated by SPSSx subprogram RECESSION 

(SPSS Inc. 1986). In this sibprogran, only those independent 

variables with a tolerance (defined as above) greater that 0.01 were 

included in the analysis. All such variables were first used to 

define an equation for the dependent variable. Included independent 

variables that had probabilities greater than 0.1, based on a 



Three aids to the interpretation of discriminant function 

analyses were employed. In order to better visualize and appreciate 

the relationships between regional means, 95% confidence circles were 

drawn around their centroids. Because each of the canonical variates 

are standardized to unit variance by the analysis and since they are 

uncorrelated within groups, each transformed group mean can be 

surrounded by a 'confidence circle' with radius given by: 

ZI f n 

where Z is the standard normal deviate at the required probability 

level and n is the nunber of observations in the group (Phillips et 

al. 1973). The 95% confidence circle is therefore given by radius: 

1. 95//n 

The direction (in the plane of the first two dimensions of 

discriminant hyperspace) in which each morphological character 

increases was plotted by determining its orientation as the ratio of 

its weightings on each of these two axes (Power 1970). Two 

magnitudes of these vectors were plotted. (he represents the 

loadings themselves, and hence the degree of contribution to these 

first two canonical axes of the character concerned. The second 

represents the F-statistic calculated from a univariate analysis of 

variance between regions (G. McPherson, Lhiversity of Tasmania, pers. 

comm.). It is, therefore, a measure of the degree of difference 

between regions in the character, incorporating divergence in all 

five canonical axes. This latter magnitude is more directly 

comparable with the.results of the analyses of variance in Chapter 2 

than is the matrix of loadings. 

If the separation between two group centroids is primarily 

determined by the first two canonical axes, a two-dimensional 

representation of the relative positions of the groups will be 

sufficient for most analytical and interpretative purposes. To test 

this the distortion of discriminant hyperspace that arises frau 

depicting the regional centroids on the first two canonical axes only 
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regression coefficient, of having no correlation with the dependent 

variable (by F-test) were then removed stepwise (the one with the 

largest such probability first). At each step the equation was re-

ccmputed , and any independent variables were removed if their 

tolerances had fallen below 0.1. After all necessary independent 

variables had been removed, any independent variables that were not 

in the equation, but had correlation probabilities of less than 0.05, 

were added stepwise, provided that their "minimum tolerance" exceeded 

0.05 (the "minimun tolerance" associated with a given variable not in 

the equation is the smallest tolerance any variable already in the 

equation would have if the given variable were entered). This 

process vas continued by alternate stepwise removal and addition of 

independent variables until no further changes were both required by 

the probability limits and permitted by the tolerance limits. Thus, 

the optimun conbination of predictor variables was selected, without 

the possibilities of inappropriate exclusions of variables that are 

inevitable  wi th simpler stepwise procedures. 

These analyses were performed by sites, since this vas the 

smallest ( and only) scale on which environmental data were 

gathered. The dependent variables were the site means of each 

character, weighted by the inverse of their variances (to place more 

emphasis on those sites for which the tru site means are more 

precisely estimated . : G. Leigh, CSIRO Division of Kithematics and 

Statistics, pers. comm.). As the characters were close to being 

homoskedastic between regions, only a few data points were greatly 

affected by this weighting. 

Simple product mcment correlations and bivariate linear 

regressions were also calculated for all possible ccmbinations of the 

morphological and environmental variables. These provide the 

clearest summary of such simple relationships without the added 

complexities of inter-relations between the independent variables. 

Linearity of Models  

The methods empl oyed here to describe and summarize 

morphological variation, that is di scriminant function analysis, 
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canonical correlation anal ysis and both bivariate and multiple 

regression analyses, assume linear  relationships bet ween variables. 

If the relationships between the morphological characters and the 

envirormental factors are non-linear, these technicRes may 

underestimate the strengths of those relationships. 

Species generally show bell-shaped (Whittaker 1972) or bimodal 

(Austin 1979) physiological responses to environmental gradients. A 

nunber of statistical treatments have been developed to analyze 

ecological species occurrence data in relation to such non-linear 

gradient response curves (Minchin 1987; Kenkel & Orloci 1986; Austin 

1985, 1983, 1979; Van Ci-oenewourl 1976). Use of such analyses extends 

to the Phycol ogic al literature (Thom 1980). Ebwever, these 

techniques are not appropriate for morphometric data and no suitable 

paranetric al ternatives are yet avail able. Che reason for this may 

be that morphology, in contrast to physiology, often tends to vary 

monotonically, if not strictly linearly, with the controlling 

environmental factors over the ranges of those factors that are 

normally of concern. Previous studies of brown algae have found near 

linear relationships betveen morphological characters and 

envirormental variables (e.g. Rice et al. 1985; Thom 1983, 1980; de 

Paula & de 01 iv eira 1982; Chapnan 1973, Jordon & Vadas 1972). 

Clearly, over the ccmplete range of envirorrnental conditions 

that could be tolerated by X. glctdiata , some of its morphological 

characters would show curvi-linear responses to envirormental 

factors. However, as a reasonable first approximation over the 

environmental range in which the species actually occurs, its 

morphological-gradient response curves may be assumed to be linear 

and, in the absence of alternative paranetric techniques, the linear 

models used in this chapter are acceptable. 

RESULTS 

livivariate Differences Between Regions  

Examination of the regional means of each of the morphological 

characters shoved no interpretable trends or pattern ( Fig. 3.1). 
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Fig. 3.1. Regional mean values for each of the characters used in 
the analyses. Bars indicate the variance above the mean. 
Regions arranged in geographic order from west to east: 
1, North-West, 2, Cape Sorell, 3, Port Davey, 4, 
D'Entrecasteaux Channel, 5, Tasman Peninsula, 6, North-East. 
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Inter-regional differences are particularly marked in the sex ratio, 

distance to the oldest dichotcmy, nunber of conceptacles, plant 

width, dichotomy number and ratio, receptacle length and reproductive 

ratio characters. 

Figure 3.1 also shows that the regional variances (for each 

character based on pool ed individuals frcrn all sites within a region) 

are approximately equal. While this does not prove that the 

variance-covariance matricies for the regions are hcrnogeneous (as 

assumed by the linear discriminant function analyses used here), it 

is at least consistent with such hcmogeneity. 

The envirormental data for each site and region are given in 

'fable 3.1. Sibstrate geology and oceanographic affiliation were not 

included in the analyses but are listed for their descriptive and 

inter pretatiVev al i.e. 

Di scriminant Function trial yses  

Di sc iminant function anal ysis of the four major regions studied 

in Chapter 2 showed then to be significantly different on all three 

canonical axes (P < .001). The first axis explained 73% of the 

inter-regional variation, while the first two axes together explained 

91% (Table 3.2). Thus, the third axis, while statistically 

significant is of limited importance. rtst of the canonicalvariable 

loadings, on each axis, were of a similar order of magnitude, 

indicating that each character made a similar contribution to the 

axis. Hovever, plant width, holdfast width and the angle of the 

oldest dichotcmy contribute little to the first ads, while sex ratio 

contributes little to the second. Conversely, the first canonical 

axis has rather higher loadings by dichotcmy ratio, sex ratio and 

vegetative length, than by other characters, whereas the angle of the 

oldest dichotomy, distance to the oldest dichotcmy and vegetative 

length are major contributors to the second axis. 

A plot of the four regional centroids on the first two canonical 

axes ( Fig. 3.23) show that the first axis primarily separates the 

north-vest coast plants frcm the D'Entrecasteaux Channel ones. The 

second axis separates Fbrt Davey (south-west region) plants from the 



Table 3.1. Env irormental Variables Recorded For Each of the Si tes and Regions . 

REGION sites REGION 	REGION sites 

Env ironnental Ndrth West Ft . Marson B. 	B1 uf f Hill Cape 	South Bathurst Brambl e Spain 

Variables -West Sor el 1 	-West Channel Cove Bay 

Latitude (%) 40.93 42.20 	43.33 

40.93 40.93 	41.(2 43.32 43.33 43.37 

Longitude (°E) 144.62 145.17 	146.00 

144. 02 144. E2 	144. E2 145. 98 146. 00 145. 97 

Bc posure 27 14 

Inde< 26 27 	28 1 2 6 

PI ant .(2&86 .373725 	-.1263w 

Co-ordinate .267844 .373544 	.076565 -. 325981 .188627 -. 241821 

im al .23(2987 -.2E935 	-.237545 

Co-ordinate -. 095706 -.324118 	.164590 .O2231 -. 326066 -. 428800 

Geol ogy of Prec anbri an ortho-quart zite Prec ambri an Prec anbri an meta-quart rite 

Sub stratun bed rock metaquartzi te 

bedrock 

pl at forms 

bed rock boulders 

Cteancgraphic 	West wind 	 1,k st wind 	kst wind 
	

(Davey River . Influence) 
Affiliations 	Drift 	 Drift 	Drift 



Table 3.1. con' t. 

REGION 	 Si tes 	 REGION 	REGION 	 Si tes 

Channel 
	

Verona S. 	Ninepin 
	

White C. 	Tasman 	North 
	

Gardens 
	

Skel eton 	Burns B 

Peninsula 	-East 

	

43.28 	 43.03 	41.25 

	

43.28 	43.28 	40.93 	 41.17 	41.25 	41.28 

	

147.17 	 147.95 	148.31 	 Co 
co 

	

147.15 	147.16 	147.18 	 148.28 	148.32 	148.35 

10 	 12 	12 

5 	15 	10 	 21 	 8 	 7 

	

-. 340643 	 .224569 	.239318 

	

-.141858 	.330873 	.549199 	 .098939 	-.215716 	.201636 

• 088336 	 .267900 	-. 086078 

	

-.121638 	.477565 	-.090918 	 -.078001 	.467796 	.301101 

Jurassic dol erite boulders 	 Permian 

GI et I o-

Marine 

Sandstone 

Platforms 

Devonian Cranodiorite 

(bast al 	(H(n River influence) 	 it st Wind 	Ea st 	 (River 

Waters 	 Drift 	Pustral ia 	 infl uence) 

arrent 
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Table 3. 2. Canonical Variable Loadings, Canonical Co rrel ations and 

Eig env al ues of the Variabl es from the Discriminant 

Function Pnalysi s of Four Regions. 

!Io rphological tharac ter 	 Ginonic al Ibis 

vegetative length 

plant width 

receptacle width 

holdfast width 

sti pe width 

dist . oldest dichotomy 

angle oldest dichotcmy 

angle of youngest dichotomy 

no. conceptacl es 

receptacle length 

sex ratio 

no. dichotomies 

dichotcmy ratio 

canonical correlation 

eigenval ue 

percent of variance explained 

c mul ative percentage 
explained 

1 2 3 

.454 -.481 .294 

.071 .178 .572 

.272 .344 -.002 

.028 -.167 .659 

.290 .113 -.436 

.380 -.492 -.057 

-.013 .547 .252 

.275 .218 .073 

.387 .390 .148 

-.369 .148 .260 

.463 .015 -.170 

-.251 -.339 .248 

.499 -.254 -.156 

.77 .51 .38 

1.441 .354 .168 

73.40 18.02 8.58 

73.40 91.42 100.00 
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-4 

CANONICAL AXIS I 
Fig. 3.2a. A plot of the four regional centroids on the first two 

canonical axes from a discriminant analysis between regions. 
3.2b. A plot of all six regional centroids from a second analysis. 

1: North-West, 2: Port Davey, 3: D'Entrecasteaux Channel, 
4: North-East, 5: Cape Sorell, 6: Tasman Peninsula. Arrows 
indicate geographic position on cartographic overlay. 
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north-east coast ones. The relative positions of the regional 

centroids on these axes (Table 3.3) closely follows their relative 

geographic positions ( Fig . 3.) . 

The second discriminant function analysis, of all six regions, 

showed them to differ significantly (P < .001) on all five canonical 

axes. i-bwever, the percentage of variation explained by (or latent 

root of) each axis drops rapidly after the first one (Table 3.4), and 

only the first two or three axes (explaining 79% and 90% respectively 

of the inter-regional variance) need be interpreted. As in the 

previous analysis, most of the variables contribute approximately 

equally to each axis. 1-bwever, the first has particularly high 

loadings  by dichotomy ratio, vegetative length and sex ratio, whereas 

holdfast width and the angle of the oldest dichotcrny load little on 

this canonical variable. Similarly, the second axis has its highest 

loadings frcm vegetative length and the nunber of dichotcmies and its 

lowest frcm plant width, holdfast width and sex ratio. These are 

largely the sane characters as were important or unimportant 

contributors to the equivalent axes in the former analysis. 

The plot of the six regional centroids on the first two 

canonical axes (with the direction of the second axis reversed to 

maintain the "geographic" orientation) (Fig. 3.2b) shows that the 

relative positions (Table 3.5) of the four previously exanined 

regions are little changed. (The reversal of signs on the second 

axis is of no practical consequence since they have only relative 

meaning; Clark 1975.) The Cape Sorell plants assune their 

appropriate relative geographic position, thus confirming the 

indications frcm the former analysis of strong geographical strtcture 

in the data. The Tasman ininsul a region plants, however, are 

aberrant, falling out of synchrony with this geographic theme. 

The more can p1 ex relationships between these six regions are 

better portrayed without the cartographic overlay (Fig. 3.3; note 

inversion of second axis as in Fig 3.2). The 95% confidence circles 

around each centroid clearly show that each region is significantly 

different from every other one on these two axes alone. The matrix 

of percentage distortions resulting frcrn this two dimersional 

presentation ( Mg. 3.3) shops that it is particularly the C3pe 



92 

Table 3.3. Canonical kis Sores For the Four Regional Centroids. 

Region 	 Canonical 	is 

1 2 3 

forth-East -.17250 .99041 .48666 

ft) rth-We st -1. 70663 .23160 -.63867 

South-West -.88709 -.80492 .39988 

D'Entrecasteaux 	Channel 1.34447 -. 11333 -.17792 
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Table 3. 4. 	Canonical Variable Loadings, Canonical 	rrelations and 

Eigenv al ues of the Variables Fran the Discriminant 

Function Mal ysi s of Six Regions. 

I!orphological Character 	 Ginonical /kis 

vegetative length 

plant width 

receptacle width 

hold fast width 

sti pe width 

di st . oldest dichotcmy 

angle oldest dichotomy 

angle youngest dichotcmy 

no. conceptacl es 

receptacle length 

sex ratio 

no . dichotcrnies 

dichotomy ratio 

canonical correlation 

eig env al ue 

percent of variance 

cmul ative percent 

1 2 3 4 5 

.509 .636 .154 .004 .082 

.147 -.058 .225 .708 -.197 

.224 -.383 .090 -.039 .248 

.012 .036 -.077 .540 .608 

.252 -.329 -.347 -.274 .009 

.376 .228 -.493 .029 .221 

-.031 -. 384 .401 .203 -. 046 

.217 -.289 .047 -.040 .334 

.409 -.142 .501 .086 -.333 

-.400 .241 .687 -.268 .411 

.427 .019 .109 -.417 .290 

-.180 .461 .043 .267 -.213 

.540 .301 .018 -.229 -.260 

.78 .52 .46 .36 .29 

1.533 .374 .263 .147 .094 

63.56 1 5. 52 1 O. 92 6.09 3.91 

63.56 79.09 90.01 96.09 100.00 
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Table 3. 5. Canonical kis Sores for the Six Regional Centroids. 

Region 	 Ginonical Ikis 

1 2 3 4 

North-East -. 0E247 -.65438 .78541 .41529 .00599 

tOrth-Wst -1.62623 -.13892 -.06650 -.38580 -.46450 

South-West/ 
Port Davey -.69649 .88559 -.20371 .39708 .061 

D 'Entrecasteaux 
Channel 1.48308 .03355 -.12060 -.17304 -.02258 

(ape 	Sorel 1 -1.77889 .66914 1.21387 -1.27529 1.15152 

Tasman 	Perlin sul a -1. 22996 -1. 42201 -1. 30416 .11016 .58073 
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Fig. 3.3. A plot of the six regionaLcentroids on the first two discriminant axes (see Fig. 3.2b) portrayed 

with 95% confidence circles around each centroid. A matrix of percent distortion introduced by 
this representation is given. Each character is depicted relative to its' position of increasing 
value on the two axes. The magnitude of the arrows indicates the degree of difference between regions 
in all 5 dimensions determined from the F-statistic from ANOVA. Open circles represent the 
loadings of the characters on the 2 axes presented. 
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Sore11 and Tasman Fbninsul a regions that are incorrectly portrayed, 

and lie too close to, respectively, the north-vest and south-vest and 

the north-east and north-west regions as vell as too close to each 

other. 

More detailed exanination shows that, as with the former 

discriminant function analysis, the first canonical axis separates 

the D'Entrecasteaux Channel plants from the north-western ones. 

However, in this case the open coast l•est Wind Drift-influenced 

regions ( Cape Sorel 1 and Tasman Feninsul a) lie near the north-west 

one. The second axis, as formerly, separates the south-vest or Port 

Davey region from the east coast ones, but the latter are here 

represented by the Tasman Peninsula as well as the north-east. 

Exarnination of the positions of the centroids on subsequent axes 

(Table 3.5) shows that these serve mainly to separate the Gape Sorell 

region from one or more others, particularly from the Tasman 

Peninsula (third axis), from the north-east and south-vest regions 

(fourth axis) and from the north-west (fifth axis). This, of course, 

explains the high percentage distortion of the thpe Sorell centroid 

in Figure 3.3, but it also reinforces the conclusion that this figure 

encompasses almost all of the explicable inter-regional variation. 

Figure 3.3 al so shows which morphological characters contribute 

most to the two axes and to between-regions variation in general , as 

yell as the directions of those contributions. As identified from 

Table 3.4, the relative proportion of dichotomies in the upper half 

of the plants, the lengths of the plants less their receptacles, the 

proportion of male conceptacles, the density of conceptacles in the 

receptacles and the distance to the oldest dichotomy tend to be 

greater in the D'Entrecasteaux Channel plants and less in those at 

open coast, West Wind Dr i ft- infl uenced sites, 41 -11 e receptacle 

lengths showed the reverse trend. Plants in the south-vest region 

tend to have greater vegetative lengths, and more dichotomies for 

their. si  e , but narrower stipes, receptacles and dichotomy angles 

than average plants do, vstiil e the east coast plants show the reverse 

trends. 

The sex ratio, nunber of conceptacl es, plant width and distance 

to the oldest dichotomy characters showed the greatest percentages of 
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their variances betveen regions in the nested analyses of variance in 

Chapter 2 (Table 2.8). These four also had the largest between-

regions F-ratios and three of then were major determinants of the 

first canonical axis of the present di scriminant function analysis 

( Fig . 3. 3), which itself explains 64% of the inter-regional variation 

of the complete data set (Table 3.4). Thus, much of the between-

regions morphological pattern revealed in Chapter 2, which forms the 

topic of this Chapter, is actually a distinction of the morphology of 

Xiphophora gladiata in the D'Entrecasteaux Channel from that of 

plants on the open, West Wind Drift-influenced coasts, With those 

growing on East Aistralia Current - influenced shores or at Davey 

River - influenced sites being somewhat intermediate. This sane 

pattern can be traced in Figure 3.1, but not clearly or conclusively. 

COrrel atiogs of Di stances  

Despite the remarkable congruence between canonical variate 

scores and relative geographic positions for the various regions 

( Fig. 3.2), no significant correlations betveen morphological and 

geographical distances were found. Table 3.6 shows the distances for 

the closest of several attempted comparisons, in trich Bass Strait 

was excluded as a possible route for gene flow while morphological 

distance was expressed as Di j (2) . The Fear9on correlation 

coefficient, r, vas -0.29. 

Therefore, restricted gene flow alone does not appear to explain 

the observed pattern of inter-regional morphological differences. 

Canonical Correlation Pnalysis  

The eigenvalues or latent roots of each canonical axis, their 

multivariate correlation coefficients and canonical coefficients or 

weights for each of the "criterion" (morphological) and *predictor" 

(environnental) variables are given in Table 3.7. Each of the five 

axes represents statistically significant correlations between the 

two data sets (P<<.001). Fbwever, exanination of the latent roots 

reveals that the first canonical axis represents a large proportion 
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Table 3. 6. 	Morphological Di stance (Pbove Diagonal) and 	ographic 

Di stance Bel ow Di agonal in km) Between Pairs of 

Regional Centro id s (Regions in Sane Sequence as in 

Table 3.5). 

Regions 

NE SW CH W TP 

NE 2. 66 2. 72 2. 92 4.62 3. 1/ 

144 720 1.90 9.67 .67 1.80 

SW 442 300 5. 48 1. 21 5. 62 

CH 352 435 148 11.02 9.49 

CS 574 146 154 290 4.67 

TP 210 510 232 120 364 

Geographic distance (kin) 
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(64%) of the pattern common to the two data sets. 

The canonical coefficients show that the first canonical axis is 

approximately evenly dependent on all of the morphological characters 

except holdfast width and the angle of the oldest dichotcmy (Table 

3. 7 

The highest absolute weights were by the sex ratio, number of 

conceptacles, distance to the oldest dichotomy, dichotomy ratio, 

vegetative length and receptacle length characters. The three 

characters with the highest percentage of inter-regional variation, 

sex ratio, number of conceptacles and distance to the oldest 

dichotomy (Table 2.8), have respectively the third to fifth greatest 

absolute weightings on this axis, indicating at least a general 

congruence between the present analysis and the nested analyses of 

variance in Chapter 2. 

The env irorrnental variables which contribute most to this first 

axis are Eo(posure and longittrle, although all of this set of 

variables are well represented. Thus, the combined and correlated 

effects of all five measured envirormental variables relate to a 

correlated variation in Xiphophora morphology v•hich, at least in 

part, is the observed between-regions variation. 

The renaining canonical functions account for a much lesser 

mount of the total variance, yet the more polar nature of the 

relative weightings leads to clearer interpretations for these. The 

second axis has heavy absolute weightings by the vegetative length 

and number of dichotomy characters and, among the predictor 

variables, by the animal co-ordinate axis. The relationships between 

the animal axis scores and the two morphological characters are 

negative. The third axis Expresses a pattern of variation in the 

distance to the oldest dichotomy (negative), number of conceptacles 

and receptacle length (both positive) with particularly exposure 

(positive) and the animal axis (negative). Canonical function four 

mainly relates plant and holdfast widths to exposure (both 

relationships negative), wttil e function five primarily describes a 

positive relation of the residuals (orthogonal to the other four 

axes) of holdfast width and exposure. 

Although these minor axes are relatively interpretable, their 
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Table 3. 7. 	Standardi zed Canonical Coefficients for the 

Nbrphol og ic al and Env irormental Variables on the Five 

Canonical Pxes with Eigenv al ie s and Canonical 

Correlations for those Axes. 

Morphol ogical Character 	 Canonical Axis 

vegetative 1 ength 

plant width 

receptacle width 

hold fast width 

sti pe width 

di st . oldest dichotomy 

angle oldest dichotomy 

angle youngest dichotomy 

no. conceptacl es 

receptacle length 

sex ratio 

no . dichotcmies 

d ichotomy ratio 

Env i rormental Variation 

latitude 

1 ongit uie 

exposure 

plant ordination 

animal ordination 

Eigenv al ue 

Fbrcentage of Variance 
Ex pl ained 

Canonical Correl at ion 

R 2  

1 2 3 4 5 

-.346 -. 586 .148 .004 .085 

-.102 .054 .221 .230 -.208 

-.146 .339 .083 -.038 .245 

-.008 -.032 -.070 .519 .599 

-. 162 .288 -. 316 -. 263 .009 

-.271 -.223 -.503 .031 .243 

.020 .338 .368 •.196 -.045 

-.142 .257 .044 -.039 .332 

-. 308 .146 . 535 .096 -. 381 

.280 -.229 .681 -.279 .438 

-.325 -.020 .117 -.472 .336 

.116 -.404 .039 .256 -.209 

-. 350 -. 265 . 017 -. 221 -. 257 

-.850 -.274 1.220 -3.710 3.364 

-1.217 .466 1.487 -1.222 1.037 

-1. 851 -. 391 3. 945 -5. 812 3.430 

.5 .490 -.459 -.194 1.261 

1.034 .937 -2.851 2.579 -1.746 

1.533 .374 .263 .147 .094 

63.56 1 5. 52 10. 92 6.09 3.91 

.778 .522 .457 .358 .293 

.605 .272 .208 .128 .086 
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biological meaning s are not clear. This is partly because they deal 

with residuals rather than original variables. Thus, the third axis, 

for exanpl e, does not show more conceptacl es per unit length of 

receptacle in exposed areas (which would conflict with the results in 

Figures 3.1 and 3.3), but more such conceptacl es after the removal of 

the effects of the first two canonical axes. 

The correlations betv,een each variable and each canonical axis 

are given in Table 3.8. The five envirormental variables, which vere 

input to the analyses as regional means, collectively explained 30% 

of the variation in the total morphological data set. Yet the nested 

analyses of variance in Giapter 2 shoved that, on average, only 17% 

of this occurred betveen regions. These two percentages are not 

directly ccmparable, since the analyses of variance made allowance 

for the regional samples being drawn frcm a population that is highly 

structured at lover levels and also because a simple, unveighted mean 

of percentage variance ccmponents may underestimate the influence of 

a single character with high variance which differs betveen 

regions. I-bwever, the five measured environmental variables appear 

to "explain" a large ccmponent, if not all , of the observed inter-

regional variation. This is not to suggest that the relationships 

are causal , but it does indicate that this variation is clinal with 

respect to the env i ronnent 

P411 ti pie Regressions  

The high significance of the canonical correlations as not 

repeated in the bivariate and multi ple regression analyses, perhaps 

because the morphological data vere reduced to site means with a 

great loss of degrees of freedcm. Of the 65 bivariate relationships 

tested , only 12 were significant (at P <0.05; Table 3.9) and 3 of 

these would be expected by chance alone frcm so many tests (perhaps 

including the only correlation with latitude;  one of the veakest 

found). 

tevertheless, some explicable patterns can be seen. I-bldfast 

width, stipe width and the distance to the oldest dichotcmy all tend 

to decrease with increasing exposure. West coast plants tend to have 
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Table 3. 8. 	Co rrel ations Betheen Canonical Nes and ftsrphol ogic al 

and Environmental Variables, With the Percent of 

Variance Extracted by Each Ads. 

Variables 	 Canonical Nis 

II Env ironn ental Stricture 

latitude 

longitude 

exposure index 

plant ordination 

animal ordination 

Variance Extracted ( percent) 

Cumulative Variance 
Extracted (percent) 

Cunul ative Variance of 

Morphological Characters 

Extracted by Canonical 
Variabl es of Env irormental 

Variables ( percent) 

1 2 3 4 5 

-.28 -.53 .06 .23 .34 

-.43 -.12 .23 .62 -.11 

-.35 .36 .15 .01 .41 

-.04 .09 -.12 .43 .57 

-.20 .10 -.19 .08 .39 

-.55 -.38 -.27 .05 .11 

.11 .28 .37 .36 -.05 

-.19 .39 .11 -.03 .34 

-.67 .16 .31 .02 -.26 

.32 -.40 .57 -.19 .46 

-. 70 . 01 .20 -. 28 -. 02 

.12 -.33 .17 .20 .01 

-.25 -.06 .13 -.32 -.28 

13.89 8.67 6.57 7.07 9.61 

-.56 -.47 -.52 .11 .42 
-.58 .53 .17 .48 .36 

.41 . 44 .10 -. 58 -.53 

.73 .46 .41 .16 .25 

-.08 .61 -.41 -.53 -.41 

2 7.36 2 5. 62 1 2. 94 17. 66 1 6. 43 

27.36 52.98 65.91 83.57 100.00 

16.56 23.53 26.23 28.49 29.90 

I Morphol og ic al Stricture 

vegetative length 

plant width 

receptacle width 

hold fa st width 

sti pe width 

di st . oldest dichotcmy 

angle oldest dichotomy 

angle youngest d ic to tcmy 

no. conceptacl es 

receptacle length 

sex ratio 

no. dichotcmies 

dichotomy ratio 

Variance extracted (percent) 
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narrover fronds, stipes and young dichotomy angles, fever 

conceptacles per unit receptacle length and more fella] e conceptacl es _ 
_ per male conceptaci_e_than-do eastern pl ants. This pdttern is rather 

similar, though not identical , to the distinction betveen vest coast _ 
pl ants and those from the D'Entrecasteaux Channel ill ustrated in - 

Figure 3.3. 

The three morphological characters which are ccmparatively 

highly correlated with scores on the plant co-ordinate axis may be 

exhibiting a response to the enviromient that is similar to the 

ecological occurrence/absence response ( perhaps to exposure: Ap pe nd i x 

F) of some algal species. In any event, two of these three 

relationships are unli kely to be causal , though the distance to the 

oldest dichotomy in Vphophora might be involved in a ccmpetitve 

interaction with other species. 

Miltiple regression (Table 3.]0) added nothing to the bivariate 

analyses, beyond showing that only a single independent variable 

could be incorporated in each equation. Thus, the correlations of 

sane morphological characters with both of tv,o of longitude, exposure 

and the plant co-ordinate axis (Table 3. 9) involve correlations 

betveen those pairs of independent variables. Table 3.10, therefore, 

supplenents FIg ire 3.3 and shops that the ecological responses of 

other algal species are a good guide to Xiphophora morphology , 

whereas latitude is not. 

Surmiary of Results  

Thus, the differences betveen regions in the morphology of 

Xiphophora glacliata, which vere identified as one of the three major 

ccmponents of morphological variation in this species by the analyses 

of Chapter 2, have been mapped and described (Fig. 3.3). It is the 

distinction betveen the plants of the D'Entrecasteaux Channel and 

those of the open shores of the vest and south-east coasts (that is, 

the coasts influenced by the West Wind (rift) that canprises the 

greater part (60% to 70%) of this inter-regional variation. That 

distinction results from differences in a complex of characters, but 

particularly sex ratio, number of conceptacles per unit receptacle 
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Tabl e 3. 9. Biv ariate Reg ressions Be treen brphologica1 and 
Env ironnental Variables. (Only Relationships with 
(orrel ations Significant at P < 0.05 are Li sted . m is 
the Gradient of the Fitted Li ne. b is the intercept. 
Wits of Variables are as ilfined in Chapter 2). 

Morphological 	Env irormental 

Character 	 Character 

plant width 	1 ongit ude 

hol d fast width 	ex posure 

sti pe width 	1 ongit ude 

ex posure 

di stance to oldest 	plant co-ord. 

dichotomy 	 1 atitud e 

exposure 

angle young 	longitude 

d ic ho tcmy 

no. conceptacl es 	longitude 

plant co-ord. 

-4.11 .031 .30 

1.059 -.007 .29 

-3.441 .029 .39 

.896 -.004 .27 

1.166 -.471 .50 

-2.505 .087 .28 

1.299 -.011 .33 

-348.779 2.702 .40 

-7. 624 .060 .45 

1.199 -.264 .41 

-10.543 .074 .33 

.342 -.353 .41 

sex ratio 
	

longitude 

plant co-ord. 
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Table 3. 10. Flil tiple Regressions Between Morphological and 
Env irormental Variables. (Only Relationships with 
Multivariate Wrrel ations Significant at P < 0.05 
are Listed. m is the Gradient of the Fitted Li ne 
with Respect to the Independent Variable Concerned . 
b is the Intercept. Wits of Variables are as Defined 
in Chapter 2). 

angle. young 
dichotcmy 

no. conceptacl es 

sex ratio 

Env irormental 
Character b m r2  

1 ongit txle -4.111 .031 .30 

ex posure 1.059 -.007 .29 

1 ongit ude -3.441 .029 .39 

plant co- ord . 1.166 -.471 .50 
axis 

longitude -348.779 2.702 .40 

1 ongitude -7. 624 .060 .45 

plant co-ord. .342 -.353 .41 
ax is 

Morphological 
Character 

plant width 

holdfast width 

sti pe width 

distance to oldest 
d ic ha tcmy 
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length, the distance from the holdfast to the oldest dichotomy and 

receptacle length ( Fig. 3.3). These are also the majority of 

characters vhich shoved the greatest proportions of inter-regional 

variation (Table 2.8). 

Al though the distribution of regional centroids in discriminant 

hyperspace mimic 	the geographic distribution of the regions (Fig. 

2.2), these inter-regional differences do not conform to the pattern 

that would be expected if they resulted frcm limitations to gene flow 

imposed by distance al one. Instead , those differences appear to be 

correlated with a suite of envirormental variables, with up to 50% of 

the betveen-sites variation in some characters being "explained" by 

su:h variables. 

In summary, the inter-regional morphological variation in x. 

gladiata appears to ccmpri se a ccmpl ex of environmentally-related 

clines vhich, in the present data set, mostly separate the plants of 

the D 'Entrecasteaux Channel frcm those of the Open, West Wind Drift - 

influenced  coasts. 

DISCUSSION 

Rice et al. (1985) ill ustrated seven hypothetic al morphol og ic al - 

geographic variation patterns, including clines, stepped clines, 

mosaics and various combinations of these (Fig. 3.4). In Chapter 2, 

it vas shorn that, over very small scales, Xiphophora gladiata forms 

a true mosaic. Its fine-scale spatial distribution in clunps 

(ippendix A) makes the cells of this mosaic spatially discrete and 

hence gives the spatial expression of the mosaic perpendicular , 

rather than cl inal , bowdaries. Fbvever,  , at the much larger 

geographic scales considered in the present Chapter, the morphology 

of X. gladia -ta appears to vary with the environment. In the absence 

of data frcm a large nunber of sites betveen two of the "regions's 

sampled for the present data set, the expression of this inter-

regional morphological variation in geographic or environmental space 

cannot be certain. Fbvever, in env irormental hyperspace, X. gladiata 

morphology probably forms a multi-dimensional cl ine or stepped cl ine, 

since only these vould support the observed correlations betveen 



Fig. 3.4. Diagrammatic "cross-sections" of hypothetical phenotypic variation patterns (from 
Rice et al. 1985). 
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morphological characters and environmental variables. Since 

envirormental hyperspace must itself be expressed geographically as a 

series of microclines (e.g. resulting fran local variations in 

exposure along the shore) superimposed on larger clines (e.g. 

resulting fran water temperature variations along a coast), the 

geographic expression of Xiphophora morphology probably takes the 

form of a ccmpl e< of clines on scales of 1CS to 100s of kilcmetres. 

The lack of variation between sites within regions ( Chapter 2) Sh3V6 

that variation on scales of kilcmetres is negligible, while the total 

range of X. gladiata is too small to enccmpass variation over 10005 

of ki 1 cmetres . This complex of cl ines is,  of course, overlain by the 

much more pronounced mosaic on very fine scales which vas identified 

in Chapter 2. 

Previous studies of morphological variation in brow .' algae have 

identified two distinct responses to the envirorment either of which 

could produce the cl ines observed in Xiphophora. A number of algal 

Species, notably members of the genus Fucus, produce characteristic 

alterations of form in response to particular habitat factors. That 

is, they undergo post-zygotic modification by the envirorment (e.g. 

Norton & MathiexIn 1983; Niell et al. 1980)-. These alterations are 

not heritable and the "populations" displaying than are properly 

termed "ecads" (Lincoln et al. 1982). The second response is one in 

which the environment, acting through selection for particular 

genetic characteristics, prothres local adaptations. Fbpulations 

displaying such adaptive characteristics are termed "ecotypes" (e.g. 

Espinoza & (hapnan 1983; Sideman & M3thieson 1983; Russell & Bolton 

1975). Ecotypes themselves can, at least in theory, be of tvo 

kinds. Where gene fl ow is limited , genetically isolated ecotypic 

populations can arise. These might truly be considered infra-

specific taxa. Alternatively, an area of substrate may receive 

propogules with a range of genetic characteristics, but ecotypes 

still arise through selection within the period of each generation. 

This latter form of ecotype is likely to be expressed, in 

env irormental hype rspac e , as continuous multidimensional cl i nes 

whereas discrete populations seem more likely  to be expressed as 

stepped cl ines. 



109 

The anal yses presented here, and the avail able morphological 

data cannot, however, differentiate between ecads and ecotypes, nor 

between genetically-discrete populations and intra-generation 

selection. Such di fferentiation must await st udies of the population 

genetics of Xiphophora (see Chapter 6). 

In brown algae, several ecotypic variation patterns have been 

identified and rel ated to the selective forces of sal inity (e.g. 

Russell & Bolton 1975), exposure to wave action (e.g. Sideman & 

Mathieson 1983) and nitrate concentration (e.g. Espinoz3 & thapnan 

1983). Indeed, ecotypic differentiation may be a ccmnon phencmenon 

in brown al gal,' popul ation genetics. Ec ad s have al so been recogni zed 

and are especially pronounced in the responses of ftralean aglae to 

salinity and to shelter from rave action (Norton & M3thieson 1983). 

The present analyses have only shown that Xiphophora morphology is 

correlated with longitude and the species canposition of the plant 

camiunity within which it lies. teither of these is likely to have a 

causal relationship with general morphology. 1-brever,  , if long ituie  
distinguishes the D'Entrecasteaux Channel sites fran those on the 

vest coast (vhich the discriminant function analysis shows is the 

major distinction within the data set) both of these environnental 

variables can be taken to be measures of rater quality (whether of 

salinity, temperature, nutrient concentration, light penetration or a 

ccmbination of such factors) or perhaps as more stbtle measures of 

wave exposure than is the modified Baandseth index enployed here. 

These appear to be the underlying factors rhich, directly or through 

genetic selection, produce the inter-regional differences detected in 

chapter 2. 

Three of the resulting morphological patterns merit closer 

exanination. In the regression analyses, it has been shown that 

holdfast width and stipe width decrease with increasing exposure 

(Table 3.9), which is contrary to expectations fran mechanical 

principles, and to the relationships fotrtd in Fucus (Rice et al. 

1985) and sargaseum (de Paula & de 01 iviera 19E2). The distance to 

the oldest dichotomy decreases in the same manner. While no proof 

can be offered, it may be that these three characters all increase 

with the age of the plant (they certainly do betreen the juvenile and 
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ad ul t stages) . If so and, if ( as might be anticipated) survival 

rates are lower on exposed shores, the observed morphological pattern 

would arise through an interaction of the enviromient with 

denographic characteristics. 

A similar pattern appears between the south-west and north-east 

regions, with south-vestern plants being longer and having more 

dichotomies per mit length, while having narrower stipes, fronds, 

receptacles and clic hotany angles. Their hold fasts are, however, 

wider than those of plants from the south-east (Fig. 3.3). The 

south-vestern plants therefore ccmbine greater total lengths of 

thallus with lesser widths than were fotrid at the opposite end of the 

state, but their narrow stipes are held to the stbstrate by wide 

holdfasts. The sites sampled in the Fbrt Davey area have lover 

exposures, as measured by the Baardseth index, than those in the 

north-east (Table 3.1) which may permit the development of these 

large thalli , but this hypothesis is not supported by the bivariate 

regressions (Table 3.9). If this ccmbination of characteristics is 

indeed adaptive it could relate to the lover water tenperatures, 

probably higher nutrient levels,  certain1y higher tannin levels  and 

reduced salinities or the increased exposure to refracted long-period 

vaves of the south-western region, or more probably to a combination 

of these and other factors. Fucus vesiculosus shows rather similar 

increased branching in areas of reduced salinity and increased 

shelter (Jordon & Vadas 1972), while the lengths of Fucus distichus 

edentatus (now F. evanescens: Rice & (hapnan 1985) vary with salinity 

and nutrient levels and, for these intertidal plants, air tenperature 

(Thom 1983). Field experiments would be necessary to determine which 

factors actually in 	the morphology of Xiphophora , but the long 

life c3cle of X. gladiata (Appendix B) makes such experiments 

impractical. 

Lastly, the distinction between the D'Entrecasteaux (hannel 

plants and those on the open, West Wind Drift - influenced coasts 

includes altered sex ratios, conceptacle densities in the receptacles 

and receptacle lengths ( Fig. 3.3). Since these characters influence 

fecuidity, and by implication fitness, it is of considerable interest 

to estimate the regional mean annual "fecundities", in terms of male 
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and femal e conceptacl es per plant, for the extrenes of the pattern: 

the D 'Entrecasteaux Channel and north-vest regions. These can be 

calculated as the products of the number of conceptacl es (of each 

sex) per centimetre of receptacle, the seasonally-corrected 

receptacle lengths and the number of reproductive ti ps per plant 

using regional means throughout. Strictly, sr.& calculations assune 

that al 1 the receptacles in each plant are of equal length. Al though 

this assunption is not . supported by the data, the calculations will 

still give correct relative feculdities, provided that the variance 

of receptacle lengths within plants is equal across regions. 01 this 

basis, the average number of mal e conceptacl es per plant in the 

D'Entrecasteaux Channel is 6759 while on the north-vest coast it is 

only 1639 (Table 3.11). For female conceptacl es the equivalent 

nunbers are 4952 and 6480. There is little difference bet veen the 

density of female conceptacl es per centimetre of receptacle in the 

two regions, nor between the product of receptacle length and nunber 

(Table 3.11), resulting in the estimated nunbers of female 

conceptacles per plant being about of similar magnitude in the two 

areas. Since these are regional means, cal cul ated from non- randcm 

sanples, for characters that are known to vary over snail spatial 

scales (Chapter 2), the ccmparison cannot be precise. Ibvever, it 

appears that annual female "fecundity" ( in terms of this index)  i s 

approximately equal in the two regions. The density of male 

conceptacles, and hence their nunber per plant, is however markedly 

greater in the D'Entrecasteaux Channel (four or five times the 

equivalent v al Les for north-western plants). It is this di fference 

that the discriminant function analyses detected. 

The evolutionary significance of this difference can only be a 

matter of speculation at present. If it is indeed adaptive, north-

western X. gladiata either must produce more spennatozooids per male 

conceptacle or a higher proportion of their spematozooids must 

successfully fertilize ova. The latter might relate to their 

i ntertid al habitat either al 1 owl ng sel f-fertilization at low tide, 

with lover rates of loss of spermatozooids than in sub-tidal 

D'Entrecasteaux Channel plants, or facil itating synchronization of 

fertili zation with the flood - tide (as is known in Fucus) with a 
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Table 3. 11. 	Numbers of Conceptacl es in Plants from the 

D 'En trecasteaux Channel and N3 rth-We st Regions 

( Confidence Limits are Standard Errors) . 

REGION 

D 'Entrecastea ux 
	

North-Vbst 

Channel 

Mean Nunber 

of Co nceptacl es 	Mal e 	12. 63 ± 0. 52 	 2. 52 ± O. 33 

per Centimetre 

of Receptacl e 	Femal e 	9. 25 ± 0. 28 	 9. 97 ± 0. 55 

Mean Corrected 	 16.75 ± 0.54 	 22.18 ± 1.28 

Receptacle Length 

( cm) 

Mean limber of 	 31. 96 + 2. 37 	 29. 30 •+ 4. 83 

Receptacles per 

Plant 

Mean Index of 	Mal e 	6759 	 1639 

Number of 

Conceptacl es per 

Plant 	 Female 	4952 	 6480 
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similar increase in efficiency. 

In conclusion, these three patterns, wi th ,  the others described 

earlier, comprise the geographic cl ines in morphological 

characteristics of X. gladiata  which form the topic of this 

Chapter. These clines appear to be driven by envirormental factors, 

possibly including veve exposure and water quality, perhaps acting 

through demographic characteristics, genetic selection and direct 

env irormental modification of phenotype. Their further consideration 

is taken up in Chapter 7, after other patterns of variation have been 

exanined. 

■■•••■■•■■■■••■•■ 
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CHAPTER 4 

WOUND -INDLCED PROLIFERATIONS  

The nested analyses of variance reported in Chapter 2 showed 

that two characters, the index of dichotomy numbers and the dichotomy 

ratio, exhibit a pattern of spatial expression of variance quite 

different to those of the other characters. Only these two expressed 

the majority of their variation between the individuals within each 

clump. Furthermore, they showed some variation (circa '5%) between 

sites within regions, a geographic scale at which virtually no other 

character varied (Tables 2.8, 2.9). The purpose of the present 

Chapter is to explore this unique variation pattern. 

The high between-individuals variation in the dichotomy 

characters (in contrast to the relative constancy, within clumps, of 

the other characters) suggests that the dichotomies are influenced by 

individually-variable, chance factors (in contrast to the more 

deterministic processes acting on other aspects of x. gladiata 

morphcmetry). These factors must relate to exceptionally fine-scale 

environmental variations, since biotic differences between the 

Xiphophora plants vvould be expressed in more than these two 

characters. 

The variation between sites in the dichotomy characters suggests 

that either these controlling factors vary on different spatial 

scales to general X. gladiata morphometry or some other factor, 

varying between sites, also influences the dichotomy pattern. 

Che mechanism which could explain these patterns is the 

production of wound-induced proliferations, which is very pronounced 

in X. gladiata (Chapter 1; Table 4.1). Such growths are knowi to 

alter plant form in Fucus by changing the dichotomy structure (Than 

1983; Edelstein & McLachlan 1975). The wounds which induce these 

proliferations can themselves be produced by substrate abrasion and 

other damage in weve surge, and hence should be correlated to 

exposure which varies between sites rather than between grids or 

regions (Table 3.1). They could also be produced by herbivore 

grazing (c.f. Gunnill 1985) which should vary with herbivore density 

(Pppendix F). This last might vary on any spatial scale, including 
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between neigtbouring plants, independently of general Xiphophora 

morphol ogy. 

When the numbers of proliferations on individual plants were 

studied over a two year period (Pppendix E), their initiation in a 

particular plant proved to be a rare event, though many new 

proliferations usually appear at the same time when such an event 

occurs. Occasional ly, the number of proliferations decreases, 

presumably because severe wounding low in the plant causes the loss 

of a major part of the thall us with its existing proliferations. 

This sort of chance control is entirely consistent with the high 

between-individuals differences in dichotomy characteristics. 

In the first part of this Chapter, the wound-induced 

proliferations are described in more detail . This is followed by 

examination of the relationships between the dichotcmy characters and 

the numbers of proliferations. Thereafter, some of the details of 

rcunding by herbivores are described. However, it cannot be showl 

that herbivores do control the anomalous variation pattern of the 

dichatcmy characters. 

DESCRIPTION OF FR OLIFERATIONS 

In X. gladiat a, proliferations range in size frcm tiny 

protruberances to major plant fronds (Table 4.1). In general , the 

juveniles have fewer total proli ferations than do the receptacle-

bearing plants, with more occurring in the lower half of the plant. 

Mature plants are more heavily covered with regenerative tissue in 

the upper half of the plant, with up to 2 789 such growths being 

recorded on a si ngl e i nd iv id ual . 

Fbwever, there seems to be little further increase with plant 

size in numbers of proliferations after maturity (see next section). 



Table 4. 1. 	Means, Standard Ceviations and Ranges of Wound-Ind iced Prol iferation Characters 

(Defined as in Appendix D)- of klul t and Juvenil e x. giadiata 

	

Adults (N = 1650) 	Juveniles (N = 838) 

Character 
	

7( 	s.d. 	range 	 I( J. s .d 	range 

no. of proliferations: 

upper hal f of pl ant 

lower half of plant 

max imun length (nu) of 

proliferation 

26 t 80 0-2789 2 ± 5 0-70 

16 t 25 0-367 8 t 13 0-146 

165.7 t 122.5 1-741 59 ± 58.7 1-410 

1 Plants bearing receptacles were defined as "adults". 
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PATTERIZ OF FROLIFERATIONS 

ttthods 

Data Preparation 

The wither of wound-induced proliferations in each of the upper 

and lower halves of each plant, collected for the regional and local 

morphometric studies ( Chapter 2) vere recorded (tppendix D). These 

characters were converted into a "total number of proliferations" 

character (the sum of the counts for the upper and lover halves of 

each plant) and a proliferation ratio" (the number of proli ferations 

in the upper half divided by one plus the number of prol iferations in 

the lower half). 

These characters vere expected to be size-related, since larger 

plants should have more thall us area available for wounding. Simple 

models for size correction vere therefore developed anal agous to the 

ones used in Chapter 2 with the dichotcmy characters. The area of a 

perfectly reg ul arl y dichotomizing  pl ant wo ul d be: 

El= W. S. D 

where: 

= Area of thallus 

W = Width of thall us 

S = Inter-dichotomy distance 

D = Number of dichotomies 

(assuming that the new dichotomy is counted Olen growth has proceeded 

distance S beyond the previous dichotomy and that thallus area beyond 

the last counted dichotomies is negligible). Because receptacles do 

not form wound induced growths, the vegetative length is the 

appropriate measure of comparison. 

The number of dichotomies relates to length as : 
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D = (2 1 / S  x C1 /1 ) 1  - 1 

(see Chapter 2). Then, assuming that W and S are effectively 

constant throughout the plant, G is proportional to D. Thus, a size-

independent index  of wound-i rduced 'proliferation, WI, might be: 

WI - Total 'umber of Proliferations 

(2 1 / S  x C r/L ) L  - I 

with the val is of C and S determined in Chapter 2. 

Similarly the ratio of areas available for W3 unding in the upper 

and lower halves of the plant should be equal to: 

log A ( 	- 

for plants where P is more than twice R (see Chapter 2). Therefore, 

a si ze-corrected ratio of upper to lower vvound-induced 

proliferations, WR, might be: 

WR = Proli feration Ratio +. log A { 

where P/2 > 2. 

ibrever, the statistical properties of WI and WR proved to be 

unsatisfactory. WR as independent of vegetative length ( r 2  = 0.002, 

N = 1331, P >0.1) but WI was not ( r 2  = 0.02, N = 1650, P <0.001). 

More importantly, both indices were extrenely skewed and could not be 

transformed to normality by any ccmbination of transformations. They 

were, therefore, discarded and the total ntmber of proliferations and 

proliferation ratio characters were enployed without size correction. 

These characters closely approximated normal distributions after 
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iogarithn or logarithm-of-square transformation (Table 4.2). In this 

form, and using only the receptacle-bearing plants incorporated in 

the analyses of Chapter 2, they were regressed against plant si zp (as 

the logarithm to base 10 of vegetative length) to determine the 

strength of any relationship. 

Anal yses 

To test hether the dichotomy characters were indeed closely 

related to the nunbers of proliferations, the correlations between 

the total numbers of dichotomies and of proliferations and between 

the dichotcmy ratio and proliferation ratio characters were 

cal cul ated (with al 1 characters as logarithms) . The dichotomy 

characters were used without si ze correction to make them ccmparable 

with the uncorrected proliferation characters. 

The spatial scales of variation in the two proliferation 

characters were examined by the nested ANOVA techniques described in 

Chapter 2, using the MANOVA subprogram of SPSSx (SPSS inc. 1986). 

Lastly, in order to seek possible causes of woulding, the two 

transformed proliferation characters were regressed against the 

exposure and animal principal co-ordinate values for each site (Table 

3.1). The mean value for each character at each site vas weighted by 

the inverse of its variance. 

Results 

The distributional properties of the transformed proliferation 

and dichotcmy characters used in these analyses are given in Table 

4.2. The number characters were very close to normally distributed 

whereas the ratio characters showed sane positive skew and 

kurtosis. The statistics of the correlations between these 

transformed characters and plant length are given in Table 4.3. 

These relationships were very highly significant but explained much 

less than 10% of the variation. Subsequent analyses which assume 

siza-independence of the proliferation characters are thus 

approximately correct in so doing. 

Both of the proliferation characters were highly correlated with 
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Table 4. 2. Third and Fourth Moment Statistics of the Proliferation 

and Dichotomy Characters after Transformation. 

Scew 	Kur to si s 

(91)" (92) 

-.271 -.132 1650 

1.528 2.133 1650 

-.033 .407 1650 

1.213 1.642 1650 

I:h a r ac ter 

logio (total ranter 

proliferations +1) 

logio [(proliferation ratio) 2  + 1] 

logio (total wither dichotomies) 

logio (dichotcmy ratio + 1) 
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Table 4.3. Co rrel ations Between Transformed R-ol iferation Characters 

and the Logarittin of Ikgetativ e Length. 

tharacterl 
	

r2  

Total nu-nber of proliferations 
	

0.08 	<0.0001 

iferation ratio 
	

0. 04 	<0. 0001 

I Transformed as in Table 4.2. 
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their dichotomy homologues (Table 4.4), with up to 62% of the 

in formation being accounted for by these relationships. Therefore, 

the factors which control spatial variation in dichotomy 

characteristics could operate through the developnent of wound- 

ind uc ed proliferations. 

Fbvever, the nested analyses of variance of the proliferation 

characters (Tables 4.5, 4.6) showed little of the within-clops and 

between-sites variation with •which this (hapter is concerned, 

especially in the total nunber of proliferations. Indeed, the wound-

indiced proliferation characters seem rather to show the between- 

cl unps and between-regions variations that are more typical of the 

general morphology of X. gladiatcc ( (hapter 2). 

The relationships between the site means for the proliferation 

characters (Table 4.71 and two environnental variables are given in 

Table 4.8. Only the correlation between proliferation ratio and 

exposure vas significant. The corresponding regression showed a 

small decline in proli feration ration with increasing exposure, that 

is a tendency for plants in exposed areas to have a higher proportion 

of their wound-induced proliferations in their lower halves. 

Discussion  

The total nunber of dichotomies in a X. gladiata pl ant and the 

ratio of those in its upper and lower halves are, therefore, greatly 

infl Lenced by the presence of wound-indiced prol iferations. The 

nunber of the latter is not highly related to recorded we exposure, 

suggesting that the wounds are not the result of physical danage. 

They therefore presunably result fran an 	grazing activities , but 

the level of that grazing is not well represented by the first 

principal co-ordinate 	is of animal species occurrence. The 

decrease in the proliferation ratio with increased exposure might 

result frcm exposure-related variations in other characters (e.g. 

plant size) but it could indicate that grazers are less able to 

occupy the distal parts of Xiphophora fronds in areas of high 

exposure. 

I-bvever, the nested MOVAs reported here have not show i , in the 



123 

Table 4.4. Statistics of the (0 rrel ation F3etveen the Prol ferati on 

and Di chotomy Characters and of the Reg ression of the 

Former on the 	Latter. 

Oiaracter Pair Slope 

Total n tubers 0.42 <0.0001 0.82 

Ratios 0. 62 <0. 0001 1. 74 



Table 4. 5. It sted Lh iv ariate ANOVA of the Prol i ferati on tharac ters 

with Er ror it an Squares and Variance thmponents ( expressed 

as percentages) I. Regional Analysis 

E (MS) 	 Percent Variance 

thar ac ter 
	

MS 	MS 	MS 	MS 	% 	% 	% 	% 

Within Grid 	Site te 	Reg ion 	W 	G 	S 	R 

total no. 

prol iferations 

proliferation ratio 

0. 237 44. 386 8. 596 33. 998 8. 8 70. 4 0 20.8 

0.184 1.771 0.758 14.802 35.4 13.2 0 51.4 



Table 4. 6. it sted thivariate ANOVA of the Proliferation characters 

with Error 	an Squares and Variance Components 

( expressed as percentage s) I 	Local-Intensive Pn al ysi s 

E (MS) 	 Percent Variance 

Character 
	

MS 	MS 	MS 	MS 	% 	% 	% 	% 

Within 0 trip 	Grid 	Site te 	W 	C 	G 	S 

total no. 

prol iferations 

proliferation ratio 

0.224 24. 3% 11.366 4.243 7. 7 92.3 0 0 

0.595 10.456 10.256 3 7. 623 33.9 62.0 0 4.1 
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Table 4.7. Mean Val ues and Variances of the Proliferation Characters 

for Each Site te ( before transformation). _ 	--- - 

Mean Values (Variances) 

Total no. 	Proliferation 

Site proli ferat i on s ratio 

West 	Point 17 (165) 0.01 (0 .00) 

Mawson Bay 25 (71 7) O. 15 (0 	. 10) 

Bluff 	Hill 	Point 17 (438) 0.28 (0 .28) 

Ca pe 	So rel 1 26 (900) 0.00 (0 . 00) 

Spain 	Bay 46 (3266) 0.41 (0 .38) 

Bathurst 	Channel 19 (429) 0.25 (0 	.32) 

Branble Cove 41 (5643) 0.34 (0 .67) 

Verona Sands 31 (1577) 1.83 (38.6) 

East 	Ninepin 16 (305) 2.25 (12.53) 

West White Cliff 34 (3449) 3.50 (34.6) 

Blowhole 11 (282) 0.00 (0 .00) 

Burns Bay 7 (100) 0.06 (0 .08) 

Skeleton 	Bay 16 (237) 0.16 (.0 .07) 

The Gardens 20 (675) 0.14 (0 .08) 
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Table 4.8. Bivariate Wig hted Regressions Between the Site te Pans of 

the Characters and Envirorrnental Characters Exposure and 

Animal Co-Ordinates. 

Morphological 	Environmental 	r 	P 	r2 	slope 

Character 	Character 

total 	no. animal co-ordinate -.11 .72 .01 -3.20 

prol iferations 

exposure -.27 .37 .07 -.24 

proliferation animal co-ordinate .30 .35 .09 .17 

ratio 

exposure -.64 .03 .40 -.01 
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proliferation characters, the distinctive within-clunps and between-

sites variation patterns that are seen in the dichotcmy characters. 

Thus, whil e these particul ar patterns may resul t from grazer 

activity, it has not been denonstrated that this is their underlying 

cause. 

HERBIVOROUS GASTROPODS AS ACE KS OF WOUNDING 

A closer exanination of the relationships between herbivores and 

the variation patterns of dichotomy characters must begin with a 

study of the vsounds caused by grazing. That is described in this 

section. 

Three herbivorous gastropods, Phasianotrochus irisodontes, 
AustrocochZea odontis and Subninella unclulata ( Fig. 4.1), were found_ 

on the fronds of X. gladiata at various sites (IPpendix 	. They all 

reached considerable densities in sane areas e.g. White aiff: (P. 

irisodontes, 532 m 2 ; A. odontis, 10 m-2 ; S. undutata , 7 m- 2  ). Many 

other possibly herbivorous species here found in the iiphophora 

sub zane (Pppendix F), but most vere either stbstrate grazers which 

are not thought to climb the fronds of macroalgae (e.g. the chi tons) , 

peripheral species that vere never found anidst X. gladiata clunps 

(e.g. the sea urchins) or else were rare. The three gastropods are 

therefore the primary large grazers on X. gladiata and this study vas 

confined to these species. All three species are found throughout 

the range of Xiphophora in Pustralia (M3CFherson & Gabriel 1962). 

hbthods  

Fresh 1 an long pieces of X. gladiata frond, from various 

positions on the thall us, were air-dried. They were then moulted on 

pin-type al uninitn stibs with double-sided adhesive tape and sputter-

coated with 25-30 nn of gold, in an argon atmosphere using a Bal zers 

itrion sputtering device. These pieces vere exanined for the presence 

of micro-epiphytic organisms, with a Phillips 505 manning electron 

microscope (SUM). 

kirther X. gladiata material as searched, under a 
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ir isodontes  Austrocochlea  

Su bn inella  undu lata  
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stereomicroscope, for surface wounds. Lhdanaged portions of thalli 

were excised and removed to a holding aquari um. Two to five 

individuals of each gastropod species were starved for two hours in a 

container of sterile seawater before being placed on the undamaged 

Xipohophora fronds, where their behaviour vas watched under a 

sterecmicroscope. The animals immediately began to move along the 

fronds. When one of them stopped while remaining extended, it was 

allowed to feed for a short time and then plucked from the frond. 

The area in which it had fed vas then removed from the aquarium. 

These portions of X. gladiata fronds which had been grazed were 

prepared for SEM examination as described above. 

Results  

Fresh thalli of X. gladiata are free of epiphytic diatoms. 

Their surface cells flake off in small (100 inn di ameter) pieces, 

apparently as a result of natural causes (Fig. 4.2). 

All three species of gastropod were observed to graze into the 

thallus. The nucleus for grazing appeared to be these small areas of 

s kin sheddi ng. The animal s set tl ed at the fl a ki ng surface, gra zi ng 

first it and then the cells underneath. Cice the cuticle vas 

penetrated, a hole vas rapidly produced. The thallus edges appeared 

to be more heavily grazed than the flat surfaces (Fig. 4.2). Apices 

were never seen to be grazed, the animals apparently preferring the 

protection afforded by the branched thallus. 

Di scussion  

This small study has showl that three principal herbivores of 

Xiphophora clunps do indeed graze the plant. In doing so, they 

penetrate its cuticle (sensu Manic & Craigie 1969) and excavate 

notable, if small, munds in its tissue. Establishing whether or not 

these are the major cause of the initiation of proliferations 

requires further experimentation. Given the slow growth of X. 

gladiata , such experiments have not been practical. It is notable 

that the animals preferentially grazed the edges of the thalli, where 



131 



Fig. 4.2. Scanning electron microscope 
photographs of grazed portions 
of the X. gladiata  thallus. 
Natural flaking of the cuticle is 
illustrated in the lower right 
photograph. Plate reduced by 27%. 
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most wound-indiced proliferations occur ( chapter 1). 

GENERAL DISCUSSION 

The most obvious explanation for the anomalous spatial pattern 

of variation in dichotcmy characters of Xiphophora gladiczta is that 

these characters are partially controlled by wounding. It has here 

been shown that the dichotcrny characters are indeed closely 

correlated to the numbers of wound-indu:ed proliferations and further 

that herbivorous gastropods do wound the thalli of X. gladiata. It 

has not yet been showi that these grazer minds are the principal 

ones that induce the observed proliferations, although this is 

likely.  

More seriously, the spatial variation pattern of the wound-

induced proliferations is not closely similar to that of the 

dichotomy characters especially with respect to the total number of 

proliferations. This appears to indicate that the variation within 

clops and between sites in the dichotomy characters involves that 40 

to 60% of their variation which is not explained by the proliferation 

characters. I-b %ever , the discrepancy may al so relate to the si re 

correction of one pair of characters and its lack in their 

homologies. In short, although variation between-sites 

not been proven to occur in herbivore-induced wounds or in wound-

indiced proliferations, it has equally not been proven that such 

variation does not occur. G-azer-induced wounding remains a probable 

expl anation for the pattern of variation in dichotomy characters. 

If this is so,, the dichotcmy characters will clearly vary over 

spatial scales related to the intensity of grazing. The latter 

cannot readily be documental, though it may be expected to vary with 

a pattern quite unlike the one inherent to Xiphophora morphology and 

expressed in other characters (cf. Vedas 1985). Grazing intensity 

must be controlled by a ccmpl ec combination of the abundances of 

several herbivore species. These animals probably have much shorter 

lives than does X. gladiata , so plant morphology may preserve a 

series of past patterns of animal distributions. Furthermore, X. 

gladiata may live longer in some envirorments than in others, 
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allowing the accumul ation of more would-induced prol iferations at 

some sites and hence altering their dichotcmy characters. 

lhus, it is certain that the dichotomy characters of X. gladictta 

vary over spatial scales different frcm those of other characters 

ex wined in this species. The anomal ly may relate to rounding by 

herbivores, but this has not been proven and may not be practically 

provable. 
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CFRPTER 5 
BROWN ALGAL ENZYME EXTRACTION AND ELECTROPHORET IC METHODS 

INTRODLCTION 

Information on algal isozyrne variation has been published for only a 

few genera (cf. Cheney 1985). The m ajority of these studies have 

been on microscopic algae (e.g. Okazaki et a/. 1984; Watson & 

Loeblich 1983, 1984; Soudek & Robinson 1983; Gallagher 1980, 1982) 

whilst el ectrophoretic studies of genetic variation in macroalgae are 

scarce (Charophyta: Grant & Proctor 1980; Chlorophyta: Innes & Yarish 

1984; Blair et al. 1982; Berger et al. 1974; Mal inowski 1974; 

Rhodophyta: Nti ura et al. 1979,1978; Cheney & Babbel 1978; Phaeophyta: 

Marsden et al. 1984). This paucity of research on macroalgae in 

general , and Phaeophyta in particular, is partly attributable to the 

difficulties of extracting active enzymes from their tissues (e.g. 

Marsden et al. 1981). 

In this chapter the biochemical problems, extraction media, 

extract purification and el ectrophoretic methods associated with 

brovn algal enzymology are reviewed, folloved by a description of a 

new technique for the extraction and el ectrophoresis of fucalean 

enzymes. Development of this technique involved considerable 

exploratory work. However, details of the various trials and 

experiments would be tedious and are not included here. 

Biochemical Probl ems  

Two groups of brown algal constituents, the mucil agenous acidic-

polysaccharides (e.g. alginic acid) and polyphenols (e.g. 

polyphl orogl uc inol ) , can render enzymes inactive during extraction, 

in the absence of protective agents. 

The first group, the acidic polysaccharides, are inijor 

constituents of the cell walls of brown algae (ttCandless & Craigie 

1979). These compounds complicate the extraction procedure by their 

viscosity and by their ability to form phycocolloid-protein ccmpl exes 

with the enzymes. If such complexes are alloyed to form, the size of 
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the molecules prevents their entry into the el ectrophoresis gel thus 

preventing effective el ectrophoresis. 

The second group, plant phenolic ccmpounds, are very diverse and 

the phenolic constituents of relatively few algae have been analyzed 

in detail (Ragan & Craigie 1978). However, some brow, algae are 

known to contain up to 15% dry weight of polyphloroglucinols (Ragan & 

Jensen 1977). The phenolics are stored in membrane-bound vesicles, 

called physodes, within the cells (Evans & Ho11 igan 1972; Baardseth 

1958). Upon cell rupture, a variety of interactions between these 

compounds and proteins can occur (van Sumere et al . 1975; Loomis 

1969). Fhenol ics, and their breakdown products, phl orotannins 

(Glcmbitza & Klapperich 1985), ccmbine with proteins reversibly by 

hydrogen bonding or irreversibly by oxidation followed by covalent 

condensation. In either case, enzymes are inactivated and 

precipitated. The hydrogen bonds are too strong for the complexes to 

be di ssociated by dialysis or gel filtration (Locmi s & Battail e 

1966). The phenolic component of these complexes can exceed 25% of 

their dry weight (Loads & Battaile 1966). 

Thus, active enzyme extractions (for el ectrophoresis or other 

purposes) must rapidly separate the phenolic compounds and their 

secondary products from the proteins, while protecting the reactive 

groups of the enzymes. Meanwhile, the acidic-polysaccharides must be 

removed from the extract to prevent them forming phycocolloid-protein 

complexes. The constituents of the extraction media are therefore of 

critical importance in obtaining active enzymes from the plant 

ti ssue . 

Extraction Media  

There have been many attempts to extract enzymes from brown 

algae. Murphy and ChEocha (1973) and Siegel and Siegel (1970) 

employed simply aqueous extraction. The former succeeded in 

extracting active peroxidase from Laminaria d-r_gitata in distill ed 

rater follored by buffering in sodium carbonate (pH 8.3). L. digitata 

has an extremely low phenol content (Ragan & Jensen 1977) which is 

conducive to such a simple approach. 1 -brever, stbsequent 
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purification of this extract did not succeed in separating the 

peroxidases frcm the mucilage and alginic acid (Murphy & .0hEocha 

1973). Siegel and Siegel (1970) extracted peroxidases frail Postelsia 

palmaeforrm:s in water, but enzyme activity was low and the 

peroxidases showed anomalous stbstrate specificities. On repeating 

this work, Vilter et al . (1983) suggested that slight traces of 

iodide in the extracts many have simulated the recorded peroxidase 

reactions. Aqueous solutions will not extract all proteins. 

A slightly more compl ex approach was empl oyed by Gordon Young 

(1970) who used dilute saline solutions to extract enzymes &art 

Chorda filum, Chordaria flagelliformis and FUcus distichus as well as 

from numerous red and green algae. Electrophoretic results with the 

ifiaeophyta were disappointing. Many more proteins ware thought to be 

present in the algae than could be demonstrated (Gordon Young 1970). 

Methods that stabilize the enzymes in the extraction phase have 

enjoyed much greater success (Greene & Madgwick 1986; Vilter et al. 

1983; Marsden et al. 1981; Kerby & Evans 1981; Yamada et al. 1979; 

Kremer & Kuppers 1977; Madgwick et at. 1973 a,b; Lin & itssad 

1966). This stabilisation is achieved •by extraction buffer 

components which bind and precipitate polyphenol s and ac id i c-

polysaccharides, protect the SH and NH 4  reactive groups of protein 

molecules and act as antioxidants (keeping the phenolic compounds in 

a reduced state). Some extraction buffers used successfully with 

brown algae are listed in Table 5.1. 

Lin and Itssad (1966) ware the first to incorporate polyvinyl-

pyrrol idone (PVP) in an algal enzyme extraction buffer (following 

Jones and Rilme 119663 who used it in the extraction of mitochondria 

from apple peel. Subsequent workers have used soluble PVP or 

nsol tble cross-linked PVP (al so know) as "Polycar AT', polyvinyl poly 

pyrrol idone or PVPP) in their extraction buffers (Table 5.1). Both 

effectively bind those phenolic compounds that form strongly 

hydrogen-bonded complexes (see review by Loomis 1974). Marsden et 

a/. (1981) have show that absence of PVPP from their buffer results 

in a loss of 58% of the mal ate dehydrogenase 



Kremer & )(uppers Kerby & Evans Mar sden et al. Vii ter et al. 
(1977) (1 981) (1 981) (1 983) 

following: Weidner (NH4)2SO4 (NH4)2SO4 acetone powder 
& 	)(uppers 	(1973); 
also: 	Kippers & 

preci pi tation preci pi tation 

Weidner 	(1980) 

Lin & Ha s s ad 
(1966) 

Procedure (NH 4 )2SO4 
preci pi tation 
following: 
Jones & Hulme 
(1961) 

Table 5.1. 	Some Extraction Buffers Previously Empl oyed Sic cessful ly With Spec ies .  of the Fhaeophyta 

Extraction Buffer 

distill at 	water distill at 	water distill at 	water distill at 	water 

Polycar AT (P VPP) PVPP PVPP Polycar AT (PVPP ) 
TRITON-X-100 TWEEN 80 caffeine 

cold acetone 

DTT 
D-araboascorbate 

DTT DTT 
absorbic acid 

TR ITON -X -100 TWEEN 80 

Mg Cl2 Ca C12 Ca d 2 

EDTA EDTA (Na ++sal t) EDTA (Na ++sal t) 

TR IS -C1 TR IS -HC1 MOPS IRIS 

7.2 8.0 7.4 

numerous Pilayella 
littoraiis 

Fucus serratus numerous 

Solvent 	distill ed water 

Binding 	P VP 
Phenol s 

Protect Protein 	sodium citrate 
Groups ( incl . 
Antioxidants) 

Fbl ysaccharide 
Removal 

Chel ator 	EDTA 

Buffer 	 sucrose/TR IS/ 
potassium 
phosphate 

pH 	 9.0 

Species 	Fucus gardneri 
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(MDH) activity of the extraction buffer. The addition of detergents 

(Marsden et al. 1981; Kuppers & keidner 1980; Yamada et al. 1979; 

Kremer & Kuppers 1977; Weidner & Kuppers 1973) further improves the 

yield of active enzymes. The detergents quickly incorporate 

hydrophobic membrane proteins into water soluble detergent-protein 

micelles, Within which the native conformation of the protein is 

largely retained (Furth 1980). In addition, Marsden et al. (1981) 

suggested that the detergent reverses the hydrogen bonding between 

proteins and tannins, releasing active enzymes. This phenomenon has 

been described by Goldstein and Swain (1965) for a range of non-ionic 

and cationic detergents. The properties of various detergents have 

been reviewed by Tanford and Reynolds (1976) and Heleni us and Simons 

(1975). 

Two detergents, Triton-X-100 and Tween 80, have been used in 

enzyme extractions from brown algae (Table 5.1). Both are non-ionic 

surfactants (Helenius & Simons 1975). Tween 80 (KB value 15.0) has a 

more hydrophil ic character than does Triton-X-100 (HLB value 13.5) 

and hence a greater membrane dissolving power (Heleni us & Simons 

1975). Both Marsden et al. (1981) and Kremer and Kuppers (1977) used 

an excess of detergent in their extraction buffers [e.g. Marsden et 

al. (1981) used 1 g1 -1  Tveen 80 for which the critical mice]lar 

concentration (CMC) is 0.013 g1 -1 3. Such increased surfactant 

concentrations lead to an •increase in micellar size while, at 

characteristic temperatures, the solutions become turbid and a 

surfactant-rich phase separates from the aqueous phase (Heleni us & 

Simons 1975). Furthermore, excess detergent interferes with 

purification processes (e.g. alumni wi sulphate precipitation) . 

itvertheless, Goldstein and Svain (1965) found that 1 g1 -1  Tween 80 

gave complete reactivation of a-glucosidase from a tannic-acid 

complex. It is presumably this study from which Marsden et al . 

(1981) determined their Ten 80 concentration. A 94% loss of MDH 

activity is recorded from extracts made without detergent (Marsden et 
al.. 1981). 

Vi 1 ter et al. (1983 ) tried to reverse this bonding between 

tannins and proteins using caffeine. Fbwever, Goldstein and Swain 

(1965) shoved that caffiene only gives 50% recovery of enzymes from a 
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tannin-ccmpl ex , thus it is a less satisfactory al ternative to such 

detergents as Tween 80. 

Greene and Madgwick (1986), Vilter et al. (1983) and Madgwfick et 
al. (1973 a,b,1978) used acetone powders in their extraction 

procedure. Cold acetone dissolves many phenolics and, in an 

extraction, separates then frcm the plant proteins before enzyme 

binding occurs (van Sumere et al. 1975). Water, fat and pigments are 

extracted and enzymes are subsequently removed with buffer. This 

approach has been successfully applied to extractions from phenol ic-

rich tea leaves (e.g. Roberts 1956) and peppermint leaves (Locmis & 

Battail e 1966). I-bwever,  , Vilter et al.'s (1983 ) protocol, at several 

days per extraction, is too time consuming for routine use in 

electrophoretic studies of genetic variation. 

Sane workers have sought to protect the SH groups of proteins, 

maintaining them in their reduced state, by the addition of 

quantitatively reducing disulphides (Cleland  1964), particularly 

dithiothreitol (DTT or 'Cl el and' s Reagent': Marsden et al. 1981; 

Kerby & Evans 1981; Kremer & Kippers 1977) or other thiol compounds 

such as -mercaptoethanol (Cheney 1985; Yamada et a/. 1979). 

Similarly, the use of ascorbic acid (e.g. Lin & Hassad 1966) prevents 

oxidation of phenolics during extraction. Marsden et al. (1981) 

concluded that DTT wes important to the recovery of active enzymes, 

but Vi lter et al. (1983) found that antioxidants disrupted subsequent 

enzyme detection in the extracts. 

lherefore, in order to prevent phenol ic interference with 

enzymes, it is important that the extraction buffer contain PVPP (or 

PVP), thiol can pounds, non-ionic detergent and in some cases 

antioxidants. 

Removal of alginates and acidic-polysaccharides has been 

achieved by precipitation of their salts through the addition of 

either magnesium chloride (Kremer & Kuppers 1977) or cal cium chloride 

(Vilter et al. 1983; Marsden et al. 1981) to the extraction buffer. 

Kirsden et al. (1981) found that 21% of MDH activity vas lost in the 

absence of cations. 

Chelators (e.g. ECJTA) bind heavy metal ions, from the pl ant 

tissue or impurities in the extraction buffer, which would otherwise 
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inhibit some enzymes. Other enzymes require metal ions (e.g. 

hexokinase, mal ate dehydrogenase, leu:ine aminopeptidase) as co-

factors in the reaction steps, but these can be selectively added at 

a later stage. 

A critical factor in enzyme work is to know the pH at all times 

(Scopes 19E2). To control the pH a buffer is essential. Reviews of 

biological buffers and their characteristics are found in Scopes 

(1982), Ferguson et at. (1979) and Good et at. (1966). Most enzyme 

extraction media used with brown algae have included a TRIS buffer 

(Table 5.1). Iris-based buffers have a poor buffering capacity below 

pH 7.5 (pKa  = 8.06 at 25°C), whereas the acidic nature of brown algal 

tissue preparations requires a stable buffer with a lov,er pKa  

(between 6 and 8). The use of a MOPS (N-morphol inopropane sul fonic 

acid) buffer in the Marsden et al. (1981) media is a major 

improvement in extraction technique. MOPS (pKa  7.2 at 25 °C) has a 

useful pH range of 6.5 - 7.9 and is thus able to buffer the acidic 

extract more effectively. A further advantage of a lover pH is that 

phenolic oxidation is minimi zed at pH 7.4 (Locmis & Battaile 1966). 

Thus, the extraction medium used by Marsden et al. (1981) is the 

most suitable yet described for brown algal enzyme extraction for 

el ectrophoretic purposes. It does not differ greatly from that used 

by Kremer and Kuppers (1977) with the exception of the buffer 

employed. Hovever, the MOPS buffer is a major improvement and 

considerable testing has been done on the Marsden et at. (1981) 

extract to determine the contribution of the various extraction 

medium components to enzyme yield. The Marsden et at. (1981) 

extraction medium vas therefore used here in the extraction of active 

enzymes from Xiphophora. 

Extract Rirification  

Kuppers & Widner (1980), Kremer & Kuppers (1977) and Widner & 

Kuppers (1973) purified their crude extracts by filtration and low-

s peed centrifugation. The resulting supernatent vas suitable for 

spectrophotcmetric assays but not for electrophoresis (Marsden et al. 

1981). 
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Further purification can be achieved by "salting out" 

fractionation, often using ammoni um sulphate [ (NH4)2504] (Cramer & 

Van de %lie 1985; Marsden et al. 1981; Kerby & Evans 1981; Yamada et 

al. 1979; Gordon Young 1970; Lin & Hassad 1966). Armioniun sulphate 

is added to the supernatent to achieve a pre-determined proportion of 

the saturation concentration (60 - 90% in above examples) which must 

be a ccmpromise between recovery of enzyme activity and degree of 

purification (Scopes 1 9). The protein is preci pitated. Following 

high-speed centrifugation, this precipitate is collected and 

dissolved in a small volume of buffer. The preci pitate contains 

considerable amounts of ammonium suphate which must be removed, 

usually by dialysis (e.g. Lin & 	ssad 1966) or gel filtration on a 

"desalting" col umn (Kerby & Evans 1981; Marsden et at. 1981). En zyme 

losses in anmoni un suphate fractionation are usually small,, provided 

that the concentration of salt is appropriate to that of protein. A 

great advantage over other techniques is the stab ill zation of protein 

that occurs. A 2-3 M ammoniun sulphate suspension of protein 

precipitate or crystals can be stable for years. 

More complex purifications have been attempted by canbining 

ammoni um sulphate precipitation with organic solvents (Vil ter et at. 
1983) or by successive applications of one or other technique (Yamada 

et a/. 1979). These methods are time-consuming (involving  slow 

saturation, long centrifugation , dialysis and gel filtration) and, 

while appropriate to the purification and study of specific enzymes, 

are not well suited to the routine work required in studies of 

genetic variation. 

M3 rsden et at. (1 981) added a second purification step to their 

process using selective adsorption onto a DEAE-cellulose column. 

Cellulose powder, suitably treated, forms a porous structure through 

which protein molecules can penetrate. Using a 500 WI solution of 

sodium chloride as the el uant, most of the protein is el uted 401 e 

polysaccharides, polyphenols and tannins remain firmly bound to the 

[LAE, an ion exchange medium (Marsden et at. 1981). 

In conclusion, the initial hcmogenate will require a coarse 

filtration (often through pre-washed muslin) to remove PVPP and 

precipitates (according to the buffer employed). Subsequently a low- 
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speed centrifugation is needed to remove cell debris and particulate 

material in suspension. Further purification steps will depend upon 

the protocol sel ected (e.g. sal ting out will require subsequent gel 

filtration on a desalting col win) and the purpose for which the 

extract is being procured. 

El ectrophoretic Methods  

El ectrophoresis can be conducted using a wide range of 

techniques and apparatus (c.f. Cheney 1985; Simpson & Whittaker. 1983; 

Scopes 1982). For the study of population genetics, horizontal or 

vertical "slab" gel systems (e.g. Cheney & Babbel 1978) are 

preferable to "tube" systems (M3rsden et al . 1981) because a 

simultaneous ccmpari son of a large nunber of sanples can be made, 

avoiding gel to gel artifacts. Polyacrylanide gels (PAG) give a 

greater band resolution than starch gels and are preferable to then 

in most cases. Cheney (1985) advocates the use of starch gels when 

sharp resolution is not critical because starch is non-toxic and 

inexpensive. 

Two buffer system types are generally used. In continuous 

buffer systems the same buffer rims throughout. In discontinuous 

systems two buffers of different concentration are used (e.g. Marsden 

et a/. 1981; Gordon Young 1970). This system lessens the voltage 

losses across the separation channel resulting in sharper bands. 

The ccmposition and pH of the buffer used for electrophoresis is 

very important. Cheney (1985) recommends four, buffers of pH 8.3 - 

8.6. A table of other useful buffers is given in Scopes (1982). 

Boric acid buffers ccmpl ex with many carbohydrates and are 

particularly suited to mixtures containing gl yco protein s (Scopes 

1982). Phosphate buffers have the additional advantage of 

stab il i zing many enzymes. Di fferent enzymes will respond better 

tricier different buffer regimes and usually different buffers will be 

necessary to examine a large number of enzymes. Alternatively the 

enzymes examined can be selected for their response to a single 

buffer system (Innes & Yarish 1984). Inappropriate buffer pH can 

fully or partially mask enzyme banding patterns. Marsden et al. 
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(1 981) added Tween 80 to the electrode buffer to aid in the 

resolution of the protein bands. Fbwever, Hel eni us and Simon s (1977) 

detected only minor differences in the el ectrophoretic mobil ity of a 

nunber of soluble proteins in the presence of the similar detergent 

Triton-X. The addition of detergent may not be advantageous and 

should be avoided if possible because its presence (as a carbon 

substrate) promotes the growth of bacteria in the apparatus. 

Sodium dodecyl sulphate (SC6) is an anionic detergent. In the 

electrode and gel buffers SDS denatures a wide variety of proteins, 

converting than to SDS complexes of their constituent polypeptide 

chains. In SDS el ectrophoresis, separation is based on the molecular 

weight of the subunits (Weber & Osborn 1969). This property is 

useful in detecting native protein and determining the composition of 

unknown simples, although it has no use in population genetic studies 

Other than to examine the extract in order to determine its nature. 

Sum ary  

Because of their superior extraction buffer and relative 

el ectrophoretic success, the protocol of Marsden et al. (1981) as 

chosen for a study of isozyme variation in Xiphophora. Hovever after 

many trial runs, a number of probl ens were detected in their 

method. Firstly, the time required to process single samples ve s 

excessive (10 to 12 hours per sample). Secondly, the Optical Density 

profiles of el uates passed through the cellulose col umn ve re 

extremely variable (Fig 5.1), indicating that the results are not 

reproducible. Thirdly, the method gives low enzyme activity yields. 

Much of the difficulty of the Marsden et al. (1981) method stems 

from the initial extraction and purification steps, particularly the 

salting out process. Often precipitation vas so limited that no 

pellet formed on high-speed centrifugation and the extract had to be 

washed off the centrifuge ttbe. In some samples, a lipid-pigment-

protein layer floated on top of the homogenate after centrifugation, 

much of which ve s lost on rinsing. Because of these high losses, 

large initial quantities of plant material vere needed (5-10 g), as 

well as large solution volumes (50-100 ml s) . Even with these 
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Fig. 5.1. Elution profiles from 9 extracts of separate X. gladiata plants passing through 
a DEAE cellulose column following the protocol of Marsden et al. 1981. 
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quantities, Marsden et al. (1981, 1984) did not recover sufficient 

activity to use slab gel electrophoresis and vere confined to tubular 

gel s, with the resultant loss of inter-sample resolution. 

In view of the fail Lire of pub] i shed extraction techniques to 

'provide sufficiently active enzyme extracts for slab electrophoresis 

within reasonable time periods for routine work , an improved 

technique as dev el oped . The dev el opmental process involved testing 

a wide variety of potential techniques for each stage of the 

extraction and el ectrophoresis processes and refining the more 

successful ones. The final method, described below and by Rice & 

Crovcien (1987), gave more expedient sample preparation and a greatly 

enhanced enzyme yield compared to earlier methods. Furthermore, it 

permits the study of intra- and inter- specific genetic variation in 

f uc al ean algae using slab gel electrophoresis. 

MATERIALS AND METHODS 

Sample Coll ection  

Xiphophora gladiata ve s collected from the D 'En trecasteaux Channel , 

Tasmania. Spec imens of Homosira banksii (Turner) Le scai sne, 

Phyllospora comosa (Labil 1 ardiere) C. Agardh, Caulocystis uvifera (C. 

Agardh) Are sc ho ug , Cystophora siphocarpa Harvey and X. gladiata were 

collected from West Paint, Tasmania and Xiphophora chondrophylla (R. 

Brown ex Turner) Montagne from Boat Harbour, Tasmania. 

Sample Preparation and Enzyme Extraction  

Plants vere generally used within 24-48 hours of collection, but 

coldrocm storage (5°C) in polythene bags for 4 or 5 days did not 

affect results. Che gram of vegetative thallus 	s rinsed in 

distilled water and frozen (-20°C) in a Hughes press with 1 ml of 

extraction buffer pH 7.4: 50 mM MOPS, 2 mM EDTA, 50 mM ascorbic acid , 

5 mM DTT, 2 g 1 -1  Ca C12, 1 g 1 -1  TWEEN 80, 100 g 1 -1  PVPP (pre-

treated according to Loomis (1974) as used by Marsden et al . 
(1981). The sample ve s macerated in the press with a hydraulic punp 
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(1 8-2 0 tonnes force) and renoved immediately to 10 mls of the above 

buffer at 5°C. Alternatively, 1 gram of tissue was ground to a fine 

powier in liquid nitrogen and transferred to 10 mls of the above 

buffer. This method is more amenable when processing many samples in 

one day. In either case, the tissue-buffer mix was al loved to thaw 

and then coarsely filtered by expression through two layers of pre-

ve shed muslin, producing .  approximately 6. 5 mls of homogenate. 

This hcmogenate 	s centrifuged at 1 500 x g for 5 minutes at 5°C 

and the supernatant (6.0-6.3 mls) collected. This W3 s passed dovn a 

0.5 x 10 cm column of pre-swollen DEAE-%phadex A-25 (Pharmacia Fine 

Chemical s, S-75104, lppsal a 1, Stieden) equilibrated with a MOPS 

buffer: 50 mM MOPS, 1 mM DTT, 500 mM N3 C1 , 1 g 1 -1  1WEEN 80 adjusted 

to pH 7.0 with IM N3 OH (cf. Marsden et al,. 1981). The fl ow rate wes 

0.4 ml min -1 . The el ution profile was recorded continuously at 280 

rm. El uate fractions were collected at 5 minute intervals. These 

fractions were analysed separately for carbohydrate (Dubois et al. 
1956) and assayed for the enzymes esterase, acid phosphatase, mal ate 

dehydrogenase, al kaline phosphatase, leucine amino-peptidase, and 

al dol ase (methods given in Table 5.2). 

El ectrophoresis  

Fractions 1-10, containing enzymatic activity, were combined 

(volune approximately 20 ml s) and concentrated to about 3 mls using a 

Centricon centrifugal microconcentrator (Pmicon Corp. Scientific 

Div., 17 Cherry Hill Drive, Danvers, fottss., USA) with a 10,000 M.W. 

cut off. 

The concentrated extract vas mixed with sucrose (0.2 g m1 4 ) and 

two drops of brcmophenol blue marker. 0.05-0.1 ml aliquots were 

loaded onto 140 x 72 nm poi yacryl anide slab gel s (T 8.1% C 1.0%; 

Tri s-citrate buffer, pH 8.6) in a vertical gel el ectrophoresis 

apparatus (Pharmacia CA 2/4 LS). Aliquot size must be predetermined 

for each species, by running test gels of different volunes, in order 

to achieve the best resolution and even activity on gels with 

multi pie species samples. El ectrophoresis was performed for 4 -5 

hours (45 manps, 100V) in a boric acid - borate buffer pH 8.6 : 14.44 
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g 1 4  boric acid, 31.5 91_i  borax, 0.1 g i 	TWEEN 80. The gels 

were stained for i sozyme bands using conventional techni cites and 

reactants, prepared as in Table 5.2. Protein banding patterns were 

reveal ed with Cocmassie Blue R-250 (technique outlined in the Hol fer 

ienti fic In strument Catalogue 1980). G1 ycoproteins were examined 

using a periodic ac id -&hiff technique (Keyser 1964) . 

SEG Method  

SEE el ectrophoresi s using PAA 4/30 gradient gels ves carried out 

following the procedure given in the techniques manual supplied by 

Fharmacia Fine Chemicals (Polyacryl wide Gel El ectrophoresis 

Laboratory Techniques). 0.5 ml of concentrated X. glacliata extract 

was treated with 17, SEE at 100°C for 5 minutes. The sample wes 

ccmpared el ectrophoretic ally with untreated extract using both 

standard and 4/30 gradient PACE-gels. Standard reference protein 

high molecular weight and low molecular weight mixture s (Pharmaci a) 

were run on the same gels for comparison. 

Pol yphenol Determination  

To check for the presence of polyphenols at various stages in 

the procedure, samples were assayed initially using the potassi txn 

titanium oxal ate method of Forrest and Bendal 1 (1969), following 

Marsden et al. (1981). I-bwever, this method ves found to give a 

positive reaction with the ascorbic acid in the extraction buffer and 

therefore was unsuitable as a polyphenol ic indicator here. 

Wal itative polyphenolic assays were performed subsequently by adding 

bis-diazo-benzedine drop to drop with the enzyme solution (Rug & 

Jensen 1952; ccammicated by A. Jensen). A colour change to red or 

brown indicates phenol ic presence. 



Table 5.2. 	Staining and Spectrophotometric Procedures for Cetecting Enzyme ktivities. 

Enzyme and E.C. Nunber 	Pr e-Soa k/ Fix 	 Reactant/Stain 	 Spectrophotcmeter 

0.2 M acetate buffer 	50 mg a-naphthyl phosphate 
(Redfield & Sal ini 1980) 	50 mg fast blue BB salt 
pH 5.8 for 10 mins. 	50 mls 0.2 M acetate buffer 

1 ml benzaldehyde 
*10 mg p -NA D 
*10 mg MTT 
*2 mg FMS 
50 ml distill ed water 
50m1 IRIS-Ha, pH 8.5 
(Redfield & Salini 1980) 

*10 mg p-NAD 
*20 mg MIT 
10 units G-3-PDH 

*2 mg FMS 
5 mls TR IS -HC1 , pH 7.0 
(Redfield & Salini 1980) 
19 ml s di still al water 

*fructose-1, 6-di phosphate 
to sat urate 

kid phosphatase (ACM) 
3.1.3.2 

Aldehyde oxidase (AO) 
1.2. 3.1 

Al dol ase ( ALD) 
4. 1. 2.13 

Prepare as for staining: 
filter; x= 440 run, 

Npt tested 

Prepare as for staining; 
filter; x= 530 ,  nm 

Alkaline phosphatase ( AFH ) 
3. 1. 3.1 

100 mg a-naphthyl acid phosphate Prepare as for staining; 
100 mg fast blue BB salt 
50 ml distilled water 
50 ml TRIS-HC1, pH 8.5 

filter; x = 500 nm 



a-p-Esterase (EST) 	0.2 M phosphate buffer 
3.1 	 pH 6.4 for 15 minutes 

2 ml naphthyl acetate (1 0 mg 
a-naphthyl acetate, 10 mg p-
naphthyl acetate in 2 mls 50% 
acetone) 
50 mls 0.2 M phosphate buffer, 
pH 6.4 
50 mg fast bl ue BB salt 

mix phosphate buffer and BB 
sal t, filter; add al- 
na phthyl acetate solution drop 
wise until solution begins to 
cloud; X = 530 nn 

Funarase (F UM) 
4.2.1.2 

*20 mg p-MD 
*20 mg MTT 
*2 mg PMS 
400 mg potassi 
50 units MDH 
5 mls TR IS-HC1 
23 mls di still 

un fumarate 

, pH 7.0 
ed water 

p-Galactosidase (p-GAL) 
3. 2. 1. 23 

dissolve 100 mg 
6-bromo-2-naphthyl -p-D - 
gal actopyranoside in 15 ml 
methanol ; add 200 ml hot 
distill ed H20; cool 
add 85 ml phosphate-citrate 
buffer, pH 5.0 (prepare buffer 
frcm equal vol umes of 0.2 M 
di sodi un phosphate and O. 1M citric 
acid) add 100 ml distill ed H20; 
store: 4°C, 6 months 
add fast blue 1 mg/ml 1- 
be fore use 

Prepare as for staining; 
X = 440 rm 



p-Glucuronidase 30 mg 6-bromo 2-naphthyl 
p-D-glucuronide in 10 ml 
absolute ethanol 
20 ml phosphate-citrate 
buffer, pH 4.9 
70 ml distilled H20 for 
4-6 hours, 37°C 
(Shaw & Prasad 1970) 

Glutamate dehyd rog en ase (GDH ) 
1. 4. 1.2 

G1 utamate-ox al oacetate 
transaminase (GOT) 
2. 6. 1.1 

rinse in tap water 
Stain: 
100 mg fast blue 
100 ml 0.02 M phosphate 
buffer (pH 7.5); 
filter; 
wa sh in distilled H20 
rinse in 0.1% acid solution 

*20 mg p-NAD 
*10 mg MIT 
*2 mg PMS 
*1 g sodium glutamate 
5 mls TR IS -HC1 , pH 8.5 
20m1 distill ed H 2 0 
(Redfield & salini 1980) 

200 mg L-aspartic acid 
100 mg a-ketoglutaric acid 
150 mg fast blue BB salt 

*20 mg pyridoxyl -5 '-phosphate 
50 ml s distilled 1-129 
50 mls TR -HC1 pH F 8.5 

Not tested 

Npt tested 

tbt suitable; 
precipitates heavily 

G1yceraldehyde-3-phosphate 
dehydrogenase (G-3-PCH) 

*10 mg 13 - N4D 
*10 mg MIT 
*2 mg PMS 
*15 mg sodi urn arsenate 	 tbt tested 
*275 mg fructose-1, '6-di phosphate 
1.0 unit aldolase 
5 ml TR IS-HC1, pH 7.0 
25 ml distill ed H20 



*80mg a-glycerophosphate 
*20 mg EDTA 
*10 mg ND 
*10 mg MTT 
*2 mg FMS 
5 ml TR IS-HC1 pH 7.0 
19 ml distilled water 

900 mg gl ucose 
*80 mg Mg C1 2  
*20 mg ATP 
*16 mg NADP 
*20 mg MU 
*2 mg FMS 
10 units G-6-PDH 
5 ml IRIS-HG!, pH 7.0 

28 ml s distilled H 2 0 

1 ml sodi urn lactate syrup 
*10 mg NU 
*10 mg MU 
*2 mg FMS 
5 ml IRIS-HG! pH 7.0 
10 ml s distilled H20 

rsbt tested 

Npt tested 

Itt tested 



Leucine aminopeptidase (LAP) 0.5M boric acid for 
3. 4.11.1 	 1 hour 

Mal ate dehyd rog en ase ( MDH ) 
1. 1. 1.37 

50 mg L-leucyl -p-naphthyl anide 
25 mg fast black K salt 
20 mg Mg C1 9  in 1 ml H 9 0 
100 mls TRIS"-MALEATE pH 5.0 
(Redfield & Sal ini 1980) 

*10 mg malic acid 
*10 mg p-ND 
*16 mg MIT 
*2 mg PMS 
5m1 TR IS -HC1 pH 8.5 
19 ml s distilled rater 

Prepare as for staining, 
• filter; x = 430 nm 

Prepare as for staining 
but keep solution in a 
foil wrapped beaker (1 ight 
sensitive); x = 422 nm 

Mal ate dehydrogenase (ME) 
(decarboxylating) (NADP+) 
1. 1. 1.40 

*10 mg malic acid 
*4 mg ADP 
*10 mg MIT 
*2 mg PMS 
*20 mg MgC19 
5 ml IR IS -RC1 , pH 8.5 
20m1 distilled H20 
(Redfield & Salim 1980) 

Npt tested 



*10 mg D- mannose-6-phosphate 
*4 mg MOP 
*10 mg MIT 
10 units PGI 
10 units G-6-PDH 

*2 mg FMS 
5 ml TR IS -HC1 , pH 8.0 
20 ml distilled H20 
(Redfield & Salim 1980) 

100 mls 16% sodi um acetate and 
7% acetic acid solution 
saturated with N32-EDTA and 
ortho-diani sidine ; add 0.03 ml s 
H 2 02 before use 

*50 mg 6-phosphogluconic acid 
*20 mg Mg C12 
*20 mg NIDP 
*10 mg MTT 
*2 mg FMS 
5m1 TR IS -HC1 , pH 8.0 
25 ml distill ed H20 

Not tested 

Not tested 

NA tested 



Phosphoglucoisomerase (PGI) 
5. 3. 1.9 

*10 mg fructose-6-phosphate 
*4 mg NADP 
*5 mg MIT 
*20 mg 14gC12 
*1 mg FMS 
10 units G-6-PDH 
20m1 distill ed H 2 0 
(Redfield & Salim 1980) 

Npt tested 

Phosphogl uccmutase (PGM) 
2. 7. 5. 1 

Sor•bitol dehydrogenase (SDH) 
1.1.1.15 

*20 mg glucose-1-phosphate 
*10 mg 1kgC1 2  
*2 mg NADP 
*10 mg MIT 
*2 mg FMS 
10 units G-6-PDH 
5m1 TR IS -HC1 , pH 8.0 
20 ml distill ed H20 
(Redfield & Salim 1980) 

1 g D-sorbi tol 
*20 mg p-MAD 
no mg MIT 
*2 mg FMS 
50 ml TR IS-HC1, pH 8.0 
50 ml distilled H20 
(Redfield & Salim 1980) 

Nat tested 

isbt tested 

Abbreviations: E DTA (itt2) , di sodi um ethyl enedi amine tetra-acetic ac id; G -3 -PDH, glycerol-3-phosphate 
PDH, g 1 uc ose-6-phosphate dehyd rogenase ; MTT, ( 3 -[4, 5-dimethyl thi a zol -2-13-2, 5-di phenyl tetra zol i um b 
nicotinanide adenine din ucl eotide ; FMS, phena rine met has ul phate 	* Stock solutions recommended . 
Optical Iensity readings vere taken at specified wavelengths using 2.4 ml reactant and 0.1 ml enzyme 
blank containing 2.5 ml of reactant. 

dehydrogenase; G-6- 
romide; MAD, 

extract against a 
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Phycocolloid Getermination  

The presence of sulfated polysaccharides (phycocolloids) at 

various steps in the extraction procedure vas determined 

qualitatively by adding a saturated solution of bad un chloride to 

the extract and observing for a while precipitate (Larsen 1978). 

Protein Determination  

Protein ves assayed according to Bradford (1976) using 0.] ml 

aliquots (3 replicates taken from 3 stages in the extraction 

procedure: after centrifugation, after elution and after 

concentration). 

Enzymatic Cleavage of Glycoproteins  

Initial results suggested that some enzymes vere compl exed with 

carbohydrate moieties. The glycoproteins vere cleaved with exo-

glycosidases to increase the el ectrophoretic mobility of the enzymes 

and improve resolution of their banding patterns. 

Ole gram of x. gladiata was prepared as above. 1 ml extract vas 

treated with f3-D-glucosidase (80 units, Sigma Type I frcm almonds, pH 

5.0) or (3-glucuronidase (800 or 1600 units, Sigma Type IX, from E. 

aoli , pH 6.8) respectively, and incubated at 37°C for 30 minutes. 

After incubation, extracts 'ere passed through DEAE-Sephadex 

col wins, the el uate fractions concentrated, and examined by 

electrophoresis as above. 	lsve re stained for glycoprotein, 

esterase and 6-phosphogluconate dehydrogenase act ivites. 

RESULTS 

Enzyme extracts have been stored for up to 4 months at -20°C with no 

apparent reduction in activity or alteration to their el ectrophoretic 

banding patterns. Freshly prepared samples remain active for 5 - 7 

days at 2°C. 
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Fblyphenol Removal  

Tissue ground in liquid nitrogen and allowed to thaw in 

distilled water gave a positive polyphenol ic reaction. In contrast, 

the enzyme extract gave a negative result whether tested after 

expression through muslin, after elution through the DEAE-Sephadex 

col umn or after concentration. The pol yphenol s are presumably 

canpl exed to insoluble PVPP in the extraction buffer and are 

discarded after expression through muslin and centrifugation. 

Fhycocolloid Removal  

Phycocol bids ( sul fated- ac id ic- po lysaccharides) were confirmed 

in the initial extract fran X. gladiata and he re ranoved in large 

part by absorbance on the DEAE-Sephadex column. A weak reaction with 

ban i urn chloride remained in fractions 3 and 4 of the column el uate 

which was in turn eliminated by microconcentration in the Centricon 

device. Thus the final concentrated extract used for the 

electrophoresis studies wa s free of phycocolloid contamination. 

Protein and Polysaccharide Elution  

Figure 5.2 shows a protein elution profile frcm DEAE-Sephadex 

using 6 - 8 ml samples. The bulk of the protein is el uted in 

fractions 1 - 15. Enzymes were eluted in fractions 1 - 10 while 

polysaccharide el uted in fractions 1 - 9 (minor quantities of 

sulfated polysaccharide in fractions 3 and 4). Therefore, only the 

first 10 fractions were bul Iced and concentrated for electrophoresis. 

The use of a single column, ccmbining properties of ephiex and 

ion exchange media, is a marked improvement over Marsden et al.'s 

(1981) method in that it greatly reduces the time required for 

extraction and the degree of dilution. 

• rt significant losses of protein (based on 3 replicates) 

occurred between any of the extraction steps. The protein content of 

the final extract (both after elution and concentration) ve s 540 - 

630 pg 19 -1  of X. gladiata tissue. 
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Fig. 5.2. A typical DEAE-Sephadex elution profile (280 nm) using an 

extract from 1 g of X. gladiata. Polysaccharide 0. D. readings 
are indicated by broken lines overlying the protein spectrum. 
Enzymes assayed in individual eluate fractions. EST = esterase; 
CPH = acid phosphatase; DH = malate dehydrogenase; APR = 
alkaline phosphatase; LAP = leucine amino-peptidase; ALD = 
aldolase. 
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Protein Concentration and El ectrophoresi s  

Despite the high activities of enzymes detected by spectrophotometric 

assays, only the peak fractions produced detectable z.ymograns. It 

vas necessary to bulk the fractions and concentrate them in order to 

examine the fractions with lesser activity for electrophoretic 

mobil ity. Ammoni un sulphate precipitation before purification 

(Marsden et al. 1981) re s not successful. Concentration of the 

column el uate fractions through Centricon centrifugal concentrators 

permitted good detection on polyacryl amide gels. Residual low 

molecular weight compounds ( < 10 000), including unbound detergent, 

are al so removed at this stage. Five replicates using extracts frcm 

a single plant gave identical elution profiles and protein zymograms. 

Positive gel staining reactions for 19 enzyme assays were 

demonstrated  usi ng the X. gladiata extract ( Fig . 5.3). Al though the 

enzymes occupy a relatively small region of the gel , there are 

nevertheless detectable differences in their mobilities. Isozymes of 

phosphoglucoiscmerase and mannose phosphate iscmerase showed the 

greatest mobility on the gels. 

El ectrophoretic banding patterns for protein and a range of 

enzymes were examined in six species of the Order Fucales (Table 

5.3). The protein pattern illustrated clear differences between 

species and families (Fig. 5.4). Enzyme variation between these 

species is al so marked (Fig. 5. 5, 5.6). 

An example of intra-specific differences is illustrated in Fig. 

5.5 while reprodur&ibil ity is demonstrated in the same figure between 

the 3b samples. 

In al 1 cases the enzymes had low el ectrophoretic mobil ities 

which indicated a high molecular veight and/or low net ionic 

charge. SDS treatment of the concentrated extract folloved by 

electrophoresis on PM 4/30 gradient gels fail ed to give significant 

resolution of the protein banding pattern. (he additional band 

appeared with Cocmassie Blue staining near the marker protein with 

molecular weight equal to 14 000. I-bvever, the major protein bands 
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Fig. 5.3. Nineteen enzyme systems examined from one specimen 
of X. gladiata illustrating the relative mobilities 
of the bands. Double line indicates the position of 
the bromophenol blue marker front. Full names of the 
enzymes are given in Table 5.2. 
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1 2 3 4 5 6 

PROTEIN STAIN 

Fig. 5.4. Protein banding patterns: 1) Hormosira banksii, 
2) Xiphophora gladiata, 3) Caulocystis  TIT/TT-67i,  
4) X. chondrophylla, 5) Phyllospora comosa, 
6) a diatom Heterosigma sp. Stippled line indicates 
the position of the bromophenol blue marker front 
(note highly mobile proteins on the front). 
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1  2 3 4 3b 3b  1  2 3 4 3b 3b 

Fig. 5.5. Enzyme patterns for A) 6-PGDH = 6-phosphogluconate 
dehydrogenase and B) PGI = phosphoglucoisomerase over 
three species: 1) Hormosira banksii, 2) Cystophora  
xiphocarpa, 3) Xiphophora gladiata (D'Entrecasteaux 
Channel, Tasmania), 4) Phyllospora comosa, 3h) X. gladiata  
(West Point, Tasmania) - in replicate. Stippled line 
indicates the position of the bromophenol blue marker 
front. 
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Fig. 5.6. Enzyme patterns: GOT = glutamate-oxaloacetate transaminase, 
MDH = malate dehydrogenase, GPDH = a-glycerophosphate 
dehydrogenase, APH = alkaline phosphatase. Six species are 
shown on each gel: 1) Hormosira banksii, 2) Cystophora  
xiphocarpa, 3) Caulocystis uvifera, 4) Xiphophora gladiata, 

5) X. chondrophylla, 6) Phyllospora comosa. Caulocystis  

uvifera did not stain well for MDH activity. Stippled line 

indicates the marker front. 
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represent native proteins of high molecular weight between ferritin 

= 440 000) and thyroglobin 	= 669 000). 

The association of polysaccharide with the enzyme fractions 

(Fig. 5.2) suggested a carbohydrate-protein ccmpl ex or possibly a 

detergent-carbohydrate-protein cam pl ex (Furth 1980). 

G1 yco proteins  

Glycoproteins are proteins which contain oligosaccharides 

covalently bonded to selected amino acid residues (Hughes 1983). To 

test for glycoprotein presence, gels vere treated with periodic acid 

- Schiff reagent (I<eyser 1964). All six algal species gave a 

positive reaction with single fuchsi ne-col oured bands appearing 

irmiediately below the sample wells on the gels. However, ephemeral 

fuchsine-coloured bands al so appeared Will e the gel was submerged in 

the fuchsine-sulphite reagent. These bands disappeared shortly 

before the gel assumed the opaque colour of the stain , . Ibvever, the 

bands did not reappear after ve shi ng in ethanol-sulphite. These 

ephemeral bands correspond in position to the first 2-3 bands shown 

by the majority of the enzymes depicted in Fig. 5.3. 

Exo-glycosidases (including 13 -D-glucosidase and a -glucuronidase) 

remove sugars that are exposed at the non-reducing ends of 

carboydrate chains, including micopolysaccharides. Zymograms of 

extracts treated with a -D-gl ucosida se and a  -gl uc uron ida se 

respectively, and stained for esterase and 6-phosphoglucuronate 

dehydrogenase activity showed an increase in the nunber, as well as a 

greater mobility, of the bands (Fig. 5.7). 

Five types of glycoproteins in two pools of molecular weight of 

about 25 000 and 43 000 were identified in the green alga 

Enteromorpha protifera (an s son et al. 1985). Enzymes showing a 

glycoprotein structure in other organisms have included 

oxidoreductases, transferases and hydrolases ((bttschalk 1972). For 

none of these has it been demonstrated that the carbohydrate is 

associated with the active site of the enzyme. It is possible that 

the carbohydrate stabilises the protein molecule in such a vey as to 

prcmote catalytic activity (Gottschalk 1972). Removal of the 
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Fig. 5.7.. Zymograms indicating A) the position of the ephemeral fuchsine-coloured glycoprotein 
bands detected during a P.A.S. stain, B) esterase activity and C) 6-PGDH activity. 
1) unheated extract, 2) 1 ml extract treated with 2 mg a-glucuronidase, 3) 7 mls 
extract treated with 20 mg a-glucosidase, 4) 1 ml extract treated with 1 mg 
-g1Licuronidase, 5) heated extract, 6) 2 mg a-glucuronidase in 1 ml Buffer B, 
7) 20 mg a-glucosidase in 1 ml Buffer B. Double line indicates the position of 
the bromophenol blue marker front. 
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Table 5. 3. Tax onanic Relationships of 	ecies Used in 

the El ectrophoretic Study. 

Species 
	

Families 	 Order 

Hormosira banksii 

Cystophora siphocarpa 

Caulocystuvifera 

Xiphophora gladiata 

X. chondrophylla 

Phyllospora.comosa 

Ho rmosi raceae 

Cystoseiraceae 

Fucaceae 

Seirococcaceae 

Fucales 
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carbohydrate can render the enzyme inactive, therefore further 

treatment with either exo- or endo-glycosidases vas not attempted. 

Summary  

The extraction, purification, concentration and el ectrophoretic 

procedures described here have proven efficient, in terms of time 

requirements, and effective at producing reproducible protein and 

enzyme banding patterns for brown algae. These patterns show 

considerable prcmise as taxonomic characters. The low overall 

mobility of brown algal enzymes seems due, in part, to their high 

molecular weight and glycoprotein nature. This is an important area 

for future research. 

DISCUSSION 

This method is an improvement over earlier methods of brown 

algal enzyme extraction and el ectrophoresis. The use of a single 

col txnn , ccmbining the properties of Sephadex and cell ulose, greatly 

reduces extraction time as well as dilution and related losses 

associated with two col unns. The use of the centrifugal 

microconcentrator provides fast, efficient concentration of the 

protein as well as a purification of the extract (e.g. removal of 

unbound detergent). The concentration of the extract with the 

microconcentrators may have more potential in further development of 

the method. In particular, desalting could be achieved by successive 

concentration and reconstitution of the sanple using this device. A 

successive 10:1 concentration and vol une restoration will el iminate 

99% of the original solute (tmicon Publication N. 1-25%). It may 

be possible to achieve extract purification through this method 

alone, eliminating gel filtration entirely. lhfortunately the high 

cost of these concentrators was prohibitive in carrying this aspect 

of the study further. 01 sen-Stqj kovich et al. (1986) have al so used 

microconcentrators to concentrate protein (for imminological studies 

of the species in the Cladophorales). 

The resulting enzyme extract is sufficiently concentrated for 
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use on polyacrylanide slab gels. This method is used in subsequent 

chapters to examine intra-specific variation in Xiphophora gladiata . 
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MITER 6 

ELECTROPHORET IC VARIATION CF EIVRES IN XIPHOPHORA GLADIATA  

INTRODICT ION 

Following their morphological study of the fuc al ean al gae Fucus 

distichus and F. evanescens, Rice et aZ . (1985) predicted that the 

ccmbined effects of cloning, partial sel f-fertil iaition in sexual 

reproduction and limited dispersal of eggs and zygotes would lead to 

genotypic patchiness on scales of 100's of millimetres or less. 

1-bwever, they did not examine morphological variation at scales finer 

than 10's of kilcmetres, nor vere suitable enzyme extraction or 

el ectrophoretic techniques available to then to test their 

hypothesis. 

The greatest proportion of the morphological variation in 

Xiphophora gZadiata has now been shown to be expressed within and 

between clumps, (Chapter 2) at the scales predicted by Rice et al. 
(1985). It remains to determine, using the techniques described in 

Chapter 5, whether the genotypes of this species vary over similar 

scales. An experiment to test this, by examining genotypic variation 

wi thin and between adjacent cl imps, is reported in this chapter. ft 

attempt has been made to survey the genotypes of X. gladiata over 

wide areas, nor to determine inether or not they vary over large 

spatial scales. 

MATERIALS AND METHODS 

Field Sampling  

The plants ware collected on 5 February 1986 from Ithite Cliff, 

D'Entrecasteaux Channel, Tasmania by a sciba diver. A clunp of X. 

gladiata was rand crn ly selected within the stand (Fig. 6. 1, chino 

A). It and the three neighbouring clunps within a radius of 500 mm 

were harvested. The number of plants in each clump and the relative 

positions of the clops are illustrated in Figure 6.1. A total of 32 
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Fig. 6.1. An illustration of the geographic sizes and 
positions of the X. gladiata clumps sampled 
for the study of electrophoretic variation 
of enzymes. 
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plants vere harvested and transported to the laboratory. Plants were 

stored in polythene bags at 5°C until use (Marsden et al. 1981; 

Chapter 5). 

El ectrophoresis  

Over the ensuing 5 days, enzyme extractions vere made following the 

protocol established before (Chapter 5; Rice & Crow:len 1987). 

Seventeen enzyme systems were exanined (Table 6.1) using the staining 

procedures given in Table 5.2 (Chapter 5). 

Interpretation  

The enzyme banding patterns ("zymograms") on a gel are determined by 

the number of loci coding for the enzyme, the nunber of alleles per 

locus, the quaternary, or sub-unit, structure of the enzyme and the 

genotypes of the individuals. In order to interpret these patterns 

with certainty, extensive breeding experiments are necessary to 

identify the loci , alleles and quarternary structures in plants of 

know genotype. Such experiments were not possible with X. gladiata, 

because of its long life cycle, and a less-certain, but more 

practical , comparative approach to gel interpretation vas folloved. 

This is widely employed in el ectrophoretic studies (cf. (bttleib 

1977), but is rather less reliable with Xiphophora than with some 

other organisms because of the lack of genetic studies of related 

species. 

In plants, the various "isozymes" (forms of the same enzyme 

coded for by different loci ; G3ttleib 1981) often occur in distinct 

and specific sub-cellular locations (e.g. spinach has four GOT 

i sozymes located in the chloroplasts , mi tochondria, peroxi sanes and 

the cytopl asm respectively: Huang et al. 1976). These various 

locations, and hence the nunber of loci , are know for many enzymes 

and are often consistent across all plants (Gottleib 1981). The 

quaternary structures of particular enzymes also tend to be 
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Table 6.1 
	

En zyme Systems ( and Abbreviations) Ex anined in the 

Population 	netics of X. g 1 adiata  (En zyme Oommissi on 

- Numbers Incl uded)- 

Ox id ored -uc ta se s  

EC 1. 1. 1.15 	Sorbi tol dehydrogena se (D -Idi to 1 

dehyd rogenase) 	 SDH 

EC 1. 1. 1.27 	Lactate deh yd rogena se 	 LDH 

EC 1. 1. 1. 37 	Mal ate dehyd rogenase 	 MDH 

EC 1. 1. 1.44 	6 -Phosphogl uconate deh yd rogena se 	 6 -PGDH 

EC 1. 4. 1. 2 	Glutamate dehyd rogena se 	 GDH 

a -G1 ycerop hos phate dehydrogena se 	 aGPDH 

G1 ycer aldehyd e-3-phosphate dehydrogena se 	G -3PDH 

Tr an sfe ra se s  

EC 2. 6. 1. 1 	Gl utam ate- ox al oacetate tran sam ina se 	 GOT 

( As partate ami notrans fera se ) 

EC 2. 7. 5. 1 	Phosphogl ucom uta se 	 PGM 

Hydrol a ses  

EC 3. 1. 1.1 	a -Estera ses 	 aEST 

EC 3. 1. 1.1 	p -Estera se s 	 13EST 

EC 3. 1. 3.1 	Alkaline phosphata se 	 A PH 

EC 3.1. 3. 2 	Ac id phosphatase 	 ACPH 

EC 3. 1.2. 1.23 n -Gal ac tos ida se 	 r3U■ L 

EC 3. 4.11.1 	Le uci ne ami no pe pt ida se ( ami no pept ida se- 

cytosol) 	 LAP 

Iscmera ses  

EC 5. 3. 1. 8 	Mannosephosphate i scmera se 	 M PI 

EC 5. 3. 1. 9 	Phosphoglucose i somerase ( gl ucosephosphate 

i scmera se) 	 PG I 
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constant. LDH, for instance, is a tetramer in all organisms yet 

examined (May et al. 1977; Ward 1977; Fbpkinson et al. 1976). 

Given these estimates of the expected number of loci and 

expected quaternary structure of each enzyme (Table 6.2), it is 

possible to interpret the gel s for both allele numbers and individual 

genotype, using the expected banding patterns for hcmozygotes and 

heterozygotes of various quaternary structures (Fig. 6.2) and the 

basic Mendelian laws. This process can be reduced to a mathematical 

algorithm and hence be performed by a computer (Sankoff et al. 1989, 

but the more reliable, if scmevfiat more subjective, interpretation by 

inspection was preferred here. Where a variety of interpretations 

were possible, a conservative approach (i.e. incorporation of the 

minimum number of loci and alleles: Sankoff et al. 1986) as 

followed to produce the simplest explanation of the observed banding 

patterns. "kill alleles" were never invoked, both because they are 

rare and because a given zymogram can be forced to fit any desired 

interpretation if such alleles are incorporated. 

Presuned i sozymes, and the corresponding loci, vere labelled 

with the enzyme abbreviation (Table 6.1) and numbered sequentially, 

beginning with the one showing least mobility (least anodal). 

Alleles at the same locus  were labelled alphabetically, al so 

beginning with the least anodal. The hcmozygote genotypes are thus 

coded "aa" and "bb" , and the heterozyg ote "ab" 

It must be stressed that the resulting zymogram interpretations 

are only first hypotheses, and cannot be more than this in the 

absence of progeny trials. 

Analysis of cenotypic Variation  

The average number of alleles per locus (a), and proportion of 

polymorphic loci in the population ( Lpo p) and the observed 

heterozygosity, or proportion of heterozygotes in the population, at 

each locus (Hob s) were calculated for the pooled sample of 32 

plants. Corresponding values of expected heterozygosity (Hexp) 'ere 

calculated as: 
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Fig. 6.2. Expected enzyme banding patterns for homozygous (aa,bb) 
and heterozygous (oh) individuals given the enzyme 
quarternary structure (Table 6.2). Numbers indicate 
the relative intensities of the bands according to 
Mendelian principles. 
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Table 6. 2. Summary of Isozyme limber 

Used to 	Interpret Zymograms 

and Enzyme Subunit Structures 

of X. gladiata. 

Enzyme Isozymes Reference 

Subunit 

Structure Re ference 

SDH tetramer Ward 1977; 

Ho pki nson 

eta]. 	1976 

LDH 1 	- 	5 Wilkinson 	1965 tetramer Ward 1977 

MDH 1 - 6 Gottl eib 	1981 dimer Gottl eib 1981; 

Ward 1977 

6 -PGDH 2 Gottleib 1981 dimer Gottleib 1981; 

Ward 1 977 

GDH 1 - 3 Loukas et a . monomer Loukas et al. 	1983 

1983 

aGPDH dimer Ward 1977 

G-3PDH **tetramer Ward 1977 

GOT (1)-4 Gottleib 1981 dimer Gottleib 1981 

PGM 2 Gottl eib 1 981 monomer Gottl eib 1 981 

apEST many Gottleib 1981 *monomer Ward 1977 

APH many *dimer Ward 1977 

AC PH 1 - 3 Gottleib 1981 *monomer GAtleib 1981 

pGt1L *monomer van Zutphen et al . 

1983 

LAP 2 Gottleib 1981 monomer Ward 1977 

M PI monomer Hopkinson et al . 

1976 

PGI 2 Gottleib 1981 dimer Gottleib & Greve 

1981 

* 	these enzymes represent a large variety of molecules vstrich act 

on bond types. 

** dimer (Hopkinson et al . 1976; Loukas et al . 1983). 
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Hexp = 	- 

iiere : Xi is the frequency of the i th  allele at the locus (Nei 

1978). The arithmetic mean expected heterozygosity across loci 

(R exp) vas calculated as a measure of genetic diversity ( cf. &.aur 

1985; Nei & Graur 1983). 

The departures of the observed genotype frequencies from Hardy-

Weinberg equilibrium expectations (Falconer 1976) were tested with 

the Gp statistic (Sokal & Rohl f 1969). 

In one clunp, some plants had identical genotypes at all loci. 

The probability of this occurring by random chance, given the 

observed genotype frequencies in that clunp, was calculated. The 

probabil ity of n particular individuals having the same genotype at a 

given locus is: 

j  = y3 (P ii  )n 

vhere 13- is the frequency of the jth genotype at the ith locus ij 
(assuming the presence of two alleles per locus). The probability of 

these n plants having identical genotypes across all L surveyed loci 

is then: 

	

L v 3 	p rr •=1 	j=1 

and the probability of any n plants, from a cl unp containing N 

individuals, having identical genotypes across all loci is: 

or: 

Nc n Tr.  L v 	
i

3 tp 
L1-1=1 'j=1` ji 

„ . L 	3 N.  "1=1 	j=1 
(N-n)! n! 

The genetic differentiation between clumps was measured with 

r■ei's (1972) genetic identity statistic: 
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1= 	Jxy  
, 

(Jx Jy)
11

, 6 

where Jx y  J and J 	are the arithmetic means, across loci, of , . 	xy . 
y

1 	
rl 	c Yi  and 71 Y.  respectively and Xi and Yi are the " 

frequencies of the i th  allele at the locus in clunps X and Y. 	s 

identity statistic can take values betveen Ze r o (no alleles in 

ccmmon) and unity (gene frequencies identical). It can also be 

transformed into a measure of genetic distance as: 

D = - ln I 	(Nei 1972). 

(D measures the number of codon differences between populations sich 

that, if the rate of gene substitutions per unit time is constant, D 

is linearly related to the time since divergence of the 

populations. Clearly, this only a ppl ies to isolated  popul ations in 

which the change in gene frequency is due only to genetic drift. As 

suggested below, this does not hold for X. gladiata clumps). 

The significances of di fferences in allele frequencies between 

the clumps were tested with the qi  statistic (So kal & Rohl f 1969). 

Only loci in which the rarer allele had a frequency greater than 0.15 

were tested. GH is additive (Sokal & Rohl f 1969), allowing the 

values for each locus to be summed for an overall test. 

RESULTS 

At least one locus frcm each of 13 of the 17 enzymes examined could 

be reliably interpreted. The zymograms for SDH, a- GPDH, G3PDH and 

MN were not consistently clear and these enzymes were therefore 

excluded from the analyses. The 13 enzymes vere coded for at 26 

interpretable loci  (Tabl e 6.3). 

Four of these were invariant (p-EST-1, p-EST-2, LDH-1, GOT-1), 

while three others were fixed heterozygotes (PGI -2, LI}I-2, GOT-2). 

The remaining loci shoved banding patterns consistent with 

expectations for hcmo- and heterozygous di ploid individual s (Fig. 

6.3). 

The summary statistics for the pooled sample of 32 plants and 
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Fig. 6.3. Zymograms of the 19 variable enzyme loci (with an 
example of a fixed heterozygous locus PGI-2) for each 
of the 32 plants from a total of 4 clumps (A-D). 
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Table 6. 3 	Genotype Frequencies of al 1 Isozymes for the Four 

Xiphophora gladiata cl umps 

Cl unp 

A 

(n=17) 	( n) 	( n) 	(n=3) 

LAP -laa 0 0 1.00 1.00 

lbb .35 0 0 0 

lab .65 1.00 0 0 

LA P-2aa .12 0 0 0 

2bb 0 1.00 0 0 

2ab .88 0 1.00 1.00 

PCM-laa .71 1.00 1.00 1.00 

lbb 0 0 0 0 

lab .29 0 0 0 

PGM-2aa .ffi 0 .33 0 

2bb 0 0 0 0 

2ab .18 1.00 .67 1.00 

PGI -laa 1.00 0 0 1.00 

lbb 0 0 0 0 

lab 0 1.00 1.00 0 

PGI -2aa 0 0 0 0 

2bb 0 0 0 0 

2ab 1.00 1.00 1.00 1.00 

AC PH -laa 0 0 1.00 .33 

lbb 1.00 1.00 0 0 

lab 0 0 0 .67 

ACPH -2aa 0 .50 0 0 

2bb 0 0 0 0 

2ab 1. 00 .50 1. 00 1. 00 

MDH-laa 0 0 .67 0 

lbb 0 .17 0 0 

lab 1.00 .83 .33 1.00 
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Table 6. 3 cont. 
Cl unp 

LDH-laa 

lbb 

lab 

LDH -2aa 

2bb 

A 

( n=1 7) ( n=6 ) ( r6) (n=3 ) 

1.00 

0 

0 

0 

0 

1.00 

0 

0 

0 

0 

1.00 

0 

0 

0 

0 

1.00 

0 

0 

0 

0 

2ab 1.00 1.00 1.00 1.00 

APH-2aa 0 .67 1.00 0 

2bb 0 0 0 0 

2ab 1. 00 . 33 0 1. 00 

6PGDH -laa 0 0 0 0 

1 bb . 53 1. 00 1. 00 1. 00 

lab .47 0 0 0 

EP GDH -2a a 0 .17 0 0 

2bb 0 .33 0 0 

2ab 1. 00 . 50 1. 00 1. 00 

p G41_ -laa .12 1.00 1.00 0 

1 bb .35 0 0 0 

lab .53 0 0 1.00 

pGA L-2a a 0 0 1.00 0 

2 bb 1.00 1.00 0 1.00 

2ab 0 0 0 0 

f3GA L -3a a .71 . 50 . 67 0 

3bb .23 0 .17 0 

3ab .06 .50 .17 1.00 

GDH-laa .17 0 0 .67 

lbb .83 1.00 1.00 .33 

lab 0 0 0 0 

GDH -2aa .12 0 0 0 

2bb 0 1.00 1.00 0 

2ab .88 0 0 1.00 



Table 6. 3 cont . 
Cl unp 

A 

7) (rF6) (r6) (r3 

GDH -3aa 0 1.00 1.00 0 

3bb 0 0 0 0 

3ab 1.00 0 0 1.00 

pEST -laa 1.00 1.00 1.00 1.00 

lbb 0 0 0 0 

lab 0 0 0 0 

f3 E S T -2 a a 1.00 1.00 1.00 1.00 

2bb 0 0 0 0 

2ab 0 0 0 0 

pE ST-3a a 1.00 .83 .67 0 

3bb 0 0 0 0 

3ab 0 .17 .33 1.00 

«EST-2aa 1.00 .67 .67 .33 

2bb 0 0 0 0 

2ab 0 .33 .33 .67 

GOT-laa 1.00 1.00 1.00 1.00 

lbb 0 0 0 0 

lab 0 0 0 0 

GOT -2a a 0 0 0 0 

2bb 0 0 0 0 

2ab 1.00 1.00 1.00 1.00 

180 



a = 1.85 

LPPP = 0.85 

Hexp = 0.33 

Hobs = 0. 43 

These indicate a high degree of genetic diversity and an excess of 

heterozygotes. The latter represents a highly significant departure 

from Hardy-Weinberg equi 1 ibriun (Gp  = 321. 41; P<0.005). 

This heterozygote excess re s seen at most of the polymorphic 

loci (Table 6.4) and W3S significant at eleven of the thirteen loci 

for which G could be calculated. 

Cloning is knom to occur in the Fucal es, and would be expected 

to cause departures from Hardy-ktinberg equilibriun. 1 -bwever, few 

individuals had the identical genotypes across all loci that would be 

characteristic of the products of cloning ( Fig. 6.3). Cl unp A did 

contain two pairs, one trio and one quartet of plants. The 

probability of four individuals  fran a cl unp containing 17 plants, 

with the genotype frequencies of clunp A, having identical genotypes 

is 0.0288. 

The probability of finding a pair or a trio of identical plants 

are much higher, but the joint probability of finding one group of 

four plus other groups, though intractable to estimate, must be 

considerably less than 0.0288. The observed incidence of identical 

genotypes i s, therefore, " signi fi cant" at the conventional level  of 

0.05 and is unlikely to have arisen by chance. Thus, cloning appears 

to occur in X. gZadiata , though the menbers of each clump are not the 

products of a single clone. 

To test vklether the departure from Hardy-Weinberg equilibrium 

ves due to this cloning, the data set vas reduced by seven 

individuals such that each putative clone vas represented by a single 

datun. The G tests were repeated on this reduced data set (Table 

6. 5) and shoved that the heterozygote excess renamed 

Genetic identity (I) between the clunps varied between 0.70 and 

0.89, corresponding to !sel l s distances (D) of 0.12 to 0.36 (Table 

6.6). This represents a highly significant inter-cl unp difference in 

181 
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Table 6. 4. 	Summary Statistics of Genetic Characteristics 

of Individual Fblporphic Loci from the Fbol ed 

R)pul ation of X. gl adiata  . 

locus G P  Hobs ex p 

LAP -1 

LAP-2 

Pal-i 

PGM -2 

*28. 72 

*16. 11 

- 

*11. 46 

0.13 

*9.46 

0.53 

0.75 

0.16 

0.50 

0.50 

0.49 

0.15 

0.38 

PGI -1 *26.33 0.38 0.34 

PGI -2 0 *22. 18 1. 00 0.50 

AC PH -1 *64.34 0.06 0.38 

AC FH -2 2.58 *2 8. 05 0.91 0.49 

MDH -1 5.59 *1 7.98 0.84 0.51 

LDH -1 0 - 0 0 

LDH -2 0 *22.18 1.00 0.50 

A PH -2 *1 6. 10 *12.11 0.69 0.45 

6PGDH -1 M9.36 *62.15 0.25 0.23 

6P GDH -2 1.11 *24.78 0.91 0.50 

pGAL -1 *31.13 1.27 0.38 0.44 

pGA L-2 *61. 77 - 0 0.31 

pGA L -3 2. 70 0.34 0. 35 

GDH -1 *16. 15 0 0.27 

GDH -2 *27.39 *100.54 0.56 0.45 

GDH -3 *24. 05 *20. 58 0. 63 0. 43 

0 f3 

 

EST-1 0 0 

3EST-2 0 - 0 0 

pEST-3 - - O. 19 0. 16 

ocEST-2 - O. 19 0. 20 

GOT-1 0 0 0 

GOT-2 0 *22.18 1.00 0.50 
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Table 6. 5. 	Examination of Ceparture from liardy-Weinberg 
Expectations in Individual Fblymorphic Loci from 
the Pool ed San pl e of X. gl adiata  after Ren ov al 
of FUtative Clones. 

locus 	 GH 

LAP -1 	 *21.79 
LAP-2 	 *16. 16 
PCM -1 	 - 
PGM -2 	 5.55 
PGI -1 	 *1839 
PGI -2 	 0 
AC PH-1 	 *55.05 
AC PH -2 	 2.42 
MUM-1 	 5.43 
LDH -1 	 0 
LDH -2 	 0 
A PH -2 	 *14. 23 
6GPDH -1 	 *31.41 
6PGDH -2 	 1.04 
GAL -1 	 *21.26 
GAL-2 	 *55. 11 

L-3 	 1.98 
GDH -1 	 - 
GDH -2 	 *25.8 
GDH -3 	 *21.26 

Hobs ex p 

0.56 0.46 
0.68 0.48 
0.08 0.08 
0.64 0.43 
0.48 0.39 
1.00 0.50 
0.08 0.43 
0.88 0.49 
0.80 0.49 
0 0 

1.00 0.50 
0.60 0.44 
0.28 0.22 
0.88 0.50 
0.24 0.43 
0 0.35 

0.40 0.38 
0 0.28 

0.44 0.41 
0.52 0.38 

0 EST -1 	 0 	 0 	 0 
f3 EST-2 	 0 	 0 	 0 
f3 EST-3 	 - 	 0. 24 	 0. 21 
aEST-2 	 - 	 0.24 	 0.22 
GOT-1 	 0 	 0 	 0 
FOT -2 	 0 	 1.00 	 0.50 

average 	YGH  = *2 96. 91 	0. 4310. 36 	0. 33±0. 18 

*P<. 01 
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Table 6. 6 Genetic Identity Statistic (I) [below Diagonal] and 

Genetic Distance (D) Between Fairs of Xiphophora 

gladiata Clirrips (n = 32). 

clump 

A B C D 

A .12 .36 .13 

B .89 .16 .13 

C .70 .85 .27 

D .88 .88 .76 



185 

gene frequency across all loci (G H  = 384.91; P<0.005), which is also 

shown at most of the individual polymorphic loci (Table 6.4). This 

difference is little altered by the removal frail the tests of the 

putative clones (Table 6.5). Of the loci showing significant G H  

values, only PGM-2 changed to an insignificant one. 

DISCUSSION 

These analyses have demonstrated four features of the population 

genetics of the Xiphophora gladiata sample fran Itite Cliff: high 

genetic diversity, a marked departure from I -Lirdy-Weinberg 

equil ibri un, the presence of cloning and highly significant gene 

frequency differences betveen neighbouring clumps. 

The genetic diversity of X. gladiata, as measured by the a, Lppp 
and expected heterozygosity statistics, is higher than in many, 

though not all , other plants (Table 6.7). Although Hamrick et al.'s 

(1979) mean value for Loop  in higher plants is less than one half the 

0.85 observed in Xiphophora, 20 of the 106 species they reviewed 

shoved greater proportions of polymorphic loci. Similarly, 39 of 96 

species had more than X. gladiata's 1.85 alleles per locus, even 

though the mean a was only 1.69 (Hamrick et al. 1979). Thus, X. 

gladiata shows high, but not extreme, genetic diversity when assessed 

against higher plants. 

It is, however, extreme when compared to the few other macro-

algae that have been studied; showing more than twice the highest 

previously recorded proportion of polymorphic loci (excluding Innes 

and Vanish's (1984) value which was derived from a study of 

polymorphic loci only; Table 6.7). This difference in diversity may 

be caused by profound differences betveen the studies and the algal 

species concerned. Cheney and Babbel I s (1978) samples of Euchema 

spp. contained unknown proportions of plants of different ploidy, 

making their values of a and Lpo  p unreliable. Both Enteromorpha 

linza and Codium fragile are composed of predominantly asexually 

reproducing populations (Innes & Yarish 1984; Mal inovski 1974). 

These are expected to show the reduced genetic variability that 

Mal inowski (1974) observed (Table 6.7), as a result of the 
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Table 6. 7 	Genetic Diversity among Populations of Marine Al gae 

Com pared to Da ta Compiled for Higher Plants. 

No. of lb. of 

Species 	Pop'ns loci a PoP Reference 

Xiphophora gladiata 	1(4) 26 1.85 0.85 this st uzly 

Porphyra yezoensis: 

Mean 	 11 8 1.50 0.40 

Maximum 	 2 8 1. 90 0.75 Mi ura et al. 	1979 

*Euchema isiforme 	3 11 1. 36 0. 36 Cheney & Babbel 

1978 

*E. nudion 	3 12 1.33 0.33 Cheney & Babbel 

1978 

*E. 	gelidilim 	1 7 1.29 0.29 Cheney & Babb el 1978 

*E. acanthocladium 	1 8 1.25 0.25 Cheney & Babbel 

1978 

Codium fragile (asexual )10 14 1.29 0.29 Mal inovs ici 	1974 

Codium fragile ( sex ual ) 	4 14 0.39 Mal inowski 	1974 

Higher 	Plants 	(113 spp .) 1.69 0.37 Hamrick et 
al. 	1979 

"sel fers" 	(28 spp .) 16.6 0.04 Gottleib 1981 

"outcrossers" 	(21 s pp .) 17.6 0.37 Go ttl eib 1981 

* data contains pool ed results of reproductive plants of di fferent 

pl oidy and of vegetative pl ants of unknon pl oidy and therefore may not 

reflect true genetic diversity 
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magnification of selection and founder effects associated with such 

reproduction (Black & tbhnson 1979). Van der ft er (1986) has 

suggested that Miura et al. 's (1979) genetic data on monoecious, 

haploid Porphyra yezoensis indicates that they are predcminantly 

self-fertilizing, causing their diploid "conchocelis" phase to 

ccrnpri se mainly hcrnozygotes. This type of reproduction, and Mi ura et 
al. 's (1979) use of the haploids, could have reduced the measured 

genetic diversity. I-bwever, the two most genetically-diverse of the 

eleven P. yezoensis populations that they studied shoved almost as 

high proportions of polymorphic loci as did the X. gladiata sanple 

and actually exceeded its mean nunber of alleles per locus (Table 

6.7). 

In summary, while the genetic diversity of Xiphophora gladiata 
is the highest yet reported for a macroalga, it is not vastly greater 

than the value for Porphyra and is vell within the knowl range for 

higher plants. 

This is, nevertheless, in conflict with Hamrick et al. 's (1979) 

suggestion that lower plants have less genetic variation than 

angiosperms (a suggestion necessarily made on the basis of very few 

genetic studies), and the possible reasons for the elevated genetic 

diversity of X. gladiata merit examination. 

Hanrick et al. (1979) examined the relationships between genetic 

variation in higher plants and 12 life history characteristics. They 

concluded that species with large ranges, high fecundities, an 

outcrossing mode of reproduction, wind poll ination, a long generation 

time and which occupy later successional habitats have more genetic 

variation than do species with other ccmbinatio -ns of 

characteristics. A subsequent, and independent, study of the pine, 

Pinus halepensis, which manifests all of these characteristics, 

accords with this prediction (Loukas et al. 1983). Of these factors, 

the high fecundity, long generation time and late successional stage 

may all apply to X. gladiata. The species is certainly capable of 

outcrossing (though this may not be its most ccmmon reproductive 

mode; see below) and water transport of spermato zooids may be 

equivalent to wind pollination. Xiphophora should therefore be 

expected to be genetically diverse, for an alga, based on life 
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history traits. 

Furthermore, Isevo et al. (1 984) analysed the genetic variability 

of 1111 species belonging to 10 higher taxa of both plants and 

animals. The IR indices of genetic diversity ( heterozygosity and 

polymorphism) showed vertebrate animals to be generally the least 

variable, followed by pl ants and invertebrates. Anongst the 

invertebrates,  bivalves (e .g. Bea unon t & Beveridge 1984) and other 

aquatic molluscs (e.g. Lavie & Isevo 1986) shoved the highest levels 

of diversity. It has often been suggested (e.g. Gillespie 1978; Nevo 

1978; Bryant 1976; Hedrick et al. 1976; Mabnald & Pyal a 1974) that 

the principal factor maintaining genetic polymorphi sms is the spatial 

and temporal heterogeneity and uncertainty of the environnent. 

Occupation of a marine littoral habitat is positively correlated with 

high genetic diversity in three species of trochidaen molluscs (Lavie 

& Nevo 1981), two cerithid species (Lavie & Nevo 1986) and in 

Enteromorpha linza (Innes 1984, 1987). Thus, the very high levels of 

environmental heterogeneity to which marine macroalgae are exposed by 

virtue of their littoral or shallow sub-littoral habitats may vell 

result in relatively el evated genetic diversity. Certainly, the 

genetic diversity of Porphyra, Euchema and Codium, whil e low in 

ccmpari son to that of outcrossing higher plants, is very much higher 

than the diversity of sel fing ones (Table 6.7). 

Thus, if Hanrick et al. (1979) are correct that lover plants 

have reduced genetic diversity, this effect seems to be overtaken by 

the results of high envirormental heterogeneity for littoral macro-

algae. Within those macroalgae, Xiphophora's life history 

characteristics would be expected to produce the higher levels of 

genetic diversity observed here. 

The second notable feature of Xiphophora genetics is the marked 

departure frcm Hardy-Weinberg equil ibri un, which results frcm a 

considerable heterozygote excess. This departure is not solely 

caused by the cloning of sane plants. Since it results frcm a 

heterozygote excess, and not a deficiency, it cannot be caused by the 

pooling of plants frcm multi ple populations which are themselves in 

Hardy-Weinberg equilibriun. Thus, some of the enzyme loci surveyed 

in X. gladiata appear to be subject to overcicminance (or "heterosis") 
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or frequency-dependent selection (cf. Falconer 1976). This is not 

necessarily selection in favour of the heterozygote, since removal of 

only one homozygOte can al so resul t in heterozyg ote excess. Ibvever,  , 

this mechanism is necessarily limited in its effect (cf. Powell & 

Taylor 1979). Table 6.3 shops that, for at least some loci, this 

explanation is insufficient and there must be selection in favour of 

the heterozygotes. 

Similar heterozygote excess has been observed in other studies 

of algal population genetics, but has been attributed to special 

factors which, may not or do not, apply to X. gladiata. The 

pol ynorphic loci examined by Mal inovs ki (1974) in Codium were all 

fixed heterozygotes, but this was thought to result from asexual 

reprockEtion of a small nunber of heterozygous founders artificially 

introduced to the eastern lhited States from Europe. In 

Enteromorpha, Innes and Yarish (1984) found heterozygote excess at 

60% of the loci examined, but this may also result from a 

predcminance of asexual reproduction in this genus. In X. gladiata 

on the other hand, heterozygotes appear to have a selective 

advantage. This is the expression, at the individual  1 evel , of the 

effect of a temporally heterogeneous environment on genetic 

diversity, which has already been discussed at the population level . 

It has also been shovn that some cloning probably occurs in X. 

gladiata. Only two cloning mechanisms are known in the Fticales. 

Propagation by hairs with trichothallic growth has been reported to 

occur under axenic culture conditions (Fries 1984, 1985), but may not 

be possible in nature. Adventive enbryony from rhizoidal filaments, 

shortly after settl anent, is known to occur in Fucus (Fries 1984; 

ItLachl an & Chen 1972) and might do so in Xiphophora, though it was 

not observed in culture (Chapter 1). If so, the connections betveen 

these plants must have been lost during subsequent development, or 

destroyed by grazing, since the plants in the sample each had 

discrete holdfasts. Given the long lives of these plants, the small 

proportion of cloned plants seen in the samples and the existence of 

other plants with very small distances to the first dichotomy 

(Appendix E), suggesting an unbroken tissue connection, this method 

of cloning may well explain genotypically-identical plants. 
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Lastly, and most importantly, the analyses in this Chapter have 

shown that the four clops of X. gZadiata had significantly different 

gene frequencies. The level of genetic difference is much less than 

that between congeneric species (often D > 1), but is similar to the 

differences that Miura et al. (1979) found between Porphyra 
populations collected 10s and 100s of kilcmetres apart on the coast 

of Japan (Table 6.8), that is over 10 6  times the geographic range 
studied here. 

The heterozygote excess in these X. gladiata plants has shown 

that the loci surveyed are subject to selection. Di fferences in 

these selection pressures could cause the observed differences in 

gene frequencies. Vowever, the plants grew close together in a 

habitat that, as suggested above (Chapter 2), is spatially 

hcmogeneous over this scale. Their habitat is certainly temporally 

heterogeneous, but since they are long-lived, these individuals 

should have experienced essentially the sane selection pressures over 

time. Thus only if the ages of the plants differ between clunps, and 

if there is intense temporally-di fferenti al selection on the newly-

settl ed plants over the March to Cttober reprodictive season, could 

selection account for the gene frequency differences between• clops. 

The other possible cause, that clunps of X. gladia -ta are at 

least partially inbreeding, must contribute to the observed genotypic 

differences. Inbreeding could take a number of forms in Xiphophora 

including cloning, the observed self-fertilization or simply an 

increased probability of crossing wi thin a cl unp can pa red to between 

clumps. The sexual forms of inbreeding would have to be accanpanied 

by a tendency for zygotes to settle within their clunp of origin, - 

rather than in other clunps. 

The existence of clones has already been discussed, but the qi  
tests show that they are not sufficient to explain the observed 

differences in gene frequencies. Thus, some sexual inbreeding must 

occur in X. gladiata cl unps. 

Although many monoecious plants have mechanisms vstrich prevent 

self-fertilization or prcmote outcrossing, X. gladiata has been shown 

to be self-ccmpatible (Chapter 1), as are the monoecious fucoids F. 

distichus and F. evanescens ( It Lac hl an et al. 1971). Indeed , the 



Table 6. 8, 	Genetic Identity (I) Betveen Fbpul ations In Two Spec ies 

of M3 rine Algae. 

Species 	 n enzymes loci 	I population 	Re fe r enc e 

Xiphophora gladiata 4 13 26 .695-.887 this st mly 

Porphyra yezoensis 11 8 8 . 595-. 932 Mi Ls-a et at 

1979 
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sel fed progeny of F. distichus have been successfully grown to 

maturity and have produced a further sel fed generation (ttLachlan et 

al. 1971). In many fucoids, including Xiphophora, the eggs are often 

fertili zed before leaving the conceptacle (Ivf011er & G3ssmann 1985; 

pers. obs.). Xiphophora spermatozooids are negatively phototactic 

(Willer et al. 1985) and are therefore unlikely to travel far through 

open water before entering a female conceptacle (cf. Chapter 1). 

Rather, given that the spermatozooids' sensitivity to the egg 

pheromone is restricted to a few millimetres range (1111er et al. 

1985), male gametes which fertili ze eggs within the latters' 

conceptacl es are almost certainly from neiglbouring conceptacl es on 

the same plant. Therefore, Xiphophora and other monoecious Fucales 

may be predcminantl y self-fertilizing species. 

Such selfing is advantageous in species which frequently 

colonize new areas by the settl anent of single plants and in those 

with strong selective adaptation for local conditions (Lande & 

Schemske 1985; Jain 1976; Antonovics 1968; Stebbins 1957). X. 

gladiata does not show the latter feature in its morphology (unless 

differences betveen clumps are adaptations to micro-habitats; Chapter 

2), but long-distance dispersal in macroalgae is undotbtedly achieved 

by the dispersal of fl oating plants with chance settl anent of a few 

spores or zygotes (e.g. Jonsson 1972; Fager 1971). Conversely, 

outcrossing would be expected to be advantageous in spatially or 

tenporally heterogeneous environments, such as the one that X. 

gladiata occupies. Hovever, monoecious plant species to which this 

applies generally show selection which prevents inbreeding (e.g. 

differential maturation seasons of gametes: x. chondrophylla,. Chapter 

1) and exhibit a relative reduction of fitness of the inbred line 

("inbreeding depression": Lande & &hevske 1985; Falconer 1976). 

These have not been observed in Xiphophora gladiata. X. gladiata may 

have evolved an optimal ccmbination of selfing and out-crossing, in 

the absence of such mechanisms, if a high proportion of "successful" 

eggs are sel f-fertil i zed and the resul ti ng zygotes tend to settl e 

within their parent cl umps, while those eggs which escape sel fi ng , 

sink and spread out to form a near-bottom planktonic "cloud". Most 

of these eggs would die, but the remainder would be susceptible to 
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cross-fertilization by spennatozooids from neighbouring clunps 

(carried to the bottom by their negatively phototactic response). 

The few resul ting zygotes might settle in an existing clump (parental 

or otherwise), but they WO uld also be the sole source of new 

clunps. If so, new clunps are largely the result of outcrossing. 

Older clumps contain largely the progeny of inbreeding from these 

founders. The genetic results reported here are entirely consistent 

with this hypothesis, though it would merit further investigation by 

mathematical modelling. 

Such inbreeding as this should lead to a reduction in genetic 

diversity (Hamrick et at. 1979) and an increase in hcmozygotes at the 

expense of heterozygotes (Falconer 1976), in direct contrast to the 

X. gladiata data. I-bwever,  , some species of inbreeding  pl ants have 

both relatively high genetic diversity compared to outcrossing 

congeners and heterozygote excess (e.g. Avena barbarata:- Allard et 

al. 1972; Cl egg & Allard 1972; Hamrick & Al lard 1972; Bromus 

monis: Jain et al. 1970) . In some cases (e.g. Oenothera biennis: 

Levin 1975), a permanent translocation heterozygosity for all 

chromosomes ensures continuity of this genetic . diversity. More 

commonly, it is maintained by selection as has been suggested to 

occur in Xiphophora. 

Thus, the littoral environment occupied by Xiphophora gladiata 

appears to expose it to selection in favour of heterozygosity. This 

over-rides the effects of cloning and selfing, which probably serve 

to ensure successful within-clump reproduction but may be 

suppl Ernented by crossing between clumps, particul arly in the 

formation of new cl trips. This hypothesis needs experimental testing, 

but in view of the long life cycle of this species, such tests are 

best conducted on another fucoid. 

••••••••••••=1,VISVIIM 



194 

CHAPTER 7 

SLMMARY OF INTRA -S PEC IF IC MOR PHOLOGICAL VAR IAT ION IN  

XIPHOPTIORA GLADIATA  

As outlined in the Introduction, it has been conventional to 

describe intra-specific morphological variation in macroalgae in 

terms of formae (and other traditional taxa), ecads, ecotypes or 

perhaps clines. All of these involve the interpretation of field 

data in terms of some preconceived variation strictures. Rice et al. 
(1985), working with Fucus spp., introduced the alternative approach 

of examining the data objectively for evidence of the types of 

variation structures shown by the alga. In Chapters 2 to 6 of this 

thesis, that approach has been applied to Xiphophora gladiata 
In this Chapter, the resulting description of intra-specific 

morphological variation is assembled and suninari zed. Discussion of 

the broader significance of these results forms the final Chapter, 

following a re-examination of inter-species variation within the 

genus xiphophora (in Chapter 8). 

An examination of the very fine scale spatial distribution of X. 

gladiata (Appendix A) has shown the plants to be grouped into clumps, 

each typically containing some 10 to 20 individuals. The clumps are 

about 100 mm in diameter and are rather more than this distance 

apart. Wien the morphology of adult plants wes examined (Chapter 2), 

much the greatest part of the intra-specific variation vas expressed 

between clumps. For many characters, more than 80% of the variance 

occurs at this scale. A correspondingly small proportion was found 

between the individuals within each clunp (about 5% of the total for 

most characters). 

The causes of this inter-clunp difference and intra-clunp 

similarly do not seem able to relate to the spatial envirorment. An 

electrophoretic stu:iy (Chapter 6) found that neigibouring clumps show 

highly signi ficant gene frequency di fferences. Although same 

putative clones ve re identified, cloning is not the sole cause of the 

differences. Rather, it seems that the relative genotypic constancy 
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within each clump is maintained by a combination of cloning, self-

fertilization and crossing within the clump, ccmbined with 

preferential settlement or survival of offspring within their 

parental clunps. The observed morphological variation between cl unps 

is almost certainly a result of this inter-clump genotypic 

di fference. 

The second major feature of the morphological variation pattern 

in X. gladiata is a pronounced inter-regional difference in all 

characters. This typically accounts for 15% to 20% of the 

morphological variance (Chapter 2). This scale of variation has been 

examined in detail (Chapter 3) and has proven to be largely a 

difference between plants from the D'Entrecasteaux Channel and those 

from the open coasts. The morphological differences do not arise 

frcm a simple restriction to gene flow imposed by geographic distance 

alone. Instead, it is explained by a complex of environmental clines 

which may ultimately be controlled by water quality. It is not yet 

known whether Xiphophora' s morphological response to these clines is 

associated with genotypic adaption or not. It is supposed that the 

response is clinal with respect to the environment, if not in 

geographic space. 

A final , anomalous variation pattern vas show" by two dichotomy 

characters. These show the majority of their variation between 

individual s within clumps and a small proportion over scales of 

kilometres, as well as some between clumps and regions (Chapter 2). 

It has been suggested (Chapter 4) that these dichotomy characters are 

largely dependent on variations in wound-induced proliferations, 

which themselves result as responses to herbivore damage. This shows 

both chance variations between individual plants, and larger 

variations on scales appropriate to the herbivores rather than to 

Xiphophora . I-bwever, the evidence for this hypothesis remains rather 

weak. 

The spatial pattern of morphological variation in adult X. 

gladiata is therefore dominated by a mosaic with a patch si 72 of 

about 100 am. These patches are spatially-discrete clumps; they are 

al so morphologically distinct and do not intergrade. This mosaic i s 

primarily genotypic in origin. It overlies much veaker, large scale 
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(1 00s of kil metres) clinal variation which is probably primarily 

envirormentally induced. There is sane between-individuals variation 

and some characters also vary over intermediate spatial scales. 

In addition to this spatial variation, the morphology of x. 
gladiata al so varies temporally. There is, an annual cycle in the 

reproductive structures. In terms of gross morphology, this is 

represented by a sinusoidal change in receptacle length with a period 

of one year (Appendix E). The species appears to be very long lived 

(Appendix B) and hence the effects of growth in adult plants are 

minimal. 

In younger plants, there must clearly be ontogenetic changes in 

form. However, except for the very early stages (Chapter 1; Appendix 

C), these have not been studied in any detail . 



CHAPTER 8 

TAXONOMY OF XIPHOPHOAA  

This thesis is primarily concerned with patterns of intra-specific 

variation in Xiphophora gladiata. However, the large volume of 

morphometric data collected and the new knowledge of the general 

biology of this species that has been obtained, permit a re-

examination of the taxonomy of the whole genus. Given its particular 

interest as the only Southern Hemisphere component of the Fucaceae, 

and hence its important position in the taxonomy of the Fucales as a 

whole (Clayton 1984), Xiphophora's intra-generic taxonomic structure 

has some general importance. Thus, the opportunity for •a review has 

been taken. That review is reported in this Chapter. 

Since this work was intended to lead to a conventional review of 

taxa and nomenclature in Xiphophora, its fundamental approach is a 

search for a hierarchial arrangement of discrete groups. The 

possibility that Xiphophorais actually a ring species, large scale 

morphological mosaic or some other complex and unconventional 

taxonomic structure would be more in keeping with the concepts 

underlying this thesis. However, such structures are not amenable to 

normal taxonomic treatments and consideration of them will be 

deferred until the final Chapter. 

The development of the nomenclature and present taxonomy of 

Xiphophora is first described in detail. This serves both as an 

introduction to the synonomies which follow and as an exploration of 

both the outstanding taxonomic questions and the morphological 

characters thought to distinguish the taxa. The principle questions, 

concerning the number of valid species and their distributions, are 

then addressed by multivariate morphological analyses, supplemented 

by other studies. The following section builds on the conclusions of 

these analyses, in examining intra-specific taxonomic structures. 

This leads to formal re-definitions and descriptions of all the taxa 

within Xiphophora. 

197 
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DEVELOPMENT OF NOMENCLATURE AND TAXONOMY 

Xiphophora gladiata was first decribed by J.H.H. de La 

Billardiere (1806) under the name Fl4cus gladiatus. With the 

exception of the holdfast, which was not mentioned, the essence of 

the plant was well captured in his orginal description: 

Fucus fronds compressa, lineari-dichotoma, ramosissima, fusca, 

intorta, gladiata. 

Frons pedalis, lineari-dichotoma, ramosissima, fusca, 

compressa, supra planiuscuta, passim intorta, ramulis itidem 

planiusculis, obtusis longioribusve gladiatus incurvis, ut 

plurimum furcatus, immersis fructibus foetis. 

Habitat ad capitis Van-Diemen Littora (La Billardiere 1806) 

In particular, the long sword-like (hence "g/adiata"), inwardly - 

curved receptacles containing "immersed fruit" are noted. However, 

the description over-emphasizes the degree of torsion in the 

thallus. The accompanying illustration (drawn by Poiteau; see 

Frontispiece) also shows a twisted plant, suggesting that both 

description and illustration were based on poorly pressed 

specimens. In other respects, including a well-drawn holdfast and a 

characteristic wound-induced proliferation at the base of the plant, 

this illustration is very accurate. 

The isotypes, annotated by LaBillardiere, are held in the 

British Museum. The annotations state that these plants were found 

growing in "fossae" (perhaps implying channels between inter-tidal 

rock spurs, rather than the literal "ditches") and as drift. Ducker 

(1979) has suggested that the type locality for this species, and all 

of the others described by LaBillardiere in 1806-7, is Storm Bay, 

Tasmania. However, a close study of his travels in Australia 

suggests otherwise. 

LaBillardiere was botanist on board the Recherche, under the 

command of Admiral B. D'Entrecasteaux. The expedition spent from 

late April to the end of May 1792 in Tasmania (Hogg 1938). During 

this time they explored the entire length of the D'Entrecasteaux 
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Channel, from Recherche Bay and Southport to Tinderbox. At the end 

of May, the ship sailed on to New Caledonia. Later, while heading 

from Cape Leeuwin towards New Zealand, a lack of fresh water forced a 

detour and the ship stayed a further 22 days at Southport, from 

January 21, 1793. Further exploration of the D'Entrecasteaux Channel 

was completed, and boats went nine miles up the Huon and twelve miles 

up the Derwent Rivers, as well as into Fredrick Henry Bay. At this 

time, D'Entrecasteaux recorded that LaBillardiere was making many 

valuable collections of plants, fishes and animals (Hogg 1938). It 

is not clear whether he himself went on the more extensive boat 

voyages, but in view of their rigorous nature (Hogg 1938) it is 

perhaps more likely that this duty was left to the naval officers, 

while LaBillardiere collected in the Channel. 

On February 21, the ships sailed, but were forced back by the 

weather to an anchorage in Adventure Bay (on the Storm Bay shore of 

Bruny Island). They stayed there for a week before sailing for New 

Zealand. 

The Recherche did not stop in New Zealand, nor did she visit 

Bass Strait. Thus, LaBillardiere must have collected his Xiphophora 

specimens in southeastern Tasmania. Of the isotype six fragments on 

the herbarium sheet in the British Museum, only one bears 

receptacles. These receptacles are approximately 150 mm long (and 

twice branched). This size (see Appendix E) and the maturity of 

these receptacles suggest a collection date in February rather than 

May, and hence the isotypes must have - been collected in 1793, that 

is, when D'Entrecasteaux remarked on LaBillardiere's collecting 

activities and while the Recherche's boats travelled widely through 

the D'Entrecasteux Channel, up the Derwent and into Frederick Henry 

Bay (Hogg 1938). The X. gladiata isotypes could have been collected 

from any part of this extensive areal, but most probably from the 

D'Entrecasteaux Channel. Ducker's (1979) suggested type locality of 

Although Xiphophora is not presently found in the Derwent, the 
Tasmanian herbarium has two fertile specimens (HO: anon. 1909) 
collected at Bellerive Beach, opposite Hobart. 
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Storm Bay is less likely since only one boat passed briefly through 

that area on its way to and from Frederick Henry Bay, while the 

Recherche itself left the Channel only on its planned voyage across 

the Tasman Sea (when scientific work presumably ceased). 

The next development in the study of Xiphophora was an improved 

description of F. gladiatus by Turner (1819) in his FUci (1819), 
based on specimens sent to him by F.C. Mertens. All mention of a 

twisted thallus was dropped while more details of the dichotomies, 

apices and holdfasts of both juvenile and adult plants were given. 

Turner (1819) observed that the tips of the young plants were singed 

black. This suggests that his plants were exposed to the sun at 

lowtide, possibly in a shallow pool. 

At the same time, Turner (1819) published the first description 

of X. chondrophylla under the name FUcus chondrophyllus. The plants 

were provided by R. Brown who was Botanist on board the Investigator, 

under the command of Cptn. M. Flinders, during 1801-5. Brown did not 

himself publish any descriptions of Australian marine algae, but 

about 50 specimens were entrusted to Turner with his written comments 

for inclusion in the FUci (Ducker 1981). The type specimen is in the 

British Museum and was collected at Port Dalrymple (now the Tamar 

River), Tasmania. As the FUci marks the first publication of the two 

species together, it is interesting to examine the 'essential' 

descriptions to see which characters were thought to separate the 

species. Turner unfortunately did not have (or did not recognize) 

fertile material on which to base his descriptions [though (immature) 

receptacles were described in F. gladiatus]. 

The two species were both described as linear, nerveless, 

compressed and dichotomous, with segments branching at 45° angles 

("erecto-patent"). They are similar in texture, with F. 

chondrophyllus being more hard than leathery. The real difference in 

the diagnoses lay in the description of the terminal apices. In F. 

chondrophyl/us these were said to be rounded with a notch at the end 

(obtusus, emarginatus), whereas in F. gladiatus the "younger tips" 

(actually vegetative tips) were described as erect, short and rounded 

while the "older" ones (actually immature receptacles) were elongate, 

tapering to a point (acuminated) and curved inwards. Furthermore, F. 
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chondrophyllus was said to be from 8 inches to more than a foot in 

length (200 to more than 300 mm), with the angles of the dichotomies 

acute but somewhat rounded and the inter-dichotomy segments straight 

and of equal length. In contrast, F. gladiatus fronds were described 

as more than a foot (300 mm) in length, with the dichotomy angles 

rounded and the segment lengths unequal. Wound-induced 

proliferations were described on the thallus of F. chondrophyllus 

(Turner 1819); 

The third advance in Xiphophora taxonomy was made by Montagne 

(1842), following a detailed study of the receptacles of F. 

gladiatus. He obtained fertile specimens from M. Hombron, surgeon-

major on the Astrolabe during 1837-40. Montagne accurately described 

the separate male and female conceptacles and, on the basis of this 

distinctive fructification, created a new monotypic genus Xiphophora, 

for F. gladiatus. Contrary to Heine's (1932) claim, Montagne (1842) 

did not include F. chondrophyllus in his new genus, and its diagnosis 

(based on X. gladiata) described the receptacles as being elongate, 

dichotomous, pustular and olive-black with their terminal segments 

curved inwards and notably sword-like (hence 

.t.yoa= sword, 1.6pw= bearing): 

...Pars maxima frondis in receptaculum planum, elongatum, 

dichotomum, papulosum, olivaceo-nigrum, apicibus incurvis 

ensiformibus insigne, abiens... (Montagne 1842). 

and so effectively excluded F. chondrophyllus from Xiphophora. 

Montagne (1842) chose the new specific epithet Billardierii, to 

honour the plant's discoverer. However, under the rules of priority 

(Article 55.1), the combination Xiphophora billardieri is 

illegitimate. 

At about this time, there were disagreements over the placement 

of the two species and their taxonomic status became very unstable 

(cf. Heine 1932; Barton 1893; see also synonomies below). In 1845, 

J.D. Hooker and W.H. Harvey published a new diagnosis of the genus 

Xiphophora Mont., in their Flora antarctica. They still regarded the 

genus as monotypic, including only Xiphophora Billardieri, but 
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omitted the receptacle characteristics from their diagnosis: 

Frons otivacea, linearis, compresso-plana, coriacea, dichotome 

ramosa. Vesiculae nullae. Conceptacula per totam frondem 

sparsa, ramis immersa, tuberculiforma, poro pertusa, intus 

naturae diversae, altera sporas obovatas, nigro-fuscas, demum 

quadripartitas, limbo hyalino cinctas, parietibus affixas, 

sessiles; altera fasciculos filorum mmosommt, articulatorum, 

apicibus turgidis et demum in corpuscula granulis repleta 

(antheridia vet gemmas) mutatos foventia (Hooker and Harvey 

1845). 

Their account, and the accompanying illustration (t. 59 f. 3), also 

described the four eggs in each oogonium of this species for the 

first time. Shortly after, Hooker and Harvey (1855) chose to include 

F. chondrophyllus in this re-diagnosed Xiphophora, under the new 

combination Xiphophora chondrophylla. These two species cannot be 

placed together under the original diagnosis of Xiphophora Mont. 

(which was erected to characterize X. gladiata) because the type 

specimen (and the majority of individuals in the species) of X. 
chondrophy/la would be excluded on the basis of receptacle 

characteristics. However, Hooker and Harvey's (1845) modified 

diagnosis quoted above permits the inclusion of X. chondrophylla and 

the genus should therefore be cited as "Xiphophora Mont. mut.Aar. 

Hook. et. Harvey." (cf. Art. 47A.1). 

Meanwhile, J. Agardh (1848) had placed both of these species in 

the large genus F4codium and had reverted to LaBillardiere's specific 

epithet for F. gladiatum. Harvey (1858) 1  accepted these changes. He 

The illustration of Fucodium gladiatum [Harv., Phycol. austra1.1 
(1858) pl. 53] is interesting in that the receptacles are very short 
and somewhat swollen while some of the vegetative apices are long 
and strap-like. This is typical of X. g/adiata in December after 
the previous year's receptacles have deteriorated to short stubs and 
before the conceptacles have developed on the next year's 
receptacles (the long strap-like tips). These 'spent' conceptacles 
are often heavily covered with epiphytes. 
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saw the "long, strap-shaped laciniae" (actually immature receptacles) 

of F. gladiatum as the principal, but not the sole, distinguishing 

characteristic of the two species. Agardh (1877) saw the diagnostic 

characters rather as being the angles of the dichotomies, the lengths 

of the segments (acute angles and short, even segment lengths in F. 

chondrophyllum giving a 'clustered' appearance, in contrast to the 

more 'open' F. gladiatum), overall plant length and the form of the 

stipe. The latter character was a new addition to the known 

discriminating characters. 

Other authors did not accept Agardh's (1848) revision (see 

synonomies below) and for many years "Fucodium gladiatme and 

"Xiphophora Billardieri" were both in use (along with "F. 

chondrophyllue and "X. chondrophylla"). Finally, Kjellman (1898) 

revised the Fucaceae, accepting the generic status of Xiphophora and 

used the new (and correct) combination Xiphophora gladiata. He 

referred to the two species as X. gladiata (Labill.) Mont. and X. 

chondrophylLa (R. Br.) Harv. Apart from Mitchell's (1941) use of X. 

Billardieri for X. gladiata, Kjellman's (1898) names for these 

species have remained stable to the present time. 

However, in the meanwhile J. Agardh (1877) had recognised two 

infrataxa of F4codium chondrophyllum and referred to them as "a. 

minus" and " f3. maximum" He saw them as differing in plant length and 

the arrangement of conceptacles on their receptacles: minus being 

less than 300 mm long, with narrow receptacles bearing a single row 

of conceptacles whereas maximum can exceed 300 mm and usually has 

wider receptacles with several longitudinal series of conceptacles. 

After examining all of the specimens and illustrations available 

to him, Agardh (1877) seems to have been still in some doubt of the 

distinction between maximum and FUcodium gladiatum and the latter's 

status in New Zealand. He noted "Xiphophora Billardieri Auct?" under 

maximum and discussed these matters at some length in his entry for 

F. gladiatum. 

The question was again taken up when Laing (1927) recorded both 

X. gladiata and X. chondrophylla (without sub-taxa) from New Zealand, 

with the former extending to The Snares and Campbell Islands and both 

co-occurring on North and South Islands, the Chathams and the 
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Aucklands. Six years later, Heine (1932) published an account of the 

New Zealand species of Xiphophora. She defined J. Agardh's (1877) 

infrataxa of F. chondrophyllum as varieties, X. chondrophylla var. 

minus and X. chondrophylLa var. maxima. She then concluded, after 

examining only two specimens of X. gladiata from Tasmania, that the 

species were distinct in a range of characters discussed by earlier 

authors and in the sizes and arrangements of the reproductive 

structures, while the two varieties of X. chondrophylia were not 

discrete but rather the poles of a morphological continuum. There 

was no evidence of Tasmanian-type X. g/adiata occurring in New 

Zealand, and Heine (1932) concluded that only X. chondrophylla 

occurred there. She considered that X. chondrophylla var. minus was 

confined to areas north of Auckland whereas X. chondrophylla var. 

maxima occurred throughout North and South Islands as well as the 

Chathams and the subantarctic archipelagos. 

While Heine's (1932) taxonomic conclusions have been generally 

accepted, one of her names has had to be modified. The description 

of X. chondrophylla var. minus includes the type specimen of the 

species. Under Article 26.1, the name of this variety is thus 

automatically X. chondrophylta var. chondrophylla (Parsons & Fenwick 

1984; Nizamuddin 1964). This variety may also have a wider range 

than Heine (1932) suggested (cf. Parsons & Fenwick 1984), though no 

extensive investigations have been attempted since her work. 

However, some of the characters which Agardh (1877) and Heine 

(1932) used to distinguish the taxa have proven unreliable. Mitchell 

(1941), for example, described a plant with the general form of var. 

chondrophylla but the lower thallus of var. maxima. More 

importantly, Nizamuddin (1964) re-examined the oogonia and antheridia 

sizes, on which Heine (1932) placed great emphasis, and found that 

their ranges in the two species overlap broadly (cf. Chapter 1). The 

arrangement of conceptacles within the receptacles is equally' 

unsatisfactory as a discriminating character (Womersley 1967; 

Nizamuddin 1964; Chapter 1). The remaining morphometric characters 

have not been properly analysed and their use as discriminating 

characters remains untested. Thus, Heine's (1932) division of the 

New Zealand plants into varieties and their identification as X. 
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chondrophylla must be regarded as unproven. There has, in fact, been 

little advance over Agardh's (1877) clear uncertainty. 

A few other distinguishing characters have been suggested since 

Heine's (1932) report. Mitchell's (1941) work contributed a 

potential character in the nature of the receptacles of X. 

chondrophylla. These are described as "bearing from four to six 

dichotomies with nearly equal flattened branches". Womersley (1967) 

used this character to characterize the species as having 

"dichotomously branched receptacles, 2-3 mm broad and with 1-2 cm 

between dichotomies". The receptacles of X. gladiata are generally 

less branched. Furthermore, Nizamuddin (1964) has reported the 

aspect of division of the pyramidal apical cells to differ between 

the two species. 

Thus, there seems to be no doubt that there is a discrete and 

valid genus, Xiphophort2, with two species, X. gladiata and X. 

chondrophylla, in Australia. It is also certain that X. 

chondrophylla grows in at least northern New Zealand, but that at 

least some of the Xiphophora plants in southern New Zealand do not 

fit the original description of that species. The taxonomic 

questions that remain less certainly answered concern the degree of 

distinction between the two "varieties" in New Zealand and their 

relationships with the two species found in Australia. 

These questions are examined in the analyses that follow. 

MULTIVARIATE ANALYSES OF SPECIES 

A first approach to these questions, leading to a conclusion of 

the arrangement of the plants into species, forms the remainder; of 

this Chapter. 

Under the precepts of numerical taxonomy (Sneath & Sokal 1973), 

such an approach requires the analysis of a large number of 

characters, which should be chosen without reference to a priori 

assumptions of the taxa to be found or of the characters which 

distinguish them. The analyses should not involve the weighting of 

characters by their supposed taxonomic value (Sneath & Sokal 1973), 
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yet as Pratt (1972) has pointed out, the choice of which characters 

to study and which to discard is itself weighting._ However, in 

practice, a numerical taxonomic study which - failed tO include 
previously recommended diagnostic characters of the taxa concerned 

would not be accepted if its results disagreed with established 

nomenclature. Thus, while the deliberate inclusion of known or 

suspected discriminating characters is a necessary subjective and, in 

theory, unacceptable procedure, in practise it is essential. For 

present purposes, the character set described in Chapter 2, which was 

itself selected as an efficient description of overall form in 

Xiphophora, was supplemented by the characters suggested as 

discriminators of the two species and two varities (Heine 1932; 

Agardh 1877). The latter are summarized in Table 8.1, with the 

characters from Chapter 2 which can serve as quantitative measures of 

them. The character set used in these analyses (see below) is 

therefore a balance between the overall description of the plant 

required for numerical taxonomy and the limited group of 

discriminating characters essential in a practical study. 

Methods  

Morphological Data Acquisition and Treatment 

In order to resolve the taxonomic questions posed above, it was 

necessary to obtain fresh samples of X. chondrophylla from both 

Australia and New Zealand. The former were collected from three 

locations in Victoria and from Lodders Point, Tasmania (Table 8.2; 

Fig. 8.1). New Zealand specimens were obtained, with the assistance 

of Dr C. Hay (New Zealand Oceanographic Institute, DSIR, Wellington 

North) and Dr M. J. Parsons (Botany Division, DSIR, Christchurch) 

from localities on North and South Islands and the Auckland Islands 

(Table 8.2; Fig. 8.2). 

These plants were randomly selected from living stands of X. 

chondrophylla at each site, with the exception of the Houghton Bay 

drift sample. New Zealand plants were soaked in a 12% formalin 



Table 8.1. Morphological Characters Used by Heine (1932) and Agardh (1877) to Discriminate the Xiphophora 

Taxa, and Proposed Characters For Use in This Study Which Best Portray Those Descriptors. 

Descriptors. 	X. g/adiata 	X. chondrophylLa 	X. chondrophylla 	Measured Characters  
var. chondrophylla 	var. maxima 

size  greater than 300 mm  scarcely 300 mm  300 mm or more  plant length, vegetative length 

form  open  closed, bushy  open, branches of equal height  dichotomy angles, branch order 

axils  rounded, obtuse  rounded, more acute  rounded, more acute  dichtomy angles 
• 

dichotomies  few, regularly spaced  crowded  fewer than var. chondrophylla 	no. dichot., dichot. ratio, dichot./length 

base  narrow, round, quill-like  wider, compressed  more fleshy, flattened  holdfast & stipe width, dist. oldest dichot. 

receptacles  long, sword-like  short, narrow, in tufts  long, sword-like  receptacle length, branch order 

conceptacles  small  larger (twice those of X. 	larger (twice those of X. 
gladiata), arranged in a single  gladiata), arranged in several 
longitudinal series  longitudinal series 

oogonia  small  larger (twice those of X. 	larger (twice those of I. 
gladiata) 	gladiata) . 
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Fig. 8.1. Location of Australian sampling sites for the 
collection of X. chondrophylla.  Sites are 
indicated by a solid star. 
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Fig. 8.2. Location of New Zealand collection sites of 
X. chondrophylla.  Sites are indicated by 
solid stars. 



Table 8.2. Sites of Collection of Fresh X. chondrophylla from Australia and New Zealand. 

Site 
	

Date 
	

(N) 
	

Comment 

AUSTRALIA  

Victoria 
Point Londsdale,  Port Phillip Heads 4.5.86 (7) 
The Nobbies,  Phillip  Island 9.8.86 (10) 
Flinders Jetty, Westernport 8.8.86 (26) 

Tasmania 
Lodders Point, Near Penguin 28.7.86 (9) 

NEW ZEALAND 

North  Island 
,  Goat  Island Bay, Hauraki  Gulf 7.86 ( 3 ) 

Houghton Bay, near Wellington 7.86 (25) 

South  Island 
Tautuku Peninsula, Otago 6.86 (20) 

Subantarctic Islands 
Auckland  Islands 

Erebus Cove 1.6.86 (2) 
Haskell  Inlet 7.6.86 (4) 
South Point, Enderby Islands 6.6.86 ( 3 ) 
South-west Point, Enderby.Islands 28.5.86 (8) 

lower shore, rock pool 
1 m below LAT, abundant 
sublittoral fringe, in crevice; 
2 m below LAT (2 distinct populations) 

lower littoral fringe pool, scarce 

col. W.E. Booth 
col. C. Hay; drift 

col. S. Beamish, low tide mark on 
exposed sandstone coast 

col. D. Schiel 
2 m below LAT 
10 m below LAT 
LAT 
LAT 
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solution and air mailed to Hobart. The Australian material was 

frozen for shipment and storage. 

To augment these samples with further, and more widespread, New 

Zealand collections, all of the specimens of Xiphophora in each of 

the Christchurch (CHR), University of Auckland (AKU), Auckland 

Institute and Museum (AK), Wellington (WELT), British Museum (BM) and 

National Herbarium of Victoria (MEL) herbaria were examined. The 

suite of morphological measurements could only be made on intact 

fertile plants from the New Zealand herbaria. Those used in the 

analyses are listed by locality of collection in Table 8.3. 

The same morphometric measurements and meristic counts were made 

on these 203 plants as were used with X. gladiata (Chapter 2). From 

these, the characters listed in Table 8.4 were prepared. The complex 

corrections for plant size and seasonal changes employed in the 

intraspecific analyses of X. gladiata were not used. The estimated 

parameters of the correction models would be inapplicable to X. 
chondrophylla, the sample size of this species was insufficient to 

estimate new parameters and the differences in morphology expected 

between taxa are great enough that such detailed corrections are 

unnecessary. In order to encompass the suggested morphological 

discriminating characters of the species (Table 8.1), the branching 

order of the receptacle measured for receptacle length was recorded 

(Table 8.3). 

These data on X. chondrophylla were compared with the data set 

on X. gladiata described above (Chapter 2). Had the whole of the 

latter data set been used, it would have greatly outweighed the X. 

chondrophylla, leading to difficulties in interpretation of 

multivariate analyses. A reduced data set was therefore used. 

However, Chapters 2 to 4 have shown that a single sample of 

Xiphophora provides a biased estimate of the morphology of the 

species because of structuring on a number of scales. To partially 

overcome this problem, the plants for the reduced set were selected 

on a pseudo-random basis from five of the six regions (see Chapter 

3). Only receptacle-bearing individuals were included. The final 

data set contained plants from the north-east (15), Tasman Peninsula 

(18), D'Entrecasteaux Channel (19), Port Davey (22) and north-west 



Table 8.3. 	Xiphophora Specimens From New Zealand, Including Herbarium Collections and Plants Listed in Table 8.2, Used in the Analyses 
(Arranged in Geographic Sequence and With a posteriori Identification by Discriminant Function Analyses Given). 

Discriminant Function Analysis 

Specimen Details Between X. chondrophylLa (C) 
and X. gladiata (G) 
(Australia) 

Group 

Between Xiphophora 
species  (Aust. & NZ) 

Group 

NORTH ISLAND 

Three Kings  Islands, off North Cape 

N.W. Bay, Great  Island,  Choat, 24. x. 1978, intertidal  rocks, WELT A10450 1.00 1.00 

S.E. Bay, Great  Island,  Climo,  14. xii.  1970, WELT A4099a 0.66 0.91' 

Doubtless Bay, Northland 

Coopers Beach, NeZson, x.  1982, mid-low intertidal, WELT A13281 0.99 0.92 

Ahipara Bay, Northland 

Moore, i. 1938, CHR 46460 1.00 '1.00 



Group Group 

Bay of Islands 

Tapeka, Russell,  Lindauer, viii.  1938, AKU 101407 C 1.00 C 1.00 

Tapeka, Russell, Lindauer, 	ix.  1936, AKU 101412A C 1.00 C 1.00 

Tapeka, Russell, Lindauer, ix.  1936, AKU 101412B C 1.00 C 1.00 

Tapeka Point, Nelson, x.  1982, low intertidal moderate exposure, WELT A13638 C 1.00 C 1.00 

Russell, Lindauer, viii.  1938, AKU 101411 C 1.00 C 1.00 

Russell, Lindauer, 	viii.  1938, AKU 101411 C 1.00 C 0.99 

Long Beach,  Russell,  ix.  1936, AKU 101413 C 1.00 C 1.00 

The Gap, South of Long Beach,  Russell,  viii.  1936, AKU 101395 C 1.00 C 1.00 

Waitangi, Crawford, i.  1947, intertidal  zone, CHR 55905 C 1.00 C 0.96 

viii  1938, AKU 101381 C 1.00 C 1.00 

Lindauer, viii. 1938, CHR 205640 C 1.00 C 1.00 

Berggren, 1874-1875, Fucodium chondrophyUum a minus (Isosyntypus) WELT Al216 C 1.00 C 1.00 

Poor Knights  Islands 

xii. 1904, AKU 101306 1.00 C .1.00 

The Chicken  Islands 

Lady Alice Island, viii.  1985, perculiar form...this may be an ecad, AKU 101305A C 1.00 C 1.00 



Group P Group 

Goat  Island Bay, North Auckland 

Booth, vii. 1986, preserved specimen C 1.00 C 1.00 

Booth, vii.  1986, preserved specimen C 1.00 C 0.99 

Booth, vii. 1986, preserved specimen C 0.84 C 0.67 

Leigh, North Auckland 

xii.  1972, AKU 100528A C 1.00 C 1.00 

xii.  1972, AKU 100528B C 0.88 C 0.97 

xi.  1972,  sublittoral  fringe, AKU 100505 C 1.00 C 1.00 

viii.  1966, AKU 101382A C 1.00 C 1.00 

viii.  1966, AKU 101382B C 1.00 C 0.99 

Bay of Plenty 

Tairua, Coromandel  Peninsula, xii.  1945, CHR 52602 C 1.00 C 1.00 

Whanarua Bay, Parsons, x. 1981, lower littoral  exposed at low water, CHR 392905 C 1.00 C ' 0.98 

The Mount, Tauranga, Moore, x. 1940, CHR 28512 C 1.00 C 1.00 

Waihua Bay, Moore, v. 1944, CHR 46133 C 1.00 C 0.99 

Maketu, Moore, v. 1944, CHR 46145 C 1.00 C 1.00 



Group  P  Group 

Wellington, Cook Strait 

Moa Point, Moore, vi. 1939, CHR 22902  G  1.00  G  1.00 

Eastbourne,  U.V.D., iii.  1951, low water neap tide and below, WELT A1809  G  1.00  G  1.00 

Island Bay, vi. 1965, low water neap tide, AKU 100246  G  1.00  G  1.00 

Island Bay, Baker, v.1970, in 15-25'  water, WELT A3789  G  0.54  G  1.00 

Island Bay, Lindauer, v. 1939, Laing 4132-2, CHR  C  1.00  G  0.77 

Island Bay, Chinnock, vii.  1966, drift, CHR 315960  G  0.55  G  0.98 

Island Bay,  V.U.W., ix.  1964,  Biological  Station, CHR 315961  G  0.78  G  0.99 

Lyall Bay, Berggren, 1874-1875, Fucodium chondrophyllum, 0. Maxima 

(Isosyntypus), WELT Al27  G  1.00  G  1.00 

Lyall  Bay, Heine, viii.  1930, Laing 4115, CHR  C  0.97  G  0.97 

Lyall  Bay, Heine, viii.  1930, Laing 4115, CHR  C  1.00  C  0.84 

Lyall  Bay, Heine, viii. 1930, Laing 4121, CHR  G  1.00  G  1.00 

Lyall  Bay, Heine, viii.  1930, Laing 4117, CHR  G  0.99  G  1.00 

Lyall  Bay, Scaee, iii.  1925, CHR 87150  G  0.95  G  1.00 

Lyall  Bay, Scarfe, iii.  1925, CHR 87150B  G  0.91  G  0.75 

Houghton Bay, Hay, vii. 1986, drift, preserved specimens  C  0.91  G  0.63 



Group P Group 

Houghton Bay, Ibid. G 0.99 G 1.00 

Houghton Bay, /bid. G 0.55 G 1.00 

Houghton Bay, Ibid. G 0.72 G 1.00 

Houghton Bay, Ibid. C 0.92 G 0.74 

Houghton Bay, Ibid. G 0.99 G 1.00 

Houghton Bay, Ibid. G 0.89 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 0.93 G 1.00 

Houghton Bay, Ibid. C 0.96 G 1.00 

Houghton Bay, Ibid. C 1.00 G 0.60 

Houghton Bay, Ibid. G 0.63 G 0.98 

Houghton Bay, Ibid. G 0.98 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 0.99 G 1.00 



Group P Group 

Houghton Bay, Ibid. G 0.86 G 1.00 

Houghton Bay, /bid. G 0.98 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 1.00 G 1.00 

Houghton Bay, Ibid. G 0.97 G 1.00 

Houghton Bay, Ibid. C 0.75 G 1.00 

Houghton Bay, Ibid. C 1.00 G 0.91 

Te Awaite 

Adam, xi. 1973, outer limestone platform on vertical  face, WELT A8203 0.66 G 0.99 

SOUTH ISLAND 

Marlborough Sounds 

Tory Channel, Hay, ii. 	1983, var. maxima, WELT A14503 C 0.81 G 0.87 

Fighting Bay 

Hay, vii. 1972, var. maxima, WELT Al2908 1.00 G 1.00 



Group P Group 

Banks  Peninsula  . 

Haylocks Bay, Parsons, ix. 1974, on rocks, CHR 360464 

Ohahoa Bay, iv. 1930,  Laing 4123, CHR 

Ohahoa Bay, iv. 1930, Laing 4124, CHR 

G 

G 

G 

0.99 

1.00 

1.00 

G 

G 

G 

1.00 

0.80 

1.00 

Otago 

Moeraki  Point, v. 1926, var. maxima, Laing 4130, CHR C 0.87 G 0.62 

Moeraki  Lighthouse,  Parsons iv.  1983, lower littoral, CHR 393363 G 0.61 G 0.96 

Shag Point, Palmerston, Parsons, ix. 1971, in DurviZlaea zone, CHR 230722 G 0.87 G 0.90 

Brighton, x.  1930, Laing 4122, CHR G 1.00 G 1.00 

- Fiordland 

George Sound, Hill- & Singleton, vii. 1982, 40 m depth, WELT A13227 G 1.00 G 1.00 

Doubtful Sound, Simpson, i.  1947, var. maxima (not fully developed), CHR 57342 C 1.00 C 1.00 

Tautuka Peninsula 

Beamish, vi. 1986, low water mark on exposed sandstone coast, preserved specimen G 1.00 G 1.00 
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Group P Group 

Beamish, ibid. G 1.00 G 1.00 

Beamish, ibid. G 1.00 G 1.00 

Hay, vi. 1973, WELT Al2946 G 0.67 G 0.97 

Waikawa, Southland 

Curio Bay, Parsons, ii.  1977, lower littoral  very exposed coast 
na 
na 
CD 

(Holotypus), CHR 319378 G 0.99 G 0.98 

Bluff,  Southland 

Cranzwe11 & Moore, I. 1940, inside coast, CHR 24502 G 1.00 G 0.98 

Moore, I.  1940, outside coast, CHR 24015 C 1.00 G 0.94 

SUBANTARCTIC ISLANDS 

Stewart  Island 

Pearl  Island, iv.  1948, AKU 101405A G 0.96 G 0.96 

Big Ships Cove, Pearl  Island, iv.  1948, AKU 101405B G 1.00 G '1.00 

Big Ships Cove,  Pearl  Island,  iv.  1948, AKU 101405C G 0.52 G 0.96 



Group P Group 

Lonneker's Beach, I.  1946, AKU 101394 C 0.99 G 0.98 

Leasks Bay, x.  1946, AKU 101389B C 0.88 G 0.98 

Sydney Cove, Ulva Sound, Parsons, i. 1983, CHR 393167 C 0.84 G 0.99 

Northwest Bay, Codfish  Island, Mini°. xo/ 1973,  rocks at low water spring, 

WELT A8423 G 0.79 G 0.95 
na 

Oban, Halfmoon Bay, Conway & Adams, xii. 1971, fringing rocks at LWS, WELT A6695 C 1.00 G 0.97 iv 

Rosa  Island, Adams, ii.  1972, forming band at LWS, WELT 7115A G 0.57 G 0.99 

x. 1946, AKU 101380A G 1.00 G 1.00 

x. 1946, AKU 1013808 G 0.91 G 1.00 

ii.  1943, AKU 101399 G 0.78 G 0.99 

The Snares 

Big Ships Passage, Richdale, ii.  1948, AKU 101404A G 0.97 G 0.99 

Big Ships Passage, RichdaZe, ii.  1948, AKU 101404B G 0.99 G 0.93 

Rivers Cove, Broughton  Island,  Holme, ii.  1975,  0-2 m below LWS, 

abundant, CHR 248503 C 0.99 G 0.77 

North Arm, Boat Harbour,  Horning, x. 1977, on rocks at low tide line, 

in a very sheltered area exposed to a high sediment load and periodic 

freshwater runoff, CHR 248473 G 1.00 G 0.98 



Group P Group 

Senecio Pool, Boat Harbour, Horning, i. 1975,  1-3 m below LWS, CHR 248544 0.99 G 0.90 

Antipodes  Islands 

Hay, xi. 1979, WELT A14375 G 0.99 G 1.00 

Ringdove Bay, Baker, xi.  1972,  littoral, rocky platform, WELT A7794 G 0.87 G 0.97 

Ringdove Bay, Baker, xi.  1972, littoral,  rocky platform, WELT A7794 C 0.59 G 0.58 

Auckland  Islands 

Enderby Island, Hay ix. 1978, below Durvillaea antarctica on steep slopes, 

WELT A10165a G 0.96 G 0.93 

Sandy Bay, Enderby Island, Refearn, v. 1985, WELT A16888 C 0.99 G 0.60 

South-West Point, Enderby Island, Schiel, v. 1986, lowtide,  preserved specimen G 1.00 G 1.00 

SchieZ, ibid. G 0.83 G 0.86 

Schiel, ibid. C 0.99 G 0.59 

Schiel, ibid. C 0.97 G 0.99 

SchieZ, 	ibid. C 1.00 G 0.58 

Schiel, ibid. G 0.97 G 0.99 



Group P Group 

N.E. of Bristow Point,  Hoggard, I. 1975, 40-50'  SCUBA, WELT A9472 G 1.00 G 1.00 

Ranui  Cove, Port Ross,  Johnson, ii. 1973, WELT A8336 G 0.94 G 0.99 

Derry Castle Reef, Enderby Island, Johnson, ii.  1973, WELT A8337 C 0.96 G 0.75 

Dawbin, viii.  1943, on bouldery bottom just below low tide, CHR 46548 C 1.00 G 0.91 

Erebus Cove, Schiel, vi. 1986, -2 m LAT, preserved specimen G 0.81 G 1.00 

Haskell  Inlet, Schiel, vi.  1986,  -10 m LAT, preserved specimen G 1.00 G 1.00 

Schiel, ibid. G 0.95 G 1.00 

Schiel, ibid. G 1.00 G 1.00 

Campbell  Islands 

Perserverance Harbour,  Hay, ix.  1978, 20-30'  SCUBA, common, forming a band 

below D. antarctica 5-15', WELT A10124 C 1.00 C 0.73 

Davis Point, Perserverance Harbour, Westerskov, ii.  1984, WELT A16097 G 0.94 G 0.88 

Perserverance Harbour,  Hay, 	ix. 1978, 20-30'  SCUBA, WELT A10125 C 0.81 C 0.64 

1947, AKU 101414 G 1.00 G 1.00 

1908, Hinemoa Expedition, AKU 101408 C 0.99 G .0.70 



Group  P  Group 

OFF-LYING ISLANDS (EAST COAST) 

Chatham Islands 

GiZpin, iii.  1941, AKU 101398 C 0.56 G 1.00 

Travers, 1870-1871, (Isosyntypus), WELT A2006 G 1.00 G 1.00 

Travers, ibid. C 0.97 G 0.76 

Travers, ibid. C 0.99 G 0.93 
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Table 8.4.  Characters Included in the Taxonomic Analyses. 

Vegetative Length 

Width 

Receptacle Lengthl 

Receptacle Width 

Holdfast Width 

Stipe Width 

Distance to the Oldest Dichotomy 

Angle of the Oldest Dichotomy 

Angle of the Youngest Dichotomy 

Ratio of Upper and Lower Dichotomies 2  

Total Number of Dichotomies 

Number of Dichotomies per Unit Length 3  

Not corrected for seasonal cycle 

2  Not corrected for plant size 

3  Calculated as Total Number of Dichotomies divided 

by Vegetative Length 
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(26) regions. 

The statistical distributions of the characters were examined 

for X. chondrophylla, using only plants collected in Australia. This 

avoided distorting their apparent probability density distributions 

by introducing possibly different New Zealand taxa. For those 

characters included in the intraspecific analyses, the 

transformations used in Chapter 2 were found to be satisfactory for 

X. ehondrophylla (Table 8.5). Receptacle length, total number of 

dichotomies, dichotomy ratio and the number of dichotomies per unit 

length closely approximated to being normally distributed after 

logarithmic (base 10) transformation, both in the Australian X. 
chondrophylla and in the reduced X. gladiata data set. 

Analytical Methods 

A series of simple step-wise discriminant function analyses were 

used to examine the relationships between the taxa, through a 

combination of discrimination and classification approachs (Legendre 

& Legendre 1983). The step-wise method enters and removes variables 

one at a time. It thus selects the linear combination of characters 

which gives optimum separation of the groups defined a priori. The 

variables must pass tolerance (here 0.001) and partial F-ratio (here 

1.0) criteria both before and after entry into the equation. 

Variables were selected for entry by their ability to maximize the 

Mahalanolis D2  between the centroids of the taxa. The calculations 

were performed using the DISCRIMINANT subprogram of SPSSx (SPSS Inc. 

1986). 

The resultant discriminant models were, in some cases, used to 

classify plants that were ungrouped a priori. Such classifications 

were based on an assumption of equal prior probabilities of group 

membership. The effectiveness of the models in discriminating 

between the taxa and the accuracy of the a prioriidentifications 

were assessed by comparing the a priori and a posteriori group 
memberships and the probabilities of the a posteriori ones in various 

analyses. 
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Table 8.5. 	Distributions of Transformed Characters Used in the 

Taxonomic Analyses. 

Transformed Character  

log io  vegetative length 

log lo  plant width 

log io  receptacle width 

logio holdfast width 

log io  stipe width 

logio distance to-oldest 
dichotomy • 

angle oldest dichotomy 

angle youngest dichotomy 

logio receptacle length 

log io  total number 
dichtomies 

log io  dichotomy ratio 

log io  dichotomies/vegetative 
length 

X. chondrophylla 	X. gladiata 
skew  kurtosis  skew  kurtosis 

( g1 )  (9 2) ( g1) (9 2) 

-.05 -.152 -.428 .775 

-.468 .905 .347 1.893 

-.846 1.167 -.780 1.699 

-.491 .114 -.194 -.502 

.115 -.284 -1.159 3.500 

-.384 .325 -.281 -.098 

.438 1.800 .224 -.119 

.276 -.019 .142 -.434 

.030 -.996 .077 -.659 

.103 .268 -1.694 5.338 

.835 .402 2.296 6.169 

.883 1.257 .684 1.114 

52 	60 
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In the first analysis, the groups defined a priori were the X. 

chondrophylla and X. gladiata from Australia. The New Zealand plants 

were then allocated to these two, unquestioned, taxa. 

This first step suggested that New Zealand plants differ 

latitudinally, rather as suggested by Heine (1932). Inspection of 

the data further suggested that plants from south of 40°S were 

primarily, if not exclusively, X. chondrophylia var. maxima whereas 

those from north of 38°S (there were none from between these 

latitudes) were var. chondrophylla. The plants were tentatively 

identified on this geographic basis and a second discriminant 

function analysis was performed using the New Zealand plants of the 

two varieties as the a priori groups. The Australian material was 

then classified with the resulting model. 

A third discriminant function analysis was then calculated in 

which all four groups (Australian X. g/adiata and X. chondrophylla 

plus New Zealand plants from north of 38°S and south of 40°S) were 

treated as known a priori. From the resulting matrix of distances 

(Mahalanobis' D2 ) in discriminant hyperspace between their centroids, 

a dendrogram was prepared using average linkage clustering. 

Results  

The discriminant function analysis of the Australian populations 

of the two species showed them to be very significantly different (F 

= 67.1; d.f. = 8,102; P < 0.0001) and indeed non-overlapping in 

canonical variate score (Fig. 8.3). They are clearly discrete in 

morphological characteristics. The most important discriminating 

characters were receptacle width and vegetative length (both being 

greater in X. gladiata: Table 8.6, Fig. 8.3). On the other hand, 

four characters (stipe width, distance to the oldest dichotomy, angle 

of the oldest dichotomy and number of dichotomies per unit length) 

did not contribute to this discrimination. 

The New Zealand plants largely fell between the two Australian 

groups, in terms of canonical variate score (Fig. 8.3). However, 

they appeared to show a bimodal distribution with one mode coinciding 
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Table 8.6. 	Canonical Variable Loadings, Canonical Correlation and- 

Eigenvalue From the Discriminant Function Analysis 

Between Xiphophora gladiata and X. chondrophylla from 
Australia. 

Morphological  Character Canonical  Axis 

vegetative length .545 

plant width -.294 

receptacle width .607 

holdfast width .384 

angle of youngest dichotomy .279 

receptacle length .200 

total  number dichotomies -.200 

dichotomy ratio -.371 

canonical  correlation .92 

eigenvalue 5.26 

X. gladiata centroid 2.134 

X. chondrophylla centroid -2.421 
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-6 	-4  * 	0- 2 

CANONICAL AXIS I 

Fig. 8.3. Plot of the Australian X. chondrophylla  (open histogram) 
and X. gladiata  (shaded—histogram) on a discriminant 
function axis. Centroids are indicated by a solid star. 
New Zealand plants (raised, open histogram) have been 
positioned a posteriori  on the axis. Arrows indicate the 
magnitude and direction of the loadings by the 
discriminating characters on the axis. 
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closely with Australian X. chondrophylla. Inspection of the a 

posteriori identifications of individual New Zealand plants showed 

that those collected north of 38° (mostly between North Cape and East 

Cape, North Island) were, with one exception, all classified as X. 

chondrophylla with posterior probabilities of 84 to 100% (Table 8.3: 

these are the probabilities of the plants being X. chondrophylia 

rather than X. gladiata. The probabilities of their being drawn from 

a population with the same characteristics as the Australian X. 

chondrophylla rather than some other population were lower: 6 to 

98%. The exception, a plant from Three King's Island, had a 66% 

probability of being X. gladiata rather than X. chondrophyna but 

only a 3% probability of being from a population with the 

characteristics of Australian X. gladiata. It therefore lay 

intermediate to the Australian species in canonical variate score 

but, in discriminant hyperspace, was remote from the axis between 

their centroids. 

New Zealand plants from south of 40°S were mostly classified as 

X. gladiata (Table 8.3), but the posterior probabilities were often 

low (51 to 100%) confirming that, as shown by the histogram of 

canonical variate scores (Fig. 8.3) these plants tend to be 

intermediate between the Australian species. Some plants from this 

southern area were classified as X. chondrophylLa, and usually with 

high posterior probability (Table 8.3). Thus, while no really 

"gladiata-like" plants from north of 38°S were included in the 

analysis, some "chondrophyllaAike" ones from south of 40°S were. 

Otherwise the pattern is clear with northern New Zealand plants 

resembling Australian X. chondrophylla and southern ones being rather 

intermediate between the Australian species. 

The discriminant function analysis of these New Zealand 

geographic units of Xiphophora showed a rather similar pattern (Table 

8.7, Fig. 8.4). The distinction between the two units was highly 

significant (F = 48.9; d.f. = 7, 125; P < 0.0001) and the 

distributions were entirely non-overlapping. Their centroids, 

however, were a little closer together than those of the Australian 

species. A larger and different set of characters serve to 

discriminate between these populations, though receptacle width was 
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Table 8.7.  Canonical Variable Loadings, Canonical Correlation and 

Eigenvalue from the Discriminant Function Analysis 

Between X. chondrophytta var. chondrophylia and X. 

chondrophylla var. maxima From New Zealand. 

Morpholocial  Character Canonical  Axis 

vegetative length .513 

width .237 

receptacle width .879 

holdfast width .314 

distance to oldest dichotomy .317 

angle of oldest dichotomy .206 

angle of youngest dichotomy .179 

no. dichotomies .421 

dichotomy/length -.746 

dichotomy ratio -.232 

canonical  correlation .88 

eigenvalue 3.31 

Centroid Position 

X. chondrophylla var. chondrophylla -3.328 

X. chondrophylta var. maxima 0.979 
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Fig. 8.4. Plot of the New Zealand X. chondrophylla  var. 
chondrophylla  (open histogram) and var. maxima (shaded 
histogram) on a discriminant function axiS7—Centroids 
are indicated by a solid star. Australian plants (raised, 
open histogram) have been positioned a posteriori  on the 
axis. Arrows indicate the magnitude and direction of the 
loadings by the discriminating characters on the axis. 
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again the most important. It is clear that southern New Zealand 

Xiphophora bear a similar, but different, relationship to northern 

plants as X. gladiata does to X. chondrophylla. 

. The Australian plants tend to follow the New Zealand ones (Fig. 

8.4) without the bulk of intermediates seen in Figure 8.3. Thus, the 

Australian species tend to conform to the New Zealand populations 

when their positions in discriminant hyperspace are projected onto 

the axis between the latter's centroids. Such complex relationships 

are better examined using additional axes, as in the analysis of all 

four groups. 

That final discriminant function analysis (Table 8.8, Figs. 8.5, 

8.6) produced a first canonical axis which was largely determined by 

receptacle width and separated the X. gladiata and southern New 

Zealand plant centroids (wide receptacles) from the Australian X. 

chondrophylla and the northern New Zealand centroids (narrow 

receptacles). This axis explained 70% of the differences between the 

centroids and resulted in virtually non-overlapping distributions in 

discriminant hyperspace, of the two Australian species. Clearly, 

this first axis relates closely to the canonical axes calculated in 

the above analyses. 

The second canonical axis explained a further 19% of the 

between-centroids variance and largely serves to separate the 

Australian and New Zealand members of each pair established by the 

first axis. The Australian X. chondrophytta and the southern New 

Zealand plants tend to be wider, shorter; with relatively more of 

their dichotomies in their upper halves (despite the reverse, size 

related trend due to their lengths), with longer stipes, narrower 

young dichotomy angles and fewer dichotomies per unit length (which 

should also act against the observed trend in dichtomy ratio). It is 

notable that, of the eleven characters included in the analyses, 

seven have opposite signs on their loadings on the first two 

canonical variables. Such a character may appear to increase or 

decrease monotonically from the upper left quadrat of Figure 8.5 to 

the lower left, to the upper right and to the lower right quadrat. 

Thus, vegetative length, for instance appears to increase through the 

sequence Australian X. chondrophylla - northern New Zealand plants- 
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Table 8.8.  Canonical Variable Loadings, Canonical Correlations and 

Eigenvalues From the Discriminant Function Analysis 

Between the Four Xiphophora Populations Across Australia 

and New Zealand. 

Morphological  Character 1 

Canonical  Function Axes 

2 

vegetative length .195 -.496 -.601 

plant width -.096 .718 -.414 

receptacle width .806 -.036 .375 

holdfast width .209 .226 -.037 

stipe width -.011 .080 .480 

distance oldest dichotomy .075 .360 .079 

angle oldest dichotomy .172 -.042 .194 

angle newest dichotomy .234 -.313 .493 

receptacle length .141 -.039 .264 

dichtomy ratio -.373 .259 .522 

no dichotomy/length -.172 -.178 .027 

canonical  correlation .88 .70 .57 

eigenvalue 

percentage of variance 

explained 

cumulative percentage of 

variance 

3.31 

69.70 

69.70 

.95 

19.99 

89.69 

.49 

10.31 

100.00 

Centroid Positions 

X. gtadiata (AUST) 2.056 -1.179 0.400 

X. chondrophylia (AUST) -2.260 0.309 0.982 

X. chondrophylla var. 

chondrophylla  (NZ) -2.669 -1.341 -1.191 

X. chondrophylLa var. 

maxima (NZ) 0.756 0.919 -0.382 
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Fig. 8.5. The four taxa:o X. chondrophylla  var. chondrophylla,  
N.Z., o var. chon&ophylla,  Aust.; • var. maxima;  
• X. gladiata  positioned on the first two canonical 
axes from a discriminant function analysis between taxa. 
Centroids are represented by a solid circle. Arrows 
indicate the magnitude and direction of the loadings of 
the discriminating characters on the axes. 
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Fig. 8.6. The centroids of the four taxa: X. chondrophylla  var. 
chondrophylla,  N.Z. (small open circle); var. 
chondrophylla,  Aust. (small solid circle); var. 
maxima (large open circle) and X. gladiata (large solid 
-E .17E1) positioned on all three canonical axesfrom 
a discriminant function analysis between the groups. 
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southern New Zealand plants - Australian X. g/adiata. Plant width 

has the reverse trend. 

Viewing these two axes together (Fig. 8.5), the Australian 

species are clearly discrete, though no more so than when viewed on 

the first axis alone. The New Zealand populations still overlap, 

because about three southern plants lie within the range of variation 

of northern plants. This could indicate a morphological continuum, 

but could equally result from geographic overlap of two 

morphologically-discrete populations. 

The third canonical axis expresses the remaining 11% of the 

variation between the centroids, which is largely a difference 

between Australian X. chondrophylla and northern New Zealand plants 

(Table 8.8). There is again a complex of characters making major 

contributions to this axis. 

The Mahalanobis' D2  matrix and resulting dendrogram are shown in 

Table 8.9. These show very clearly that southern New Zealand 

Xiphophora are much more similar to X. gladiata than they are to 
Australian X. chondrophylla. Indeed, the southern forms are more 

similar to one another than the northern forms are. The four units 

form two pairs with a boundary between them that corresponds closely 

to the 40°S parallel. More subtly, the distance matrix shows that 

the northern New Zealand plants form one pole of the range of 

variation, with the Australian X. gladiata being the opposite one. 

Discussion  

These analyses have shown that, when examined in terms of the 

characters which discriminate between the Australian species, many 

New Zealand plants tend to be intermediate. However, most of these 

"intermediates" are more similar to X. gladiata than to Australian X. 
chondrophylla. There is also evidence for a second group of New 

Zealand plants that, in terms of these same characters, is almost 

identical to Australian X. chondrophylla. 

The two New Zealand groups are largely, but perhaps not 

entirely, distinct in geographic range, with the boundary between 
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Table 8.9. Morphological Distance in Discriminant Ryperspace 

(Mahalanobis' D 2 ) Between the Four Xiphophora Populations. 

X. chondrophylla (AUST) 

X. chondrophylla var. 

chondrophylla 	(NZ) 

X. chondrophylla var. 

maxima (NZ) 

X. gladiata (AUST) 

8.0318 

10.3417 

20.8450 

16.3387 

.25.2008 6.5415 

DISIAA'CE (72) 
8  

1 
16 

X. chondrophylla var. 
chondrophylla (AUST) 

chondrophyl la (N.Z. ) 

traxima 	.Z. 

X. gladiata (AUS7') 



240 

them being latitudinal (and hence very similar to the boundary 

between the Australian species). These two groups may not be 

morphologically discrete (they are not both morphologically and 

geographically discrete) but they have only limited overlaps. The 

differences between them are similar to, but not the same as, the 

differences between the Australian species. 

When all four groups are examined simultaneously, it becomes 

very clear that they form two pairs with southern New Zealand plants 

being closely similar to Australian X. gladiata. Thus, Xiphophora 

contains two sub-taxa, each of which is itself composed of two 

units. These could be parts of a single species complex or could 

comprise either two or four separate species, but the present 

taxonomic view, that all New Zealand plants are X. chondrophylla as 

distinct from X. gladiata, is untenable. 

The reasons for that view are, however, now clear. The two 

species were originally described on the basis of southern and 

northern Tasmanian material. The first discriminant function 

analysis reported here shows that the plants differ in many of the 

attributes normally thought to distinguish the two species (e.g. 

branching pattern, plant size, receptacle size: cf. Womersley 1967; 

Heine 1932; Agardh 1877). Furthermore, on the resulting canonical 

axis the New Zealand plants appear as "typical" X. chondrophylla and 

as "intermediates" with no noticable distinction between them. This 

will clearly have led Agardh (1877) to some uncertainty concerning 

the "intermediate" or var. mcTima group. Heine (1932) was further 

misled by now-discredited characters (oogonia and antheridia sizes 

and arrangements of conceptacles within receptacles), causing her to 

reject any link between var. maxima and X. gladiata. 

When the groups are examined with the more objective techniques 

of numerical taxonomy (Figs. 8.5, 8.6), it can be clearly seen that 

the northern and southern New Zealand forms are as different as the 

two Australian groups, but that this difference is oriented rather 

differently in morphological hyperspace. Agardh (1877) and Heine 

(1932) were thus attempting to study the relationships of New Zealand 

plants while confining their attention to characters which 

distinguish the Australian species. 
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It remains to be determined whether there are four, two or only 

one species of Xiphophora, or in numerical terms what morphological 

distance corresponds to species distinction. In Australia, there has 

never been any doubt that X. gladiata and X. chondrophylla are 

morphologically different. Ever since Turner's (1819) initial 

description of the latter form, they have been accepted as valid 

species. The culture work reported in Chapter 1 and Appendix C 

provided some contrary evidence in that the early ontogenetic 

sequences of the species are identical for much longer than the 

equivalent sequences of various species of Ricus. However, this may 

be explained simply by the slow development of Xiphophora serving to 

delay such divergence. Certainly, older juveniles do differ between 

the taxa (Fig. 8.7), with southern New Zealand plants tending to be 

"intermediate" between the two Australian forms, as is seen in the 

adults. 

- Perhaps more significantly, during the culture work reported in 

Chapter 1, an attempt was made to produce hybrids of X. gladiata and 

X. chondrophylla. Plants were collected in August 1986 from 

Flinders, Victoria (X. chondrophylla) and the White Cliff study site 

in the D'Entrecasteaux Channel (X. gladiata). Male and female 

conceptacles, being spatially discrete, were separated under a 

stereomicroscope. When combined in appropriate crosses, including a 

female-only control, gametes of mixed and same species parentage were 

released together. Their products were cultured as described in  - 

Appendix C. The results (Table 8.10) showed a high degree of 

"interspecific" fertility. The resulting embryos were cultured for 

three weeks with no sign of hybrid defects. This inter-fertility 

might suggest that the two "species" are not truly distinct. 

However, such interspecies hybridization under laboratory conditions 

has been reported in FlAcus (Bolwell et al. 1977) between species that 

co-occur on the same shores without apparently inter-breeding. Thus, 

it seems most reasonable to maintain the specific status of X. 

chondrophylta distinct from X. gladiata. 

There is, at present, no evidence that a further split, raising 

the two New Zealand populations to specific status is justified. 

However, as the dendrogram (Table 8.9) shows, each Australian taxon 
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Table 8.10. Percentage Germination In Interspecific Crosses of 

Xiphophora. 

Male x Female  % Germination 

X. chondrophylLa x I. gladiata 79.6 49 

X. gladiata x X. chondrophylla 100.00 

X. gladiata x X. gladiata 97.9 47 

X. chondrophyllax X. chondrophylla 100.00 1 

Control: 

x X. gladiata 0 46 



?NO\V AlY * 
X.g ladiata 

I IA*, 4Yr 41414-  
X.chondrophylla var. maxima 

ie stAtlYsitt 
X.chondrophylla var. minus 

Fig. 8.7. Juvenile plants of each of the Xiphophora taxa. 
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is much more like its New Zealand counterpart (and vice versa) than 

either are like the other population in their own area. Thus, if 

there were four species in Xiphophora they must be arranged in two 

sub-genera or sections. There is no precedent for such a hierarchy 

in the Fucaceae although subgenera are recognized in the 

Sargassaceae. In the absence of positive evidence to the contrary, 

no change in species number and no increase in taxonomic complexity 

is justified. 

Therefore, it is concluded that there are two, and only two, 

species of Xiphophora. In the analyses reported here, they are 

distinguished at a morphological distance (Mahalanobis D 2 ) of about 

10. Each species occurs on each side of the Tasman Sea, one 

principally north of 40°S, the other south of this parallel. Further 

consideration of these species follows after examination of their 

intra-specific taxonomic structures. 

INTRA-SPECIES ANALYSES 

The preceeding analyses led to the conclusions that Xiphophora 

is a bitypic genus and that both species, X. gladiata and X. 

chondrophylla, occur in both Australia and New Zealand. The analyses 

also showed that the New Zealand populations of these species are 

morphologically different from the Australian ones. 

The purpose of the present section is to examine the intra-

specific variations between the Australian and New Zealand 

populations of each species, and thus to determine which characters 

best discriminate between the taxa. 

Methods  

The data set described in the previous section was employed 

again, with the same plants and the same transformed characters being 

analysed. Two step-wise discriminant function analyses were 

performed, as before, the first compared Australian X. gtadiata with 
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New Zealand plants from south of 40°S. The second compared 

Australian X. chondrophylla with New Zealand plants from north of 

38°S. 

The means, standard deviations and ranges of each 

(untransformed) character were calculated, for each of the four 

populations, to aid in the preparation of taxonomic descriptions. 

Results  

The discriminant function analysis between the two X. gladiata 

sub-taxa showed them to differ mainly in plant and receptacle widths 

and, to a lesser extent, in young dichotomy angles (Table 8.11). 

These are some of the same characters which separate the species, and 

here reflect the "intermediate" appearance of southern New Zealand 

plants. Tasmanian X. gladiata tend to have narrower young fronds, 

wider receptacles, wider dichotomy angles, fewer dichotomies in their 

upper than their lower halves (and hence are more "open") and shorter 

stipes than their New Zealand counterparts, while the Australian 

plants tend to be rather longer (Table 8.12). 

Although the morphological distinction between these sub-units 

was not great, only some 10% of the plants had incorrect a posteriori 

identifications (Table 8.11). In almost all of these cases, the 

probability of the incorrect group membership was low (Table 8.13). 

This suggests that these few individuals represent the morphological 

overlap of two similar but discrete populations, rather than the 

presence of racially-Australian plants in New Zealand and vice 

versa. Most of the Australian-like plants in New Zealand were 

collected south of 45°S (Table 8.13), though two came from Cook 

Strait. There was no particular pattern in the Australian 

distribution of New Zealand-like plants. 

Analysis of the two X. chondrophylLa populations (Table 8.14) 

showed them to be more divergent than the X. gladiata groups (as 

shown in the previous section). The morphological overlaps between 

them were negligible, with less than 4% of plants being misclassified 

(Table 8.14). The principal difference between these groups is in 
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Table 8.11. 	Standardized Discriminant Function Coefficients, and 

Classification Table from The Discriminant Function 

Analysis Between Sub-taxa of X. gladiata. 

Character Canonical  Coefficients 

vegetative length .302 

width -.696 

receptacle width .625 

distance oldest dichotomy -.294 

angle oldest dichotomy .132 

angle newest dichotomy .491 

dichotomy ratio -.365 

Canonical  correlation .77 

Centroid Scores 

X. gladiata (AUST) 1.59 

X. gladiata (NZ) -.92 

Classification Matrix 

Predicted Group 

Actual Group 
 

AUST  (n)  NZ  (n) 

X. gladiata (AUST) n = 59 88.1% (52) 11.9% (7) 

X. gladiata (NZ)  n = 105 10.5% (11) 89.5% (94) 
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Table 8.12. Summary Statistics *(Mean, Standard Deviation, 

Mimimum and Maximum) For All Characters For X. gladiata 

In Australia and New Zealand 

Australia New Zealand 

531 ± 248 (211-1241) 371  135  (123-818) 

3 ±  1  (1-7) 4 ± 2 (2-10) 

279 ± 205 (43-824) 145 ± 67  (40-350) 

5 ± 1  (2-8) 5 ± 2 (2-10) 

200 ± 184 (3-741) 79 ± 74 (3-320) 

12 ± 6 (3-32) 14 ± 7 (2-36) 

8 ± 3 (2-20) 10 ± 6(2-33) 

16 ± 9 (3-45) 25 ± 18 (2-110) 

263 ± 295 (0-1673) 

30 ± 43 (0-182) 

55 ± 16  (20-89) 

48 ± 15 (18-84) 

27 ± 44 (0-231) 

272  264 (0-1581) 

135 ± 124 (0-1048) 

130 ± 146 (0-1096) 

44 ± 15 (16-99) 

29 ± 12 (9-70) 

56 ± 55 (0-281) 

210 ± 205 (0-1367) 

12 ± 3  (8-21) 14 ± 3 (8-22) 

3 ± 1  (1-6) 

293 ± 293 (0-1673) 265 ± 238 (0-1550) 

.26 ± .54 (0-3.27) 1.14 ± 1.18 (.001-7.56) 

252 ± 95 (77-541) 225 ± 101  (53-578) 

.09 ± .07 (0  -.47) .22 ±  .13  (0  -.73) 

1.15 ± .94 (0 - 5.5) 1.2 ±  .96  (0 -5.5) 

Character 

length 

width 

receptacle length 

receptacle width 

max. proliferation length 

holdfast width 

stipe width 

distance oldest dichotomy 

no. dichotomies (lower) 

no. dichotomies (upper) 

angle oldest dichotomy 

angle youngest dichotomy 

no. reproductive tips 

no. vegetative tips 

branching order 

receptacle branching order 

total no. dichotomies 

dichotomy ratio 

vegetative length 

reproductive ratio 

no. dichotomies/length 

(Statistics based on samples of plants used in taxonomic analyses). 

* units of measurement given in Appendix D. 
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Table 8.13. Plants Misidentified By the Discriminant Function 
Analysis Between Sub-taxa of X. gladiata. 

New Zealand plants 

Site  Probability 

Australian  plants 

Site  Probability l  

Tautuku Peninsula .63 Burns Bay .96 

Tautuku Peninsula .73 Tasman Peninsula .57 

Wellington .68 Verona Sands .52 

Marlborough Sounds .91 Verona Sands .94 

Bluff .62 Verona Sands .65 

Stewart  Island .63 West Point .73 

Fiordland .95 West Point .52 

Snares  Islands .71 

Snares  Islands .55 

Snares  Islands .88 

Campbell  Islands .64 

1 Probabilities are posterior probabilities of plant being from 

incorrect geographic area (i.e. from Australia for a New Zealand 

plant). 
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Table 8.14. Standardized Discriminant Function Coefficients, and 

Classification Table From the Discriminant Function 

Analysis Between the Sub-taxa of X. chondrophylla. 

Character  Canonical Coefficients 

vegetative length  -1.005 

• receptacle width  .381 

stipe width  .717 

dichotomy ratio  .511 

receptacle length  .469 

distance oldest dichotomy  .359 

angle oldest dichotomy  .297 

canonical correlation  .86 

Centroid Scores 

X. chondrophylla (AUST) 
 

1.24 

X. chondrophylla (NZ) 	 -2.31 

Classification Matrix 

Predicted Group 

Actual Group 
 

AUST  (n)  NZ  (n) 

X. chondrophylla (AUST) n = 52 96.2% (50) 3.8% (2) 

X. chondrophylla (NZ)  n = 28 3.6% (1) 96.4% (27) 
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vegetative length, with the New Zealand plant being markedly bigger 

(Table 8.15). However, the Australian plants have wider stipes and 

receptacles and many more dichotomies in their upper relative to 

their lower halves (making them "bushier" in form). 

Discussion  

These analyses have shown that, in each of the two species, the 

Australian and New Zealand populations are morphologically 

distinct. There is no evidence that truly Australian-type plants 

occur in New Zealand or vice versa, nor that the differences are due 

to environmental modification producing ecads. Thus, each species 

appears to be represented by a different infraspecific taxon on 

either side of the Tasman Sea. 

The distinctions between these taxa, within each species, are 

clearly too great for them to be designated as forme. As discussed 

in Chapter 1, the chance of a body of water moving from New Zealand 

to Australia at a suitable rate to disperse Xiphophora is very low. 

Transport in the opposite direction is more common but still too slow 

for gametes or zygotes to survive the voyage. Adult Xiphophora are 

usually negatively buoyant (pers. obs.) and so could not readily 

float across the Tasman Sea. Gene flow between the intraspecific 

taxa within each species must therefore be limited to such rare, 

chance events as fertile Xiphophora being carried entwined with 

buoyant species (e.g. Macrocystis) or occasional water masses, 

containing viable Xiphophora gametes or zygotes, being moved rapidly 

across the Tasman Sea (perhaps entrained by a series of warm-core 

eddies). The taxa.therefore represent distinct, geographically 

isolated gene pools. As such, it is appropriate to designate them as 

subspecies, rather than varieties (cf. Lincoln et a/. 1982). 

In conclusion, this and the previous sections have shown that 

the genus Xiphophora contains two species. Each of these is 

represented by a single subspecies in each of Australia and New 

Zealand. 
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Table 8.15. Summary Statistics *(Mean, Standard Deviation, Minimum 

and Maximum) For All Characters For X. chondrophylla In 

Australia and In New Zealand. 

Character 

length 

width 

receptacle length 

receptacle width 

max. proliferation length 

holdfast width 

stipe width 

distance oldest dichotomy 

no. dichotomies (lower) 

no. dichotomies (upper) 

angle oldest dichotomy 

angle youngest dichotomy 

no. reproductive tips 

no. vegetative tips 

branching order 

receptacle branching order 

total no. dichotomies 

dichotomy ratio 

vegetative length 

reproductive ratio 

no. dichotomies/length 

Australia 

183 ± 56 (116-324) 

2 ± .7 (1-4) 

61 ± 26 (23-116) 

2 ± 0.6 (1-4) 

85 ± 39 (41-115) 

10  5 (2-28) 

8 ± 3 (3-19) 

16 ± 12 (3-80) 

97 ± 103 (6-448) 

347 ± 541 (17-3418) 

47 ± 16 (8-99) 

35 ± 14 (3-69) 

120 ± 102 (11-431) 

322 ± 566 (1-3538) 

444 ± 587 (29-3591) 

5 ± 6 (.18-26) 

123 ± 38 (53-225) 

(.02-1.00) .4 ± .2  

New Zealand 

247 ± 67 (124-420) 

1.6 ± .6 (1-3) 

76 ± 69 (16-320) 

1.5 ± 0.6 (1-3) 

38 ± 16 (17-72) 

8 ± 5 (2-22) 

5 ± 2 (2-11) 

13 ± 7 (3-30) 

191 ± 108 (9-418) 

298 ± 271 (16-1516) 

49 ± 16 (23-77) 

29 ± 12 (8-57) 

183 ± 175 (1-809) 

252 ± 198 (0-816) 

(12-38) 

(3-9) 

489 ± 331 (70-1714) 

2 ± 2 (.29-9.2) 

189 ± 46 (98-300) 

.4 

12 ± 3 (6-19) 23 ± 6 

5 ± 1 (2-8) 5 ± 2 

3.6 ± 4.8 (.3 ± 32) 2.5 

(.04-.88) ± .2 

± 1.8 (.45-9) 

(Statistics based on samples of plants used in taxonomic analyses) 

* units of measurement are given in Appendix D. 
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SPECIES COMPARISON 

-- 

With the taxonomic relationships within Xiphophora thus 

determined, it is appropriate to re-examine the characteristics of - 

the species as now defined. This provides both the information 

required for specific diagnoses and also confirmation of the 

geographic ranges of the species. 

Methods  

The same data set was employed as in the two previous 

sections. A step-wise discriminant function analysis was performed, 

as before, using all Australian X. gladiata and southern New Zealand 

plants as one a priori group and those New Zealand plants from north 

of 38°S plus Australian X. chondrophyl/a as the other. The a 

posteriori identifications of New Zealand plants were examined to 

determine the ranges of the species in that region. 

To permit the calculated discriminant function to be used as a 

key for the identification of future collections, the classification 

coefficients for each species are presented. A plant of an unknown 

species can then be classified into the group for which it has the 

highest classification score. Thus: 

where: 

= E  c. Cii  
ik 

V 
 jk 
 + a 

k = I 

C  classification score for the j th plant in the i th 

species. 

cik  =  Classification coefficient for the k th 

(transformed)character and the i th species. 
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Vjk = 	Value of the k th (transformed) character of the j th 

plant. 

a  =  Constant 

Means, standard deviations and ranges of each (transformed) 

character in each species were also calculated. 

Results  

The analysis showed that the species differ in a suite of 

characters, though primarily in receptacle width (Table 8.16; Fig. 

8.8.). X. gladiata tends to be longer, with wider receptacles, 

holdfasts and fronds and a longer stipe than X. chondrophylla (Table 

8.17). It has fewer dichotomies per unit length and approximately 

equal numbers of dichotomies in its upper and lower halves, leading 

to a more "open" appearance than that X. chondrophyna. However, the 

normally distinctive receptacle length of X. gladiata proves to be a 

rather poor diagnostic character, presumably because at certain 

seasons and in young plants the receptacles are actually rather 

short. 

The parameters of the classification functions for each species 

are given in Table 8.18. The summary statistics for each recorded 

character are listed in Table 8.17. 

Eight individuals had a posteriori classifications different 

from their a priori identifications (Table 8.16). Three of these 

were X. chondrophylla from the subtidal population at Flinders, 

Victoria (Table 8.3). This population has distinctively large 

receptacles but is in other respects typical of X. chondrophylia. 

Another mis-classified plant was an aberrant individual from Point 

Lonsdale, Victoria. There seems little doubt that these four plants 

were correctly identified, a priori, as X. chondrophyt/a and simply 

represent one extreme of the range of morphological variation of 
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Table 8.16. Discriminant Function Analysis Between X. chondrophylla 

and X. gladiata. 

Character  Canonical Coefficient  Distance between 

centroidsa 

receptacle width  .722  6.9 

dichotomy ratio  -.470  9.7 

vegetative length  .198  10.7 

dichotomies per unit length  -.236  11.3 

holdfast width  .220  11.8 

distance to oldest dichotomy  .152  12.0 

width  .164  12.2 

angle oldest dichotomy  .131  12.4 

canonical correlation  .86 

eigenvalue 
 

2.79 

Centroid Scores 

X. chondrophylla 	-2.331 

X. gladiata 
	

1.187 

Classification Matrix 

Predicted Group 

Actual Group  X. gladiata (n) X. chondrophylta (n) 

X. gladiata (n = 162) 97.5% (158) 2.5% (4) 

X. chondrophylla (n = 82) 4.9% (4) 95.1% (78) 

(a Distances are Mahalanobis' D 2 , calculated at each step of the 

analysis and including all characters entered to that step. The 

separation of the centroids is significant, at P < 0.001, at all 

steps). 
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DICHOT RATIO 	 0. RECEPTACLE WIDTH 

DI C HOT. / LENGTH 	 HOLDFAST 

-110 LENGTH 

---10 WIDTH 

••-• 01ST. OLD. DICHOT. 

A NG LE OLD. DICHOT. 

CANONICAL AXIS I 

Fig. 8.8. Plot of the two species, X. chondrophylla (open 
Histogram) and X. gladiata (shaded histogram) on 
a discriminant Tunction axis. Solid blocks indicate 
overlap, solid stars indicate the position of the 
centroids for each species. Arrows indicate the 
magnitude and direction of the loadings of the 
discriminating characters on the axis. 
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Table 8.17. Summary Statistics *(Mean, Standard Deviation, Minimum 

and Maximum) For All Characters For X. gladiata and 

X. chondrophylLa. 

Character 
 X. gladiata 	X. chondrophylla 

length 

width 

receptacle length 

receptacle width 

max. proliferation length 

holdfast width 

stipe width 

distance oldest dichotomy 

conceptacle length 

conceptacle width 

no. male conceptacles 

no. female concepticles 

no. dichotomies lower 

no. dichotomies upper 

angle oldest dichotomy 

angle youngest dichotomy 

no. reproductive tips 

no. vegetative tips 

no. conceptacles/cm 

branching order 

429 ± 199 (123-1241) 208 ± 68 (116-420) 

4 ± 2 (1-10) 
 

2 ± 1 (1-4) 

193 ± 149 (40-824) 
 

67 ± 48 (16-320) 

5 ± 2 (2-10) 
 

2 ± 1(1-4) 

135 ± 148 (3-741) 
 

48 ± 28 (17-115) 

13 ± 7 (2-36) 
 

9 ± 5 (2-28) 

9 ± 5 (2-33) 
 

7 ± 3 (2-19) 

21 ± 16 (2-110) 
 

15 ± 11 (3-80) 

2.5 ± 1 (.3-5.0) 

1.0 ± .3 (.5-1.5) 

4 ± 6 (0-30) 

6 ± 6 (0-26) 

181 ± 211  (0-1673) 133 ± 114 (6-448) 

94 ± 129 (0-1096) 328 ± 454 (16-3418) 

48 ± 16 (16-99) 48 ± 16 (8-99) 

35.5 ± 16 (9-84) 32 ± 13 (3-69) 

45 ± 53 (0-281) 144 ± 137 (2-809) 

232 ± 229 (0-1581) 295 ± 461 (04538) 

10 ± 9 (0-38) 

13 ± 3 (8-22) 17 ± 7 (6-38) 

5 ± 1.4 (2-9) 

461 ± 502 (29-3591) 

3.81 ± 4.97 (.18-26.00) 

147 ± 52 (53-300) 

.43 + .26 (.02-.97) 

3.2 ± 4 (.27-32.1) 

receptacle branching order 3 ± 1 (1-5) 

total no. dichotomies 
 

275 ± 259 (0-1673) 

dichotomy ratio  .82 ± 1.08 (.0-7.56) 

vegetative length 
 

235 ± 99 (53-578) 

reproductive length  .17 ± .13 (.00-.73) 

sex ratio  .23 ±.26 (.00-.92) 

no. dichotomies/length  1.2 ± .9 (.001-5.52) 

(Statistics based on samples of plants used in taxonomic analyses) 

* units of measurement given in Appendix D. 
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Table 8.18. Classification Functions For Each of the Two Species 

of Xiphophora. 

X. gladiata 

Cg = 79.64548 [logio (length-receptacle length)] + 2.887226 

(login width) + 28.91106 (log io  receptacle width) + 7.222969 

(log io  holdfast width) + 14.27342 (logio dist. old. dichot.) 

+ 0.4274924 (angle old. dichot.) + 7.386755 [logio ((no. 

dichot. upper/no. dichot. lower +1) +1)] + 18.11487 [1°g10 

((tot. no. dichot./ vegetative length) +1)] - 130.8988 

X. chondrophytta 

Cc  = 75.64187 [logio (length-receptacle length)] - 0.2299578 

(logio width) + 12.7829 (loglo receptacle width) + 4.189745 

(logio holdfast width) + 12.50151 (logio dist. old. dichot.) 

+ 0.3988846 (angle old. dichot.) + 14.40389 [logio ((no. 

dichot. upper/no. dichot. lower +1) +1)] + 22.38145 [log 10  

((tot. no. dichot./ vegetative length) + 1)] - 111.3016 

(Characters are as defined in Appendix D.) 
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their species. The four misidentified X. gladiata were all from New 

Zealand: two plants from Campbell Island and one each from Fjordland 

and Auckland Island (Table 8.3). The Fjordland specimen proved, on 

close inspection, to be less than fully mature and thus had rather 

small receptacles. A second specimen from this area was fully 

representative of X. gladiata. The three subantarctic plants were 

notably "bushy", but otherwise typical of their species. 

Thus, there is no evidence that X. chondrophylla occurs south of 

40°S in New Zealand, nor X. gladiata north of 38°S. In Australia, 

the known ranges of the species remain discrete, with X. gladiata 

being known only from the oceanic coasts of Tasmania and X. 

chondrophylla only from Bass Strait and the mainland. 

Discussion  

The diagnostic characters of these species are used in the next 

section and do not merit further discussion here. However, it should 

be noted that the classification functions in Table 8.18 successfully 

identified more than 95% of the plants in this analysis. A lower 

success rate might be expected with samples of plants that were not 

included in the definition of the functions. These functions will 

nevertheless provide more reliable identification than any 

conventional key for mature plants, since they subtly combine the 

discriminating powers of several characters together. 

This analysis has also confirmed that the species have disjunct 

known ranges in New Zealand. As Heine (1932) concluded, X. 

chondrophylla (her var. minus) is confined to the north, but does 

extend rather further than she suggested. From the specimens 

identified by the analysis (Table 8.3) and examination of other 

herbarium material (which lacked certain characters, such as 

receptacles, and hence could not be included), the southern limits to 

this species range appear to be Dargaville on the west coast of 

Northland and East Cape. X. gladiata (formerly var. maxima), on the 

other hand, is more restricted than has previously been supposed 

(Heine 1932), being known from Cook Strait to the subantarctic 
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archipelagos and the Chatham Islands. 

No collections are available from the east coast of North Island 

between East Cape and the Wellington area, so the border between the 

species' ranges is uncertain. Castlepoint (approx. 41°S) is known to 

mark a biogeographic boundary (C. Hay, DSIR, Wellington, N.Z., pers. 

comm.), and this is the approximate limit of coastal penetration of 

cold Southland current water (see Chapter 1). It is possible that 

the ranges of X. g/a&ata and X. chondrophylla meet in that vicinity, 

but there may, in fact, be no contact zone between the species. 

This change in species circumscription must alter previous 

hypotheses concerning speciation and phylogeny within the genus. The 

previously supposed restricted range of X. gladiata (actually that of 

X. gladiata ssp. gladiata led Clayton (1984) to conclude that it had 

arisen recently. She suggested that its speciation from the main 

Xiphophora stem was associated with the drowning of the land bridge 

between Tasmania and Australia (circa 13 500 B.P.) and consequent 

changes in water temperatures and movements. The two New Zealand 

"varieties" of X. chondrophylta (now recognized as two species) led 

Womersley (1967) and others to suggest that this taxon was still 

speciating in that country, in association with 'niche expansion' 

following recent colonization (cf. Gorman 1979). It now appears that 

the phylogeny of Xiphophora is much more complex. The series of 

glaciations and inter-glacials since the Miocene (Chapter 1) will 

have caused repeated range expansions and contractions. These could 

have eliminated the genus from Australian shores in extremely warm 

periods or from New Zealand coasts in the coldest ones. At various 

times, these algae may have had one population on the Western 

Australian coast north of Cape Leeuwin and another spread between 

northern New South Wales and the north coast of North Island. It is 

unlikely that we can ever know which of these range changes resulted 

in the speciation of X. gladiata and X. chondrophylla nor the 

ancestral ranges of the two groups. 

More recently, the two species have come to live on both sides 

of the Tasman Sea with their respective ranges apparently controlled 

by the water masses along the coasts. The limited range of 

morphological variation of both species in Australia (Fig. 8.5) is 
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consistent with a canalization of form resulting from repeated range 

expansions and contractions (cf. Endler 1977). In the case of X. 

giadiata ssp. gladiata, where variation above the clump level is 

almost negligible, this may be the result of a recent and very severe 

range contraction. The climatic optimum of some 5000 years ago 

(Chapter 1) may well have caused the Central Bight Water to flood the 

west coast of Tasmania and, via Bass Stait, the east coast also. If 

X. gladiata survived in Australia at all, its present representatives 

may be the progeny (after only some 500 generations) of a relict 

population which occupied only parts of the south coast of Tasmania 

or its offlying islands. If it did not survive here, the entire 

subspecies may have arisen from a few successful colonizers which 

made the, oceanographically-improbably, east to west crossing of the 

Tasman Sea within the past few thousand years. I. chondrophylta 

seems unlikely to have experienced such a pronounced evolutionary 

bottleneck in the recent past, at least in Australia. Its history 

may also be more amenable to study if it proves to be dioecious or 

protandrous (and hence outcrossing). Nei's statistics (D and I) may 

then allow ,  quantification of the time scales involved (see Chapter 

6). 

FORMAL TAXONOMIC REVISION 

It remains to formally re-describe Xiphophora and its sub-taxa 

to conform with the above conclusions and in such a way as to satisfy 

the requirements of the International Code of Botanical Nomenclature 

('The Code': Stafleu 1978). Because this thesis does not constitute 

"publication" for the purposes of the Code (Art. 29.1), certain parts 

of this revision constitute, in effect, a statement of intent to 

publish, but it cannot form the authority for new names. 

In the following treatment, new descriptions are given of each 

taxon. The generic description is amended so as to include the type 

of X. chondrophylla and other members of that species. It also 

incorporates new knowledge of Xiphophora, specifically with respect 

to spermatozooid morphology. The descriptions of the species and 

subspecies are based, in part, on the discriminant function analyses 
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of earlier sections. 

The synonomies include all publications of new names and 

combinations, plus major subsequent uses of each combination. Some 

minor works, particularly some "checklists", have been excluded. For 

each synonomy, the author, publication, volume, date and page 

reference are cited. The names of the authors, publications and 

herbaria are in the form of standard abbreviations (Holmgren et al. 

1981; Stafleu & Cowan 1976). I have personally examined all cited 

material. 

The type specimens are listed according to established 

procedure. The locations of all types are given. 
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Genus Xiphophora Mont.mut.char. Hook. et Harv.1845 

Thallus with linear fronds dichotomously branched in one 

plane. Vesicles lacking. Plants monoecious or single sexed. 

Receptacles poorly defined and arising from a proportion of the 

terminal segments. Conceptacles male or female. Spermatozooids bear 

a spine on the anterior flagellum. Oogonia each producing four ova. 

Type species: Fucus gladiatus Labillardiere. 

Xiphophora is a bitypic genus which usually occurs in the lower 

Eulittoral and the uppermost Sublittoral zones. Previously, one 

species was recorded in both southern Australia and New Zealand while 

a second species was restricted to Tasmania. However, both species 

have now been identified as occurring in both southern Australia and 

New Zealand. They are non-overlapping in their distributions (is. 

allopatric). Intra-specific taxonomic variation takes the form of 

two disjunct differentiated subspecies within each species. 

The following treatment is based upon the size and shape of the 

thallus as determined from the multivariate analyses of plant 

morphology. Characteristics of the juvenile plants have also been 

considered. 

KEY TO SPECIES OF XIPHOPHORA 

 

1.  Thallus (excluding receptacles) usually over 200 mm long with 

approximately equal numbers of dichotomies in upper and lower 

halves of plant resulting in an "open" form, receptacle width 

about 5 mm (2-10 mm) and frond width about 4 mm (1-10 mm) 

1  I. gtadiata 

 

1.  Thallus (excluding receptacles) about 150 mm and usually less 

than 300 mm long, numerous dichotomies with 4 times (and up to 

26 times) as many in the upper half as in the lower half of the 

plant resulting in a "clustered" appearance in plant form, 

receptacle and frond widths (1)2 (-4) mm   

	 1. I. chandrophylla 
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1. iiphophora gladiata (Labill.) Mont. ex Kjell. in Engler et 

Prantl, Nat. Pflanzenfam. 111(1898)281; Laing, Trans. N.Z. Inst. 

(1926)142; Heine, Ann. Bot. 46(1932)557 et pl. 17 f.1; Silva, 

Taxon 8(1959)64; Niz., Karachi Univ. Stud. 13(1964)1; Worn., 

Aust. J. Bot. 15(1967)251; Muller et al., Natikkiss.551(1985); 

Rice et Crowden, Phycol. 26(1987); Rice, Phyco1.26(1987). 

Fitcus gladiatus Labill., Nov. Holl. Pl. Spec. 2(1806)111 et tab. 

256 [Typus: 'Habitat ad capitis Van-Dieman littora', Holotypus: 

Fl n.v.; Isotypi: 'Nov. Holl. pl. Labillardiere', BM!; 1  MEL 
18798n; Poiret in Lamarck, Encycl. 5(1817)439; J.V. Lamour., 

Mem. Mus. Hist. Nat. 20(1813)36; Turn., Hist. Fuc. 4(1819)102 et 

pl. 240; C. Ag., Ag. Sp. Alg. 6(1820)97; C. Ag., Syst. 

(1824)279. 

Xiphophora billardieri Mont. ("Billardierii") nom. illeg. (Art. 

55.1), Prodr. gen. phyc. (1842)12 et tab. 7 f.1; Mont., Ann. 

Sci. nat. Bot. ser. ii 18(1842)200 ("Billardierii"); J.D. Hook. 

et Harv., Fl. antarct. 1(1845)176 et t.69 f.3 ("Billardieri") ; 

J.D. Hook. et Harv., Hooker, Lond. J. Bot. 4(1845)528 

("Billardieri"); J.D. Hook. et Harv., Fl. nov.-zel. 2(1855)215 

("Billardieri"); J.D. Hook. et Harv., Hooker, Lond. J. Bot. 

6(1847)413 ("Billardieri"); Kutz., Tab. phycol. 10(1860)3 et t.7 

f.1; De Toni, Syll. alg. 2(1891)173; De Toni, Syll. alg. 

A possible Labillardiere specimen has been found by D. Sinkora in the 
National Herbarium of Victoria, Melbourne, Australia (MEL 187980. 
The sheet was annotated by F.C. Mertens and later by Sonders. 
Mertens is known to have received algae from Labillardiere (Ducker 
1981)  and it is possible that this specimen is one such 
acquisition.  Further circumstantial evidence supporting this claim 
is the similarity in terms of size and development between the 
Melbourne specimen and the isotypes in the British Museum. The 
specimen is, however, a composite of two species. The larger plant 
is X. g/adiata. At a broken surface a fragment of X. chondrophylla 
has been artificially attached. There is no congruence between the 
cut ends and this fragment has (fairly recently) been mismatched. 
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3(1895)213; Barton in G. Murray, Phycol. mem. 2(1893)35 

("Billardierii"); A. Lucas, Proc. Linn. Soc. N.S.W. 34(1909)14; 

A. Lucas, Pap. Proc. Roy. Soc. Tas. (1928)12; Mitch., J. Bot. 

Suppl. 79(1941)49 ("Billardieri"). 

Plicodium gladiatum (Labill.) J. Ag., Ag. Sp. Alg. 6(1848)202; 

Harvey, Phycol. austral. 1(1858) et p1.53; J. Ag., Lunds. 

Univ. Arsskr. 14(1877)7; Sonder in F.v. Muell., Fragm. Suppl. 

1(1880)5; Tate, Trans. Roy. Soc. S. Aust. 4(1882)15. 

Rimanthalia gladiata (Labill.) Kutz., Sp. Alg. (1849)587; Kutz., 

Tab. Phycol. 10(1860)3 et t.7 f.l. 

Thallus (123-) 430 (-1241) mm long (including receptacles) and 

(53-) 235 ( --578) mm excluding receptacles, frond width (1-) 4 (-10) 

mm, usually with a short stipe (2-) 21 (-110) mm long which gives 

rise to a (8-) 13 (-22) times dichotomously branched thallus, the 

number of dichotomies approximately equal in both upper and lower 

halves of the plant resulting in an open form, angle of first 

branching acute (16-) 48 (-98)°, with rounded axils throughout. 

Holdfdst solid, buttress-like, (2-) 13 (-36) mm at base of 

attachment. 

'Receptacles (40-) 193 (-824) mm long and (2-) 5 (-10) mm wide, 

tapering to a point, usually (1-) 3 (-5) times branched, less than 

half of the apices fertile. 

Discussion  

The species grows on rock on moderately exposed to exposed cool-

temperate Tasmanian and New Zealand shores. In areas where 

Durvillaea is the dominant upper Sublittoral alga, X. gladiata often 

forms a narrow belt immediately above the Durvillaea and near the low 

water mark. It has, however, been recorded from as deep as 40 m. 
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KEY TO SUBSPECIES OF X. GLADIATA 

 

1.  Angle of branching in the young dichotomies wide, (18-) 47 (- 

84)°, with relatively very few dichotomies in the upper half of 

the thallus. Fronds narrow, (1-) 3 (-7) mm, but gradually 

expanding to wider receptacles (2-) 5 (-8) mm   

	 la I. giadiata ssp. gladiata 

 

1.  Angle of branching in the youngest dichotomies narrow, (9-) 29 

(-70)°, with about equal numbers of dichotomies in both halves 

of the plant. Fronds and receptacles of similar width, usually 

wider than 4 mm (2-10 mm)  

	lb I. gladiata ssp. novousetandiae 

la. ssp gLadiata 

Vegetative thallus long and narrow (77-) 252 (-541) mm by (1-) 3 

(-7) mm, branching dichotomous with more branches in the lower half 

of plant than in the upper half resulting in a very "open" form, 

angles of branching acute but relatively wide in both the younger 

(18-) 48 (-84)° and the first dichotomies (20-) 55 (-89) ° , with 

pronounced inequality of segment lengths. The distance tothe first 

dichotomy short, (3-) 16 (-45) mm. Receptacles (43-) 279 (-824) mm 

long, (2-) 5 (-8) mm wide, sword-like and generally wider than the 

thallus although the transition is not marked, rarely more than twice 

branched. Plants usually monoecious rarely single-sexed. 

Reproductive March to October, with receptacles visible for most of 

the year. 

Distribution: Tasmania; on the west, south and east coasts of 

Tasmania from West Point on the west coast, around South Cape to 

Eddystone Point on the east coast (where it grows subtidally to 18 m 

depth). 
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Selected Specimens:  West Point, west coast Tasmania, sublittoral 

fringe (Kenchington, 16.xi.1985; HO 102683). Bluff Hill Point, west 

coast Tasmania, sublittoral fringe (Kenchington, 16.xi.1985; HO 

102682). Bramble Cove, Port Davey, Tasmania, 1-2 m below LAT growing 

in tannin-stained waters from Davey River and other terrestrial 

sources (Kenchington, 25.ii.1985; HO 102691). Tinderbox, 

D'Entrecasteaux Channel, Tasmania, intertidal poolsl (Buchanan, 

x.1983; HO 67162). Marion Bay, east coast Tasmania, growing with 

Macrocystis in an undergrowth of 6 m (Shepherd, ii.1970; HO 42941). 

Black Dog Reef, north of Bicheno, east coast Tasmania (Phillips, 

26.ii.1986; HO 102687). Burns Bay, St. Helens, east coast Tasmania, 

1 m below LAT (Kenchington, 26.x.1985; HO 102686). 

lb. ssp. novae-zetandiae Rice, ssp. nov. 

Fucodium chondrophyllum 13 maximum J. Ag., Lunds Univ. Arsskr. 14 

(1877)7. [Syntypi: 'Bluff, Dunedin, Banks Peninsula, Lyalls Bay: 

Berggren. Ad Ins. Chatam: Travers', ID, n.v.; Isosyntypi: 

Berggren, Lyalls-bay Novae Zelandiae, WELT Al217! Berggren, 

Dunedin Novae Zelandiae, WELT Al214! AK 146703! Travers, Chatham 

Islands, WELT A2006!] 

Xiphophora chondrophylla var. maxima (J. Ag.) Heine, Ann. Bot. 46 

(1932)559 et p1.17 f. 4, pl. 18; Mitch., J. Bot. Suppl. 79 

(1941)49 ("maximus"); Naylor, New Phytol. 53(1954)155; Niz., 

Karachi Univ. Stud. 13(1964)2; Worn., Aust. J. Bot. 15(1967)251; 

Parsons et Fenwick, N.Z. J. Bot. 22(1984)428. 

Subspecies nova thaltis regularioribus ramificatibus aequalibus in 

quo que dimidio (supernis et infernis), frondibus vegetativis brevibus 

(53-) 226 (-578) mm longis (2-) 4 (-10) mm latis, axillis 

There are few well-developed pools at Tinderbox and, to this writer's 
knowledge, X. gladiata does not grow in them. Buchanan may have 
collected in the rock gullies, open to the sea at all tidal states, 
which are prominent at this site. 
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acutatioribus (9-) 29 (-70)°; stipite (2-) 24 (-110) mm Longo; 

receptaculis (2-) 5 (-10) mm latis, ramificatibus c. ter. 

Typus : Parsons, Curio Bay, near Waikawa, Southland, N.Z., 

16.ii.1977. Holetypus: CUR 319378. Isotypi: ADU, NU, GALW. 

FIG. 8.9. 

Vegetative thallus (53-) 226 (-578) mm long, (2-) 4 (-10) mm 

wide, dichotomously branching (8-) 14 (-22) times with an equal 

number or more dichotomies in the upper half of the plant than in the 

lower half, resulting in a more "regular" form, inequality of segment 

lengths less pronounced. Angles of branching more acute (9-) 29 (-

70).° in young dichotomies. Distance to the first dichotomy long •(2-) 

24 (-110) mm, and the angle of the first dichotomy relatively narrow, 

(16-) 44 (-98)°. Receptacles shorter (40-) 145 (-350) mm, but wide 

(2-) 5 (-10) mm, sword-like, branched (1-) 3 (6) times. Plants 

apparently usually single-sexed. 

Distribution: North Island, New Zealand, from Wellington Coast along 

the Cook Strait shore to Te Awaiti. Throughout the coasts of South 

Island, the Chatham Islands and the New Zealand subantarctic 

islands. Not recorded from the Bounty Islands or Macquarie Island. 

Selected Specimens: Island Bay, Wellington, North Island, in 15-25' 

water (Baker, v.1970; WELT, A3789). Fighting Bay, Marlborough (Hay, 

8.vii.1972; WELT, Al2908). Haylocks Bay, east of Akaroa lighthouse, 

Banks Peninsula, east coast South Island, on rocks (Parsons, 

18.ix.1974; CUR 360464). George Sound, Fiordland, west coast South 

Island, 40m depth, Q 745 (Hill & Singleton, 15.vii.1982; WELT, 

A13227). Moeraki Light, Otago, South Island, (Laing 4130, v.1926; 

CUR). Dunedin (Berggren; AK, 146703). Bluff, Southland, outside 

coast (Moore, 4.i.1940; CUR, 24015). Big Solander Island, rock 

platform off south-east peninsula, platform with small pools and 

loose boulders (Johnson, 17.xi.1973; CUR, 354181). Rosa Island, Port 

Pegasus, Stewart Island (Adams, 29.ii.1972; AK, 162419). Auckland 
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Fig. 8.9. Type Specimen of X. gladiata  ssp. 
novae-zelandiae  Rice (CHR 319378). 
Reduction: 57%. 
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Islands, on bouldery bottom just below low tide (Dawbin, 

24.viii.1943; CHR, 46548). Sandy Bay, Enderby Island, Auckland 

Islands, rocks at low tide (Hay, 2.v.1985; WELT, A16888). Davis 

Point, Perserverance Harbour, Campbell Islands, subtidal rocks 

(Westerskov, 10.11.1984; WELT, A16097). Antipodes Island, Dive #10 

(Hay, 29.x1.1979; WELT, A14375). Divers Cove, Broughton Island, The 

Snares, 0-2 m below LWS, abundant (Flame, 11.11.1975). North Arm, 

Boat Harbour, The Snares, on rocks at lowtide line in a very 

sheltered area exposed to a high sediment load and periodic 

freshwater run off (Horning, 26.x.1977; CHR, 248473). Mangere 

Island, Chatham Islands, intertidal zone-inner edge of shelf (Ritchie 

& Ritchie, viii.1968; CHR, 326256). 

2. Iiphophora chandrophylla (R. Br. ex Turn.) Mont. ex Hook. et 

Harv., Fl. nov.-zel. 2(1855)215; Barton in G. Murray, Phycol. 

mem. 2(1893)36 ("chondrophyllus"); De Toni, Syll. alg. 3 

(1895)213; Kjell. in Engler et Prantl, Nat. Pflanzenfam. 

(1898)281; A. Lucas, Proc. Linn. Soc. N.S.W. 34(1909)14; A. 

Lucas, Pap. Proc. Roy. Soc. Tas. (1928)12; Heine, Ann. Bot. 46 

(1932)557 p.p.; Mitch., J. Bot. Suppl. 79(1941)49 p.p. Naylor, 

New Phytol. 53(1954)155 p.p.; Niz., Karachi Uni. Stud. 13(1964) 

lp.p.; Worn., Mem. Nat. Mus. Melb. 27(1966)142; Worn; Aust. J. 

Bot. 15(1967)251 pop; King, Proc. R. Soc. Vic. 85 (1973)1; 

Saenger, Pap. Proc. Roy. Soc. Tas. 107(1974)80; Hay et al., Nat. 

Mus. N.Z. misc. ser. 11(1985)32 p.p.; Parsons, N.Z. J. Mar. 

Freshwt. Res. 19(1985)131; Rice et Crowden, Phycol. 26(1987). 

Fucus chondrophyllus R. Br. ex Turn., Hist. Fuci 4(1819)64 et 

p1.222 [Typus: 'At Port Dalrymple [now Tamar River], on the 

coast of New Holland', BM], Kutz., Tab. phycol. 10(1860)3 et t. 

7 f.l. 

Sphaerococcus chondrophyllus (R.Br.) C.Ag., Spec. alg. 1(1822)251. 

F4codium chondrophyllum (R. Br.) J. Ag., Ag. Sp. Alg. 6 (1848)203; 
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J. Ag., Lunds Univ. Arsskr. 14(1877)7 p.p., Sonder in F.v. 

Muell., Fragm. Suppl. 1(1880)5. 

Thallus (116-) 208 (-420) mm long (including receptacles) (53-) 

147 (-300) mm (excluding receptacles) narrow (1-) 2 (-4) mm wide, 

with a short stipe (3-) 15 (-80) mm long giving rise to a (6-) 17 (- 

38) times dichotomously branched thallus, many more dichotomies in 

the upper half of the plant than in the lower half creating a "bushy" 

appearance, angle of first branching acute, (8-) 48 (-99)°, of young 

branchings (3-) 32 (-69)°, with rounded axils throughout. 

Holdfdst solid, buttress-like, narrow at base of attachment (2-) 

9 (-28) mm in diameter. 

Receptacles short (16-) 67 (-320) mm long and very narrow (1-) 2 

(-4) mm wide usually equal to frond width, (2-) 5 (-9) times branched 

with apices often rounded. Usually half or more of the apices 

fertile. Plants usually single-sexed or protandrous. 

Distribution: southern Australia, from Kangaroo Island and Spencer 

Gulf, South Australia to Waratah Bay, Wilson's Promontory, Victoria, 

and on the north coast of Tasmania and the Bass Strait Islands; in 

New Zealand, from Waimamuku (north of Auckland on the west coast of 

North Island), north to Great Island, Three Kings Islands and North 

Cape and along the north-east coast to East Cape. No information 

available on the distribution south of East Cape. 

Discussion  

The species is common in lower eulittoral tide pools and on the 

sublittoral fringe. It has been collected to 2 in depth. The "bushy" 

habit of this species makes it a host to a wide variety of animals 

which live amongst its fronds. Most of the fresh material examined 

proved to be single-sexed plants, indicating that the species is 

normally dioecious. However, detailed examination of a few plants 

collected at Flinders Jetty, Victoria, suggested that at least some 

plants are protandrous. The "single-sexed" plants may simply be 



271 

those in a very early or late phase of a protandrous cycle. 

KEY TO THE SUBSPECIES OF X. CHONDMPHYLLA 

1. Plant excluding receptacles short, (53-) 122 (-225) mm tall, very 

"bushy" with on average 5 times as many dichotomies in the upper half 

of the plant as in the lower half. Receptacles short (23-116 mm) and 

relatively wide (1-) 2 (-4) mm, stipe (3-) 16 (-80) mm long and (3-) 

8 (-19) mm wide  2a I. chondrophylia ssp. chondrophAta 

1. Plants excluding receptacles longer, (98-) 189 (-300) mm tall, 

with twice as many dichotomies on the upper half of plant as on the 

lower half making it more "open" in form. Receptacles long (16-) 76 

(-320) mm and narrow (1-) 2 (-3) mm, stipe shorter (3-) 13 (-30) mm 

long and narrower (2-) 5 (-11) mm. wide   

2b I. chondrophylla ssp. minus 

2a ssp. chondrophylla 

Vegetative thallus (53-) 122 (-225) mm long and only (6-) 12 

(-19) times branched with on average 5 times as many dichotomies in 

the upper half of the plant as in the lower half giving a very 

"bushy", "clustered" appearance. Receptacles short but relatively 

wide (23-) 61 (-116) mm by (1-) 2 (-4) mm, although they are the same 

width as the vegetative frond, stipe broad, (3-) 8 (-19) mm, but 

relatively long, (3-) 16 (-80) mm. 

Distribution: southern Australia, from Kangaroo Island and Spencer 

Gulf, South Australia to Waratah Bay, Wilsons Promontory, Victoria, 

the Bass Strait Islands and northern Tasmania along the Bass Strait 

coast from at least Wynyard to Curries River. 

Selected Specimens: Cape Willoughby, Kangaroo Island, South 

Australia, sublittoral fringe, east side (Womereley, 16.i.1946; MEL, 

1007356). Queenscliff, Victoria (Rannaford, xi.1986; MEL, 18799). 
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Point Lonsdale, Victoria, depth 1-2 m (Sanderson, 26.vi.1984; MEL, 

666879). Port Phillip Heads, Victoria (Harvey, Alg. Austr. Exsicc. 

34E; MEL, 682868). Flinders Jetty, Victoria (Kenchington, 4.viii. 

1986; HO, 99223). South Gippsland, Waratah Bay, North Walkerville, 

Victoria, about 30 m north of northern edge of Bluff growing in an 

area about 1 x 2 m in a pool about 25-50 cm deep with Amphibolis 

antarctica, Cystophora, Caulerpa, Codium, Haloplegma, Peyssonnelia, 

Cladostephus. dupl. ADU (Sinkora, 2.iii.1975; MEL, 659632). Curries 

River, Tasmania (Perrin & Lucas, iii.1936; HO, 70496). East Beach, 

Lowhead, Tasmania (Perrin & Lucas, i.1930;HO, 70498). Bridport, 

Tasmania (Curtis, viii.1953; HO, 70501). Wynyard, Tasmania, growing 

at midlittoral (Curtis, 22.i.1954; HO, 70500). 

2b. ssp. minus (J. Ag.) Rice, comb. & stat. nov. 

Fitcodium chondrophyllum a minus J. Ag. nom. illeg. (Art. 26.1) Lunds 

Univ. Arsskr. 14(1877)7; [Syntypi: 'Bay of Islands, Hokianga, 

Lyalls bay: Berggren, LD, n.v.; Isosyntypi: Berggren, Bay of 

Islands Novae Zelandiae, WELT Al216! AK 146683!] 

Xiphophora chondrophylla var. minus (J. Ag.) Heine, Ann. Bot. 

46(1932)559 et p1.17 f. 2,3; Mitch. J. Bot. Suppl. 79(1941)49; 

Worn., Trans. Roy. Soc. S. Aust. 73(1950)159; Niz., Karachi Univ. 

Stud. 13(1964)2; Worn., Aust. J. Bot. 15(1967)251. 

Typus: E.A., Cape Brett, Bay of Islands, east coast Northland, New 

Zealand, winter 1942. Holotypus CHR 44518 Isotypi: Womersley (ADU?), 

Yale Dawson, Humm, Papenfuss (UC?), September 1948. 

Fig. 8.10. 

Thallus (98-) 189 (-300) mm long (excluding receptacles) and heavily 

branched (12-) 23 (-38) times, but with on average only twice as 

many dichotomies in the upper half of the plant as in the lower half 

giving it a more "open" appearance. Receptacles long and narrow 
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Fig. 8.10. Type Specimen of X. chondrophylla  ssp. 
minus (J. Ag.) Rice. (CHR 44518). 
Reduction: 62.5%. 



Arq41,,p/lera  ci, ( ne/r(fity /41_ 
/11 ,, 2  us  

DET  

CHR 44518 	BOTANY DiVIS!ON. D.5.1.R., NEW ZEALAND 

Xiphophora chondrophylla  var. minus 
loc. Cape Brett, Bay of Islands, east coast 

Northland, N.Z. 

con. E.A. 	 De., winter 1942 

D, . L.B. Moore 	 Date 

Remark, duplicates to Womeraley, Yale Dawson, Humm, 
Papenfuss, Sept. 1948 
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(16-) 76 (-320) mm by (1-) 1.5 (-3) mm. Stipe short, and narrow (3-) 

13 (-30) mm by (2-) 5 (-11) mm. 

Distribution:  North Island, New Zealand, from the area north of 

Dargaville on the west coast to the Three King's and Great Island, 

around North Cape and along the coast to East Cape, common in the Bay 

of Islands and the Bay of Plenty. No specimens are available from 

the east coast of North Island south of East Cape. 

Selected Specimens:  Ahipara Bay, west coast of Northland (Moore 

1.i.1938, CHR, 46460). North-west Bay, Great Island, Three King's, 

intertidal rocks (Choat, 24.x.1978; WELT, A10450). S.E. Bay, Great 

Island, Three King's Islands (Climo, xi.1970; WELT, A4099a). 

Doubtless Bay, Coopers Beach, Northland, mid-low intertidal on rock 

(Nelson, 29.x.1982; WELT, A13281). Waitangi, Bay of Islands, 

intertidal zone (Crawford, 30.i.1947; CHR, 55905). Poor Knights 

Island, sublittoral fringe (Hoggard, xi. 1970; WELT, 4119).  Tairua, 

Cormandel Peninsula (Adams, 28.xii.1945; CHR, 52602). Waihau Bay, 

Bay of Plenty, east-coast North Island, growing near plot (Moore, 

14.v.1944; CHR, 46133). Whangapuraoa Heads, tide pool, mixed algal 

zone (Dellow, 25.vi.1949; WELT, A1805). 
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CHAPTER 9 

GENERAL DISCUSSION  

Besides their contributions to taxonomic knowledge, the analyses 

of the last Chapter have added an extra scale of intra-specific 

variation in X. gladia&z: that between its subspecies. The patterns 

of variation summarized in Chapter 7 are, in fact, only those within 

X. gLadiata ssp. gladiata. The species as a whole presumably 

comprises two of those fine-scale mosaics superimposed on weak large-

scale clines, though the New Zealand population appears to be more 

variable (Fig. 8.5) and it may contain more complex inter-regional 

patterns. The two ) sub-species are, in the terms of Chapter 7, the 

only cells in a second mosaic on a scale of 1000s of kilometres. The 

restriction to gene flow, particularly from east to west, imposed by 

the Tasman Sea must play a large part in controlling this large-scale 

mosaic. 

There is, however, a rather different possibility which must be 

considered before this conclusion is accepted. The analyses of 

Chapter 8 were explicitly founded on Linn.'ean taxonomic concepts and 

hence could only produce a result involving some hierarchical 

subdivision of the genus Xiphophora. If, alternatively, the two taxa 

in New Zealand intergrade, the genus would be of the form of a 

Rassenkreis (sensu Endler 1977), that is a group of sub-taxa 

connected by clines. This would have a horseshoe-shaped 

distribution, extending from Bass Strait via North Island and South 

Island, New Zealand to the oceanic coasts of Tasmania. As described 

in Chapter 8, when the various groups of Xiphophora are arrayed on 

the morphological axis which best separates the Australian 

populations, they appear to be arranged in this •way. However, the 

more objective multidimensional presentation of their relative forms 

(Fig. 8.6) does not support the existence of such a cline. Extensive 

field collections from New Zealand, particularly from the contact 

zone of the two populations (between Te Awaite and East Cape, North 

Island), will be needed to test whether any gradation occurs between 
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them. However, on the present morphological evidence it appears that 

the hierarchical Linn,ean type of classification is the more 

appropriate for Xiphophora. Certainly, there is no evidence for 

significant intergradation of the two species in Australia. 

Thus, the summary of intra-specific variation in Chapter 7, 

modified as above, answers for Xiphophora gladiata the questions 

raised by Rice et al. (1985) which form the central theme of this 

thesis. They form the principal• factual conclusion of the work. It 

remains only to compare these variation patterns with those in other 

species and to suggest their broader significance. 

In order to place the findings of this study into context with 

other research, a suitable system of nomenclature would be 

desirable. However, many terms previously employed by phycologists 

have inappropriate evolutionary or other implications, - while others 

inadequately define the variation patterns in Xiphophora. The 

concepts of Linnean taxonomy, for example, presuppose the existence 

of discrete "species" as the basal units of classification. There 

have been many attempts to define a species concept appropriate for 

such purposes, most notably that of Mayr (1942), but none has been 

conspicuously successful when applied to plants (Levin 1979; Ehrlich 

& Raven 1969). Nevertheless, despite the lack of an empirical 

definition, species remain generally recognizable, cohesive, natural 

units. There is, for instance, far less difficulty - in distinguishing 

X. gladiata from X. chondrophylla and in recognizing them as discrete 

species than there is in defining the nature of that discreteness. 

Gene flow and its absence, which alone form the basis of Mayr's 

(1942) species concept, are not a sufficient explanation in 

Xiphophora. On the one hand, gene exchange rates between the 

Australian and New Zealand populations of each of the two species 

must be small and may be negligible. In contrast, there may be no 

absolute barrier to gene flow between the species. Certainly, they 

are inter-fertile (Chapter 1) and such inter-specific crosses are 

known in Fitcus (Bolwell et al. 1977) and other brown algae (Coyer & 

Zaugg-Haglund 1982). Levin's (1979) suggestion that species are held 

together, and apart from other species, by the combined effects of 

gene flow, stabilizing selection, canalization, developmental 
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homeostasis, negative correlations between fitness characters and 

ancestral pathways of descent comes closer to accounting for the 

variation seen in xiphophora. However, this gives no basis for 

deciding which level within the hierachy of variation represents 

"species". 

Below this specific level, the classical botanical taxonomic 

system recognizes subspecies, varieties and formae, the largest of 

which has been taken as appropriate for describing the "cells" of the 

large-scale "mosaic" which distinguishes Australian from New Zealand 

X. gladiata. However, the system fails to provide adequately for 

descriptions of the finer-scale, and more important, variation 

patterns in this species and indeed in brown algae in general 

(Russell 1978). Where phycologists have attempted to apply these 

concepts to intra-specific variation in Fucus, the result has been a 

bewildering array of forma (over 100 in some species: Setchell & 

Gardner 1921; Kjellman 1890). It is now clear that, in X. gladiata, 

every one of some 10 7  clumps in Australia alone would require its own 

forma name and description, unless those clumps which chance to be 

superficially similar though (being separated by long distances) 

quite unrelated are lumped into arbitarily-few formae. The former is 

grossly impractical and renders formae, on evolutionary time scales, 

as very short lived taxa. The latter would make them polyphyletic as 

well as arbitrary. In practise, for other species, taxonomists have 

necessarily chosen this second course and have usually confined 

themselves to a handful of intraspecific taxa or have failed to 

recognize any (e.g. for Fucus: Rice & Chapman 1985; Powell 1957). 

While the Linn,ean system permits no realistic alternative, this 

approach entirely fails to describe the richness of variation in X. 

g/adiata. It can also divert attention from the types of fine-scale 

patterns demonstrated here, causing an important facet of algal 

biology to be ignored (cf. Russell 1978). In short, the classical 

taxonomic terms are inadequate for the description of intraspecific 

variation in X. gladiata. 

Turesson (1922) established an alternative conceptual and 

nomenclatural framework for classifying intra-specific variation that 

has been increasingly, if sometimes inappropriately, applied to brown 
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algae. Turesson was concerned with the need to categorize variation 

between natural populations of plants and between samples grown'under 

uniform garden conditions. He believed, on the basis of experiments, 

that much of the potential variability of a species was not expressed 

in nature. He therefore coined the term "coenospecies" to denote the 

total potential of a species, while the actual range of variation 

occurring in nature was designated as "ecospecies". Most 

importantly, and in marked contrast to the Linu.ean concept, 

ecospecies were not assumed to be necessarily homogeneous groups. 

Rather, each was thought to be composed of an array of ecological 

races or "ecotypes". An ecotype is a local population genetically 

adapted to a particular set of environmental conditions (Turesson 

1922). Conversely, an "ecophene" (or "ecad") represents a phenotypic 

adaption to a particular habitat (Turesson 1922). 

As with the work of Linneus, Turesson's scheme of nomenclature 

precipitated much new research. It influenced the New Synthesis and 

provided the fundamental units for experimental taxonomy. His scheme 

has two great advantages. Firstly, it can be applied to genetic, 

cytological and classical taxonomic features of plant species and 

secondly, the units so defined, can be rigorously delimited through 

experimentation (cf. Hagen 1984). Conversely, ecotypes and ecads can 
only  be delimited by experimentation. The numerous reports of brown 

algal "ecotypes" which have not been experimentally based (e.g. Wilce 

1965; Powell 1957, 1963) involve erroneous applications of Turesson's 

(1922) concepts (cf. Russell 1978; Chapman 1973). 
Clearly, in so far as intraspecific variation in Xiphophora is 

concerned, no experimenmtal data are available and there is no 

evidence that there are ecologically-adaptive genetic differences 

between groups of plants. Thus, the "ecotype" nomenclature, for all 

its merits, is not presently applicable to X. gladiata. 

As an alternative, Russell (1978) advocated the use of Gilmour 

and Gregor's(1939) "deme" terminology for the description of 

intraspecific variation, on the grounds that many of their terms did 

not require experimental determination and were less susceptible to 

misuse. "Deme", as originally defined, was a very general concept, 

encompassing any type of group of closely related individuals. These 
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types can be identified by various prefixes l  (e.g. auto-, cyto-, 

geno-, eco-, clino- or phenodeme) which may be combined into such 

forms as "autogenophenodeme" (Russell 1978). These terms are very 

largely descriptive, in that a "phenodeme" (for example) is a deme 

defined by phenotypic characteristics, which characteristics may or 

may not be genetically determined, may or may not be adaptive and may 

or may not represent a discrete group or simply one segment of a 

cline. 

Gilmour and Gregor's (1939) scheme is applicable to X. gladiata 

and can provide succinct descriptions of the various intraspecific 

groups. The primary clumps are clearly demes. They are composed of 

predominantly self-fertilizing individuals ("autodeme") and are 

characterized by both genotypic ("genodeme") and morphological 

("phenodeme") differences between neighbouring groups. Thus they can 

be labelled "autogenophenodemes". The larger scale, inter-regional, 

variation patterns probably involve "ecoclinodemes" since this 

variation is thought to be clinal and related to environmental 

clines. The subspecies are known to differ in morphology and (since 

the Tasman Sea must restrict gene flow) they probably also differ in 

genotype. However, they are primarily defined by the geographic 

areas that they occupy ("topodeme") and hence can be designated 

"topophenogenodemes". The members of each subspecies are in no sense 

freely interbreeding and so these units are not "gamodemes" or 

"hologamodemes". The species X. gladiata itself would be a 

"coenogamodeme" if it were a "species" in Mayr's (1942) sense. 

However, such a designation is invalidated by X. gladiata's supposed 

capability of successfully hybridizing with X. chondrophylla. 

Gilmour and Gregor (1939) provided no term to describe such a group 

and, until Levin's (1979) ideas are more fully explored, it would be 

premature to suggest one. 

Thus, although this is the only presently-available 

1  More recently, "deme" has been taken to mean a panmictic, randomly 
interbreeding group (e.g. Lincoln et ca. 1985).  In Gilmour and Gregor's 
(1939) scheme this would be a "hologamodeme". 
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nomenclatural scheme that can be applied to intraspecific variation 

in X. gladiata, it is not entirely suitable. Its very generality, 

which permits this application, is perhaps the scheme's greatest 

weakness. Both the primary clumps and the subspecies are 

"genodemes", but they have little in common with one another nor do 

they necessarily resemble genodemes in other species except in the 

genetic differences between individual demes. Thus, in achieving 

generality, Gilmour and Gregor's (1939) terms have necessarily 

abandoned all connotations and, in consequence, have become almost 

meaningless labels. Indeed, the more discursive and less general 

form of description employed in Chapter 7 reveals far more of the 

intricacies of Xiphophora's variation than any such notation can. In 

keeping with the principle of exploring the variation pattern rather 

than categorizing it, which has been followed throughout this thesis, 

that discursive form of summary is preferred at present. As the 

intra-specific structures of macroalgal populations become better 

understood, some new scheme of terms may emerge in the future and 

could then be applied to X. gladiaz. 

Intra-specific variation has been examined in a large number of 

other genera of brown algae (see related reviews by Norton & 

Mathieson 1983; Norton et al. 1981; Russell & Fielding 1981; Chapman 

1978; Russell 1978) but few attempts have been made to synthesize 

this information with respect to geographic patterns and evolutionary 

processes (but see Rice et at. 1985; Russell 1978; Chapman 1972, 

1973, 1974). Of these few studies, several suggest that small, local 

populations are morphologically (Rice et a/. 1985; Sideman & 

Mathieson 1983; Thom 1983; de Paula & de Oliveira 1982) or 

physiologically (Espinoza & Chapman 1983; Russell & Morris 1973) 

discrete at least in some characters. For example, Chapman (1972), 

studying morphological variation in Desmarestia ligulata, perceived 

it taking the form of an interconnecting series of clines in a 

conceptual 'morphological space' but its expression in both local 

(west coast of Vancouver Island, Canada) and large-scale (west coast 

of USA from Washington to southern California) geographic space 

appeared to be a small-scale mosaic pattern similar to that observed 

by Rice et al. (1985) in two Flicus species. Conversely, much intra- 
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specific morphological variation in brown algae is known to be highly 

correlated with environmental factors, and in fucoid algae some 

characters have been shown to vary clinally with respect to exposure 

and salinity (e.g. Fticus vesiculosus: Jordan & Vadas 1972, Burrows 

1956, Burrows & Lodge 1951, Knight & Parke 1950; F. serratus: Knight 

& Parke 1950; F. evanescens: Rice & Chapman 1985; F. distichus: Rice 

& Chapman 1985, Schonbeck & Norton 1974; Sargassum cymosum:de Paula & 

de Oliveira 1982; Pelvetia canaicu/ata: Russell 1978; Hormosira 

banksii: Bergquist 1959; Ascophyllum nodosum: Norton et al. 1981). 

Where a gradient in the environment occurs, transitional populations 

between the morphological extremes are often observed (e.g. de Paula 

& de Oliveira 1982). Where the environment varies with a mosaic or 

micro-clinal pattern, any of these species' morphological 

characteristics could appear to show geographic variation 

superficially similar to that demonstrated in Xiphophora gladiata. 

However, they could not express the majority of their variation over 

the very fine scales seen with X. gladiata, except in the unusual 

situation of the environment varying markedly over distances of much 

less than one metre. 

Such fine scale variations in brown algal phenotypes have never 

previously been reported. However, this is at least partly because 

they have never been looked for. Taxonomists in particular, but also 

those workers whose expectations of intra-specific variation patterns 

are founded on Linneean concepts, have confined themselves to studies 

on larger scales. 

It has often been claimed that brown algae, particularly the 

species of Fucus, are "plastic" (e.g. Powell 1960). However, the 

concept of plasticity is now rigorously defined (Schlichting 1986; 

Bradshaw 1965) as the ability of an organism to alter its morphology 

or physiology in response to environmental changes. [Scheiner & 

Goodnight (1984) have rendered this definition into mathematical 

terms.] Thus, plasticity involves changes in the phenotype derived 

from a given genotype, not changes in the genome, and can only be 

deduced through experimentation. Groups with characteristic 

phenotypic adaptations of habit are termed ecads (Davis & Heywood 

1963). In contrast, as set out above, an ecotype is a local 
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population genetically adapted to a particular set of environmental 

conditions (Turesson 1922). Brown algal ecads have been formally, 

and correctly, described (as ecads or varieties) in Ascophyllum 

nodosum, Fucus vesiculosus, Pelvetia canaliculata, Pilayella 

littoralis, Sphacelaria plumigera, S. radicans and Stypocaulon 

scoparium (cf. Norton & Mathieson 1983) with respect to plants which 

have become detached from the substratum and subsequently displaced 

to new environments, most notably quiet embayments, saltmarshes and 

estuaries. Morphological changes in these cases are often dramatic 

and are frequently associated with biochemical and physiological 

changes to cope with the new environment (Brinkhuis & Jones 1976; 

Russell-Wells 1932). Furthermore, there tends to be a generalized 

morphological response across many fucoid species to specific 

environments (e.g. salt marshes) which suggests that many of the 

character changes are of adaptive (or degenerative) significance. 

However, the term "plastic" has also been attributed to these 

(cf. Norton & Mathieson 1983) and other species of algae with respect 
to other morphological variation without proper experimental evidence 

(cf. Russell 1978). 

For those species that are unable to persist unattached under 

extreme salinity conditions, insight into the degree of morphological 

plasticity can only be gained through transplantation experiments. 

Such methods must be strictly controlled and cautiously evaluated, 

given that plasticity may itself be genetically determined in algae 

and other plants (Druehl 1978; Bradshaw 1965). 

The genus Laminaria has been particularly well studied (el. 
Chapman 1978) with respect to the heritability and the plasticity of 

morphological characters through progeny trials and reciprocal 

transplantation (Clements & Hall 1919) respectively. The results 

indicate that some aspects of stipe morphology are genetically 

determined (L. japonica: Fang et ca. 1962; L. longicruris, L. 

saccharina: Chapman 1978) whereas blade morphology shows a high 

degree of plasticity induced by wave action and depth (L. hyperborea: 

Svendsen & Kain 1971; L. digitata f. stenophylla, L. digitata f. 

digitata: Sundene 1962, 1964). In contrast, there have been few 

experimental studies of morphological plasticity in the Fucaceae. 
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The best study designed to investigate this question (Sideman & 

Mathieson 1983) unfortunately invoked erroneous taxonomy. Sideman 

and Mathieson (1983) applied Turesson's (1922) common garden approach 

to two of the four then-recognized subspecies of Fiscus distichus L. 

emend. Powell. Their results strongly supported a genetic difference 

between two morphological groups, found as allopatric populations on 

the shore. However, these have since been recognized as the discrete 

species F. distichus and F. evanescens (Rice & Chapman 1985). As 

such, the genetic difference is obviously expected. If Sideman and 

Mathieson's (1983) tabulated data are, however, examined as a 

comparison of parental plants with their translocated progenv, there 

is some evidence for environmental modification of the phenotypes and 

hence for plasticity. The progeny of F. distichus edentatus (now F. 

evanescens) were significantly smaller at reproductive maturity than 

were their parents. The "dwarf form" (now F. distichus) produced 

progeny that were significantly larger than their parents. However, 

only the 15 largest progeny were measured in each case (so severely 

biasing these results) and no other characters were measured. 

As a further fucalean example, de Paula and de Oliveira (1982) 

conducted transplant trials on adult plants of Sargassum cymosum. 

Plants were transplanted from an exposed site to a sheltered one at 

two different seasons and maintained there for a maximum of 1 year. 

The authors interpreted their results as evidence for genotypic 

differentiation in length between two sites (only 50 m apart) in 

response to exposure and not as showing plasticity. Thus, while 

there is not yet conclusive evidence for close genetic control of the 

phenotype in fucalean algae, there is no reason to suppose that they 

are highly plastic. 

The phenomenon that seems to occur in at least some fucalean 

populations and which has probably given rise to this generalized, 

and probably erroneous, claim of "plasticity" is that plants 

collected at one site tend to show a high degree of similarity to one 

another and a relative difference from those collected elsewhere. 

Clearly, such patterns may arise through many mechanisms other than 

true plasticity. In this thesis, the scale of similarity has been 

shown, for X. gladiata, to be between members of the same clump, 
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while the differences are between clumps, regions and the two sides 

of the Tasman Sea. Rice et al. (1985), working with FUcus distichus 
and F. evanescens, found rather more variance structure, but again a 

high proportion of the variation was expressed over small spatial 

scales. When such structures are examined in terms of classical 

taxonomy, they will clearly be seen to show one forma per sampling 

unit (cf. Setchell & Gardner 1921). When, on the other hand, the 

examiner seeks relationships between morphology and the environment, 

these structures appear to show multiple ecads or general 

"plasticity". Neither is a useful conceptual basis for considering 

this variation. 

Thus, no intra-specific variation pattern similar to that in 

Xiphophora gladiata has previously been reported for a brown alga, 

though there are parallels in the mosaic variation of some,species. 

The lack of marked plastic phenotypic changes throughout the Fucales 

is seen in X. gladiata, since the majority of the latter's 

morphological variation occurs between clumps where it probably has a 

genetic basis. Indeed, it is likely that Xiphophora-like variation 

patterns will be found in many brown algae if future investigations 

are conducted on suitable scales. 

Such very fine scale genotypic differentiation, is well known in 

terrestrial plants (e.g. Bradshaw 1972; Jain & Bradshaw 1966). In 

those, it has usually been correlated with marked spatial 

heterogeneity in the environment, and particularly in soil 

characteristics. The situation in Xiphophora is quite different. 

Whereas angiosperms are rooted into their principal environment, the 

soil, and even phytoplankton are more-or-less static with -respect to 

the water masses which they inhabit, typical macroalgae are very 

truly "aquatic" (drawing their nutrients and other needs from the„ 

surrounding water) but through their attachment to silbstrates. oVer'/ 

which the water moves, they in effect "locomote" through this', 
medium. This feature, in which macroalgae tend towards resembligg_ 

animals more than other plants, in general prevents the, veryfine  
scale (horizontal) spatial variation in the perceived environment 

seen with angiosperms. It follows that the equally fine scale 

genotypic patterning in Xiphophora does not arise from spatial 
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changes in the environment and hence is fundamentally different to 

the mosaics described by Bradshaw (1972). Rather, the pattern 

observed in X. g/adiata suggests intense temporal variations either 

in the genotypes of colonizing zygotes or in the directions of 

environmental selection at the time of settlement. 

If the variation patterns reported here are quite novel, so also 

may be their significance to the plants. The observations that X. 

gladiata grows in clumps, the individuals within each of which are 

remarkably similar to one another in both morphology and genotype 

raise the possibility that the evolution of these algae proceeds by 

selection of clumps rather than of individuals. Clearly, if each 

clump were formed by cloning from a single colonizing plant, the 

clumps would be "individuals" for evolutionary purposes; the fitness 

of the genotype being identical for every discrete "plant" within 

each clump of clones. Conversely, if the clumps were purely physical 

aggregations resulting from settlement being restricted to certain 

parts of the environment (e.g. boulders in a sand matrix), they would 

have little evolutionary significance. However, Vphophora shows an 

intermediate condition in which the individual members of a clump are 

genetically related, but not identical. Selection should, therefore, 

act upri the individuals within each clump and between the clumps. 

If this is so, the vital properties of the clumps must be of 

similar importance to fitness as are the analagous properties of 

individuals. The processes by which new clumps are formed may, for 

instance, involve much more pronounced genetic selection than the 

settlement of new individuals within clumps, since the latter are 

largely produced by the selfing of plants whose genotypes are already 

proven to be fit for the environments that they occupy. The 

longevity of a particular-want ,  ,which is a crucially important 

factor in determining total lifetime fecundity in an iteroparous 

species, may be more dependent on the survival time of a clump than 

on that of the individuals within it. It is even possible that the 

interbreeding of plants in neighbouring clumps plays a role analagous 

to the crossing of individuals in other species. 

Since the individuals within each clump are so similar 

genetically, they could be expected to have evolved mechanisms to 
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reduce competition among themselves. Indeed, closer study of the 

clumps might reveal some of the self-sacrificial support of siblings 

that is sometimes seen in higher organisms. 

The scales of these various evolutionary processes could only be 

determined by careful studies of population dynamics, patch dynamics 

of the clumps, fitness and selection. Their relative importance and, 

even more, the significance of one species being subject to selection 

at both the individual and clump levels should be investigated 

theoretically and by modelling. However, that must form the topic of 

extensive future research. It cannot be persued here. 

Finally, as has been alluded to above, the underlying paradigm 

of this thesis has concerned the need to examine the variation 

patterns of macro-algae as they are, and not to search them for 

evidence of some pre-conceived pattern. This should not be taken as 

criticism of the process of hypothesis construction and testing. 

Indeed, following the discovery of marked between-clump differences 

in Xiphophora morphology, the appropriate step was clearly to develop 

and test a genetic explanation for those differences. Where 

hypotheses can be devised and tests that can yield conclusive answers 

are available, this is clearly a most desirable approach. An 

unfortunate tendency has, however, arisen in the too-frequent use of 

a "model fitting" approach to studies of macroalgal variation. 

Whether the model is the Linnaean hierarchy of the traditional 

taxonomists, the ecotypes of the biosystematists or some other set of 

ideas, all involve searching the algae for evidence of some pre-

conceived pattern. It is hoped that this thesis has shown the 

advantages of, and some techniques for, more objective examination of 

intra-specific variation. The approach adopted has clearly shown 

that no previously suggested scheme of ideas can adequately describe 

the variation in Xiphophora gladiata, which is at once more complex 

and more important than could have been supposed. 
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APPENDIX A 

SMALL-SCALE DISTRIBUTIONAL PATTERN IN X1PROPHOR4 GLABIATA  

INTRODUCTION 

Large-scale distributional patterns have long been recognised in 

marine macroalgae (e.g. Stephenson & Stephenson 1949), many of which 

occur in discrete zones and are confined to particular habitats. 

Distributional pattern is similarly marked in terrestrial plants 

(e.g. Greig-Smith 1979). However, in angiosperms it can be expressed 

over very small (relative to plant size) as well as large spatial 

scales. Studies on a wide variety of terrestrial plants (e.g. Read & 

Hill 1985, Turkington & Harper 1979a, 1979b; Morton 1974; Hall 1971; ' 

Snaydon 1962 ) have all found relatively small-scale distributional 

patterns within or between species in broader vegetational belts. 

Amongst macroalgae, Dayton (1973) reported meso-scale patches 

(mean diameter circa 2 metres) of Postelsia palmaeformis Ruprecht 

within a vegetational belt dominated by other species. Similar 

distributional patterns have since been described for other algal 

communities (e.g. Taylor & Drillen 1985; Dayton et at. 1984; Sousa 

1984; Lubchenco et a/. 1984;). However, Dayton (1973) also showed 

that, within the patches of P. palmaeformis, the plants were clumped 

on scales of a few centimetres. Such very fine scale clumping of a 

dominant macroalga has not again been demonstrated, though Gunnill 

(1980) noted the existence of similar clumps of Pelvetia fastigiata 

(J.Ag.) De Toni. This scale of distributional pattern may have been 

ignored because of the difficulty of recording the plants' positions 

with sufficient precision. Furthermore, the analyses employed have 

been based on testing for non-random spatial distributions on the 

scales of pre-selected quadrat sizes, rather than exploring the 

distribution for its own scales of pattern. Thus, only "expected" 

distributional patterns have been recorded. 

While studying Xiphophora gladiata, I observed that the 

holdfasts of the plants were distributed in distinct clumps, in areas 

of continuous X. g/adiata frond cover and apparently homogeneOs 
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physical environment. In this Appendix, I describe new methods for 

recording these fine-scale distributional patterns and apply 

analytical techniques which quantify the spatial scales of the 

patterns. Methods are available for testing the significance of a 

departure from random pattern (Hutchings & Discombe 1986; Vincent et 

al. 1976; Bartlett 1974; Goodall 1974), however the observed clumping 

pattern of X. gladiata was so pronounced as to make such tests 
unnecessary. 

MATERIALS AND METHODS 

Analysis of the fine-scale spatial distribution of macroalgae 

requires data on the relative positions of the algal holdfasts to an 

accuracy finer than the distance between nearest neighbours. For X. 

gladiata that is to ± 1 mm. To achieve this underwater, a survey 
frame was constructed following designs successfully used in 

underwater archaeology (Fig. A.1). This consisted of a 1 m 2  quadrat 

supported on adjustable legs which permitted levelling on an uneven 

seabed. The quadrat was fitted with metre rules on - two sides. A 

similar rule was fastened to a sliding cross-bar running across the 

quadrat. A third sliding rule held vertically completed the survey 

frame. With this equipment SCUBA divers mapped the major features 

within the quadrat easily to the nearest centimetre in three 

dimensions. These features included beds of algal species other than 

X. g/adiata, physical features such as boulders and large (> 10 cm) 

crevices, and large herbivores, in addition to the centres of X. 

gladiata clumps. Following such mapping, each clump of X. gtadiata

•was harvested by cutting just above the substratum. A piece of heavy 

gauge draughting film was laid over the remnants of the holdfasts and 

their outlines were traced. When allied with the mapping 

measurements, these tracings gave the relative positions of the 

holdfasts of neighbouring plants to millimetre accuracy and of 

adjacent apparent clumps to the nearest centimetre. 

Two sites were surveyed: Ninepin Point and White Cliff, both in 

the D'Entrecasteaux Channel, Tasmania, Australia (43°16'S 

147°10'E). In this area X. gladiata forms a continuous belt 
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Fig. A.1. Underwater survey frame (1m
2
) used to 

map the distribution of Xiphophora  
holdfasts. 
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immediately below the low tide line and extending to about 1.5 m 

depth. At each site, a large stand was chosen. The survey frame was 

randomly placed in the belt of 100% cover of X. gtadiata and the area 

thus demarked was surveyed. The frame was then moved 4 m along the 

axis of the stand and another survey was made. By this means, four 1 

m2  quadrats were surveyed at each site (Fig. 2.6, Chpt. 2, pg. 46). 

From the resulting data, full-scale maps of each quadrat were 

prepared showing all X. gLadiata holdfasts and relevant details of 

the substrate and other algae. These maps were analysed using 

Morisita's (1959) index of dispersion, 16. This method has the 

advantages over the more commonly used Greig-Smith (1952) 'grid 

analysis' in that the samples are independent and more evenly spread 

scales can be examined. Each quadrat map was divided into equal-area 

contiguous sub-quadrats ranging in size from 2.5 x 2.5 cm 

(approximately an order of magnitude larger than a single holdfast) 

to 50 x 50 cm. For each sub-quadrat size, referred to as "block 

size", the total number of sub-quadrats (q) and the number of 

holdfasts in each sub-quadrat (ni) were recorded. Then: 

n. (n. - 1) 
1 6  = q [iE.1  

1 	1 
 ] 

N (N - 1) 

where:  N = E n.  (Morisita 1959). 
i=1 1  

If the plants are randomly distributed, 16 will be unity. A 

tendency towards uniform spatial distribution will give 16 < 1, while 

16 > 1 indicates clumping. Where there is random distribution of 

plants within a clump, 16 for block sizes smaller than clump size is 

greater than unity but constant for all block sizes up to clump size 

(Morisita 1959). Thus, the scales of clump size are better 

illustrated by the rates of change of 16. Morisita (1959) suggests a 

plot of 16 /16  against block size, where s is the block size and 2s 
S  2s 
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is the next larger block size. Peaks in such a plot indicate clump 

size while unity represents random distribution at the scale of block 

size s. 

Morisita (1959) expressed block size in units of area. Linear 

measures, equivalent to the diameters of clumps, are more intuitively 

useful for discussing X. gladiata clumps and are used here. These 

make the spectral plots of 16 and 16 /16  square-root 
s  2s 

transformations of those which Morisita's (1959) original method 

would produce. This is of no consequence here but does prevent 

direct comparison of the gradients of these curves with those of ones 

expressed in units of area. 

The densities of X. gladiata were noted for each clump and 

quadrat. Exposure for each site was calculated using the adaption of 

Baardseth's (1970) exposure index described by Rice & Chapman 

(1985). This index takes values between 0 (sheltered) and 40 

(exposed). The coverage of other species of algae was estimated 

visually after removal of X. gladiata. 

RESULTS 

The two sites differ in geology, bottom topography and, to a lesser 

extent, in relative exposure and algal flora (Table A.1). The 

contrast between bedrock at White Cliff and boulders among rubble at 

Ninepin Point may be of greatest significance to the algae since, at 

the latter site, X. gladiata was confined to the upper parts of the 

boulders. Differences in distributional pattern between the sites 

are not related to plant density since this did not differ 

significantly (at P = 0.05) between the two, whether the density for 

Ninepin Point was calculated using the whole area of each quadrat or 

only that of the boulders within it. 

Quadrat maps (Figs. A.2, A.3) for each of the eight grids show 

the extreme degree of clumping in X. gladiata which was evident after 

the plants were removed and the survey completed. However, only the 

most obvious scale of aggregation is readily seen and this cannot be 

quantified using a map. 
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TABLE A.1. Physical and Biotic Characteristics of White Cliff 

and Ninepin Point and Their Respective Quadrats 

White Cliff  Ninepin Point 

geology  Permian limestone  Jurassic dolerite 

bottom-type  smooth bedrock  large boulders in 

a matrix of rubble 

exposure index  15  17 

% cover of algae*  

quadrats 1 2 3 4 5 6 7 8 

encrusting 

coralline algae 

95 80 90 95 100 80 100 100 

Zonaria angustata - 50 - 10 - 20 15 

Phyllospora comosa - - - 5 5 5 

Cystophora moniliformis - 10 - 5 5 

C. subfarcinata 5 5 - - 5 5 

C. torulosa 1 5 1 - 
Hormosira banksii - 5 - - 

Sargassum sp. 3 1 1 3 1 

Corallina officinalis - 5 10 5 5 5 

* 24 other algal species occurred over the quadrats but were omitted 

as they were either epiphytic or did not achieve 1% cover in any 

quadrat. 
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Fig. A.2. Reconstructed quadrat maps showing the relative 
positions of each of the X. gladiata holdfasts 
in each of the four grids surveyed at White 
Cliff, Tasmania. 
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Fig. A.3. Reconstructed quadrat maps showing the relative 
positions of each of the X. gladiata holdfasts 
in each of the four grids surveyed at Ninepin 
Point, Tasmania. 
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The spectra of 1 6  (Fig. A.4) and 16 /16  (Fig. A.5) against 

block size show a high degree of clumpina aJOery small spatial 

scales. in-all cases-, - this- clumping was increasing at the smallest 

block size used (2.5 cm across), indicating a range of clumps within 

larger clumps. Fig. A.4 shows that, in all eight quadrats, the 

plants were randomly or near-randomly distributed at scales of about 

50 cm but, since larger block sizes could not be included in the 

analysis, this feature is not clear in Fig. A.5. 

At intermediate scales the distributional patterns were more 

complex. The White Cliff quadrats all show clumping at 11 cm scales 

and aggregations of clumps at, 17-20 cm scales. The Ninepin Point 

quadrats had more variable primary clump sizes (6-12 cm) with little 

evidence of secondary aggregation at the 20 cm scale. These quadrats 

did, however, show clumps over dimensions of about 40 cm, which 

corresponds to the size of the boulders there (Fig. A.4). Typical 

primary clumps contained 10 to 20 plants (average 13 at White Cliff, 

14 at Ninepin Point), but some solitary plants were found while the 

largest clump contained 24 individuals. Most clumps had individuals 

of a wide range of sizes, typically with frond lengths of 10 to 70 

DISCUSSION 

This study has demonstrated methods of quantifying very fine-scale 

distributional pattern in a sublittoral macroalga. In doing so, it 

has shown that the holdfasts of Xiphophora gladiata are strongly 

clumped within the broader zone that this species inhabits. With 

minor differences, this pattern occurs at two sites with different 

geology and bottom topography. 

The mechanisms leading to clump formation in this species could 

only be determined by experimentation. However, the largest scale of 

aggregation observed, about 40 cm across, corresponds to the boulder 

size at one site and presumably results from X. gladiata growing only 

on these. The smaller-scale aggregations, particularly the primary 

clumps of about 10 cm diameter, cannot be so easily explained. They 

do not appear to have a simple physical cause since wave action must 
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BLOCK SIZE cm 
Fig. A.4. Plots of 16 versus block size for each of the four 

quadrats from White Cliff (A) and Ninepin Point (B). 
16 = 1 indicates a random distribution. Corresponding 
bottom features are illustrated for Ninepin Point 
(B) quadrats illustrating the large boulders in 
the rubble matrix. 
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eliminate variations in water chemistry over scales of centimetres 

while the spatial scales of substratum micro-habitat differences 

would be unlikely to be the same on both limestone bedrock and 

dolerite boulders. Thus, these clumps appear to result from some 

biotic effect. Greig-Smith (1979) has reviewed the evidence for such 

effects on the distributional patterns of terrestrial plants while 

Dayton (1973) suggested a range of possible biotic causes of clumping 

in Postelsia. 

Whatever its cause, such a pronounced distributional pattern 

must have some effects on an alga. For example, the demographic 

parameters of individual plants may be of less ecological importance 

than the dynamics of the clumps, which in some macmalgae can persist 

much longer than their constituent individuals (Dayton at a. 
1984). Where the degree of clumping varies between individuals, as 

in Pelvetia fastigiata, those in dense clumps can have much higher 

survival rates (Gunnill 1980). 

Thus, very fine-scale distributional pattern has now been shown 

in at least three macroalgal species (Postelsia palmaeformis: Dayton 

1973; Pelvetia fastigiata: Gunnill 1980; Xiphophora gladiata: this 

study). These patterns potentially have large effects on 

demography. Therefore, studies of the population biology and ecology 

of macroalgae should be preceded by examination of their fine-scale 

distributional patterns to determine appropriate sampling 

strategies. The methods described here provide .a means for this 

distributional analysis. 
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APPENDIX B 

ESTIMATION OF LONGEVITY IN X. GLADIAYA  

INTRODUCTION 

It is necessary to determine the approximate lifespan of Xiphophora 

gladiata in order to more fully discuss factors which influence 

morphological and genetic variation in the species. 

In the past decade there have been a growing number of 

demographic studies of macroalgae. Those studies have treated a 

variety of data types in a range of ways but most have summarized 

plant survival using a life table, following Deevey's (1947) format 

(e.g. Gunnill 1986; Druehl & Wheeler 1986; Chapman 1986a; 

Bhattacharya 1985; Chapman & Goudey 1983; Coyer & Zaugg-Haglund 

1982). 

The construction of a life table requires that a cohort be 

followed through most, if not all, of its life. This is 

straightforward for annual plants but becomes difficult as plant 

longevity increases, and is quite impractical for species which 

survive for several decades (e.g. Petrocelis middendorffii: Paine et 

al. 1979). 

The field of fisheries dynamics has all but universally adopted 

a simple exponential model of survival which can readily be adapted 

to phycological purposes as a supplement to, or replacement for, life 

tables. 

In this Appendix, I describe this exponential model of survival 

and it's adaption to demographic phycology. The model is applied to 

X. gladiata and the life expectancy of the species is reported. 

MATERIALS AND METHODS 

The Exponential Model of Survival  

The exponential model used in fisheries dynamics was first set 

out by Baranov (1918) and was elaborated by Ricker (1940, 1944). It 
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is fully explained by Ricker (1975) and in other standard texts. 

The conceptual basis for this model is an assumption that the 

probability of death for am individual, of some given species, is 

proportional to the magnitude of whatever factors cause deaths of 

that species. Within a large population, the proportion of 

individuals dying per unit time (or mortality rate) must equal the 

probability of any one individual dying within that period. Thus, 

the mortality rate of the population is proportional to the magnitude 

of the factors causing deaths, and it is the constancy of, or changes 

in, these parameters (rather than in the numbers of survivors or 

anything else) which is of principal interest. 

With this foundation, the model stems from a single assumption: 

that, over the range of fish (or in this case plant) ages of 

interest, the chance (and hence the relative rate) of death is 

constant. In Deevey's (1947) terms, this gives a Type II 

survivorship curve. In mathematical notation: 

d N = - MN 

d t 

where:  N = Numbers present 

t = Time 

M = Relative rate of death 

Inverting : 

d t = -1 - 

dN  MN 

Integrating: 

t = - in N , for No = 1 

ln N = - Mt 

N = e -Mt 
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or more generally:  Nt  = e-Mt  x No 

• where:  N0  = Numbers present at start 

Nt = Survivors after elapsed time t 

and:  in Nt  = -Mt + in No  

This is the exponential model of survival. 

M is not a dimensionless parameter since its value varies with 

the unit of time employed. It is a common, though not universal, 

convention to use a unit of time of one year. Thus: 

.N 1  = e-MN0  

But, N 1 /N0  is the annual survival rate, S. Hence S = e -M and M = 

ln S. 

M is often called the "instantaneous rate of natural mortality", 

but this leads to considerable confusion between it and the 

percentage of individuals dying in unit time (the "seasonal rate of 

natural mortality" or A) and it may be easier to regard M as simply a 

parameter of the model. M is, strictly, the chance of any 

individual, alive during some instant  of time, dying during the 

following unit of time (commonly the following year). The seasonal 

mortality rate, A, is the fraction of individuals, alive at the start  

of a unit of time, that die during that unit. M and A differ 

because, part way through the year (or other unit), some of the 

individuals have already died and, although the relative rate of 

losses, M, remains constant, the absolute number dying falls. In a 

situation of truly constant mortality (without seasonal cycles), the 

relation of these parameters is straightforward, since by definition: 

A = (1 - S) 

= (1 - e-M) 
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Because of the form of the exponential relationship, M and A are 

almost equal for small M [(1 _ e-0.1) = 0.095] but they diverge at 

higher values. When 95% of individuals die during a unit of time (A 

= 0.95), M is 3.0. Ricker (1975) provides a table of values of e -M, 

(1 - e-M ) and other combinations, for all values of M from 0.01 to 

3.00. 

This simple model therefore provides a conceptual basis for 

survival studies, in its use of a constancy of the chance of death. 

It reduces the numbers of survivors to a simple equation that can 

readily be incorporated into population dynamic models. By its 

conversion to a common linear regression equation in log-linear 

space, it allows simple fitting to many types of field data and 

equally easy, tests of the equality of survival rates (by ANOVA tests 

of regression gradients). Furthermore, through the assumption of 

constancy of death rate, it is possible to carry out an experiment of 

practical duration and, by extrapolation, to predict the life 

expectancy of long-lived species. 

In the fisheries literature, it is conventional to discuss 

natural survival rates simply in terms of the value of M. This is 

unlikely to be acceptable, in the immediate future, for demographic 

phycology so it is necessary to re-arrange the survival model to give 

better-understood parameters. Deevey's (1947) life tables include 

the number of deaths in each time interval (d x ), the number of 

survivors at the start of the interval (1 x ), the rate of death (q x ), 

the expectation of future life (e x ) and the mean number alive during 

a time interval (L x ). Four of these can be easily calculated once M 

is known, since: 

By definition: 

- = e Mx  
.No 

By Deevey's (1947) definition: 

N
x - 

N
x+1  
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(1-S) Nx  

N
x 

Then: 

And by definition:  = (1-e -M ) e-MxN0  

L = N 

N
x 

(1 - e -M ) 
for an interval of one 

unit of time 

or 
 N

x
(1 - e -MT)  

for an interval of T. 

- The expectation of future life, e x , is more complex in concept, 

though not in arithmetic. Deevey (1947) calculated it by summah -5J3 

the future lives of all individuals alive at time x, and dividing 

this sum by l x .* In the context of the present model, and denoting ex  

by E to avoid confusion with the expontial symbol: 

x  e -nNx  dt. 

Nx 

=  't=x 
11; 
N -Mt  x I 	e  dt 

-Mt 

= E !WF--1  

e
-Mx 

-M 

-Mx 

- For time zero: 
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But, since the rate of death is constant so is the expectation of 

future life, and: 

for all x. 

However, Ex  is the mean expectation of future life and it would 

be more appropriate to use the median, since the probability 

distribution of future life expectancy is necessarily skewed. This 

median is defined by: 

x+m 
—Fr—  • 

where m = median future life expectancy 

Therefore:  0.5 = e -Mm 

m= 
-in 0.5  in 2  

0.693  

As expected, this median value is markedly shorter than the mean. In 

fact, of survivors at time x, less than 37% survive to time (x + 

1/M), their mean expected time of death. 

Life tables also provide a "maximum life expectancy" in the form 

of the maximum observed age. There is no direct equivalent with the 

exponential model, since it necessarily predicts that some 

individuals survive for an infinite time. It is, however, possible 

to predict the maximum future survival of an individual from a random 

sample of any size, z, marked at time t, since: 

N 
+M

AX 	-M.MA 
tRz 	e 	= 1 
Nt  

where: MAXRz  = Maximum expected future life 

of one individual from a 

group of z individuals. 

But since the expectation of future life is constant across ages, 

this equation is equally applicable to a hypothetical sample selected 

at age 0, and MAXR z  becomes the maximum expected age achieved by one 

individual from z recruits. 
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For comparative purposes in phycology, it would be most 

appropriate to standardize z at 1000. This is the standardization 

chosen by Deevey (1947) for his life tables and utilized in several 

recent studies (e.g. Gunnill 1986; Chapman 1986; Bhattacharya 1985; 

Coyer & Zaugg-Haglund 1982 ) and would give a realistic estimate of 

the maximum age of a plant in a natural population. However, 

MAXR1000 will usually be greater than the maximum age observed in a 
tagging experiment, for which sample sizes tend to be about 100. The 

maximum ages observed in earlier studies could be increased by (in 

1000/1n [number tagged]) to give an approximate MAXR1000* [Note that 

(in 1000/1n 100) = 1.5]. 

MAX R1000 has a further useful property in that it relates to the 

median future life expectancy by the ratio (ln 1000/1n 2) or 

approximately 9.97. Thus, defining maximum expected age as MAX R1000 

makes it always approximately ten times the median future life 

expectancy or, calculating the "future" from age zero, ten times the 

median age. 

The final useful statistic is the expected ages in a random 

sample collected from a field population. The above manipulations of 

the exponential model have treated it as a representation of a 

population of one age followed through time. If recruitment to the 

studied population, No , is assumed constant over time, the model also 

represents a population of all ages at one point in time. The mean 

and median ages are not affected by such a change, but the maximum 

is, since it is dependent on sample size. The total number of plants 

in such a population would be: 

a -Mt 
Population size = flp  e  . N

o
dt 

N
o 

But the expected maximum age in such a population is: 

in N
o MAX  = RN 

 

Thus, in a field sample of N individuals, the expected maximum age 



would be: 

in (MN) 
MAX

SN 
= 

Field Work and Data Analysis  

As part of a morphological study of X. gladiata (Appendix E), a 

number of plants were tagged and a suite of morphometric measurements 

were taken, from each plant, at intervals over two years. This work 

produced survival data for the tagged plants which, while less than 

ideal for demographic purposes, serves to determine the approximate 

lifespan of the species. 

Forty-eight receptacle-bearing X. gladiata plants, of typical 

"adult" sizes, were selected at White Cliff in the D'Entrecasteaux 

Channel, Tasmania, Australia (43°16'S 147°10 1 E). These plants were 

members of seven clumps (Appendix A), in the midst of a stand of 

continuous X. gladiata cover, at approximately 1 m depth below Lowest 

Astronomic Tide. They were tagged with individually-numbered lengths 

of surveyor's flagging tape tied around their stipes (cf. Chapman 
1985) on 7 November 1984. 

On fifteen occasions over the following two years, the presence 

of surviving plants was checked by a SCUBA-equipped diver. On two of 

those days (15 May 1985, 15 June 1986), surviving plants were re-

tagged. Thereafter, the persistence of old tags was recorded at the 

same time as the survival of individuals. 

The data showed a rapid fall in numbers early in the study which 

was not repeated a year later. Since this early loss was at least 

partly artificial (some improperly tied tags being lost and at least 

one plant being pulled from the rock during a census), a reduced data 

set was prepared by eliminating the first two censuses (up to 35 days 

after tagging). M was estimated from both the complete and the 

reduced data sets. 

In many applications of the exponential model, M is estimated 

from such numbers-at-time data by regressing 1nN t  against t. 

335 
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However, one of the assumptions of linear regression is that the 

observations are independent, and this is not true of census data of 

tagged plants. If deaths in one time interval chance to be more than 

the average rate, the numbers surviving at several subsequent 

censuses must be less than expected, until the expected values can 

"catch up" with the observed ones [for an example of this effect, see 

figure I of Chapman (1986q. For some data sets, the problem could 

be readily overcome, since the number of deaths in each interval 

between censuses are statistically independent. Since: 

N  T  -MT 
e 

where: T = interval of time between two 
censuses 

ln ( N x T ) = MT 
x + 

and a regression of the logarithm of the inverse of the survival 

fraction against the time between the censuses, forced through the 

origin, would have a gradient equal to M. This method is not 

satisfactory with the Xiphophora data because the time periods 
0 

between censuses were very short relative to life expectancy. 

Consequently, N x /Nx  + r is often unity and its regression against 

time intervals estimates a limit to the value of M, but not M itself. 

Consequently, the exponential form of the survival equation was 

fitted directly to the raw numbers and elapsed time data using 

maximum likelihood methods, which do not assume independence of data 

points. 

Any of these methods estimate strictly the "death" of tags, 

rather than of plants. It is therefore necessary to estimate an 

exponential rate of tag loss which, since these rates are additive, 

can be subtracted from the estimated M to correct for tag loss. This 

is best done by double tagging a sample of plants and making a 

simultaneous estimate of the loss rates of both first and second tags 

(allowing for double losses). In the present data set, only the loss 

of duplicate tags from re-tagged plants was available. Since new 
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tags were only applied when the old ones were thought to be 

deteriorating, it was assumed that the new tags were never lost and 

an exponential rate of loss of old tags was calculated by maximum 

likelihood methods from the proportion of new-tagged plants which 

still retained their old tags at each census. 

RESULTS 

The census data are illustrated in Figure B.1, with the fitted 

survival curves. The non-independence of these data points is 

clearly visible in their 'S' bend around the fitted line. The 

maximum likelihood estimate of M using all data points was 0.31 ± 

0.07, and with the reduced data set it was 0.13 ± 0.05 (confidence 

limits are asymptotic standard errors). The double-tag data (Table 

B.1) gave an estimated exponential rate of tag loss of 0.24 ± 0.08. 

A range of statistics calculated from these values of M is presented 

in Table B.2, while Figure B.2 shows an extrapolation of these 

mortality rates to the full lifetimes of X. gladiata. 

DISCUSSION 

This study has shown Xiphophora gladiata to be long-lived, and 

possibly very long-lived, for an alga. The tagging fieldwork was not 

designed for demographic purposes, and this is reflected in the wide 

range of possible values of M extracted from the data. It is certain 

that some of the early plant losses were artifacts, and hence 0.31 

must be an overestimate of M. However, deletion of all such losses 

will have produced an underestimate of the sum of M and the tag loss 

rate. The double-tag data, being based on the loss of old tags, will 

have overestimated the rate of their loss and hence reduced estimates 

of M corrected for such losses (in the case of correcting the 

estimate of M based on the reduced data set, it yields an impossible, 

negative value). The true value of M for X. gladiata growing at 

White Cliff during the period of this study was therefore 

approximately 0.1, though the confidence limit around this value must 
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Fig. B.1. A longlinear plot of the numbers of X. gladiata survivors in a tagging experiment 

showing mortality rate lines fitted to both complete (M = .31) and reduced (M = .13) 
data sets. 
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TABLE BA.Double-tagging Data from Re-tagging of Xiphophora 

gladiata. 

Date 
 

Plants  Days  First  Days  Second 

Surviving  Since  Tags  Since Third  Tags 

Second  Present  Tagging  Present 

Tagging 

15 May 1985 35 0 35 

19 June 1985 35 34 35 

14 July 1985 35 59 34 

21 August 1985 35 97 33 

15 September 1985 35 122 33 

10 November 1985 35 178 30 

5 February 1986 34 265 27 

20 April  1986 34 339 26 

15 June 1986 32 395 25 0 32 

23 August 1986 32 464 23 69 32 

8 November 1986 30 541 21 146 29 
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Table B.2.  Estimated Survival Statistics for Xiphophora gladiata. 

Statistic  All Data 
 

Reduced Data  All Data 

Set  Corrected 

for Tag Loss 

Instantaneous 

Mortality Rate [M] 0.31 0.13 0.07 

Survival  Rate [S=e -M] 73% 88% 93% 

Seasonal  Mortality Rate 

or Rate of Death 

[A = q x  =  (1-e -M )] '27% 12% 7% 

Mean Future Life 

Expectation of Future Life 

3.2 yrs 

2.2 yrs 

22.3 yrs 

1 
or Mean Age [Ex  =  ] 

Median Future Life 

Expectancy or Median Age 

[MAXR2  - in 2 ] 

Maximum Expected Age 

_ in A00 0  3  
[mAxR1000 

 

7.7 yrs  14.3 yr 

 

5.3 yrs  9.9 yrs 

 

53.1 yrs  98.7 yrs 

21.5 yrs 

Expected Maximum Age 

in a Random Sample of 

2,500 Individuals 

in (M.2500)  
EMAXS2500  44.5yrs  73.8yrs 
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necessarily be rather wide. The mortality rate of this species in 

other parts of its range may, of course, be different. 

Such a value for M gives a maximum expected age (calculated as 

MAXR1000) of about 70 years, if the mortality rate is constant 

through time. In the regional morphological data set of 

approximately 2500 plants, the expected maximum age of any one plant 

is 55 years. This is a very high age for an alga, although Paine et 

a. (1979) estimated the age of one individual of Petrocelis 
middendorffii (Rhodophyta), an encrusting species, as 54 years and 
showed that many individuals of this species (much more than 50%) 

survived for the full 7.5 years of their study (suggesting MAX R1000 

of well over 75 years). Within the Fucales,Ascophyllum nodosum is 

sometimes claimed to be extremely long-lived (e.g. Baardseth 1970). 

Up to 13 vesicles per unbroken primary shoot have been reported in 

this species (Baardseth 1970) and it is suggested that a count of 

these gives a minimum estimate of the age in years, which may be an 

underestimate by several years (Cousens 1985). However, these shoots 

are ramets. Cousens studied the holdfasts (the genets in this 

species) in addition to the primary shoots and found no losses 

whatever among the former in three years (R. Cousens, pers. comm., 

reported by Chapman 1986b). The number of holdfasts he examined has 

not been reported but, since one loss would be expected in this time 

from as few as 30 plants if M exceed 0.01, this can be taken as an 

upper bound for the mortality rate of Ascophyllion genets. MAX R1000 
for these plants can then be conservatively estimated at 700 years, 

and Baardseth (1970) may well be correct that their genets could have 

an age of thousands of years. In comparison, Xiphophora appears 
almost ephemeral. 

Xiphophora's long life may partly account for the imprecision of 
our estimate of M. With a tagging experiment that lasts for less 

than the median life expectancy of the plant, a sample size of less 

than 50 plants is simply insufficient for an estimate of mortality 

rate. 

Despite this inprecision and even if Ascophyllum has much 
greater longevity, X. gladiata is one of the longest-lived algae yet 

studied. Its life expectancy is much too long for a practical 
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tagging experiment to follow a cohort through its entire life. Thus, 

in the absence of a method for direct age measurement of individuals, 

no life table can be constructed for this species and its survival 

rate can only be examined with the exponential model. 

GENERAL DISCUSSION 

The exponential model of survival stems from, and is critically 

dependent upon, a single assumption: that the chance of death is 

constant. This implies that the mortality rate is also constant, but 

such an assumption of constancy has been rejected by most previous 

demographic phycologists (e.g. Gunnill 1986; Chapman 1986a; Cousens 

1985; Sideman & Mathieson 1983; Chapman & Goudey 1983; Coyer & Zaugg-

Haglund 1982; Parke 1948). It is therefore necessary to examine the 

assumption in detail. 

The assumption of constant mortality rate does not imply that 

the death rate is necessarily constant between study sites, morphs, 

or populations. Clearly it will not always be. (Indeed, one of the 

advantages of using the model rather than a life table is that the 

reduced amount of fieldwork per study group should permit more inter-

group comparisons). Rather, the assumed constancy of death rate is a 

constancy through time and through the age of individuals. Even this 

is perhaps unnecessarily strict. Death rates will clearly vary with 

short-period cycles (perhaps daily or annual). These can be modelled 

and examined using extensions of the simple model (introducing a sine 

curve into the exponent), but are more usually smoothed by extending 

the field observations over at least one year. 

Taken to an absolute, even this reduced assumption of temporal 

constancy is clearly absurd. Chapman (1984) has shown that the 

mortality rates of early juvenile Laminaria are very much greater 

than the rates for adults, and this must be generally true for the 

typically highly fecund macroalgae. However, Chapman (1984) also 

showed that the numbers of the macroscopic stages of Laminaria 

decline precisely according to the exponential model. In the terms 

used here and accepting Chapman's (1984) regression fit to his data, 

L. digitata has M (in years) equal to 1.08 (r 2  = 0.99) and L. 
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longicruris has M equal to 1.56 (r 2  = 0.96). Similar exponential, or 

approximately exponential, declines in numbers of macroscopic 

survivors have, in fact, been found in many perennial macroalgae 

(e.g. Mdcrocystis: Druehl & Wheeler 1986; Cystoseira & HaLidrys: 

Gunnill 1986; Ascophyllum ramets: Cousens; Laminaria: Parke 1948), 

although they were not always recognized as such by these authors. 

Thus, the model is applicable to many species, provided that the 

microscopic stages are excluded from all consideration (making No  

simply a constant of the model, rather than one having biological 

meaning). This is the usual application of the model in fisheries 

dynamics, since most fish species also show very high mortality rates 

on their eggs and larvae, followed by near constancy of M for the 

adults. It is, of course, still possible to apply the exponential 

model to particular microscopic stages or to use it to compare the 

death rates of various life stages, but the extrapolations to future 

life expectations described above cannot then be applied. 

At the opposite end of the life cycle, it might be argued that 

senescence will occur, lifting M ultimately to infinity and so 

terminating the life of the cohort. This is certainly true of some 

annual and biennial species, in which senescence appears to follow a 

period of exponential decline in numbers (Sideman & Mathieson 1983; 

Rice & Chapman 1982;). It cannot be demonstrated in perennial algae 

both because of the long duration required of such studies and 

because of the very large sample that would have to be tagged as 

juveniles in order to distinguish an increase in M from random 

variability at great age (10,000 tagged juveniles would only be 

expected to give about 10 old plants at an age of MAX R1000)* 

Terrestrial plants are little easier to work with, but a range of 

studies have suggested that some grasses do show senescence, while 

others maintain a constant death rate at great ages (Harper 1977). 

Amongst animals, Beverton and Holt (1959) suggested that most 

unexploited fishes show some senescence but the longest lived ones 

(species with lowest M) do not, while Hutchinson (1978) concluded 

that senescence is negligible in most bird species. (Mammals have 

quite different demographic patterns). Thus, in the absence of clear 

evidence for senescence in perennial macroalgae and recognizing that 
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it is quite impractical to test for the presence of the phenomenon in 

many species, it can only be assumed that their mortality rates 

remain constant throughout adult life. The resulting estimates of 

longevity, such as MAX R1000'  must then be regarded as first estimates 

only, but they are unlikely to be improved upon unless a method of 

direct age determination of algal tissue is found. The exponential 

model of survival is therefore proposed as a valuable substitute for, 

or supplement to, life tables in future studies of macroalgal 

demography. 

This is not the first attempt to overcome some of the failures 

of life tables for phycology [indeed Chapman (1986) has already used 

much of this approach], though it is perhaps the first to circumvent 

all of them simultaneously. Chapman (1984) used an exponential 

equation to summarize survival data, and later (Chapman 1986) to 

smooth the l x  values input to a life table, but did not fully utilize 

his estimates of M. Recently, Gunnill (1986) has used logarithmic 

functions as summaries of survival data. While easily converted to 

exponentials, logarithms to base 10 lead to more complex integral 

calculus and hence lack the mathematical simplicity of the 

exponential model. Cousens (1985) used Weibull distributions (Pinder 

et ca. 1978) in his study of Ascophyllum ramet survival. These have 

one more parameter than the exponential equation, which allows them 

to model either increases or decreases in mortality rate with age. 

If it can be shown that there are significant, progressive changes in 

age specific death rates, over the age range of interest, this is 

clearly a major advantage of Weibull distributions, though it is 

offset by increased mathematical complexity for population dynamic 

modelling applications. If these "changes" are not tested for 

significance, the approach is potentially misleading, since the 

Weibull distribution will adapt to random variations in the data (cf. 

Cousens 1985). Chapman and Goudey (1983) modelled more pronounced 

senescence in the annual Leathesia difformis using a Gompertz 

function (i.e. constant numbers lost per unit time, and hence a 

progressively increasing mortality rate). 

Some authors have recently calculated algal life expectancies 

from exponential approachs. Druehl and Wheeler (1986),  calculated the 
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"half-life" of a Macrocystis integrifolia population using the 

logarithm to base 10 equivalent of the median future life expectancy 

formula presented here. Chapman (1986a) used a variant of the 

equation reported here. 

Life tables can be tested for differences in death rates between 

various groups, using the Mantel or Breslow tests or Lee and Desu's 

D-statistic, but only Bhattacharya (1985) has applied these to 

phycological data, and they lack the convenience and flexibility 

available with the regression approach to the exponential model 

(where independence can be arranged in the data). Chapman (1986a) 

used Kruskal-Wallis tests for a similar purpose, but these lack the 

power of a parametric test when one is available. 

However, life tables are not without value. They are 

particularly suitable as a basic description of survival data, which 

is independent of any assumed mortality function. When it is 

possible to follow the entire life of a cohort, the best strategy 

might be to prepare a life table and examine it, using an exponential 

model to provide a null hypothesis, for evidence of fluctuations in 

mortality rate. If there are no significant variations in this rate, 

the simple exponential model is the most appropriate summary of the 

species' survival pattern. Where variations are found, a Weibull 

distribution, a seasonal-or age-varying adaptation of the exponential 

model or some other function should be fitted. In either case, it is 

the function and not the life table which is the most parsimonious 

summary of the survival rate, and only the function which can smooth 

random variations in the data. 

For those algae which live too long for the collection of life 

table data (e.g. Xiphophora, Ascophyllum and Petrocelis), the most 

conservative model of survival will necessarily be the single-

parameter exponential model, with its assumption of a constant chance 

of death. In such circumstances, it should not be applied to 

juvenile algae and must be considered as no more than a first 

estimate of the survival rate. Even so, it may have great practical 

• value. 

Lest it appear that a short tagging experiment and an 

application of the exponential model can provide a quick and easy 
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solution to questions in demographic phycology, it is stressed that 

the model is only a tool which can readily be misused. The 

Xiphophora example has shown that a short experiment with a long-

lived plant gives an imprecise estimate of mortality rate. 

Furthermore, phycologists are still faced with many problems in the 

application of the model such as distinguishing ramets from genets, 

measuring seasonal or ecologically-induced variations in survival 

rates and the like. The exponential model is a very valuable tool 

for demographic phycology but it should not be seen as an instant  , 

solution. 
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APPENDIX C 

OBSERVATIONS OF ZYGOTES -AND EMBRYOS OF X. GLADIAYA IN CULTURE  

INTRODUCTION 

Apart from two studies of X. chondrophylla (Naylor 1954; Heine 

1932), nothing has been published on the post-fertilization 

development of Xiphophora. Some culture studies were therefore 

attempted to provide a basic description of young X. gladiata and in 

particular to seek evidence of the cloning of adventive embryos from 

rhizoidal filaments that has been reported in Fiwus (McLachlan & Chen 

1972). The available culture facilities were not adequate for such 

work, and the resulting observations cannot support a comprehensive 

description of early ontogenetic development in Xiphophora. However, 

such results as were obtained are presented here to assist in the 

interpretation of other research. 

Culture conditions were chosen as those optimal for Fticus. 

Because of the insufficiencies of the available facilities, it is not 

known whether these conditions were optimal for X. gladiata. 

MATERIALS AND METHODS 

Fertile plants of X. gladiata were collected from White Cliff, 

D'Entrecasteaux Channel (n = 4), Tessalated Pavement, Forestier 

Peninsula (n = 6) and Skeleton Bay, in northeast Tasmania (n = 3) on 

30 May, 30 June and 28 October 1985 respectively. Plants were 

returned to the laboratory in plastic bags packed on ice. 

Aged seawater, filtered through 0.05 p pores into autoclaved 

glass bottles and subsequently chilled to 14°C (McLachlan et al. 

1971) was prepared. 

Receptacles were exised from the plants and rinsed in distilled 

water to remove discharged gametes and zygotes, debris and 

contaminants (Forbes & Hallam 1978; McLachlan et at. 1971). Two or 

three receptacle pieces (from the same plant) were placed on tissue 

paper, moistened with distilled water, in covered glass petri 
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dishes. They were left overnight at 14°C, under a light regime 

synchronized with the natural diurnal cycle in the field (giving 6 

hours illumination) (McLachlan et a/. 1971). The following morning, 

the receptacles were immersed in chilled, filtered seawater in large 

petri dishes. Gamete release was then immediate. 

The receptacles were removed after 1 hour and the seawater was 

swirled and partially decanted several times. This removed some of 

the mucilage as well as the unfertilized ova, immature oogonia and 

other debris. All of the remaining seawater medium was then 

aspirated, through a pipette attached to a vacuum, while the eggs and 

zygotes were observed through a stereomicroscope (protocol of 

McLachlan et al. 1971). Unfertilized eggs burst when exposed to the 

air in this way. They were thus easily recognized, and removed to 

prevent them from contaminating the cultures. 

Approximately 100 zygotes per plant were seeded, strictly 

following the protocol of McLachlan et al. (1971). Between 30 and 40 

zygotes per plant were placed by pipette in individual 60 X 20 mm 

disposable plastic petri dishes. 

The remainder were seeded in groups of 5 to 20 per petri dish. 

The dishes were each filled with 15 mls of the chilled, filtered 

seawater. 

The plants were then cultured in these dishes. Temperatures 

were maintained at 13 - 14°C. Light was provided by cool-white 40 

Watt fluorescent lamps arranged to give a nominal intensity between 

29 and 32 Wm -2 , on a 16 hr:8 hr light:dark cycle. These conditions 

have been shown to favour normal morphological development and to 

promote rapid growth in FUcus edentatus (now F. evanescens: Rice & 

Chapman 1985) and F. distichus (McLachlan 1974). The seawater was 

replaced every three days by decanting and refilling. Dead plants 

were removed at these times and the surfaces of the dishes were 

brushed with a small paint brush (while observing through a 

stereomicroscope) to remove contaminants. 

When the thalli had extended to the surface of the seawater in 

their dishes, the outside of each petri dish was sterilized with 

ethanol. Several dishes were then placed in larger (2 1 or 5 1) 

containers and weighted with sterile glass beads. The containers 
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were filled with chilled, filtered seawater, covered and aerated with 

airstones and an electric aquarium pump. 

After 24 days, 10% SWM-3 nutrient solution (Chen et al. 1969; 

McLachlan 1964) in seawater was added to some of the cultures, but 

this fortified seawater quickly killed the young plants. 

Observations on and photographs of the developing embryos were 

made daily for the first week and at 5, 10 and 14 day periods 

thereafter. Representative illustrations were drawn from these 

photographs. 

RESULTS 

The release of the ova was identical to that described by Naylor 

(1954) for X. chondrophylla var. maxima. The outermost layer of the 

oogonial compartment ruptured and the ova flowed out, through the 

wall first and then through a second mucilaginous layer. Once free 

of the oogonium, fertilization followed rapidly. 

The first segmentation took place within 24 hours of 

fertilization and polarity was established then (Fig C.1.) 

Fertilized ova adhered to the bottom of the petri dishes. 

The well developed primary rhizoid characteristic of the 

Fucaceae then appeared. At 5-6 days of age, this rhizoid divided 

longitudinally (Fig. C.1.) and numerous secondary rhizoids developed 

quickly to form a basal tuft. By 9 days, these rhizoids were well 

developed and two apical hairs had been initiated. The thallus was 

then slightly obovate. 

After two weeks from release, the apical hairs were more 

numerous (maximum 10) and extremely elongate (up to 6 times thallus 

length). The now cylindrical embryos stood erect, with rhizoids 

spread radially from the base of their thalli (Fig. C.2.). 

Subsequent development varied between the cultures. The embryos 

appeared to remain dormant for almost two months with the only 

noticeable changes being in pigmentation. All thalli lightened and 

then darkened during this phase. 

The thalli showed a marked elongation and flattening between 100 

and 140 days post-fertilization. Following this, the apex 
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Fig. C.1. Developmental sequence of X. gladiata. A) oogonium 
containing four ova (25 X) B) fertilized egg 
C) polarity established within a few hours 
D) development of rhizoids at 6 days (13 X) 
E) development of apical hairs at 9 days with a 
stylized illustration of the apex. 
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DAY 100-140 
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Fig. C.2. Young germlings of X. gladiata grown under culture conditions (T, lfC; L:D, 16:8; 
30Wm-2). Age of plants indicated in days. 
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dichotomized when plants measured 1.0 - 1.8 mm in length (Fig. 

C.2.) Many plants developed adventitious branches from the sides and 

base of their thalli. The apical hairs were much shorter, and fewer 

in number (2-3) than earlier, while the holdfast was more solid 

(although individual rhizoids were still readily visible). 

At this stage, all of the cultures were terminated since 

facilities were no longer available for this work. 

Plants grew best in unialgal culture of 5 plants distributed 

around each petri dish. Single plants grew slower, while higher 

densities gave faster initial growth but became infected later. 

No adventive embryos were seen to arise from rhizoidal filaments 

at any time. 

DISCUSSION 

The early developmental sequence of X. gladiata is very similar 

to that reported by Naylor (1954) and Heine (1932) for X. 

chondrophylla. However, those authors did not specify their culture 

conditions, making detailed comparisons of the sequences difficult. 

Naylor (1954) illustrated X. chondrophylta with well developed 

secondary rhizoids at 11 days of age. This compares well with the 

rapid development of such secondary rhizoids at 9 days post-

fertilization, observed here for X. gladiata. However, Heine (1932) 

claimed that apical hairs do not appear until 5 or 6 weeks of age in 

X. chondrophylla whereas in X. g/adiata they were initiated at 9 days 

and fully developed after 2 weeks. In both species, the embryos are 

3 to 4 months old before they elongate, flatten and divide (Heine 

1932; this study). 

In comparison with Fueus, and under identical culture 

conditions, the primary rhizoid of an X. gladiata embryo does not 

persist long and is not discernable after 8 or 9 days. However, at 

11 to 12 days post-fedilization, X. gladiata is very similar in size 

and shape to F. distichus (McLachlan et al. 1971). Thereafter, Fucus 

embryos begin to flatten and dichotomize at 5 to 6 weeks of age, 

whereas this stage is not reached by Xiphophora until 3 to 4 months 

post-fertilization. 
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Although the Xiphophora cultures were maintained past the 

flattening stage, before which adventive embryos develop in Fitcus 

(McLachlan & Chen 1972), no such growths were observed. Adventive 

embronic development is not affected by temperature, nutrient levels 

or light conditions, at least in Fueus (McLachlan & Chen 1972). It 

is therefore reasonable to assume that adventive embryony, from 

rhizoidal tissue, is not a common event in X. gladiata. 
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APPENDIX D 

DEFINITIONS OF MORPHOLOGICAL CHARACTERS  

Up to twenty-eight morphological characters were determined for the 

Xiphophora gladiata specimens returned to the laboratory. Sixteen of 

these characters were continuous morphometric measurements, while the 

remaining twelve were discretely-distributed meristic counts. Five 

of the morphometric characters (denoted "x5" below) were, by their 

nature, serially repeated on each plant. These characters were each 

determined up to five times for each individual X. gladiata. All 

measurements and counts were determined from thawed specimens. 

The morphometric characters are illustrated in Figure D.1 and 

listed below (precision of measurement in parentheses): 

1. PLANT LENGTH: The length of the plant from the base of the 

holdfast to the tip of the largest frond, when spread 

flat on a horizontal surface and arranged to maximize 

this character (mm). 

2. PLANT WIDTH: The width of the largest frond, measured mid-way 

between the second- and third- youngest dichotomies 

(mm). 

3. RECEPTACLE LENGTH: x5: The length of the longest receptacle(s), 

defined as tissue containing conceptacles (mm). 

4. RECEPTACLE WIDTH: x5: The width of the longest receptacle(s), 

measured at half their lengths from their tips (mm). 

5. MAXIMUM LENGTH OF A PROLIFERATION GROWTH: The length of the 

largest proliferation, measured from its point of 

origin to the tip of its largest frond when spread flat 

on a horizontal surface and arranged to maximize this 
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Fig. D.1.  A typical plant of X. gladiata  
illustrating the measurement of 
the morphometric characters. 
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character (mm). 

6. HOLDFAST WIDTH: The maximum dimension of the plane of attachment 

of the holdfast to the substrate (mm). 

7. STIPE WIDTH: The width of the stipe midway between the holdfast 

and the oldest dichotomy (mm). 

8. DISTANCE TO THE OLDEST DICHOTOMY: The distance from the base of 

the holdfast to the vertex of the oldest dichotomy, 

defined as the nearest recognizable dichotomy to the 

holdfast, excluding dichotomies involving proliferation 

growths (mm). 

9. DISTANCE TO THE OLDEST DICHOTOMY ON A PROLIFERATION ON THE UPPER 

HALF OF THE PLANT: The distance from the point of 

on  of a proliferation to the vertex of that 

growth's first dichotomy, measured on a randomly-

selected proliferation, the point of origin of which is 

further than one half the plant length from the 

holdfast (mm). 

10. DISTANCE TO THE OLDEST DICHOTOMY ON A PROLIFERATION ON THE LOWER 

HALF OF THE PLANT: As for character 9, but measured on 

a growth with a point of origin nearer to the holdfast 

than one half the plant length (mm). 

11. INTER-DICHOTOMY DISTANCE ON A PROLIFERATION ON THE UPPER HALF OF 

THE PLANT: The distance between the verticies of the 

first- and second- youngest dichotomies of the longest 

frond of the growth selected for charcter 9 (mm). 

12. INTER-DICHOTOMY DISTANCE ON A PROLIFERATION ON THE LOWER HALF OF 

THE PLANT: As for character 11, but measured on the 

growth selected for character 10 (mm). 

13. CONCEPTACLE LENGTH: x5: The longest dimension, in the plane of 
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the receptacle surface, of randomly-selected female 

conceptacle(s) (0.1 mm). 

14. CONCEPTACLE WIDTH: x5: The width of the conceptacle(s) 

selected for character 13, measured perpendicular to 

character 13 and in the plane of the receptacle surface 

(0.1 mm). 

15. ANGLE OF THE OLDEST DICHOTOMY: The angle formed by two lines 

parallel to the edges of the thallus immediately above 

the oldest dichotomy, defined as for character 8 (0.5° 

arc). 

16. ANGLE OF THE YOUNGEST DICHOTOMY: x5: The angle(s), measured as 

for character 15, of the youngest dichotomy(ies) on up 

to five non-receptacle-bearing fronds (0.5° arc). 

The meristic characters were: 

17. NUMBER OF MALE CONCEPTACLES: The number of male conceptacles in 

1 cm length of receptacle tissue from the mid-point of 

the length of the longest receptacle. 

18. NUMBER OF FEMALE CONCEPTACLES: The number of female 

conceptacles in the 1 cm length of receptacle tissue 

selected for character 17. 

19. NUMBER OF LOWER DICHOTOMIES: The number of dichotomies, within 

one half the plant length of the holdfast, that give 

rise to more than 1 mm of tissue on each frond distal 

to the dichotomy. 

20. NUMBER OF UPPER DICHOTOMIES: The number of dichotomies further 

from the holdfast that one half the plant length, that 

give rise to more than 1 mm of tissue on each frond 

distal to the dichotomy. 
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21. NUMBER OF PROLIFERATIONS IN UPPER PLANT: Number of wound 

induced growths, longer than 1 mm, with points of 

origin further from the holdfast than one half the 

plant length. 

22. NUMBER OF PROLIFERATIONS IN LOWER PLANT: Number of 

proliferations, larger than 1 mm, with points of origin 

closer to the holdfast than one half the plant length. 

23. NUMBER OF DICHOTOMIES IN UPPER HALF OF A PROLIFERATION: Number 

of dichotomies in a selected growth, more than one half 

the length of that growth from its point of origin, 

that give rise to more than 1 mm of tissue on each 

frond distal to the dichotomy. 

24. NUMBER OF DICHOTOMIES IN LOWER HALF OF A PROLIFERATION: Number 

of dichotomies, in the growth selected for character 

23, within one half the length of that growth from its 

point of origin, that give rise to more than 1 mm of 

tissue on each frond distal to the dichotomy. 

25. NUMBER OF REPRODUCTIVE TIPS: Number of frond tips terminating 

in the receptacle tissue, defined as tissue containing 

conceptacles, or terminating in other tissue which 

arises from such receptacle tissue. 

26. NUMBER OF VEGETATIVE TIPS: Number of frond tips, excluding 

those counted for character 25 and excluding any 

projecting less than 1 mm beyond their youngest 

dichotomy. 

27. NUMBER OF CONCEPTACLES: The sum of characters 17 and 18. 

28. BRANCHING ORDER: The number of dichotomies counted in a direct 

line from the holdfast to the tip of the longest frond. 
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APPENDIX E 

TIME-SERIES STUDY OF MORPHOLOGICAL CHANGE IN XIPHOPHORA GLADIATA  

INTRODUCTION 

Seasonal variation of morphological characters is a well-

documented phenomenon in brown algae (e.g. Novaczek 1984; Thom 1983; 

Edelstein & McLachlan 1975; Chapman 1973). Xiphophora gladiata may 

have a similar seasonal cycle, that would influence the data from 

plants collected over a long field season, either masking or falsely 

enhancing geographic patterns. Because the main sampling programme 

necessarily involved prolonged periods of collection each winter, it 

was necessary to describe any seasonal changes in the Xiphophora 
gladiata character suite (cf. Davis & Heywood 1963). 

A time-series study, designed to fulfill this requirement, is 

described in this Appendix. 

MATERIALS AND METHODS 

Fifty receptacle-bearing plants were selected at White Cliff, 

D'Entrecasteaux Channel, Tasmania. The plants were members of 7 

clumps in the middle of the Xiphophora stand, at approximately 1 m 

depth below Lowest Astronomic Tide. Individually-numbered lengths of 

bright orange surveyor's flagging tape (circa 30 cm x 1 cm) were 

firmly tied to the plants' stipes on November 11, 1984 (cf. Chapman 

1985). On fourteen subsequent days over approximately two years 

(Table E.1), a suite of morphological characters (Table E.2) were 

measured on the tagged plants. Two divers, with SCUBA equipment, 

were needed to complete the measurement set in a single working day. 

The morphometric characters were recorded to millimetre 

accuracy. However, the practicalities of doing this type of work 

underwater, in the surf zone, led to measurement error in the longer 

measurements (ie.plant and receptacle lengths) and imprecision in the 

shorter ones. The holdfast width and distance to the oldest 

dichotomy characters proved to be too difficult to measure 
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TABLE E.1. Sampling Dates and the Respective Character 

Suites Measured. 

Date 
 

Characters Measured  

4 November 1984 

8 December 1984 

20 February 1985 

11 April 1985 

14 May 1985 

19 June 1985 

14 July 1985 

22 August 1985 

15 September 1985 

10 November 1985 

5 February 1986 

19 April 1986 

15 June 1986 

23 August 1986 

 

50  L, W, RL, RW, S, H, D, WO 

 

43  L, W, RL, RW, S, H, D, (WO) 

 

(31)  L, W, RL, RW, S, H, D 

 

36  L, W, RL, RW, S, H, D 

 

35  L, W, RL, RW, S, H, D, (WO) 

 

(21)  L, W, RL, RW, S, H, D 

 

35  L, W, RL, RW, S, H, D, (WO) 

 

(21)  L, W, RL, RW, S. H, D 

 

32  L, W, RL, RW, S, H, D, (WO) 

 

33  L, W, RL, RW, S, H, D 

 

30  L, W, RL, RW, S, (WO) 

 

29  L, W, RL, RW, S, (WO) 

 

(16)  L, W, RL, RW, (S) 

 

29  L, W, RL, RW, S, (WO) 

L = length; W = width; RL = receptacle length; RW = receptacle width; 

S = stipe width; H = holdfast width; D = distance to the oldest 

dichotomy; WO = number of wound induced growths on the plant. 0 

denote measurements taken on only a subset of the individuals. 

Sample size in parenthesis when less than the full set of surviving 

plants were measured. 
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TABLE E.2: Definitions of the Recorded Morphological Characters. 

Character  

Plant length 

Plant width 

Receptacle length 

Receptacle width 

Stipe width 

Holdfast width 

Distance to the 

oldest dichotomy 

Number of 

proliferations 

Description  

the maximum length of the plant (mm) 

the width of the vegetative thallus midway 

between the second and third youngest 

dichotomies on the longest frond (mm) 

the length of the receptacle on the 

longest frond (mm) 

the width midway on the above receptacle 

(mm) 

the width of the stipe midway between the 

holdfast and the first dichotomy (mm) 

maximum width of the holdfast (mm) 

The perpendicular distance from the base 

of the holdfast to the vertex of the angle 

of the oldest dichotomy (mm) 

number of wound induced growths on the 

total plant 

Vegetative length  derived: length minus receptacle length 

(mm) 
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objectively in situ. These characters were therefore dropped from 

the character set after 1 year (Table E.1). The number of wound 

induced growths was counted on only a subset of the plants after the 

initial recording day, because of the prohibitive time required to 

count in excess of 100 growths on certain plants. The subset of 

plants were chosen for their low values for this character. Width, 

receptacle length and receptacle width were recorded from the longest 

frond, in an attempt to standardize the measurements between dates 

(cf. Edelstein & McLachlan 1975). 

On certain dates, weather conditions were such that not all of 

the plants could be measured (Table E.2). On such occasions it was 

judged to be better to record the entire character suite on a reduced 

number of plants than vice-versa. 

Statistical Analyses  

Receptacle length showed seasonal variations which appeared to 

follow a sine curve. To fit a curve to the data, an ascending node 

was selected by inspection of the peaks and troughs. February was 

chosen. Each sampling date was then converted to a Julian date, 

scaled from February 1 (1) to January 31 (365). These dates were 

further converted to circular measure on the basis of 2 1r radians per 

365 days. The measurements of receptacle length were regressed 

against the sines of these radian values. The intercept of this 

regression represents the annual mean receptacle length, while its 

gradient is the amplitude of the sine curve. The use of receptacle 

length, rather than its logarithm, implies that the amplitude (in 

millimetres) is independent of receptacle length. This was thought 

to be a more realistic representation of the growth and decay of a 

receptacle than an amplitude expressed as a proportion of the 

individual mean receptacle length. 

RESULTS 

The mean values per sampling date for all morphometric variables are 

shown in Figures E.1 and E.2. Individual plant trajectories for 
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Fig. E.1." The mean values per sampling date for the 
length-related morphological variables measured 
on X. gladiata at White Cliff, Tasmania. 
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X. gladiata  at White Cliff, Tasmania. 
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receptacle length, vegetative length, stipe width and the number of 

proliferations form figures E.3 to E.6. Only three characters, plant 

length, receptacle length and vegetative length, showed evidence of 

seasonal cycling (Fig. E.1). Mean plant length and receptacle length 

values peak in the late autumn and fall to a low in the summer 

months. The seasonal change in receptacle length is also marked in 

the individual plant trajectories (Fig. E.3). The similarity of 

seasonal pattern in receptacle length and plant length suggests that 

the latter's pattern is solely due to the cycle in receptacle 

length. Vegetative length (calculated as plant length minus 

receptacle length) showed a slight seasonal cycle out of phase with 

those in plant length and receptacle length (Fig. E.1). This was 

assumed to be an artifact of its derivation. Individual trajectories 

of vegetative growth do not exhibit clear seasonality (Fig. E.4). 

The regression of receptacle length on the sine of sampling date 

was significant (r2  = .596; n = 14; P < 0.01), with an intercept of 

172.4 mm and a gradient (equivalent to an amplitude in millimetres) 

of 29.6. The sine curve is plotted in figure E.1. Mean receptacle 

width (Fig. E.2) peaked with receptacle length in the first year but 

this was not repeated in the second. 

Mean holdfast width show the only other marked changes in the 

time-series (Fig. E.2). Since their step from the second to the 

third sampling date was so pronounced, the mean values of this one 

character were re-calculated using only those plants which survived 

through the first year (thus avoiding any bias from the lost plants 

having had similar, non-average, holdfast characteristics. Figure 

E.2 shows these restricted means; hence the change is not an artifact 

of plant survival. However, it is probably caused by the 

subjectivity of underwater measurement and the adjustment, with 

experience, of the diver to the plant's form. 

The number of proliferations was examined by indivudual plant 

trajectories only (Fig. E.6). No change was seen in the majority of 

plants, however a few showed a marked increase over time in wound-

induced growth counts. 

The remaining measured characters showed no noticeable trends or 

cycles. Except for the slight evidence of increased counts of wound- 
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induced growths, none of the characters showed an overall increase 

during the two years of the study, indicating that net growth of 

large X. gladiata is very slow. 

DISCUSSION 

Of the characters examined in this study, only receptacle length 

proved to have a measureable seasonal cycle. The pattern of that one 

cycle closely followed a sine curve with a peak around May 1. 

This pattern of receptacle elongation in autumn, followed by a 

decay through the winter, is common to both Xiphophora gladiata and 

its confamiliar FUcus distichus at similar latitudes in the northern 

hemisphere (Edelstein & McLachlan 1975). In the latter, receptacle 

development has been shown to be controlled by light period (Bird & 

McLachlan 1976). In Xiphophora gladiata the receptacles never 

completely disappear. Old receptacles, often with epiphytes on spent 

conceptacles (cf. Russell & Veltkamp 1984), are present as new 

receptacles begin to develop. Furthermore, in some of the plants 

collected for morphological analysis, vegetative growth arises from 

receptacle tissue (unpublished observations). 

The second important observation in this study, that growth of 

mature X. gladiata is too slow to measure, is in full accord with the 

high survival rates of these plants reported in Appendix B. 

In conclusion, with the exception of receptacle length, the 

suite of characters examined in this time-series study are all 

sufficiently stable over a period of months (at White Cliff at 

least). Their growth or seasonal cycling, if any, will not unduly 

affect measurements from field collections. Receptacle length varies 

but in a regular fashion which can readily be corrected for. 
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APPENDIX F 

ECOLOGICAL ANALYSES OF THE XIPHOPHOM SUB ZONE  

The morphology of macroalgae can be affected by inter-species 

interactions with both other algae and animals (cf. Gunnill 1985; 

Vadas 1985). In order to investigate the effects of such 

interactions on Xiphophora gladiata (see Chapter 3), it was first 

necessary to examine the composition of the community containing 

Xiphophora and then to reduce it to a few simple variables that could 

be input to canonical correlation and other analyses. This was 

achieved by classification and ordination of species composition, 

following the strategies recommended by Clifford and Stephenson 

(1975) and Legendre and Legendre (1983). 

The algal and animal communities of the Sublittoral Fringe of 

Tasmanian rocky shores, within which Xiphophora lives, are not well 

known. Intertidal studies (Saenger 1974; King 1973; Bennett & Pope 

1960; Guiler et al. 1958; Guiler 1952a,b 1954) generally make little 

detailed reference to this level, beyond mentioning indicator 

species. The few subtidal studies (Edgar, 1983a,b 1984; Cribb 1954) 

have mainly been concerned with greater depths at a few specific 

locations. Furthermore, few of the species found along these shores 

have been the subjects of intensive biological investigations. This 

makes interpretation of multivariate analyses of species composition 

difficult, but it also gives any such analyses some importance for 

their general ecological content, besides their value in studies of 

Xiphophora morphology. 

For this reason, the analyses in this Appendix are developed as 

a full description of the plant and animal assemblage within which 

Xiphophora occurs. 

Nevertheless, it must be recognised that the field sampling 

scheme described here, and in Chapter 2, was designed for a study of 

morphology and was not entirely appropriate for ecological studies. 

In particular, the sampling followed the distribution of Xiphophora 

which may move, relative to physical features such as the low tide 

mark, independently of the responses of other species. Thus, while 
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the analyses in this Appendix provide the best summary yet available 

of the community composition of X. gladiata beds, they cannot provide 

a full description of the ecology of the Sublittoral zone.. 

The rocky shores of south-eastern Australia are known to be 

dominated by algae at the mid-shore level and below while the upper 

intertidal is occupied by barnacles and molluscs (Underwood 1981b). 

The Sublittoral Fringe is characterized by a canopy of various 

species of large brown algae, many of which are restricted to this 

zone, with often two or three strata of understory species below this 

canopy (Womersley 1981). On the ocean coasts of Tasmania, this 

fringe is dominated by Durvillaea potatorum in exposed areas (Edgar 

1984; Bennett & Pope 1960). This is replaced by Xiphophora, Lessonia 

corrugata, Phyllospora comosa and other species, with increasing 

levels of shelter (Edgar 1984). Where it is not the dominant 

Sublittoral Fringe species, Xiphophora often occurs in a thin band 

just above the dominant species (Bennett & Pope 1960). Thus, it is 

possible to define a "Xiphophora sub-zone", dominated by X. gladiata 

and marking the highest limit of the Sublittoral Fringe on very 

exposed shores and representing the upper Sublittoral zone on 

moderately exposed ones. 

This Appendix is a first description of the assemblage in this 

sub-zone. 

MATERIALS AND METHODS 

Field and Laboratory Methods  

As outlined in Chapter 2, during the field collecting all 

macroscopic animals which could be caught and representative samples 

of all macroalgal species were collected from every grid following 

the harvest of X. gladiata. Epifloral and epifaunal species, as well 

as unattached animals living among the Xiphophora fronds, were 

collected from the plants during the laboratory morphometric 

processing. These specimens were added to the corresponding field 

collections. 

All of these plants and animals were identified to species 
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level, or to the lowest possible taxon, using the available keys and 

guides [Johansen & Womersley 1986; Phillips 1984; Womersley 1964, 

1967, 1984; Marine Research Group of Victoria 1984; Shepherd & Thomas 

1982; Fuhrer et al. 1981; Dartnall 1980; Kaas & van Belle 1980; 

Ponder & Creese 1980; Bold & Wynne 1978; Westcott 1976; Saito & 

Womersley 1974; Cotton 1964; Macpherson & Gabriel 1962; Dixon 1958; 

May & Macpherson 1958; Fritsch 1935, 1945; Hale 1927, 1929; Womersley 

(undated m.s.)]. These identifications were verified, and where 

necessary corrected, by Miss A. Green, Mrs. L. Turner (both Tasmanian 

Museum, Hobart), Dr J. Phillips (Monash University, Clayton, 

Victoria) and Prof. H.B.S. Womersley (University of Adelaide, 

Adelaide, South Australia). The collections of invertebrate animals 

were deposited at the Tasmanian Museum and the Zoology Department, 

University of Tasmania. Herbarium sheets of the algae were lodged at 

the Tasmanian Herbarium (HO) located at the University of Tasmania. 

Data Reduction and Preparation  

The algae were noted only as present or absent, but where 

possible the abundances of the animals were recorded. However, these 

abundances will have been influenced by a complex of factors 

including tidal, diurnal and seasonal cycles (cf. Vadas 1985; Edgar 

1983a,b,c), local patchiness and the escape of some mobile 

individuals. Such problems can be overcome by. appropriate sampling 

strategies, but these were not practical within the constraints of. 

the present study. Therefore, even where animal abundances were 

recorded, they were reduced to presence-absence data for analysis, 

since this level of data is less vulnerable to the above problems. 

Such binary data is less informative than abundances (Clifford & 

Stephenson 1975), but this loss of information content was considered 

• preferable to introducing spurious "abundance" differences into the 

data. 

The records of amphipods and ispodods required special - 

treatment. These animals were mostly found amongst the bagged 

Xiphophora, and indeed this is an established underwater collecting 

technique for such species (Edgar 1983a,b,c). However, where the X. 
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gladiata was harvested while semi-exposed, at low tide, only those 

species of amphipods and isopods which clasp its fronds could be so 

collected. Following examination of the field data, it was concluded 

that only the large (circa 10 mm) isopod Amphoroidea was adequately 

represented. It clings tenaciously to Xiphophora, while its size and 

bright orange colour make it easy to detect in a collection of the 

alga. All other isopods and all mphipods were eliminated from the 

analyses. No further data reduction was considered necessary. 

The comparisons of morphological and ecological data (Chapter 3) 

were confined to the regional morphological data set (Chapter 2), and 

hence the ecological analyses were confined to data from the fourteen 

sites sampled for that set. 

This reduced data set also encompasses a more balanced 

description of the Xiphophora sub-zone community, without the 

prevalence of D'Entrecasteaux Channel data in the complete set. The 

species lists for each of the two 0.25 m 2  grids at each of the 

fourteen sites were combined for these analyses. However, the plant 

and animal data sets were analyzed separately as these two components 

of the community were expected to have different effects on 

Xiphophora morphology. 

Analytical Methods  

From each data set, two similarity matricies were calculated, 

one for species (R - mode) and one for sites (Q - mode), using the 

Dice (1945) coincidence index: 

2a  
2 a+b+ c 

 

Where : a =  Number of sites with both species of a pair or 

species at both sites of a pair. 

 

(b + c) =  Number of sites with only one species of a pair or 

species at only one site of a pair. 

This coefficient was chosen from the family of binary data similarity 
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indices which exclude double absence data (cf. Legendre & Legendre 

1983; Clifford & Stephenson 1975) because, in ecological data, joint 

absences need not indicate similarity of species or sites but only 

dual rarity or a spuriously "shared" response (absence) to disparate 

ecological factors. The simplest such index is Jaccard's coefficient 

of community: 

a  
a + b + c 

but this is curvilinear with ecological distance and confounds the 

"richness" of the two objects [(a + b) and (a + c) respectively: the 

numbers of species at a site or sites containing a species] with the 

number of shared "descriptors" (a). The Dice index expresses the 

number of shared descriptors as a proportion of the richness of the 

objects being compared (cf. Faith et at. 1987). This coefficient is 

almost linear with ecological distance, until the number of shared 

species approaches zero (Dr P. Minchin, The Australian National 

University, Canberra, pers. comm.) 

The sites and species were classified using an agglomerative, 

hierarchical ("SAHN": Sneath & Sokal 1973) clustering algorithm with 

average linkage between groups ("UPGMA": Sneath & Sokal 1973) using 

the CLUSTER sub-program of SPSSx (SPSS Inc. 1986). The resulting 

classifications were compared using nodal analysis (Colvocoresses & 

Musick 1984). In this analysis, each dendrogram is divided into a 

series of groups, defined at some arbitrarily chosen level of 

similarity. Then, the constancy of a species group at a site group 

is computed as the ratio of the number of occurrences of the species 

in the former group at the sites in the latter group to the total 

number of possible occurrences (the product of the number of species 

in one group and the number of sites in the other). From these 

constancy values, "fidelity" is calculated as the constancy of a 

species group at a site group divided by its average constancy over 

all site groups. 

In mathematical notation: 
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C= 
a,b 

 

Fa 10,  - 

n
a 
 in 

0. E.  i 
a
=  1 •  Jb=  ' ajb 

n • m . a•b 

Ca,b  

( E Na=1  Ca, b ) IN  

Where: 

Constancy at site group a of species group b 

Fidelity for site group a of species group b 

Number of sites in site group a 

Number of species in species group b 

Number of site groups in analysis 

0.  =  1 if the jth species in species group b occurred 
lajb 

0.  =  0 if this was not true 
lajb 

Constancy ranges from zero (no occurrences) to unity (every 

species in the species group ubiquitous throughout the site group). 

Fidelity is unity for site groups with average constancy (for a given 

species group) and is greater than one where the species group has 

above average occurrence at a site group. 

The ecological data were then ordinated, to reduce their 

dimensionality and determine axes for use in the morphological 

analyses, using Principal Co-ordinates Analyses (Gower 1966) of the 

similarity matrices. This technique allows a free choice of 

similarity coefficient (unlike Principal Components or Factor 

Ca,b 

Fa,b 

n a 

at the ith site in site group a 
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Analyses), while preserving the spatial relationships between the 

objects and hence allows the advantages of the Dice index to be 

carried into the ordination (Legendre & Legendre 1983; Clifford & 

Stephenson 1975). The similarity matrices were transformed to 

distance matrices by: 

D = -0.5 (1-S) 2  

(Legendre & Legendre 1983) and the Principal Co-ordinates Analyses 

then calculated by the PCORD macro of GENSTAT (Alvey et al. 1977.). 

RESULTS AND DISCUSSION 

The animals and plants collected from the Xiphophora grids are 

listed in Table F.1, with species from all areas [including the large 

grids at White Cliff and Ninepin Point (see Chapter 2)] combined. 

Species directly associated with X. gladiata, either as epiphytes or 

as free -living species collected from amongst -the fronds of harvested 

plants, are indicated in the Table F.1. The data for sites and 

species included in the multivariate ecological analyses are given in 

Tables F.2 (plants) and F.3 (animals). All further results and 

discussion are confined to these latter lists. 

Five algal species ELaurencia elata (C. Ag.) Harv.; BaLlia 

calitricha (Ag.) Mont., Coralina officinal-8 L., Cystophora 

xiphocarpd Harv. and C. subfdrcinata (Mert.) J. Ag.] and six animals, 

[the prostrate sponge, Calyspongia ciathrata Dendy; the isopod 

Amphoroidea elegans (Baker 1908); the limpet Patelloida victoriana 

(Singleton 1937); the large predatory whelk Dicathais textilosa 

(Lamarck 1822); the mussel Mytilus edulis planutatus (Lamarck 1819) 

and the epiphytic bryozoan Emma triangula Hastings] each occurred at 

one third or More of the sites. These eleven species, plus 

Xiphophora gladiata itself, may therefore represent the "core" 

species of the Xiphophord sub-zone assemblage. 

The dendrogram'of sites based on algal species occurrence (Fig. 

F.1) shows that geographicallk-adjacent sites tend to have similar 

algae. The three-D'Entrecasteaux Channel sites cluster 
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Table F.1. 	List of Fauna and Algal Flora Found in the Xiphophora 

Sub-Zone. (* : Epiphytic Species; t : Free-living 

Species Found Among Fronds of Xiphophora). 

ALGAE 

Chlorophyta 

Ulva laetevirens (L.) Aresch. 

Ulva lactuca (L.) 

Ulva rigida (L.) C. Ag. 

Enteromorpha intestinalis (L.) Link. 

Chaetomorpha aerea (Dillwyn) Kuetz. 

Chaetomorpha coliformis (Mont.) Kuetz. 

Chaetomorpha sp. 

Cladophora rhizodonioidea Van den Hook & Worn. 

Cladophora subsimplex Kuetz. 

Codium fragile (Sur.) Harlot 

Caulerpa geminata Harv. 

Caulerpa brownii (C. Ag.) Endl. 

Caulerpa simpliciuscula (Turner) C. Ag. 

Bryopsis foliosa Sonder. 

Bryopsis minor Worn. 

Rhodophyta 

Laurencia elata (C. Ag.) Harv. 

Laurencia tasmanica Hook. & Harv. ex Harv. 

• Jeannerettia lobata Hook. & Harv. 

Dasyclonium incisum (J. Ag.) Scagel 

* Polysiphonia brodiaei 

* Polysiphonia sp. 

Ballia callitricha (Ag.) Mont. 

Wranglia spareopsis 
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Table F.1 cont. (1) 

• Ceramium sp. 

• Hymenena curdieana (Harv.) Kylin 

• Champia viridis C. Ag. 

• Gelidium australe J. Ag. 

Gelidium pusalum (Stack.) LeJol. 

Pterocladia capillacea (Gmel.) Born. & Thur. 

Pterocladia pinnata (Huds.) Pap. 

Corallina officinalis L. 

Corallina paulifera Post. & Rupr. 

Haliptilon roseum (Lamarck) Garbary & Johansen 

Amphiroa sp. 

Encrusting calcified algae of unknown species 

Grateloupia filicim (Wulf.) C. Ag. 

• Bangia sp. 

• Plocamium angustatum (J. Ag.) Hook & Harv. 

Gigartina muelleriana Setch. & Gard. 

Gigartina crassicaulis Setch & Gard. 

• Hypnea episcopalis Hook. & Harv. 

Gracilaria secundata Harv. 

Unknown red algal species A 

Unknown red algal species B 

Unknown red algal species C 

Unknown red algal species D 

Phaeophyta 

Hormosira banksii (Turn.) Dec. 

Phyllospora comosa (Labill.) C. Ag. 

Cystophora xiphocarpa Harvey 

Cystophora moniliformis (Esper) Worn. & Niz. 

Cystophora subfarcinata (Mertens) J. Ag. 

Cystophora retroflexa (Labill.) J. Ag. 

Cystophora torulosa (R. Br. ex Turner) J. Ag. 
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Table F.1 cont. (2) 

Carpoglossum confluens (R. Br. ex Turner) Kuetz. 

Acrocarpia paniculata (Turn.) Aresch. 

Sargassum vestitum (R. Br. ex Truner) Ag. 

Sargassum sonderi (J. Ag.) J. Ag. 

Sargassum verruculosum (Mert.) C. Ag. 

Sargassum decipiens (R. Br. ex Turner) J. Ag. 

Sargassum species juvenile 

Durvillaea potatorum (Labill.) Aresch. 

Caulocystis uvifera (C. Ag.) Aresch. 

Perithalia caudata (Labill.) Worn. 

Zonaria angustata (Kuetz.) Pap. 

Dictyota dichotoma (Huds.) Lam. 

Scytosiphon lomentaria (Lyngbye) C. Ag. 

Lessonia corrugata Lucas 

ANIMALS 

Protista 

t Foraminiferaspp. 

Pori fera 

Tethya sp.A 

Callyspongia clathrata Dendy 

Porifera sp.A 

Coelenterata 

* Sertularia marginata (Kirchenpauer) 

* Circophorus nutrix (Stuckey) 

Anthozoasp.A 



Table F.1 cont. (3) 

Annelida 

Polychaeta spp. 

Janua sp.A 

janua sp.B 

Crustacea 

Catomerus polymerus (Darwin 1854) 

Epopella simplex (Darwin 1854) 

t Amphoroidea angustata (Baker 1908) 

t  Amphoroidea elegans (Baker 1908) 

t  Cerceissp.A 

t  Cerceis sp.B 

t  Cerceis trispinosa (Haswell 1881) 

t  Ischyromene sp.A 

t Ischyromene sp.B 

t Dynamenopsis sp.A 

t Cymodoce coronata 

t Paridotea munda Hale 1924 

t Euidotea peronii M. Edwards 

t  Crabyzos elongatus (Miers 1876) 

t Pontogeneidae Genus A sp.A 

t  Talitrus sp.A (Latrielle) 

t  Orchestia marmonata (Haswell) 

t  Talitridae Genus A sp.A 

t  Talitridae Genus B sp.A 

t  Talitridae Genus C sp.A 

t  Grubia setosa (Latrielle) 

t  Ampithoe flindersi (Stebbing) 

t  Ampithoesp.A 

t  Podoceridae Genus A sp.A 

t  Bovallia monculoides (Haswell) 

t  Gammaridae Genus A sp.A 

382 



383 

Table F.1 cont. (4) 

t  Gammaridae Genus B sp.A 

t Gammaridae Genus C sp.A 

t Gammaridae Genus D sp.A 

Pagurus lacertosus (Henderson 1888) 

Halicarcinus ovatus (Stimpson 1858) 

Pilumnus monilifr (Haswell 1881) 

Litocheira bispinosa (Kinahan 1856) 

Paragrapsis quadridentatus (Milne Edwards 1837) 

Petrocheles austraLiensis (Miers 1876) 

Petrolisthes elongatus (Milne Edwards 1837) 

Notomithrax ursus (Herbst 1788) 

Mdcrobrachium serenus (Heller) 

H011usca 

Ischnochiton subviridis Iredale & May 1916 

Ischnochiton mawlei Iredale & May 1916 

Ischnochiton variegatus (Adams & Angus 1864) 

Ischnochiton australis (Sowerby 1840) , 

Ischnochiton respLendens Bednall & Mathews 1906 

Plaxiphora albida (Blainville 1825) 

Haploplax mayi Pilsbry 1895 

Opisthobranchia sp.A 

Haliotis rubra Leach 1814 

Tugali cicatricosa Adams 1857 

Hemitoma subemarginata (Blainville 1819) 

Patelloida insignia (Menke 1843) 

Patelloida Latistrigata (Angas 1865) 

Patelloida.victoriana (Singleton 1937) 

Patelloida alticostata (Angas 1865) 

Notoacmea flammea (Quoy & Gaimard 1834) 

Notoacmea corrodenda (May 1920) 

Notoacmea petterdi (Tenison Woods 1876) 

Lepsiella reticulata (Blainville 1832) 
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Table F.1 cont. (5) 

Lepsiella vinosa (Lamarck 1822) 

Dicathais textilosa (Lamarck 1822) 

Litozamia brazieri (Tenison Woods 1875) 

Wcrastraea aurea (Jonas 1844) 

t  Subninena undulata (Solander 1 .786) 

t  Phasianena austral-1.a (Gmelin 1788) 

t  Austrocochlea constricta (Lamarck 1822) 

t  Austrocochlea odontis (Wood 1828) 

t  Phasionotrochus eximus (Perry 1811) 

t  Phasionotrochus irisodontes (Quoy & Gaimard 1834) 

Clanculus limbatus (Quoy & Gaimard 1834) 

Clanculus plebejus (Philippi 1853) 

lifelarapha unifasciata (Goray 1826) 

Cominena lineolata (Lamarck 1809) 

Dentimitrena pulla (Gaskoin 1851) 

Dentimitrena vineta 

Dentimitrena tayloriana 

Dentimitrena semiconvexa (Lamarck 1822) 

Dentimitrenasp.A 

Macroaaafra atkinsoni (Tenison Woods 1875) 

Rissoina elegantula Angas 1880 

Eatoniena melanochroma (Tate 1899) 

Hedleytriphora innotabilis (Hedley 1903) 

Rissoella confusa Ponder & Yoo 1977 

Diala monile (A. Adams 1862) 

Siphonaria diemenensis Quoy & Gaimard 1833 

Hipponyx conicus (Schumacher 1817) 

Patellanax chapmani alba (Tenison Woods 1876) 

Patenanax peronii 

Venerupis fabagena (Deshayes 1853) 

Irus crenatus (Lamarck 1818) 

Lasaea australia (Lamarck 1819) 

Mytilus edulis planulatus (Lamarck 1819) 

Austromytilus rostratus (Dunker 1857) 
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Table F.1 cont. (6) 

Chlamys asperrimus (Lamarck 1819) 

Philobrya sp.A 

Welk egg cases 

Bryozoa 

Emma triangula Hastings 

• Rhabdozoum wilsoni Hincks 

• Cellaria sp.A 

• Electra pilosa (L.) 

• Membranipora sp.A 

• Bryozoa sp.A 

• Bryozoa sp.B 

Echinodermata 

Patiriella vivipara Dartnall 1969 

Patiriella calcar Lamarck 1816 

Asterina scobinata Livingstone 1933 

Petricia vernicina Lamarck 1816 

Nectria ocellata Perrier 1875 

Tosia australis Gray 1840 

Tosia magnifica (Muller & Troschel 1842) 

Paranepanthia grandis H.L. Clark 1928 

Heliocidaris erythrogramma (Valenciennes 1846) 

Amblypneustes ovum (Lamarck 1816) 

Chordata 

t Alabes hoesei 

t  Parvicrepissp.1 	of Hutchins (W.A. Museum) 

t Lissocampus runa 

t  Genus B species 1  -  of Hutchins (W.A. Museum) 

t  Unknown Clingfish 



Table F.1 cont. (6) 

Specimens of all species have been lodged with the Tasmanian 

Herbarium (algae), the Tasmanian Museum and Zoology Department, 

University of Tasmania (invertebrates) or the I.S.R. Munroe 

Ichthyological Collection, CSIRO (fishes). 
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Table F.2. The Occurrence of Algal Species at Each of the Regional Sampling Sites * . 

Division 

Order 

Species 

Site Code 1 2 3 4 5  6 7  8 9 10 11 12 13 

Species 
Code 

Chlorophyta 
Ulvales 

Ulva laetevirens 43 + - - - - 
UZva Zactuca 44 - -  - - - - 
Ulva rigida 45 - + - - + + 
Enteromorpha intestinalis 46 - + - - 

Cladophorales 
Chaetomorpha aerea 47 
Chaetomorpha coliformis 48 
Chaetomorpha sp. 49 
Cladophora rhizodonioidea 50 
Cladophora subsimplex 51 

Codiales 
Codium fragile 52 + - 

Caulerpales 
Caulerpa geminata 53 - + _ _ _ 
Caulerpa brownii 54 - + - - 
CauZerpa simpliciuscula 55 + _ _ _ 
Bryopsis foliosa 56 + - 
Bryopsis minor 57 - + - 

14 



Table F.2 cont. 
Site Code 1 2 3 4 5 6 7 8 9 10 11 12 13  14 

Species 
Code 

Rhodophyta 
Cerami ales 

Laurencia elata 18 + + + - - + - + + _ 
Laurencia tasmanica 19 + - 
Jeannerettia lobata 20 + 
Polysiphonia brodiaei 21 - + - 
Ballia callitricha 22 + + + + + + + 
Wranglia spareopsis 23 + + _ _ 
Ceramium spp. 24 + - - - 

Rhodymeniales 
Champia viridis 25 - + - 

Gelidi ales 
Gelidium australe 26 - - - - + - + + 
Gelidium pusillum 27 - - - - 
Pterocladia capillacea 28 + - + + _ + 
Pterocladia pinnata 29 + - - - - - - 

Cryptonemi ales 
Corallina officinalis 30 + + + - - + + + + 
Corallina putulifera 32 - + - 
Haliptilon roseum 31 + _ + _ _ _ _ 
Encrusting calicified algae of 

unknown species 33 - - - + + + + 

Bangiales 
Bangia spp. 34 + + 



Table F.2 cont. 
Site Code  1  2  3  4  5  6  7  8  9  10 11 12 13 14 

Species 
Code 

Gigartinales 
Plocamium angustatum 	35  -  -  + 
Gigartina muelleriana 	36  +  + + + 
Hypnea episcopalis 	37  -  + + + 
Gracilaria secundata 	38  +  - -  -  - 
Unknown red algae species A  39  + 
Unknown red alga species B  . 40  -  -  - 
Unknown red alga species C  41  -  -  -  + 
Unknown red alga species D  42  -  -  +  -  -  -  - 

Phaeophyta 
Fucales 
Hormosira banksii 1 - + + _ + 
Phyllospora comosa 2 + - + + + 
Cystophora xiphocarpa 3 + + + + _ _ _ + 
Cystophora moniliformis 4 + + + 
Cystophora subfarcinata 5 - - + - + + + + 
Cystophora retroflexa 6 - + - - 
Carpoglossum confluens 7 + + - - - - 
Acrocarpia paniculata 8 + - + - - + - - 
Sargassum vestitum 9 + - - + + _ + 
Sargassum sonderi 10 - - + - - + _ _ _ _ 
Sargassum verruculosum 11 - - + - - 
Sargassum species juvenile 12 - - + - + 
Sargassum decipiens 58 - - + - - 
Durvillaea potatorum 13 + + - + + - - 

Sporochnales 
Perithalia caudata 14 - - + - 



Table F.2 cont. 
Site Code  1  2  3  4  5  6  7  8  9  10 11 12 13 14 

Species 
Code 

Dictyotales 
Zonaria angustata 	15 

Scytosiphonales 
Scytosiphon lomentaria 	16  - - + 
Lessonia corrugata 	17  - 	 - + 

Site Codes: 
 

(1) West Point (2) Mawson Bay (3) Bluff Hill Pt. (4) Cape Sorell  (5) Bathurst Hbr. 
(6) Bramble Cove (7) Spain Bay (8) Verona Sands (9) East Ninepin Pt. (10) West White 
Cliff (11) Blowhole (12) Burn's Bay (13) Skeleton Bay (14) Garden Island Shoal. 



Table F.3. Occurrence of Animal Speciest at the Regional Sampling Sites * . 

Phylum 
Class 

Species 
Site Code  1 2  3  4  5  6  7  8  9  10 11 12 13 14 

Species 
Code 

1. Porifera 
Demospongiae 

Tethya sp.A  11  +  -  +  -  +  - 
Callyspongia clathrata 	12  - +  +  + +  - + + 
Porifera sp.A  13  +  + +  - 

2. Coelenterata 
Hydrozoa 

Sertularia marginata 
	

22 

Zoantharia 
Circophorus nutrix 	23 
Anthozoa sp.A  24 

3. Annelida 
Polychaeta 

Polychaeta spp.  14 

4. Crustacea 
Cirripedia 

Catomerus polymerus 	9  -  -  -  + 
Epopella simplex 	10  - + 

Malacostraca 
Halicarcinus ovatus 	5  +  + 
Paragresis quadridentatus 	6  -  +  -  - 
Petrolurthes elongatus 	7 	 - + 	_ 
Notomithrax ursus 	8  +  - 



Table F.3 cont. 
Site Code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Species 
Code 

Phasionotrochus irisodontes 46 - - + - - 
Clanculus limbatus 47 + 
Clanculus plebejus 48 + 
Melarapha unifasciata 49 + _ _ + 
Cominella lineolata 50 - - + + + - - 
Dentimitrena pulLa 51 - + - - 
Dentimitrella vineta 52 - - - - _ + _ - 
Dentimitrella tayloriana 53 - + _ 
Dentimitrella sp.A 54 - + 

Bivalvia 
Lasaea australis 55 + - - - - - 
Mytilus edulis planulatus 56 - + - - + + + + _ + 
Austromytilus rostratus 57 + 
Chlamys asperrimus 58 - - - + - 

6. Bryozoa 
Gymnolaemata 

Emma triangu/a 15 
Rhabdozoum wilsoni 16 
Ce/laria sp.A 17 - 

Electra pilosa 18 
Membranipora sp.A 19 + 
Bryozoa sp.A 20 
Bryozoa sp.B 21 + + 



Table F.3 Cont. 
Site Code 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Species 
Code 

Amphoroidea elegans 60 + + + + 

5. Mollusca 
Polyplacophora 

Ischnochiton subviridis 25 
Ischnochiton variegatus 
Ischnochiton australis 

26 
27 

+ + - 
r 

Ischnochiton resplendens 28 
Plaxiphora albida 29 
Haploplax mayi 30 

Gastropoda 
Opisthobranchia sp.A 59 + _ 
Tugali cicatricosa 31 - - - 
Fatelloida insignis 32 - + - 
Fatelloida victoriana 33 _ + + _ + + 
Patelloida alticostata 34 + - 
Notoacmea flammea 35 _ + _ _ _ 
Notoacmea corrodenda 36 - - - 
Notoacmea petterdi 37 + _ _ + _I + 
Lepsiena vinosa 38 - - - - + - - - + 
Dicathais textilosa 39 + + + _ _ _ + + 
Litozamia brazieri 40 + + - 
Aficrastraea aurea 41 + - - - + 
Subninella undulata 42 + _ + 
Phasianella australis 43 - - + 
Austrocochlea constricta 44 + + 
Austrocochlea odontis 45 - - + + 



Table F.3 Cont. 
Site Code  1  2  3  4  5  6  7  8  9  10 11 12 13 14 

Species 
Code 

7. Echinodermata 
Stelleroidea 

Patirie//a vivipara 	1  -  -  + 
Patiriella calcar 	2 	+ 	- 	- - + 
Tosia magnifica 	3  - +  -  + 

Paranepanthia grandis 	4  -  -  - + 

8. Chordata 
Pisces 

Unknown clingfish  61  -  - 

tPhylum and class names and the classifications of invertebrate species follows George and George (1979). 

Site Codes: (1) West Point (2) Mawson Bay (3) Bluff Hill Pt. (4) Cape Sorell  (5)Bathurst Hbr. 
(6) Bramble Cove (7) Spain Bay (8) Verona Sands (9) East Ninepin Pt. (10) West White 
Cliff (11) Blowhole (12) Burn's Bay (13) Skeleton Bay (14) Garden Island Shoal. 
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together as do Burns Bay and Garden Island Shoal (north-east 

Tasmania) and Spain Bay and Bathurst Channel (south-west Tasmania). 

However, the largest site group (at the chosen similarity level) 

contains all of the exposed west coast sites and the Blowhole site, 

suggesting environmental rather than geographic control. All of 

these Group D sites, except Bramble Cove, are very exposed. Bramble 

Cove is itself moderately exposed and is influenced by the tannin-

coloured water of Port Davey. This latter influence is known to 

reduce light penetration and so to raise all biotic zones towards the 

surface (Edgar 1984). In doing so, it may mimic the effects of 

exposure. Group C, containing the exposed north east coast sites, 

clusters with Group D, thus reinforcing the conclusion that this 

dendrogram is jointly determined by the effects of exposure and 

geographic location. 

These same data are displayed in Figure F.2, with the stations 

ordinated on the first two principal co-ordinate axes of their 

distance matrix (jointly accounting for 45.6% of the variance). Such 

a figure is often clearer than a dendrogram, since it is two-

dimensional, but it can be misleading if two sites appear adjacent on 

these first two axes but are far apart on some later one. In the 

present case, Figure F.2 shows similar relationships to Figure F.1. 

The four major regions are discrete in this "algal occurrence" 

hyperspace, even where one site of a region lies close to those from 

another region. The first axis approximately follows exposure, while 

the second tends to separate east coast sites from west coast ones. 

Taken together, these analyses show that the algal species 

composition of the Xiphophora sub-zone is influenced by exposure and 

geographic position, with perhaps a local effect of tannins near Port 

Davey. 

In the dendrogram of algal species (Fig. F.3), nine clusters 

were recognized. Few of these can be explained biologically, given 

the poor state of present knowledge of the autecology of these 

species. The Group 1 algae, with the possible exception of 

Chaetomorpha aerea, could be expected to be grazer-resistant because 

of their chemical constituents. Sargassum decipiens is reported to 

prefer moderately sheltered waters (Womersley 1981). Group 2 
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Broken lines surround the sites within a region. 
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DISTANCE 
0 5 	1'0 20 	25 

Chaetomorpha aerea 

1 	Sargassum decipiens 
Sargassum sonderi 

	CoraIlina pilulifera 
Zonaria 
Bangia 
Encrusting algae 
Hypnea 
Gigartina 2 	Cystophora subfarcinata 
Perithalia 
Polysiphonia 
Ceramium 

_Sargassum juvenile sP.  
Unknown B 

3 	Bryopsis foliosa 
Ulva rigida 

-Gelidium pusillum 
Unknown D 

4 	Cladophora subsimplex 
Durvillaea 
Chaetomorpha coliformis 
Ballia 
Gelidium australe 

5 	Ulva lactuca 
Phyllospora 

	Corallina off icinalis  
Caulerpa simplictuscula — 
Bryopsis minor 
Scytosiphon 
Caulerpa geminata 

6 	Caulerpa brownii 
Enteromorpha 

Cladophora rhizodonioides- 
Pterocladia pinnata 
Unknown A 

	Champia 
Wranglia 
Cod ium 
Sargassum vestitum 
Laurencia elata 
Gracilaria 

7 	Ulva laetevirens 
Laurencia tasmanica 
Acrocarpia 
Haliptilon 
Cystophora moniliformis 	 
Cystophora xiphocar pa 	 
Pterocladiacapillacea 
Jeannerettia 	- — 
Unknown C 
Cystophora retroflexa 

8 	Sargassum verruculosum 
Lessonia 
Carpoglossum 

_ Chaetomorpha sp.  

9 	Hormosira 
Plocamium 

Fig. F.3. A dendogram of the recorded algal species classified using 
a SAHN, UPGMA clustering algorithm. The broken line 
represents the arbitrarily chosen distance drawn to 
examine species groupings. Full names of the species 
are given in Table F.1. 
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contains four species epiphytic on Xiphophora (i.e. Bangia sp., 

Hypnea episcopalis, Polysiphonia brodiaei and Ceramium sp.) but this 

is only half the recorded epiflora (Tables F.1, F.2) and less than 

half of the species group. 

Figure F.4 shows these species arranged on the first two 

principal co-ordinate axes of their distance matrix (incorporating 

45.7% of the variance). The same plot is reproduced in Figure F.5 

with contours of distance, from the dendrogram, drawn around the 

species locations. Apart from two highly internally similar and 

externally discrete groups (corresponding to species Group 6 and 8 of 

Figure F.3), these show that the species groups are rather diffuse 

and poorly defined. The first axis appears to be separating species 

Group 6 from the remainder of the algae, while the other species 

groups are more clearly arranged on the second axis [from Group 2 

(positive), through Groups 8,1,5 and 9, to a cluster containing 

Groups 3,4 and 7 (negative)]. These figures suggest little inter-

specific structure within this algal community, with most species 

responding more-or-less independently to the environment. The Groups 

6 and 8 species and some other pairs and trios of species are 

however, closely similar in occurrence to one another. 

When these classifications of algal species and sites are 

combined in nodal analysis (Table F.4), rather more useful 

relationships can be seen. No station group is represented by a 

single species group, and the larger station groups contain at least 

one species from most species groups. The species groups are, 

however, confined to particular stations in some cases. Species 

Group 1, representing some of the possibly grazer-resistant plants, 

was found only at Site Group A, the D'Entrecasteaux Channel, and 

indeed only at Verona Sands (Table F.2) in the mouth of the Huon 

River. Similarly, species Group 6 is exclusive to Bluff Hill 

Point. This explains the distinction of this latter group in Figures 

F.4 and F.5, though only in terms of the analysis and not 

biologically. 

Species Group 2, including the epiphytes, is almost confined to 

the relatively-sheltered waters of the D'Entrecasteaux Channel. 

Species Groups 3 and 4, on the other hand, are largely absent from 



Table F.4 The Constancy and Fidelity of the Algal Species Groups to the Site Groups. 

CONSTANCY 

Species Group 

1 	2 	3 	4 	5 	6 	7 	8 	9 

A 	0.33 	0.67 	0 	0.11 	0.25 	0 	0.06 	0.10 	0 
o_ 

i B 
	0 	0.20 	0 	0 	0 	0 	0.17 	0 	0 

LI C 	0 	0 	0.17 	0 	0.75 	0 	0.04 	0 	0.25 
w 
t D 	0 	0.07 	0.22 	0.33 	0.17 	0.17 	0.36 	0.08 	0.08 
c.) 

E 	0 	0 	0 	0.33 	0 	0 	0 	0.14 	0.50 

FIDELITY 

A 	5 	3.53 	0 	0.73 	1.09 	0 	0.46 	1.67 	0 
0- B 	0 	1.05 	0 	0 	0 	0 	1.31 	0 	0 = 
0 
i: C  0 C.7 	 0 	 2.13 	0 	3.26 	0 	0.31 	0 	1.67 

w D 0 F- 	 0.37 	2.75 	2.20 	0.74 	5 	2.77 	1.33 	0.53 _ 
v) E 	0 	0 	0 	2.20 	0 	0 	0 	2.33 	3.33 
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CO-ORDINATE AXIS I 

Fig. F.5. The same plot as Fig. F.4. of the algal species on the first two principal 
co-ordinate axes with contours of distance (refer to dendrogram Fig. F.3.) drawn 
around the species groups. Bold line indicates the grouping at the distance (20) 
chosen for group interpretation. 
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those areas, preferring exposed shores (Site Groups C & D) or western 

shores (Site Groups D & E) respectively. Thus, the second axis in 

Figures F.4 and F.5 serves to distinguish algae with sheltered, 

eastern preferences from those with exposed or western tendencies. 

Species Group 5 is oddly spread between the D'Entrecasteaux 

Channel and the north-east. Inspection of Table F.2 shows it to be 

composed of two widespread species and one each with complete 

fidelity to Site Groups C and D. Its tabulated constancies (Table 

F.4) are, therefore, rather misleading. 

Group 7 is widespread, but was found particularly at Skeleton 

Bay and the exposed west coast. Group 8 was found in the Channel and 

in both exposed and sheltered western areas. These latter 

relationships may only be summarizing random fluctuations. 

Examined in the reverse direction, the exposed, western shores 

of Site Group D are characterized by Species Groups 3,4 and 7, 

including the Sublittoral Fringe indicator species Durvitlam 

potatorum. Of these, only Species Group 4 contributes markedly to 

the Port Davey-influenced southwestern sites, while the exposed, 

northeastern sites share Species Group 3 and add Groups 5 and 9. The 

latter plus Group 8 are found at the mouth of Port Davey. 

In summary, Species Groups 5,7 and 8 may, collectively, be the 

"normal" algal inhabitants of the Xiphophora sub-zone, to which are 
added: 

On exposed southern and western shores : Groups 3 & 4 

On exposed north eastern shores : Groups 3 & 9 

At the mouth of Port Davey : Groups 4 & 9 

On sheltered, eastern shores : Group 2 

The five "core" species, identified above, fall into Groups 2,4,5 and 

7, so there is no close congruence between these two ways of viewing 

the assemblage. 

The remaining unusual feature is the presence of Species Group 6 

exclusively at Bluff Hill Point. Some of these species, especially 

the Caulerpa species, are usually found at greater depths (Edgar 
1983a), though C. brownii often occurs in intertidal pools (Bennett & 
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Pope 1960). At Bluff Hill Point they formed a dense turf around the 

Xiphophora clumps. These plants probably represent Bennett & Pope's 

(1960) "algal turf" of the lower mid-littoral zone, into which 

Xiphophora and other species are raised by the extreme wave action at 

this most exposed of sites, coupled to the effects of the near-

vertical rock substrate on which they were collected. 

The analyses of faunal data were much less explicable. The 

dendrogram of sites (Fig. F.6) shows few interpretable clusters. 

Site Group D is the Port Davey tannin-influenced sites and Group E 

contains only exposed sites, but the remainder of the Groups are of 

mixed site characteristics. Ordination of these sites (Fig. F.7) 

shows that the regions are largely non-overlapping in the space 

defined by the first two principal co-ordinate axes (43.9% of the 

variance), but each region occupies a very elongated area, suggesting 

variable faunal composition. The second axis is clearly negatively 

related to wave exposure, but the first is less interpretable. It 

may be negatively related to faunal diversity (sites 9, 12 and 13 

being rather depauperate: Table F.3), or sites with negative scores 

may be bedrock sites, in contrast to the boulder substrates at the 

postively-scoring sites (Table 3.1). 

The dendrogram of animal species (Figure F.8) is rather more 

clearly divided into clusters, though they are not biologically 

interpretable in the absence of ecological information on most 

species. Ordinating these species on the first two principal co-

ordinate axes (which explain 52.5% of the variance: Fig. F.9) does 

show a series of discrete groups, generally following the clusters 

but displaying some more complex relationships. However, once again 

there is no clear biological explanation. 

The nodal analysis (Table F.5) is much more useful. Two species 

groups, 3 and 5, are more-or-less ubiquitous. Indeed, these contain 

five of the six "core" animal species of the Xiphophora sub-zone. 

However, both groups are very diffuse (Fig. F.9), and the species 

within them probably have little in common beyond their broad 

distributions. 

The remaining species groups are highly specialized in their 

site choices. Species Group 1 (a mix of limpets, chitons, an 
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Fig. F.7. A plot of the study sites on the first two principal co-ordinate axes based 
on a distance matrix derived from a similarity matrix (Dice Index) based on 
animal occurrence. 1: West Pt., 2: Mawson Bay, 3: Bluff Hill Pt., 4: Cape 
Sorell, 5: Bathurst Hbr., 6: Bramble Co., 7: Spain Bay, 8: Verona Sands, 
9: Ninepin Pt., 10: White Cliff, 11: Tasman Pen., 12: Burns Bay, 13: Skeleton 
Bay, 14: The Gardens. Broken lines surround the sites within a region. 
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Austromytilus 
Opisthobranchia sp.A 
I schnochiton resplendens 
Patelloida insignis 

1 	Lasaea 
Polychaeta spp. 
Plamphora 
Patiriella calcar 
Notoacmea petterdi  

-Catomerus 
Patelloida alticostata 

2 	Patiriella vivipara 
Melarapha 

	Halicarcinus 
Callyspongia- 	— 

3 	Patelloida victoriana _ 
- Electra 

4 	 Notoacmea corrodenda _ 
Dicathais 
Amphoroidea 

5 	Porifera sp.A 
Mytilus_  
Epopella 

6 	Canaria 
Paragrapsis 
Circophorus  
titozamia 7  _ Dentimitrella pulla 
Tethya 
Subninella 
Anthozoa sp.A 

8 	Haploplax 
Paranepanthia 
Petrolisthes 
Notomithrax 

	 _ Jschnochiton variegatus 
Rhabdozoum 
Sertularia 
Bryozoa sp.I3 
Emma 
Ischnochiton australis 
Cominella 
Austrocochlea odont is 
Dentimitrella sp. A 
Chlamys 

9 	Membranipora sp. A 
Dentimitrella vineta 
Dentimitrella tayloriana 
Clanculus limbatus 
Clanculus plebejus 
Phasianella 
Phasianotrochus irisodontes 
Br yozoa sp.A 
Ischnochiton subviridis 
Micrastraea 

_Tosia 
Notoac-in-ei flammea 

10 	Lepsiella 
Austrocochlea constricta 

	Tugalia 
11 	Pisces sp.A 

Fig. F.8. A dendrogram of the recorded animal species classified 
using a SAHN, UPGMA clustering algorithm. The 
broken line represents the arbitrarily chosen 
distances at which to examine the species groupings. 
Refer to Table F.1 for full names. 
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Fig. F.9. A plot of the animal species (refer to Table 
F.3 to relate numbers to names) positioned on the first two 
principal co-ordinate axes. Arrows indicate 
1 or 2 overlapping values, open circles indicate many 
such values and the species in question are listed 
adjacent to the circles. 



Table F.5. 

CONSTANCY 

1 

The Constancy and Fidelity of the Faunal  Species Groups 
to the Site Cluster Groupings. 

Species Group 

2  3  4  5  6 7 8 9 10 11 

0_  A 0 0.05 0.88 0.13 0.19 0 0.25 0.03 0.05 0.19 0 
a B 0 0 0.50 0 0.25 0 0 0 0 0 1.00 
ccg  C 0 0 0.25 0 0.13 0.13 0 0.13 0.60 0 0 
1.1../ 	D 0 0 0 0 0.38 0.63 0 0 0.03 0.38 0 
1-  

E - 0.36 0.33 0.17 0.33 0.83 0.08 0 0 0.03 0 0 
`4  F 0 0.10 0.25 0 0.63 0 0.25 0.56 0.08 0.13 0 

FIDELITY 

1 2 3 4 5 6 7 8 9 10 11 

0. A 0 0.63 2.59 1.69 0.47 0 3.13 0.25 0.38 1.62 0 
2. B 0 0 1.47 0 0.63 0 0 0 0 0 5.89 
c6 C 0 0 0.74 0 0.33 0.93 0 1.0 4.62 0 0 
w D 0 0 0 0 0.95 4.5 0 0 0.23 3.25 0 
t E 6 4.13 0.50 4.29 2.08 0.57 0 0 0.23 0 0 
14  F 0 1.25 0.74 0 1.58 0 3.13 4.31 0.62 1.11 0 
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opisthobranch gastropod, bivalves, a starfish and a polychaete worm) 

was found exculsively at Site Group E (a trio of exposed, bedrock 

sites) and almost exclusively at Mawson Bay and the Blowhole. Of the 

species in this group, Notoacmea petterdi, in New South Wales, 

settles only on vertical rock cuts in the upper intertidal (Ponder & 

Creese 1980). 

Species Group 4 (another limpet and a bryozoan) also occurred 

primarily at Site Group E, but Table F.3 shows it to have been found 

exclusively at the exposed sites in north east Tasmania. Species 

Group 2 (a limpet, another gastropod, a bivalve, a barnacle, a crab 

and a starfish) also showed considerable preference for Site Group E, 

and within that group exclusively for the Blowhole. The starfish, 

Patiriella vivipara, is a Tasmanian endemic and within the State is 

known only from this extreme south-east area (Dartnall 1980). 

Therefore, species Groups 1,2 and 4 are the typical animals of the 

Xiphophora sub-zone on exposed shores, with Groups 1 and 2 being the 

species of southern and western areas, while Group 4 is those of 

shores influenced by the East Australian Current (e. Harris et al. 

in prep.). 

Species Group 7 (two gastropods) was found only at West Point 

and Bluff Hill Point, the two very exposed north west Tasmanian 

sites. It might therefore be expected to be associated with Species 

Groups 1 and 2, though this is not clear in the clusters. More 

interestingly, it is not clear in the ordination either, suggesting 

that these two headlands are ecologically less extreme, for animals, 

than the Mawson Bay site. 

Species Groups 6 and 10 were found primarily at Site Group D, 

the tannin-influenced Port Davey area sites. Group 10 (a limpet and 

three other gastropods) was characteristic of the very sheltered, and 

very tannin-influenced, Bathurst Channel site, though some of its 

members were also found at the possibly somewhat brackish water-

influenced sites of Verona Sands and Burns Bay. Group 6 (a barnacle, 

a bryozoan, a crab and an epiphytic anemone) however, was found only 

at the Bramble Cove site (except for the anemone, Circophorus, which 

is widespread). These species groups are, therefore, the 

southwestern or perhaps tannin- or brackish water-tolerant species. 
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Species Group 8 (a sponge, a gastropod, an anemone, two chitons, 

a starfish and two crabs) was found largely at Site Group F, and 

within this almost exclusively at Verona Sands (the link between this 

site and West Point being here shown to rely on two relatively 

widespread sponges, Tethya and Porifera species A, and Subninella 

undulata, a gastropod which seems rather out of place at West 

Point). This species group probably represents the species of areas 

with boulder substrates, limited wave action and some brackish water 

influence. The starfish, Paranepanthia grandis, is known from 

mainland Australia, but in Tasmania it has only been found in the 

D'Entrecasteaux Channel and surrounding areas (Dartnall 1980). 

Species Group 9, the largest, had a strong preference for Site 

Group C (Spain Bay and Whitecliff). Indeed, every species in the 

group occurred at Whitecliff and more than half occurred nowhere 

else. This species group includes 5 of the 7 bryozoans found plus 

the only hydroid, suggesting that the D'Entrecasteaux Channel (and, 

to a lesser extent, Spain Bay) are desirable areas for small colonial 

filter feeders, perhaps utilizing floculent material from the Huon 

and Davey Rivers. These six species represent two thirds of the 

known epifauna of Xiphophorz, suggesting that Whitecliff plants, in 

particular, may be influenced by epiphytic growths. The other 

species are two chitons, ten gastropods, a starfish and a bivalve 

(the last a stray from the rich scallop beds of the Channel). Thus, 

Whitecliff is also a notably diverse area for gastropods, perhaps 

because of its shelter or perhaps because they graze on the 

epiphytes. 

The species group is shared with the generally similar site at 

Spain Bay (4 species), Ninepin Point and Verona Sands (3 species), 

Burns Bay and Bathurst Channel (1 species each) and, more 

surprisingly, the Blowhole, Bluff Hill Point, West Point and the 

Gardens (3 species: Emma trianguta, Micrastraea aurea, Tosia 

magnifica). Only two species which occur at Whitecliff are not in 

this species group, showing that the UPGMA, SAHN cluster has been 

driven by the large number of close similarities in this unit. 

Species Group 11, the sole fish in the analyses, was found only 

at Cape Sorell. The other species at that site were all rather 
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widespread and it is the presence of this fish which separates Cape 

Sore]] from the other exposed west coast sites in Figure F.6. [Other 

species of clingfish were found in the large survey grids in the 

D'Entrecasteaux Channel (Table F.1), but they were too rare to be 

expected in the smaller grids used for the regional sampling.] 

This interpretation of the nodal analysis also allows some 

explanation of the failure of the classification analysis of sites 

using animal data. A combination of some common and widespread 

species with other rare or patchy ones, possibly exacerbated by the 

use of binary data, caused some disparate sites to cluster together 

(e.g. West Point and Verona Sands; Bluff Hill Point with Group A) and 

separated Cape Sorell from the other exposed West Coast sites. 

However, the marked distinctions of some sites from their nearest 

neighbours (e.g. the three D'Entrecasteaux Channel sites from one 

another; Bathurst Channel from Bramble Cove), itself a result of the 

close, discrete clusters of animal species (relative to the plants), 

will also have disrupted any organized pattern in Figure F.6. 

GENERAL DISCUSSION AND CONCLUSIONS 

This work has identified a number of algal and animal species 

that are characteristic of the Xiphophora sub-zone in various areas 

around Tasmania. These lists are the only description of the 

assemblage within which Xiphophora lives, as distinct from the wider 

Sublittoral Fringe Zone, yet available. This study has also examined 

the patterns of variation within the assemblage and suggested some 

factors which may control that variation. The plant species 

composition appears to vary largely by steady change, while the 

animals may live in more clearly-defined groups. Both are strongly 

influenced by wave exposure and to a lesser extent by freshwater run-

off (in the form of the tannin-stained waters of Port Davey and the 

less-stained but perhaps brackish waters from the Huon River). Both 

types of organisms show some differences in community composition 

between equally-exposed shores in north-eastern Tasmania and in other 

areas. The former are influenced by eddies of East Australian 

Current water, which rarely extend south as far as the Blowhole 
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(Harris et at. in prep.). Whether this current affects the shore 

organisms through temperature, nutrients or the supply of propagules 

is unknown, but it is almost certainly the cause of the distinction 

of the assemblage in the north east. 

One of the most prominent results of these analysis is the 

relative ecological peculiarity of the Xiphophora sub-zone at the 

D'Entrecasteaux Channel sites. This is presumably partly a result of 

shelter and the influence of Huon River water. It may also relate to 

the absence there of Durvillaea and other competitive dominants of 

the Sublittoral Fringe zone, which permits Xiphophora to expand into 

a major belt from the extreme low tide line down to one or two metres 

depth below Lowest Astronomic Tide, and hence to enter the depth 

ranges of other species. Equally; Xiphophora does not grow above low 

tide mark in this region, which will again tend to alter the species 

occurring with it. However, none of these reasons seem sufficient to 

fully account for the marked difference in species composition, 

particularly of animals, of the channel sites. 

Part of the uniqueness of these D'Entrecasteaux Channel sites 

involves the prominent occurrence there of an epifauna on Xiphophora 

and, to a less marked extent, of an epiflora. D'Antonio (1985) has 

shown that macroalgal epiphytes are a significant food source for 

foraging herbivores. The algal epiphytes, which were often 

concentrated at the base of the plants or in spent conceptacles (cf. 

Russell & Veltkamp 1984), may therefore attract and support the 

gastropods and other unique animal species found in this region. The 

reason for the predominance of epiphytes nevertheless remains 

obscure. Epifloral macroalgae, as a group, are widespread, but they 

tend to be most common in the upper Sublittoral zone on exposed 

shores (Womersley 1981), in marked contrast to the pattern reported 

here. 

In terms of the lists of species found living with Xiphophora, 

this study has shown the sub-zone to have high species richness, in 

contrast to the conclusions of earlier workers concerning the 

Sublittoral Fringe zone as a whole. Much of this increased richness 

stems from the presence in the Xiphophora-sub-zone of species which 

Bennett and Pope (1960) and Edgar (1984) allocated to the floras and 
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faunas of other zones (Table F.6). Most of these are supposed 

Eulittoral species whose ranges are now seen to extend into at least 

the upper margin of the Sublittoral Fringe. Many fewer known 

sublittoral species extend up through the fringe zone to be found 

with Xiphophora, though whether this relates to the latter's position 

at the top of the fringe, or simply to the less detailed present 

knowledge of the Sublittoral zone community, is unclear. It is 

notable that Edgar (1984) placed four species lower on the shore than 

did Bennett and Pope (1960), suggesting that the perspective of the 

researcher has influenced these classifications. Certainly, the 

present work has shown that, on Tasmanian shores, the Lower 

Eulittoral and Sublittoral Fringe zones, as defined by their biota, 

grade into one another. 

More importantly for present purposes, these analyses have 

yielded principal co-ordinate axes on which the sites are arranged in 

terms of their algal and faunal species compositions. These 

ordinations were efficient reducers of the dimensionality of the 

data, compressing 45.6% of the algal and 43.9% of the faunal 

variation between sites onto two axes each. These axes do not all 

have simple biological explanations (though the first plant and 

second animal axes probably relate to exposure), but they can serve 

as efficient summaries of community composition for the multivariate 

analyses of Chapter 3. 



Table F.6. 'Species Recorded In The Xiphophora Sub-zone Compared To Their Published Zonal Affiliations. 

Author  Bennett & Pope (1960) 

Zone 

Upper Mid-littoral  Barnacle-Limpet-Mussel - Zone 

Melarapha unifasciata 

Patelloida Latistrigata 

LepsielZa vinoea 

Notoacmea petterdi 

Lower Mid-Littoral 
 

Animal Species 

Patelloida aZticostata 

Electra pilosa 

Austrocochlea odontis 

Dicathais textiloaa 

CominelZa lineolata 

subninella undulata 

Micrastraea aurea 

CZancuZus plebejus 

Ischnochiton subviridis 

MytiZus edulis 

Halicarcinus ovatus 

Patiriella caZcar 

Tosia australis  

Algal Species 

Ulva lactuca 

Hormosira banksii 

Celidium pusillum 

Coralline Algal Zone 

Coral/ina officinalis 

Haptilon roseum 

Chaetomorpha coliformis 

Pterocladia capillacea 

Laurencia elata 

Ulva Zactuca 

Plocamium angustatum 

Inpools 

Sargassum vestitum 

Caulerpa brownii 

Codium fragile 

Cystophora xiphocarpa 

C. subfarcinata 

Edgar (1984) 

Zone 

Eulittoral 
 

Animal Species 
 

Algal Species 

Notoacmea mayi 
	

Cigartina ancistrocladia 

Catomerus polymerus 	Lithophyllum hypereZlum 

Cominella lineolatus 

Lepsiella vinosa 

Patelloida Zatistrigata 

Littorina praetermissa 

Siphonaria tasmanica 

S. diemenensis 

Cellana solida 

Patellanax peroni 

Sypharochiton peZliserpentis 

prachidontes rostratus 

Chamaesipho columna 

Cyclograpsus granulosus 



Table F.6. cont. 

Infralittoral Fringe Animal Species 

Patelloida victoriana 

Giant Fucoid Zone 

Durvillaea potatorum 

Lessonia corrugata 

Phyllospora comosa 

Cystophora sp. 

Lithothamnion sp. 

Xiphophora gladiata 

Sublittoral 

Fringe or in 

Rock Pools ' 

Animal Species 

Ischnochiton subviridis 

Paragrapsis quadridentatus 

Patelloida victoriana 

* Naxia aurita 

Patirielta axigua 

Poneroplax costata 

Actinia tenebrosa 

Algal Species 

Durvillaea potatorum 

Cystophora xiphocarpa 

Caulercia brownii 

Xiphophora gladiata 

     

      

Sublittoral 

(more than 

5 m depth) 

Austrofromia polypora 

Petricia vernicina 

Nectria ocellata 

Haliotis ruber 

Jas us novaehollandiae 

Plagusia chabrus 

Dicathais baileyana 

Algal Species 

Phyllospora comosa 

CauZerpa brownii 

Carpoglassum con fluens 

Lessonia ,aorrugata 

Cystophora platylobium 

Ecklonia riadiata 

Macrocystis pyrifera 

Melanthalia obtusata 

Thamnoclonium clariferum 

* May be Notomithrax urus (Herbit) which, until recently, was identified as Naxia aurita at the Tasmanian Museum. 



417 

APPENDIX G 

LISTING OF MORPHOLOGICAL DATA  

All of the morphological data on Xiphophora collected during the 

course of this study are listed on the microfiche bound with this 

thesis. They are also available on computer tape from the author. 

This Appendix comprises an explanation of the formats of the 

microfiche and computer file and definitions of the codes used for 

the descriptor variables. Definitions and explanations of the 

morphological characters themselves are given in Appendix D. 

Full details of the sample selection and field collection 

procedures, for most of the plants, are given in Chapters 2,3 and 

8. Additional field collections (listed in the microfiche but not 

used in the final analyses) were made in the D'Entrecasteaux 

Channel. These involved sampling at 500m intervals between White 

Cliff and Ninepin Point and slightly to the east of •White Cliff. At 

each of these four points, two 0.5 m grids were worked using the same 

methods as described in Chapter 3. 

On the microfiche, the data occupy 88 "pages". Because the data 

on a single plant occupy more columns than can fit onto one page, 

they extend onto the adjacent page in the next column of pages. 

Thus, data on the first plant is spread from page Al to page A2 and 

for the last plant from page D7 to page DB. Data on plants collected 

from the D'Entrecasteaux Channel, Tasmania, are written onto the 

first four columns of pages (pages Al to 01, A2 to 02, A3 to J3 and 

A4 to J4). The next two columns of pages contain the data from X. 

gladiata collected from other parts of Tasmania (pages A5 to 05 and 

A6 to 06). Pages A7 to D7 and A8 to DB include the data from 

Australian X. chondrophylla and all New Zealand Xiphophora. 

For each plant, the data are listed in the following formats and 

units: 
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Pagel  

1. Plant Number (F4.0) 1  Sequential identification number. The 

first digit codes for the major sub-set of the data: 

8 and 9:  D'Entrecasteaux Channel 

 

7:  Other Tasmanian X. gladiata 

 

5:  Australian X. chondrophylla and all 

New Zealand plants 

2. Site Code (F2.0) 

Tasmania:  01  White Cliff, D'Entrecasteaux Channel 

02  Ninepin Point, D'Entrecasteaux Channel 

03  East White Cliff grid A 

04  East White Cliff grid B 

05  West White Cliff grid A 

06  West White Cliff grid B 

07  500 m west of White Cliff grid A 

08  500 m west of White Cliff grid B 

09  1000 m west of White Cliff grid A 

10  1000 m west of White Cliff grid B 

11  1500 m west of White Cliff grid A 

12  1500 m west of White Cliff grid B 

13  East Ninepin Pt. grid A 

14  East Ninepin Pt. grid B 

15  Garden Island Shoal, St. Helens 

16  Skeleton Bay, St. Helens 

17  Burn's Bay, St. Helens 

18  Blowhole, Tasman Peninsula 

19  Verona Sands, D'Entrecasteaux Channel 

1 FORTRAN designation of data format 
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20  Bathurst Channel, Port Davey 

21  Bramble Cove, Port Davey 

22  Spain Bay, Port Davey 

23  Cape Sorell 

24  Bluff Hill Point, North-west 

25  North Mawson Bay, North-west 

26  West Point, North-west 

98  Lodder's Pt., Penguin 

Victoria 
 

96  Phillip Island 

97  Point Lonsdale 

99  Flinders Jetty 

New Zealand 
 

60  Tautuku Peninsula 

61  Eastbourne 

62  Three Kings Island 

63  Antipodes Islands 

64  Whanarua Bay, Bay of Plenty 

65  Leigh 

66  Bay of Islands 

70  Doubtless Bay, Northland 

71  Aphipara Bay, Northland 

72  Tory Channel, Marlborough Sounds 

73  Fighting Bay, Marlborough Sounds 

74  Whangarei Heads, Northland 

75  Curio Bay, Southland 

76  Otago, South Island 

77  Stewart Island 

78  Moa Pt., Wellington 

79  Fiordland 

80  Banks Peninsula 

81  Island Bay, Wellington 

82  Lyalls Bay, Wellington 

83  The Snare's 

84  Chatham Islands 

85  Auckland Islands 

86  Campbell Islands 

87  Poor Knights Island 
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88  Tairua, North Island 

89  Lady Alice Island 

90  Te Awaite 

91  Tautuku Peninsula, S.E. Otago 

92  Goat Island Bay, North Island 

93  Houghton Bay, Wellington 

94  Wellington Coast 

95  Auckland Islands 

3. Date (F6.0) Date of collection as day day month month year 

year. Missing Value: 000000: Not recorded. 

4. Grid Number (F1.0) For those sites where more than one 

sample was collected or more than one grid was worked, 

discrete numeric codes are given for each such sample or 

grid. The particular codes used have no signficance beyond 

distinguishing these intra-site groups, except at White 

Cliff and Ninepin Point. There the grids were arranged 

along the shore in the sequences 1,2,4,3 and 6,7,8,9 

respectively. Missing Value: 0: Site not sampled by 

multiple grids. 

5. Clump Number or Position (F9.0) For most sites that were 

sampled by clumps, this field contains a within-grid 

sequential clump number. For plants from the large grids 

worked in the D'Entrecasteaux Channel, it contains the co-

ordinates of the clump centres expressed on X, Y and Z axes 

(in millimetres). For plants from the Auckland Islands 

(Site 95), it is used to distinguish five sub-sites. - 

Finally, for the herbarium material (sites 60 to 66 and 70 

to 90 inclusive) this field contains the herbarium sheet 

number (see Table 8.3). Missing Value: 000000000: Site not 

sampled by clumps. 

6. Plant Length (F4.0) (mm) 
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7.  Plant Width (F2.0) (mm) 

8-12.  Receptacle Length (5F4.0) Five records from each plant (mm) 

13-17.  Receptacle Width (5F2.0,1X) Five records from each plant 

(mm) 

18. Maximum Length of a Proliferation (F3.0) (mm) 

19. Holdfast Width (F2.0) (mm) 

20. Stipe Width (F2.0) (mm) 

21. Distance to the Oldest Dichotomy (F3.0) (mm) 

22. Distance to the Oldest Dichotomy on a Proliferation on the 

Upper Half of the Plant (F2.0) (mm) 

23. Inter-dichotomy Distance on a Proliferation on the Upper 

Half of the Plant (F2.0) (mm) 

24. Distance to the Oldest Dichotomy on a Proliferation on the 

Lower Half of the Plant (F2.0) (mm) 

25. Inter-dichotomy Distance on a Proliferation on the Lower 

Half of the Plant (F2.0) (mm) 

26-30.  Conceptacle Length (5F2.1,1X) Five records from each plant 

(0.0 mm) 

31-35.  Conceptacle Width (5F2.1,1X) Five records from each plant 

(0.0 mm) 



422 

Page 2  

36. Plant Number (F4.0) Repetition of data item 1. 

37. Number of Pale Conceptacles (F2.0) Missing Value: 999: 

Plant not reproductive; Not recorded 

38. Number. of Female Conceptacles (F2.0) Missing Value: 999: 

Plant not reproductive; Not recorded 

39. Number of Lower Dichotomies (F4.0) 

40. Number of Upper Dichotomies (F4.0) 

41. Number of Proliferations in Upper Plant (F4.0) 

42. Number of Proliferations in Lower Plant (F4.0) 

43. Number of Dichotomies in Upper Half of a Proliferation 

(F3.0) Missing Value: 999: No proliferations; Not recorded 

44. Number of Dichotomies in Lower half of a Proliferation 

(F3.0) Missing Value: 999: No proliferations; Not recorded 

45. Angle of the Oldest Dichotomy (F3.1) (0.0°) 

46-50.  Angle of the Youngest Dichotomy (5F3.1,1X) Five records 

from each plant (0.0 ° ) 

51. Number of Reproductive Tips (F4.0) 

52. Number of Vegetative Tips (F4.0) 

53. Number of Conceptacles (F3.0) Missing Value: 999: Plant not 

reproductive'; Not recorded 
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54. 	Branching Order (F2.0) Except as noted above (Items 37, 38, 

43, 44 and 53), all missing values are coded as zero or left 

blank. These indicate either that the structure referred to 

did not occur on the plant or that the character was not 

measured. 

In the computer file and on magnetic tape, the data are in an 

almost identical format to that shown on the microfiche. However, 

the data for each plant are arranged on two consecutive lines rather 

than spread over two adjacent pages. Thus, data items 1 to 35 

alternate with items 36 to 54. There are no gaps between the 9000, 

8000, 7000 and 5000 series plants. These data can be read with a 

FORTRAN format statement as: 

(F4.0, lx, F2.0, lx, F6.0, lx, F1.0, lx, F9.0, F4.0, lx, F2.0, 5F4.0, 

lx, 5(F2.0, lx), F3.0, lx, 2(F2.0, lx), F3.0, lx, 4(F2.0, lx), 

10(F2.1, lx), /, F4.0, lx, 2(F2.0, lx), F4.0, lx, 3F4.0, 2(F3.0, lx), 
6(F3.1, lx), 2(F4.0, lx), F3.0, lx, F2.0) 


