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ABSTRACT 

The systematics of the Desmidiaceae is based upon comparative 

iconography of cell morphology (alpha taxonomy) with current nomen

clature dating from 1848 with the publication of "The British 

Desmidiaceae" by J. Ralfs. The widespread distribution of many 

desmids, the diversity of form and the subjective element involved 

in type specimens being recorded as iconotypes has produced a 

cumbersome and often ambiguous alpha taxonomy. 

In recent years there has been a trend towards a more natural 

and biologically meaningful taxonomy (omega taxonomy) in higher 

plants and animals as well as some algae. This, plus the problems 

associated with desmid alpha taxonomy, instigated this investiga

tion of veg~tative and sexual morphology, genetic compatibility, 

. and nuclear cytology in certain desmids. Most of these studies 

involved the use of unialgal cultures under controlled environ

mental condit~ons. In particular two Micrasterias species, 

M. thomasicma and M. mahabuZeshwa:t'ensis arid related taxa were 

chosen for their cosmopolitan distributions. This permitted com

parisons of the genetic compatibility underlying morphological 

· uniformity,- or continua, on a- global ha-s i-s as well as in the -inore -

localized situation. 

A study of wild and cultured cell morphology of these 

Micrasterias species groups was followed by an investigation of 

the processes and morphological aspects of sexual reproduction. 

Sexual compatibility at both the intra-locality (within-population) 

level and the_ inter-locality (between-populations) level was tested 

by a series of crosses, zygospore production being taken as the 

criterion of sexual compatibility. Genetic compatibility to the 

extent of viability and fertility of the products of zygospore 

germination (GPi) was also examined. In a limited number of cases 

potential' gene flow between strains, which is the ultimate criterion 

of the "biological species", was investigated by backcrosses of 

zygospore products to parental strains. In addition, studies of 



meiosis and chromosome complements in germination vesicles were 

undertaken to determine whether a cytogenetic basis existed for 

taxonomic delimitation. 

Similar studies were made on a number of Pleurotaenium strains 

spanning several alpha taxa. However, mitosis in vegetative cells 

and not meiosis was investigated for selected strains. 

Finally a cursory examination of some desmids from tropical 

Northern Australia was made to investigate diversity and sexual 

reproduction in the special ecological conditions of this region. 

These investigations revealed a genetic complexity within 

.alpha taxonomic species, far exceeding morphological plasticity. 

Complex patterns of sexual and genetic compatibility within a 

single locality contrasted with compatibility between strains from 

the United Kingdom and Australia, and North America and Australia. 

At the cytological level genetic compatibility was often associated 

with widely differ~ng chromosome complements, even within a single 

strain. 

The results are discussed with respect to possible dispersal· 

and evolutionary patterns in desmids. It is concluded that at 
.. 

this stage· alpha taxonomy must be retained for the desmids but 

that a more realistic approach to desmid systematics ought to be 

possible when aided by a knowledge of the genetic variability and 

compatibility. 



1. INTRODUCTION 

Taxonomy is the science of classification. It originated as a 

need to recognise objects and, as such, early taxonomy consisted of 

description, identification and classification of types of organisms 

into taxa, a taxon being a taxonomic category of any rank. The 

school of philosophy known as essentialism with its beliefs in the 

"essence" or "type" supposedly inherent in organisms, influenced 

taxonomy from the time of Aristotle and Plato (Plato's eidos). In 

more recent times the main exponent of this typological taxonomy was 

Linnaeus with his beliefs on the reality, objectivity and constancy 

of taxa. In his "Species Plantarum" (Linne, 1753) the founda

tion stone was laid for a binomial nomenclature, which provided an 

eminently usable system of classification based upon an exact 

descriptive terminology. This constituted the starting point for 

modern nomenclature (e. g. The International Code of Botanical 

Nomenclature, revised Leningrad, 1975; published 1978) in which the 

species is the taxon representing distinction between 'types'. 

Practically this implies a morphological concept of species, the 

degree of morphological differences being the criterion of species 

status. Formae and varieties of species are ascribed to differ-

ences less distinct than species differences and genera to species 

groups. 

However, with Darwin's theories on natural selection and evolu

tion published in "The Origin of the Species" (Darwin, 1875) there 

came changes in taxonomic thought as biologists began to recognise 

variation in nature and natural groupings of organisms. The aims 

of modern taxonomy were summarized by Davis and Heywood (1963) as : 

1) to provide a convenient method of identification and 

communication 

2) to provide a classification which as far as possible 

1. 



expresses the natural relationships of organisms 

3) to detect evolution at work discovering its processes 

and interpreting its results. 

While the typological or morphological approach to taxonomy might 

satisfy the first of these aims, its artificial basis did little to 

satisfy the other two aims. 

2. 

Turrill (1938) suggested the gradation from "alpha" to "omega" 

taxonomy in the search for a more natural classification.- Alpha 

taxonomy is equivalent to the purely morphological or typological 

taxonomy, while Turrill (1938) expressed the ideal of omega taxonomy 

in which : 

"a place- is found for all observational and experimental data 

relating, even if indirectly, to the constitution, subdivi

sion, origin and behaviour of species and other taxonomic 

groups". 

The progression towards this ideal may be expressed as four phases 

(Davis and Heywood, 1963) : 

1) Pioneer or exploratory phase, concerned primarily with 

identification and knowledge derived from restricted 

material (e.g. herbarium and fixed samples) and con

sisting of morphological data with limited information 

on occurrence and distribution. 

2) Consolidation phase in which increase in knowledge leads 

to the elimination of many arbitrary judgements of the 

primary phase, and hence a reduction of many names to 

synonymy. 

3) Biosystematic phase follows acquisition of cytological 

and biosystematic information with the emphasis on 

mic roevo lu ti on. 

4) Encyclopaedic phase coordinates all the previous three 

phases. 

The pioneer or exploratory phase corresponds to Turrill's (1938) 

alpha taxonomy while the encyclopaedic phase is equivalent to the 

ideal of an omega taxop.omy. 

In this progression towards a natural classification the con-



cept of the species was subject to great controversy. As the basic 

(ground) taxon in alpha taxonomy it was well entrenched in biologi-

cal nomenclature. However, the criterion of morphological distinc-

3. 

tion upon which it was based often did not reflect natural groups of 

organisms. The culmination of the species problem was the proposal 

by Mayr (1940) of' the "biological species" concept, biological 

species being defined as : 

"groups of actually or potentially interbreeding natural 

populations which are reproductively isolated from other 

such groups". 

The emphasis was on the common gene pool of the species, and hence 

its position as the basic evolutionary unit. 

For sympatric and synchronous populations the criteria of inter

breeding within a species and reproductive isolation between species 

could be assessed objectively. This restricted view of biological 

species is called the non-dimensional biological species concept 

(Mayr, 1957a). Without the limitations of space and time, for 

example, allopatric populations at different times, the biological 

species concept immediately lost objectivity, but gained considerably 

in applicability (multi-dimensional biological species concept; Mayr, 

1957a). While interbreeding and reproductive isolation could not be 

demonstrated in nature in this multi-dimensional situation, Mayr 

(1940, 1942, 1957b) considered that potentially common.gene pools 

(i.e. potentia:! interbreeding) could be inferred by consideration of 

as many criteria as possible (cf. Turrill's (1938) omega taxonomy) 

including demonstration of interbreeding in the artificially 

sympatric, laboratory situation. Although purist.supporters of the 

objective non-dimensional biological species concept disputed the 

inference method for delimiting biological species (e.g. Heslop

Harrison, 1963), in general the multi-dimensional biological species 

concept gained wide acceptance in biology. 

This acceptance of the biological species concept even extended 

to the lower;phyletic plant and aniffial groups where sexual reproduc

tion may be rare or non-existent. In the absence of sexuality the 

essence of the concept, discontinuity due to reproductive isolation, 

cannot be applied. But Mayr (1957b) ·suggested that genetic simila

rity, .at least, could be inferred by consideration of many criteria 



over and above the morphological criteria which form the basis of 

traditional alpha taxonomy. Other authors (e.g. Lave, 1964) were 

confident of the applicability of the biological species concept. 

Lave (1964) commented : 

"The biological species concept is the only such definition 

that is universal and equally applicable to all biota, be 

they humans, fishes or birds, mosses or angiosperms, or 

even bacteria, and by proper inference from characters 

other than reproduction even for taxa, the sexuality of 

which has been replaced by apomixis". 

However, both Mayr and Love were higher plant and animal tax

onomists and therefore tended to oVerlook the immense problems 

facing taxonomists of the lower phyletic groups. The usual small 

size and morphological plasticity of the organisms, lack of know

ledge of their ecology and life histories and the pre-Darwinian view 

of taxonomists that any morphological variant was a distinct taxon 

produced a burdensome systematics. The search for a more natural 

classification is, however, greatly confused where apomixis and 

vegetative cloning are common modes of reproduction. In these 

cases the unit of variation is the clone, or homozygous pure line. 

This unit possesses all the properties of a biological species, but 

obviously if these were made (omega) taxonomic species all practical 

use of taxonomy would be buried under. an even more cumbersome nomen

clature than already exists. 

Where sexual reproduction does habitually or occasionally occur 

demonstration of biological species consisting of groups of poten

tially or actually interbreeding populations is a possibility. One 

of the first studies of this kind was undertaken by Sonneborn (1957) 

on several alpha taxonomic species of Paramecium (Protozoa). During 

20 years of research Sonneborn (1957) found sixteen different 

varieties of Paramecium aurelia MUll., each consisting of two mating 

types except one variety which had four mating types. The varie

ties were reproductively isolated from each other and each mating 

type was uniquely specified by its pattern of sexual reactions. 

The varieties also showed differences in geographical distribution, 

maximal and minimal tolerated temperatures, fission rates at the 

same temperature, and body length. However, mating type was the 

only clear definitive criterion for all varieties. Since this 

4. 



criterion could only be tested under special conditions, and since 

for all other char:icteristics the varieties showed only immeasurable 

variation, and they were all morphologically identical, Sonneborn 

(1957) did not want to give the varieties the taxonomic status of 

species. He therefore proposed the term "syngen" to replace the 

term "biological species", thereby opting to maintain the utilita

rian category of alpha taxonomic species. The syngen was defined 

· by Sonneborn (1957) as 

"a group which is potentially able to contribute to the further 

evolution of their descendents". 

This term is not restricted only to outbreeding organisms. 

Sonneborn (1957) considered the syngen as defined by its genetic 

distinctness (not difference) from other syngens. As with biolo-

gical species in allopatric populations, this distinctness may be 

ascertained by collective consideration of alpha and omega criteria. 

It should be mentioned that in later research, Sonneborn (1975) . . 

found that he could identify fourteen syngens of Paramecium aurelia, 

not only on the basis of mating type, but also with starch gel 

electrophoresis by which method each syngen showed different bands 

for particular enzymes. Because this criterion always applied and 

could be checked on a routine basis, he proposed that the fourteen 

varieties be given sibling species status (omega taxa). This once 

again stressed the importance of having a systematics which is use

ful in recognition of species and other taxa. If a phylogenetic 

basis for a useful taxonomy is possible then that is an added 

advantage. 

5. 

Sonneborn's (1957, 1975) studie~ of Paramecium involved exten

sive use of culturing techniques. The use of laboratory conditions 

to provide artificial sympatry is frowned upon by supporters of the 

non-dimensional biological species concept (e.g. Heslop-Harrison, 

1963). However, in the lower phyletic groups it has proved of 

great value since large numbers of organisms may be cultured in 

controlled conditions to test reproductive compatibility. Inter

breeding in culture at least implies potential interbreeding and 

gene flow in nature, though the converse does no·t necessarily apply. 

Culturing also allows stabilizing of morphology and investigation of 

.other omega taxonomic criteria, e.g. enzyme analysis and nuclear 



cytology. It is therefore only with those groups that can be 

cultured easily that much progress has been made in investigating 

genetic relationships within and between alpha taxonomic species. 

This applies particularly to the freshwater algae for which the 

search for syngens amidst the overwhelming confusion of alpha taxo

nomy has been limited to very few studies. 

One of the most noteworthy investigations was undertaken by 

6.-

V.W. Proctor and co-workers on the Charophyta over the last 15 years 

(e.g. Grant and Proctor, 1972; McCracken et al., 1966; Proctor, 1970, 

1971a, b, 1975, 1977, 1978; Proctor et al., 1967; Proctor et al., 

1971). These'studies of controlled interbreeding of Chara and 

Nitella from many parts of the world culminated in the rejection of 

the morphological basis of Charophyte alpha taxonomy originally pro

posed by Braun (1847) and later altered and developed by _Wood (1962, 

1965), and the proposal of a phylogenetically based taxonomy 

(Proctor, 1980). Experimental verification of potential genetic 

compatibility permitted Proctor (1980) to hypothesize evolutionary 

pathways within the genus Chara. This in turn implied an altered 

weighting to characteristics such as number of rows of stipulodes, 

degree of cortication of the main stem, and monoecious and dioecious 

reproductive forms to the taxonomy of Chara. The more natural 

classification proposed by Proctor (1980) demonstrated a lack of 

cosmopolit~nism within Chara species, a high level of endemism 

particularly within dioecious forms bei~g apparent. 

Proctor (1980) did not adopt the term syngen for Chara.popula

tions which exhibited genetic compatibility in the laboratory. A 

truly natural taxonomy would be possible for the Charophyta if his 

eleven inter-related conjectures (falsifiable proposals) on the dis

persal artd phylogeny of this group continue to hold up. This 

taxonomy would be based upon distribution patterns, mcrphology and 

reproductive forms, backed up by genetic compatibility either in 

nature or the laboratory. In such circumstances, the "stop-gap" 

measure of maintaining the traditional alpha taxonomy whilst refer

ring to the evolutionary units as syngens is not needed. 

A number of studies of interbreeding and genetic relationships 

have also been undertaken on members of the Volvocales. These in-



elude COnium pectoraZe MUll. (Stein, 1958b, 1965, 1966a, b; Stein 

and McCauley, 1976), Pandorina moY'UITI Bory (Coleman, 1959, 1977), 

Eudorina species (Goldstein, 1964), Astrephamene gubernacuZifena 

Pocock (Brooks, 1966), VoZvuZina steinii Playf. (Carefoot, 1966) 

and a number of ChZamydamonas species (e.g. Bernstein and Jahn, 

1955; Gerloff, 1940; Gowans, 1963; Wiese and Wiese, 1975, 1977). 

7. 

In general these investigations demonstrated complex patterns 

of sexual and genetic compatibility within ubiquitous alpha taxo

nomic species. Coleman's (1959, 1977) detailed studies of 70 

heterothallic clones of Pandorina moY'UITI, the majority of which came 

from U.S.A. but which also included representatives from South 

Africa, Nepal and Thailand, demonstrated the existence of 20 syngens, 

based on their mating reac.tions. With the exception of two syngens, 

they all exhibited a geographical range of less than 500 km. The 

two exceptions possibly had world wide distribution. There was 

some evidence for partial sexual and genetic isolation within a 

syngen between clones from different localities but not between 

clones from the same locality. Coleman (1959, · 1977) also found 

that a single pond may contain as many as four syngens, that is, 

four genetically isolated mating groups, at any one time. Such 

genetic diversity within a single pond rather confuses the meaning 

of the term "popul11;tion"! 

Stein's (1958b, 1965, 1966a, b) investigation of Gonium 

pectoraZe provided equally complex results. Initial studies 

(Stein, 1958b) indicated sexual isolation between geographically 

isolated populations in North America, but later work (Stein, 1965), 

with clonal representatives from many more populations including two 

from Great Britain, suggested that sexual isolation was not as pre

valent as originally thought. The 32 populations, 23 of which were 

found to contain compatible opposite mating types and 9 only a 

single heterothallic mating type, were found to form three groups on 

the basis of sexual compatibility. The first group.contained the 

majority of populations while the second group contained only 5 

populations. Intercrossing occurred freely within these two groups 

but not between them. The third group consisted of populations 

which would not cross with each other or with any other populations. 

Stein (1965) attempted to relate the distribution of compatibility 



patterns to previous glaciations of North America, and to possible 

dispersal of COnium pectorale by waterfowl along the north-south 

Pacific flyway. She also suggested that the compatibility between 

North American and British populations may imply that Conium 

pectorale is a genetically "young" species, and therefore isolation 

has not been in effect long enough in these populations to establish 

separate gene pools. Further investigations by Stein (1966a, b) 

showed that temperature and nutritional factors may act as sexual 

isolating mechanisms such that different physiological races may 

exist within the morphologically uniform alpha taxa. In addition, 

Stein andMcCauley (1976) in their study of sexual compatibility of 

Goniwn pectorale from soil of a single pond, demonstrated that dif

ferent compatibility groups may exist within a single "population". 

Five partially or completely sexually isolated groups were also 

found by Goldstein (1964) in his study of four species and one 

variety of EUdorina from North America represented by 22 hetero

thallic pairs, 3 male strain~ and 1 female strain. Three groups 

contained strains of a single species implying intra-specific 

isolation, a fourth group was composed of strains of another species 

and a fifth group was made up of strains of all three species, indi

cating a certain degree of outbreeding. 

Carefoot (1966) identified three sexually isolated groups 

within 20 clones' oi Volvulina steinii from a number of localities in 

U.S.A. Two of these groups produced smooth-walled zygospores while 

the third group ;produced spiny-walled zygospores. 

8. 

In another investigation, six sexually isolated groups were 

recognized within 26 morphologically identical clones of Astrephanene 

gubernaculifera from different localities by Brooks (1966). Within 

one of these groups there was evidence of complete genetic compati-

bility, this group therefore deserving identification as a syngen. 

Apparent widespread compatibility within geographically 

separated strains of ChUvnydomonas moewusii Gerloff was evident from 

some early studies. Gerloff (1940) reported sexual compatibility 

between several strains from Germany and elsewhere. Hutner and 

Provasoli (1951) recorded successful crossing between these German 
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strains and strains of C. moewusii collected in the Eastern United 

States, while the latter. were sexually compatible with Moewus' (1931) 

ChZarnydorrvnas eugconetos strains . (Bernstein and 'Jahn, 1955). However,· 

there was some dispute on morphological grounds of Moewus' identifi

cation of the C. eugconetos strains· (Gerlo:t;f, 1940). 

Later research (e.g. Gowans, 1963; Tsubo, 1961; Wiese and 

Hayward, 1972; Wiese and Jones, 1963; Wiese and Shoemaker, 1970; 

Wiese and Wiese, 1975) demonstrated far more complex compatibfli ty 

patterns such that Wiese and Wiese (1977) recognized five distinct 

units within the alpha taxonomic species Chlamydomonas moewusii, 

four of which were completely isolated from each other and therefore 

represented true syngens. The fifth unit consisted of the strains 

identified by Moewus (1931) as C. eugametos. Since these were com

patible with Syngen I, Wiese and Wiese (1977) hoted that C. 

eugametos will have to be included in that syngen upon revision of 

the taxonomy (see also Gowans, 1976). 

A qualification of some of the studies on the Volvocales 

(Brooks, 1966; Coleman, 1959; Stein, 1965) is that they only inves

tigated patterns of sexual compatibility and did not undertake the 

follow-up investigation of gene flow as demonstrated by offspring 

viability and successful backcrossing. Proctor (1975) stressed 

the importance of .studies of complete genetic compatibility, since 

genetic barriers may exist· at post-zygotic stages. Syngens can 

only be correctly identified with the knowledge of genetic compati

bility to the level of potential gene flow between strains. 

However, since all criteria are relevant to an omega taxonomy, breed

ing patterns, even without gene flow data, provide useful information. 

The trends of sexual and genetic compatibility'exhibited by the 

Volvocales bear a striking rese.nblance to Sonneborn's (1957, 1975) 

findings with Paramecium aureZi~ and other ciliates. That is, 

morphological uniformity, often with global distribution, masks 

genetic differences which may result in complete reproductive isola

tion. Coleman (1959) noted this similarityand suggested that part 

of the reason might be environmental in that both groups occupy 

small freshwater ponds. Evolutionary trends within such environ

ments and dispersal between them have been little investigated. 
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However, Coleman (1959j suggested that such ponds might serve in the 

production and spread of new mating types. 

The desmids (Order Zygnematales) are another group of ubiqu1-

tous, freshwater green algae. Found from the Polar regions to the 

Tropics, in puddles, ponds, and large deep lakes, the desmids are 

represented by a myriad of morphological forms often intricately 

decorated with spines, granules, and punctations and exhibiting 

minute to great variation in cell shape and ornamentation. 

Desmids may be subdivided into two major groups, placoderm and 

saccoderm desmids (Prescott, 1948). Placoderm desmids (Family 

Desmidiaceae) typically consist of two identical or nearly identical 

semicells joined by a narrow isthmus. Each semicell is bounded by 

a cell wall, the two semicell walls overlapping in the isthmus 

region. Saccoderm desmids (Family Mesotaeniaceae) are not divided 

into two semicells, having no constriction in the mid-region and 

accordingly have a single, continuous cell wall. The majority of 

desmid taxa are of the placoderm type. 

The widespread distribution and morphological variation of 

desmids, along with the purely typological approach to taxonomy of 

early phycologists, resulted in the description and .identification 

of innumerable species and varieties, often on the basis of an extra 

spine or granule on a single specimen (Fritsch, 1953). Current 

desmid alpha taxonomy dates from the publication of "The British 

Desmidiaceae" by J. Ralfs (1848) in which nearly two hundred 

species were described and illustrated. This method of typifica

tion of taxa by ill~stration (iconotype) became accepted due to the 

difficulties in maintaining fixed or dried specimens. Iconotypes 

often introduced considerable subjectivity into an already burden-

s orne a 1 pha taxonomy.· 

The confused state of desmid alpha taxonomy was well demonstra

ted by Brook (1959a, b, 1960a, b) in his study of all the published 

figures of Staurastrum paradoxum Meyen. Brook (1959b) decided that 

most of them could be assigned to at least ten well defined and 

adequately described taxa. He concluded that, because of the un

certainty about the identity of S. paradoxum, reference to this 



species when tmaccompanied by a good illustrotion meant 1 itt le more 

than some radiate, non-ornamented Stau.Y'astl•wn was observed. In 

such a situation the utilitarian role of alpha taxonomy is entirely 

dissipated. 

11. 

In recent years attempts have even been made either to ration

alize existing alpha taxonomy by comprehension of variation in cell 

morphology and morphogenesis or to investigate new, omega taxonomic 

criteria in order to find a basis for a more objective classifica

tion as well as one which reflects natural re-lationships. These 

criteria have included nuclear cytology, sexual reproduction and 

morphology, and, in very few cases, sexual and genetic compatibility. 

Many of these studies depended on the relative ease with which 

desmids may be cultured. 

One of the more obvious morphological variants (polymorphisms), 

that of pleoradiation, or change of radiations, was investigated by 

Teiling (1950, 1957). Teiling (1950) defined the radiation of a 

desmid as being 

"that element of structure w}J.ich is decisive in the shape of 

desmids according to their vertical symmetry planes". 

The "element of structure" is usually an arm-like extension or spine. 

In some genera, for example Staurastrum, the degree of radiation is 

variable. Teiling (1948) proposed the term "janus" forms for cells 

consisting of two semicells exhibiting different radiations. Such 

janus forms represent a change of cell ·shape from one radiation to 

another. The change may be due to environmental conditions, such 

as seasonal changes in temperature (Reynolds, 1940; Brandham and 

Godward, 1965c) or alterations in chromosome ploidy levels (Starr, 

1958; Brandham, 1965a; see below). At an inter-gen·eric level 

Teiling (1950) used radiation levels as a basis for a theory on the 

phylogeny of desmi4s, but he noted the taxonomic difficulties 

associated with variation in radiations at the infra-specific level. 

Another gross form of morphological change, that of the forma

tion of "giant" o,r "monstrous" cells, was first studied by Ducellier 

U915), and further investigated by Rosenberg (1940) for MiCJra

steY'ias americana (Ehrenb.) Ralfs. Monstrous cells may be formed 

from incomplete cytokinesis following mitosis, the resulting cell· 



being binucleate and with two istlunuses. Rosenberg (1940) found 

that under conditions of slow growth, such as continuous darkness 

and low temperatures, monstrous cells were produced in proportion 

of up to 10% of the total number of cells in culture. When the 

culture was returned to nonnal conditions of light and temperature 

the monstrous cells divided to form two daughter cells of typical 

morphology along with the remaining monstrous cell. 

The degree of morphological variation within a single lake 

(i.e. population) was examined by Teiling (1956) for Miarasterias 

mahabuleshwarensis Hobson var. waZZichii (Grun.} West and West. 

From his study, Teiling (195q) concluded that intennediates between 

M. mahabuleshwarensis var. waZZichii and other formae and varieties 

of M. mahabuleshwarensis and even M. americana all occurred in 

nature. 

Other studies of the taxonomy of desmid populations have also 

demonstrated continua of.variation across alpha taxonomic species 

boundaries. Ruzicka (1966) studied a small Antarctic lake, which, 

except in particularly warm summers, was frozen over. In such 

summers prolific growth of ten species of desrnids occurred in which 

Cosmariwn laeve Rab. was very numerous. There were also forms 

which resembled C. impressulwn Elfv., C. meneghinii Breb. and C. 

subgranaturn-(Nordst;) Llitkem var. borgei Krieg. RuZicka (1966) 

concluded that these all formed part of a continuous infra-specific 

variation of C. Zaeve f. major Borge. 

Bicudo a:nd co-workers (Bicudo, 1975; Bicudo and Sormus, 1972; 

Bicudo and Senna, 1975) studied large samples (up to 900 cells) of 

desmid cells from individual localities. The variation found in 

these samples led Bicudo and Sormus (1972) to comment : 

"It is hazardous, even impossible, to define species, infra

specific categories, and even genera among desnrids without 

a detailed analysis of sample populations, in order to know 

the morphological variation of the many characteristics 

commonly used in taxonomy, as well as the limit of confi

dence in their use". 

Along with these investigations of desmid variation in wild 

12. 



populations, studies have been made of variation in morphology of 

cultured samples of populations. Ichimura and Watanabe (1974) ctnd 

Watanabe (1978, 1979) cultured population samples of the Closteriwn 
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calosporum complex under controlled conditions. Morphological para-

meters were then measured and analysed statistically. With precise 

measurements in defined and homogeneous conditions these authors were 

able to identify differences within and between populations and re

late them to alpha taxa composing the species complex (Ichimura and 

Watanabe, 1974). Watanabe (1978, 1979) proposed a new taxonomic 

treatment of the C. calosporum complex on the basis of measurements 

made from standard cultures. 

Other desmid culture studies of significance have been made to. 

ascertain the reasons behind cell shape and form. The mirror image 

semicells of the placoderm desmids provided a fascinating subject 

for the problems of cell morphogenesis. Some of the earliest work 

was carried out by Waris (1950a, b, 1951) on the nuclear and cyto

plasmic control of cell morphogenesis of a number of species of the 

morphologically complex Micrasterias genus. Waris (1950b, 195 1) 

formed denucleated cells by centrifuging cells undergoing mitosis, 

and was thus able to partition the effects of the nucleus and cyto

plasm. At a time when very little was known about the complex 

interaction between the nucleus and the cytoplasm, he made some 

very astute observations. Waris (1950b) suggested that in Micras

terias and other desmids there exists a basic "cytoplasmic frame

work" which is independent of the nucleus and which determined the 

bilateral symmetry of the new semicells developing after nuclear 

and cell division. 

differentiation. 

The nucleus, however, determined the degree of 

Kallio (1951, 1959), working in close contact with Waris, 

investigated the effect of nuclear quantity, that is, degree of 

ploidy, on cell morphogenesis. He found that an increased chromo

some complement affected not only the volume of a cell, but also 

the number of "arms" of the cytoplasmic framework, producing an in

creased number of radiations. 

With the advent of the Transmission Electron Microscope (T.E.M.) 

a new perspective was possible on studies of cell morphogenesis. 
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From T.E.M. observations on Micrasterias denticuZata Breb. Kiermayer 

(1970a, b; Kiermayer and Dordel, 1976) suggested that, rather than a 

cytoplasmic framework, there existed a process of membrane recogni

tion with the plasmalemma controlling the pattern of cell wall 

deposition (membrane template). 

T.E.M. studies also permitted detailed examination of another 

characteristic relevant to cell morphology, that is, the cell wall. 

Gerrath (1969, 1973) investigated cell wall ultrastructure and the 

taxonomic implications in Penium spinuZosum and CyZindrocystis 

brebissonii Menegh. and Bambusina brebissonii Klitz. He found that 

cell wall ultrastructure could be used as a reliable taxonomic 

criterion to differentiate some genera in the Desmidiaceae. He 

concluded from one of his studies (Gerrath, 1969) that the alpha 

taxonomic species PZeurotaenium spinuZos.um (Wolle) Brunel should, 

on the basis of cell wall ultrastructure, be transferred to the 

genus Peniwn. 

Mix (e.g. 1969, 1972, 1973) studied cell wall ultrastructure in 

members of three frunilies in the Conjugales, the Desmidiaceae, 

Mesotaeniaceae and Gonatozygaceae and found three distinct wall 

types. On the basis of cell wall ultrastructure Mix (1972) 

suggested that Gonatozygon, Penium and CZosterium should be com

bined, but she also noted the necessity for functional taxonomic 

concerns. 

The Scanning Electron Microscope (S.E.M.) has also proved 

valuable, particularly in studying the surface cell wall morphology 

of some desmids. Lyon (1969) made the first such study. He com

pared a camera Zucida drawing, a light micrograph and a S.E.M. 

micrograph of Cosmarium botrytis Menegh. and concluded that the 

S.E.M. micrograph provided increased morphological detail. Pickett

Heaps (1973, 1974) also investigated the morphology of some cultured 

desmids with the S.E.M. and commented on the value in terms of in

creased morphological detail. 

Of the characteristics other than vegetative cell morphology, 

sexual reproduction is probably the one which has attracted most 

investigation. Sexual reproduction in desmids has only rarely been 
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observed in nature (e.g. de Bary, 1858; Coesel, 1974; Homfeh~, 1929; 

Klebahn, 1891; Nieuwland, 1909; Ramanathan, 1962; Starr, 1954a, 

1955a; Turner, 1922), leading Fritsch (1930) and Mollenhauer (1973) 

to express the opinion that there has been an evolutionary tendency 

to abandon sexual processes, leaving only the vegetative mode of re

production; On the other hand, Starr (1955a, 1959) considered the 

environment to be the controlling factor in initiation of sexual re

production. He suggested that conditions suitable for sexual 

reproduction rarely occur in nature, particularly in the phyto

plankton of deep lakes. Numerous culture studies (Biebel, 1958, 

1964; Brandham, 1965a, b, 1967a,b; Brandham and Godward, 1963, 1964, 

1965a, b; Gronblad, 1957; Ichimura, 1971; Ichimura and Watanabe, 

1974; Kies, 1964, 1968; Lenzenweger, 1968a, b, c; Ling and Tyler, 

1972a, b; Lippert, 1967, 1973; Tassigny, 197la, 1974) have given 

some support to Starr's (1955a, 1959) hypotheses and from these 

studies details of sexual reproduction have been elucidated. 

Sexual reproduction may be homothallic or heterothallic. In 

the former, a clone or single cell is able to reproduce sexually, 

while in the latter, opposite mating strains, arbitrarily called 

(+) and (-) mating .types are necessary for sexual reproduction. 

Under certain conditions vegetative cells act as gametes and con

jugate, their protoplasts fusing to form a binucleate zygote or 

dikaryon (Fox, 1958). The zygote produces a number of cell walls, 

one of which, the mesospore, is very resistant to dessication. 

The outer wall, or exo~pore, is often formed with protruding spines. 

The resistant spore is then termed a zygospore. This "resting" 

stage can remain viable under conditions in which no vegetative 

cells could exist. Under favourable environmental conditions the 

two gametic nuclei of the zygospore fuse and undergo meiosis; during 

which time the zygospore protoplast germinates and produces between 

one and four gones or haploid progeny. 

Differences between desmids occur not only in the appearance of 

the zygospore but also in the physiological and morphological 

aspects of conjugation. The latter Ichimura (1971) termed 

"conjugation processes". The potential of sexual morphology either 

to complement existing alpha taxonomy or provide a basis for the 

development of an omega taxonomy has been explored by a number of 
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phycologists (Cook, 1963; Ichimura and ~_Vatanabe, 1974; Ling and 

Tyler, 1974; Starr, 1959). Cook (1963} found that there was ho 

correlation between sexual morphology and vegetative cell structure 

in his study of CZosterium venus-dianae complex. However, he con

sidered that the features of sexual reproduction were less variable 

than the vegetative features within a strain, and showed less inter

gradation between strains. 

Other investigations (Ichimura and Watanabe, 1974; Kies, 1968, 

1970a) demonstrated that exospore spine formation was affected by 

turgor pressure. Kies (1968) observed variations in the degree of 

subdivision of spines, from unbranched to twice bifurcated and tri-· 

furcated in MiCTasterias papiZZifera Breb. Ichimura and Watanabe 

(1974) noted differences in the shape and length of zygospore spines 

in the CZosterium caZosporum complex but considered zygospore mor

phology of potential taxonomic value if optimal environmental con

ditions were used. 

The number of zygospore walls (Gerrath, 1973; Kies, 1970a, b), 

presence of an operculum in the exospore through which the germina

tion vesicle escapes (Ling and Tyler, 1972a), the degree and type 

of mucilaginous protection for escaping gametes (Ling and Tyler, 

1972a; Lippert, 1967; Kies, 1968, 1973; Pickett-Heaps and Fowke, 

1971) and the number of ganes produced on germination (Biebel, 1964; 

Blackburn and Tyler, 1980; Lenzenweger, 1968b, c; Ling and Tyler, 

1972b; Starr, 1955b) are some of the other characteristics of desmid 

sexual morphology which have been investigated in recent years. 

The variation in all these characteristics and in particular the 

mucilaginous conjugation investments between desmid species was dis

cussed by Blackburn and Tyler (in press; see Appendix 1). They 

considered the type of conjugation tube or vesicle could be of.value 

in delimiting taxa, although with the available data there were no 

obviousphylogenetic trends. 

Studies of desmid nuclear division and chromosome morphology 

(karyotypes) have been hampered by staining difficulties and the 

small size of chromosomes. Such problems are commonplace for the 

algae. However, the potential value for omega taxonomy is gr~at 

as the nucleus, unlike cell morphology, is not influenced greatly 
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by the environment. It should, therefore, reflect the genetic 

nature of the organism more accurately. 

Some of the earliest cytogenetic studies of desmids were under..:. 

taken by King (1953a, b, 1959, 1960) and Brandham (1964, 1965a, c; 

Brandham and Godward, 1963, 1964, 1965a, b). These studies dis

pelled some of the hopes for a clear and uniform chromosome picture 

within and between alpha taxonomic species. King (1960) discovered 

that mitotic chromosomes were often partially masked by an invest

ment of intensely stained matrix, presumably nucleolar substance. 

Both King ( 1953a, 1960) and Brandham (1964) observed parallel dis

junction of chromosomes at the end of metaphase in mitosis and 

postulated a "diffuse" centromeric or polycentric organization. 

Such chromosome disjunction was also observed in the Zygnemaceae by 

Godward (1954a). 

The concept of a diffuse centromeric or polycentric chromosomes 

was further supported by King's (1953b) observations of variation in 

chromosome number in the same species of Cosmarium botrytis and 

Netrium digitus (Ehrenb.) Itzigs and Rothe, and within the same 

clone of Cosmarium auaumis (Corda) Ralfs. King (1953b, 1960) 

explained this ambiguous phenomenon as the result of fragmentation 

of chromosomes (agmatoploidy) which could survive because of the 

lack of a localized' centromere. Brandham (1965c) noted a similar 

chromosome variation in a number of alpha taxonomic species and 

attributed it to a combination of polyploidy, aneuploidy and agmato

ploidy. 

More recently Kasprik (1973) made an extensive study of karyo

types in eighteen Miarasterias species from Scandinavia, Germany and 

U.S.A. He differentiated four distinct karyotypes on the basis of 

size, shape, degree of staining, how distinct .chromosome boundaries 

were and the degree of "stickiness" due to nucleolar substance. 

He found that nucleolar organization was dependent on culture con

ditions and the age of the culture,· so that defined and "optimal" 

culture·conditions are necessary in any karyotype studies. There 

was evidence of polycentric chromosomes, and that agmatoploidy 

occurred. For example, in Mic.Pasterias americana counts of ·89-93, 

and 135 were made from different strains, and in the latter instance 



the chromosomes were smaller than in the former case. Kasprik 

(1973) was unable to determine· a basic or "ground" chromosome com

plement for the genus Micrasterias and could not relate karyotype 

to probable phylogenetic relationships. However, he stressed how 

important karyotypes should be in delimitation of taxa. On the 

basis of karyotype similarity, he found groups which agreed with 

Krieger's (1939) M. crux~eZitensis group, M. apicuZata group and 
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M. pa:piUifera group, but found no karyotype similarity within 

either Krieger's (1939) M. soZ or M. denticuZata group. This 

emphasised the need for further investigations to clarify karyotypes 

and associated problems. 

One of very few studies on meiosis in desmids was undertaken by 

Ling (1977; Ling and Tyler, 1976). His observations were made from 

germinating zygospores from intercrosses between the alpha taxonomic 

species PZeurotaenium ehrenbergii (Breb.) de Bary, P. mamiZZatum 

G.S. West and P. coronatum (Breb.) Rabenh. A surprising flexibil

ity in chromosome complements between strains without a correspon

ding failure in meiosis was discovered. The ground count for P. 

ehrenbergii and P. mamiZZatum strains was 53. However, zygospores 

formed between typical ''haploid" (n=53) strains and presumed 

"diploid" (2n=l06) strains, which arose spontaneously in culture. 

These zygospores germinated and in the associated meiosis counts of 

79 chromosomes were made at metaphase II indicating that an approxi

mately even distribution of chromosomes to each pole had occurred in 

the first division of meiosis. The majority of chromosomes at 

diakinesis were grouped as bivalents with a few univalents and pre

sumed tri valents .. 

Meiosis in germination vesicles from P. coronatum and both 

"haploid" (n=53} and "diploid" (2n=l06) P. ehrenbergii strains was 

even more extraordinary. In the case of P. coronatum crossed with 

diploid P. ehrenbergii, the equivalent of 122-130 bivalents were 

observed at metaphase I, indicating that the P. coronatum strain had 

more chromosomes (approx.145) than the diploid P. ehrenbergii 

(2n=106). This estimate of 145 chromosomes was substantiated by a 

P. coronatum x I;. cpronatum cross, where the "haploid" chromosome 

number was found to be 147. Since all these crosses produced 

viable offspring the unusual situation existed of successful meiosis 
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between strains having 145 chromosomes and strains having both 106 

and 53 chromosomes. Ling and Tyler (1976) suggested that a natural 

"diploidy" in the P. coronatum strains, as suggested by observations 

of non-fusion nuclei, might partially explain this anomalous situa

tion. Unlike other studies of desmid chromosomes (e.g. Brandham, 

1964; King, 1953a, 1960), Ling and Tyler (1976) found evidence of a 

single centromere per chromosome and no indications of diffuse or 

polycentric chromosomes. For the PZeurotaenium. mamiZZatum complex 

therefore variation in chromosome number is unlikely to be caused by 

agmatoploidy. 

The study by Ling and Tyler (1974, 1976) on the Pleurotaenium 

mamiZZatum complex not only represents one of the few studies of 

meiosis, but alsQ one of a handful of investigations into sexual and 

genetic compatibility in desmids. Whereas most authors (e.g. 

Biebel, 1964; Cook, 1963; Dubois-Tylski, 1973; Kies, 1968) have been 

content to hypothesize on the potential value of sexual morphology 

to taxonomy, very few have demonstrated phylogenetic relationships 

using sexual reproduction as a means to determine either sexual 

compatibility or genetic compatibility to the extent of potential 

gene flow between strains. 

In many respects desmids are very similar to the members of the 

Volvocales on which interbreeding studies have been conducted (e.g. 

Brooks, 1966; Carefoot, 1966; Coleman, 1959, 1977; Goldstein, i964; 

Stein, 1958b, 1965, 1966a, b) i.e. they are unicellular, inhabit 

isolated freshwater bodies, and normally reproduce vegetatively. 

However, whereas compatible heterothallic pairs of the Volvocales 

were often found in a single locality (Brooks, 1966; Coleman, 1959; 

Goldstein, 1964; Stein, 1965), at least for the P. mamiZZatum 

complex in S.E. Australia, intra-population compatibility was rare 

because of lack of compatible heterothallic pairs or homothallic 

strains. The inte,r-population compatibility pattern was, however, 

very different with considerable sexual compatibility between 

strains of the three alpha taxonomic species P. ehrenbergii, 

P. mamiZZatum and P. coronatum from geographically separated locali

ties. This sexual compatibility was followed up by viability and 

fertility of the zygospore products, indicating a high degree of 

genetic similarity. The apparent inter-specific compatibility was 
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treated with caution by Ling and Tyler (1976) as ·there was some con

troversy over the alpha taxonomy of the species which, as Ling and 

Tyler (1976) noted, was a result of iconographic confusion. 

Lack of sexual compatibility between strains of the morphologi

cally similar CZosterium ehrenbergii Menegh. and C. nvniZiferum 

(Bory) Ehrenb. was shown by Lippert (1967). However, Lippert 

(1967) also found evidence of sexual isolation within each of these 

alpha taxonomic species. These strains came from a number of 

localities in U.,S.A. as well as a strain from Mexico and a hetero-

thallic pair from England. Lippert .(1967) considered that geogra-

phic isolation might be a factor influencing incompatibility . 

. The only other. studies of sexual and genetic compatibility in 

desmids were made on members of the genus CZosteriUm by Ichimura and 

Watanabe (1974, 1976) and Watanabe and Ichimura (1978a, b). In 

studying intercrossing between heterothallic clonal isolates of the 

C. aaZosporum complex from the three localities in the Ryuku Islands, 

Japan, Ichimura and Watanabe (1974) observed partial incompatibility 

within a single population (R-11) while inter-population compatibil

ity (R-5 and R-11) existed, despite a 400 km distance between the 

populations, respectively on the two islands Okinawa and Iriomote

jima. 

From initial studies made on the CZosterium peraaerosum

strigosum-ZittoraZe complex, Ichimura and Watanabe (1976) found 

evidence of widespread . inbreeding (i.e. homothallism) in Japan and, 

on the basis of only a ·few samples, Asia in general. Further 

studies (Watanabe and Ichimura, 1978a, b), however, demonstrated a 

number of outbreeding (i.e. heterothallic) population groups. In 

their study of nine representative clone pairs of heterothallic 

strains of the C. peraaerosum-strigosum-ZittdTaZe.complex from seven 

localities in the Northern Kanto region of Japan, Watanabe and 

Ichimura (1978a) identified three groups from statistical analysis 

of vegetative cell morphology. Intercrossing of the strains within 

each group demonstrated sexual compatibility while intercrossing 

between the gro1.,1ps indicated complete incompatibility of one group 

(II-C) while the other two groups (II-A and II-B), although com

patible, appeared to be verging on isolation because of low levels 
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of zygospore production. However, studies of zygospore germination 

and viability of zygospore products demonstrated viable and healthy 

offspring from both intra- and inter-group zygospores. Further in

vestigations of .the three population groups (Watanabe and Ichimura, 

1978b), using a premating or prezygotic reproductive isolation index 

incorporating cqnjugation indices, i.e. percentage of cells in con

jugation processes per total cells (Ichimura, 1971), showed a great

er complexity in the compatibility patterns. In particular, one 

group (II-B) could be subdivided into two subgroups (II-B 1 and 

II-B2), which exhibited different levels of sexual activity under 

the culture conditions used for the study. Subgroup II-B 1 sh.owed 

much higher sexual activity than Subgroup II-B2. The relationship 

between the two subgroups was most unusual as a high but negative 

isolation index in the direction from Subgroup II-B2 to Subgroup 

II-B1 implied that Subgroup II-B2 greatly preferred Subgroup II-B1 

as mates rather than its own. Watanabe and Ichimura (1978b) dis

cussed the evolutionary significance of this negative isolation in 

the merging of genetic systems. 

These studies by Watanabe and Ichimura (1978a, b) represent 

some of the very few desmid culture studies carried out in axenic 

and completely defined conditions (see also Ichimura, 1971; 

Ichimura and Watanabe, 1974, 1976; Watanabe, 1978, 1979). In most 

c:u~tu!e st!JEJe? -~O!l~~deraJJle difficulty h..~_sJ>een experienced in 

obtaining healthy cultures without the addition to inorganic media 

of a soil extract containing vital organic compounds or the use of 

Pringsheim's (1946) soil water (e.g. Brandham, 1964; Starr, 1955a; 

Stein, 1973). The latter is often so broad-based that it can 

support a wide variety of desmids from different ecological situa

tions. However, even in a suitable medium, if other growth con~ 

ditions are sub-optimal or the culture is old and overcrowded, 

morphological variants including monstrous cells may result 

(Rosenberg, 1940, 1944). Optimal conditions and healthy cultures 

are therefore imperative for morphological studies. 

Other processes, such as sexual reproduction, are also greatly 

influenced by culture conditions. Starr (1955a) originally sug

gested certain environmental conditions such as increased tempera

ture, light and C0 2 tension as conducive to sexual reproduction. 
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Since then a nwnber of studies have been made on environmental in-

fluences on sexual reproduction .. Lippert (1973) showed that the 

effect of increased C0 2 tension was in fact a pH effect. Dubois

Tylski (1977) and Dubois-Tylski and Lacoste (1970) found that 

nitrate levels had no influence on sexual reproduction in Closterium 

moniliferum provided light and temperature were optimal. In 

addition Hamada (1978) discovered that preculture conditions optimal 

for sexual reproduction in C. ehrenbergii were not necessarily 

suitable for zygote germination. Tassigny (197la, 1974) commented 

on conditions suitable for sexual reproduction in desmids in general 

and Mesotaenium kramstai Lem. and Coemarium formosulum Hoff. in par

ticular. 

The limited studies on sexual compatibility in desmids indicated 

several effects of culture conditions. Lippert (1967) found that 

two heterothallic clones of Closterium moniliferum, which were 

originally compatible, gradually showed decreasing sexual activity 

until they appeared to be completely incompatible, suggesting loss 

of sexuality in culture. In their study of the C. peracerosum

strigosum-littorale complex, Watanabe and Ichimura (1978b) n0ted 

that low sexual activity of Subgroup II-B2 compared with Subgroup 

II-81 might be a product of the selected culture conditions used in 
l 

the study and not an inherent low compatibility level within Sub

-group· II-82. Intercrossing studies (Ichimura and Watanabe, 1974} 

as well as vegetative and sexual morphological studies led Watanahe 

(1978, 1979) to suggest the existence of physiologically differen

tiated strains within the c. calosporum complex. 

These examples demonstrate the difficulties associated with 

interpretations from culture studies. Because culturing necessi

tates the use of specific conditions it not only p,rovides useful 

comparitive controls but also does away with the flexibility of the 

natural environment. However, this fl~xibility may be significant 
I 

in determining the course of desmid evolution and this is made 

difficult by the lack of detailed knowledge of the inter-relation

ships of desmids with the natural environment, i.e. desmid ecology. 

W. and G.S. West gave geographical and geological localities· 

of many species, and delimited certain desmids on the basis of 



regional distribution, e.g. Australasian, Tropical African, Indo

Malayan and South American (e.g. West, 1907, 1909; West and West, 

1907). The Wests considered these apparently endemic desmids as 

potentially important environmental indicators. Heimans (1969) 

made a study over a number of years (1916-1925) of the desmid flora 

in the Netherlands. He was able to identify species which 

"preferred" certain habitats and suggested that plant conununities 

exist which are strictly adapted to the narrowly defined conditions 

of certain pools. Heimans (1969) was able to give an approximate 
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indication of certain desmid species which belong to eutrophic or to 

oligotrophic waters but noted that habitat preference appeared to be 

dependent on regional conditions, for example, latitude. In the 

years following the original survey, Heimans (1969) noted a decline 

in the desmid populations in the Netherlands and partly attributed 

this to increased eutrophication and air pollution in many areas. 

Coesel (1978a) reinvestigated a particular area of Heimans' original 

study, the Oisterwijk moorland area, and also concluded that the 

dec line in number of mesotrophic habitats had paralleled the gradual 

disappearance of much of the desmid flora. In earlier studies, 

Coesel (1975, 1977) found evidence that desmids preferred meso

trophic waters to oligotrophic waters. He also noted that the 

morphologically and most markedly differentiated desmid taxa were 

particularly encountered in stable environments rich in ecological 

niches (Coesel, 1977). Coesel (197?-) considered that perhaps these 

taxa were the most highly evolved. 

Although valuable, these studies were limited to a small geo-

graphical area, i.e. the Netherlands. At the micro- and macro-

environmental level, there is very little information on the distri

bution and dispersal of desmids. Proctor (1966} investigated the 

viability of desmid cells both on the external surfaces and in the 

digestive tract of mallard ducks and killdeer. He considered that 

vegetative cells could survive between 60 and 90 minutes within the 

digestive tract of birds. For freshwater algae in general 

Atkinson (1970, 1971, 1972, 1980), Maguire (1963), Proctor (1959), 

Schlichting (1960, 1964, 1969), Schlichting and Sides (1969) and 

Stewart and Schlichting (1966) investigated the roles of water birds, 

insects and passive air transport in dispersal between freshwater 

habitats. Although from these studies it was apparent that algae 
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could be transported up to several hundred miles in one stretch, it 

is unknown how effective such transportation is in colonization of 

environments by desmids and maintenance of common gene pools over 

large distances. Coesel (1974) suggested that many desmid popula-

tions may be clonal in nature. This would provide rather special 

evolutionary conditions ("Founder Principle";.Mayr, 1942). On a 

global scale it is completely unknown whether there are constant 

dispersal mechanisms operating across continents or whether large 

ocean gaps imply desmid floras date from movement of the major land 

masses (cf. Proctor, 1980, for the Charophyta). 

Such immense unknowns necessitate a return to controlled 

culture conditions, where perhaps a small fraction of the problems 

may be solved. By studying the ultimate indicator of evolutionary 

trends (i.e. potential gene flow) as well as criteria such as 

sexual morphology, nuclear cytology and vegetative cell morphology 

(the basis of the current alpha taxonomy), some objective, phylo

genetic patterns may emerge. These patterns, when correlated with 

geographical and ecological data may, in turn, indicate a few of 

the environmental factors pertaining to natural distributions. 

Such information would provide a foundation for a natural classifi

cation, i.e. an omega taxonomy. 

With such considerations in mind, two ubiqu~tous species 

Micrasterias mahabuZeslu.uarensis and M. thanasia:na Arch. and their 

closely related taxa were chosen for the subjects of culture studies 

covering morphological plasticity, nuclear cytology, sexual repro

duction and genetic compatibility. For these particular species it 

was important that strains were available not only from a large 

number of localities in South-Eastern and Northern Australia but 

also from localities outside Australia (e.g. New Zealand, United 

Kingdom and North America). In addition, the fact that both these 

taxa have previously formed the basis of a number of studies, inclu

ding taxonomic, morphogenic and nuclear investigations (e.g. Kasprik, 

1973; Teiling, 1956; Waris, 1950a, b, 1951), implied that useful 

comparative data was available. Several PZeurotaenium taxa were 

also studied. This was prompted by Ling and Tyler's (1974, 1976) 

unusual genetic and intercrossing evidence for the PZeurotaenium 

mamiZZatum complex (see above). A cursory study of desmids from 



tropical Northern Australia was made because of the unusual ecolo

gical conditions of the freshwater environments in this region when 

compared with temperate localities. 
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It was hoped that by comprehensive studies using cultured 

strains that not only a basis for reappraisals of the accepted alpha 

taxonomy would be made available hut also the framework for an omega 

taxonomy based on criteria other than vegetative morphology and re

flecting phylogenetic trends, including ecological and distribution 

factors would be laid down. This would then provide for the 

desmids a study comparable with those on the Charophyta and 

Volvocales (see above). Finally this study was intended to con

tribute to a greater understanding of the problems confronting 

attempts at .. an omega taxonomy for the algae. 
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2. MATERIALS AND METHODS 

2.1 COLLECTION OF SAMPLES 

Phytoplankton samples were obtained with a plankton net of 201Jm. 

pore size. The net was either towed behind a boat or thrown from 

the shore and hauled in sufficient times to result in a dense sample. 

Periphyton samples were acquired by scraping or squeezing benthic 

macro-vegetation which included mosses. Samples from the Northern 

Territory and Victoria in Australia were air-freighted in culture 

vessels. For overseas samples a most successful method of trans

port which was originally used by V.W. Proctor (pers.comm.) for Chara 

was airrnai 1 postage of the sample confined in a small plastic bag con

taining two thin layers of foam soaked in soil water. 

2.2 CULTURING TECHNIQUES 

Isolation of cells for clonal cultures was made according to the 

method used by Brandham (1964). By scanning at low magnification 

(SOX) selected cells were pipetted from the original sample and 

placed on a 0.7% agar/water plate. They were then individually 

moved in a zig-zag fashion across the agar plate for at least 4 ern. 

using a very fine glass needle. A small cube of agar, on the upper 

surface of which lay an isolated cell, was then cut with a fine 

scalpel blade and transferred to liquid or solid media in petri dish

es. All manipulating equipment and media were sterile. 

Two types of media were employed 

a) Soil Water (Pringsheirn, 1946; Starr, 1964): 

Soil water was made by steaming 25g of ~ sifted sandy , 

loam with 250 rnl of distilled water for one hour on two consecutive 

days. After several days in which the soil water settled, the 

medium could be used either as a biphasic medium with the soil 
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particles as a substrate or single medium consisting of the decanted 

supernatant. 

The soil was obtained from a hillside adjacent to Risdon Brook 

Darn, Hobart. The initial soil sample, RB, was used up after two 

years. By that time the original RB site had been greatly disturb

ed by earth movements, and a soil sample, 2B, was collected from 

another site, 500 metres away. The pH of RB and 28 soil water was 

5.9 and 6.0 respectively. 

b) Modified Waris 1 medium: 

The original Waris 1 medium (Waris, 1953; see also Stein, 

1973) was used in a diluted form with the addition of soil extract. 

This combination was found to support more vigorous cultures than the 

original Waris 1 medium. The modified Waris 1 medium consisted of 

0. 75 rnl of each of 10% KN03 

2% MgSO 4. 7H20 

2% (NH4)2HP04 

5% CaS04 

25% FeNaEDTA 

55 rnl of soil extract made up to 1 litre with distilled water, 

The soil extract was prepared by mixing 600g RB or 2B soil with 

600 ml distilled water, autoclavirig for 15 minutes, cooling, decan

ting off the liquid and allowing the heavy particles to settle out. 

The liquid was decanted again and centrifuged for 30 minutes at 6000 

rev./min. The supernatant was again decanted, autoclaved and 

refrigerated. 

The modified Waris 1 rnedirnn was produced in both solid and liquid 

form. The solid form was made by the addition of 0.7% Oxoid agar. 

The medium was autoclaved for 15 minutes, keeping the (NH4) 2HP0 4 
separate to avoid precipitation. If agar had been added, the medium 

was poured into 5 em diameter,. disposable, sterile, petri dishes and. 

allowed to solidify. 

After isolation of cells, clone growth was promoted by placing 

the petri dishes containing· the cells in growth cabinets at a temp

erature of 19°C-21°C, and with a 16:8 hour Light/Dark cycle. The 



light was provided by banks of cool white fluorescent tubes at an 

intensity of 32~Em- 2sec- 1 PAR (Photosynthetically Active Radiation). 

These provided "active growth conditions". 

Once clones were established they were transferred to biphasic 

soil water in test tubes and placed under "slow growth conditions", 

i.e. 12:12 Light/Dark cycle, 14~Ern- 2 sec- 1 PAR light intensity and 

18°C temperature. In this form cultures were maintained for three 

years without needing more than an occasional "topping up" of the 

soil water in the test tube. 
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Where vigorous cultures were required, for example, for inter

crossing or for examination of morphology in cultures, several 

rnillilitres of soil water + clone were transferred either to 2.5 ern 

or 5 ern petri dishes containing soil water or modified Waris 1 medium 

or a combination of both, or to biphasic soil water in 125 ml coni

cal flasks.· These were then placed und'er active growth conditions 

(see above) for one to four weeks. 

The media and culture conditions employed were the result of 

trial and error by the author and by H.U. Ling (pers.cornm.). The 

broad spectrum of taxa able to be grown successfully in soil water 

or inorganic media with soil extract additive has been well demon

strated (Pringsheirn, 1950; Starr, 1955a; Brandham~ 1964; Stein, 1973; 

Vidyavati and Nizam, 1978). Initially Waris 1 mediurn in its purely 

inorganic form was used for growing desrnids including Micrasterias 

species for which it was developed (Waris, 1953). However, it 

proved unsuccessful in promoting culture growth until it was modi

fied by dilution.and addition of soil extract. 

Some completely defined media have been used successfully for 

desrnid growth. However, they have generally been restricted to 

particular strains of certain taxa. Biebel (1973) obtained reliable 

growth of a number of saccoderrn desmids 'on synthetic, chemically de-

. fined media. Tassigny (1971b) examined the importance of vitamins 

as constitutents of defined media. The requirements of different 

strains varied. Some strains needed only 812 for good growth while 

other strains required a greater range of vitamins. Ichirnura (1971) 

and Ichirnura and Watanabe (1974) developed synthetic culture media 



for several CZosterium species. 

Synthetic culture media imply that culture conditions can be 

completely defined and axenic cultures obtained. Soil water when 

used as a culture base usually involves a degree of bacterial con~ 

tamination. Although this does not normally adversely affect 

culture growth, it obviously implies non-axenic, illdefined condi

tions. 
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Because a large number of strains of different genera from di

verse localities, both in geographical and ecological terms, were 

required to be cultured for the purposes of this investigation the 

soil water and modified Waris' medium were a practical choice of 

growth media. In particular, the biphasic soil water with a sub

strate of soil particles provided excellent long term growth of many 

and varied strains. The advantages of not having completely de-

fined environmental conditions were considered to be out-weighed by 

the advantages of non-axenic but vigorous, easily maintained 

cultures. Without undertaking detailed studies of desmid nutrient 

requirements, a major project in itself, soil water and extract of 

unknown constitution but which promoted good culture growth was con

sidered the best alternative. 

2.3 CELL MORPHOLOGY 

2. 3 .l WILD TYPE MORPHOL(X;Y 

Wild type morphology was either recorded from cells 

fixed with formalin or from live ce'lls immediately on arrival in the 

laboratory. Because of the usual paucity of desmid cells in the 

phytoplankton samples, often the latter method was the only option 

available. Obviously, by waiting until the sample arrived at the 

laboratory there was a chance that cell division resulting in ab

normal semicells might take place after sample collection. This 

was particularly likely where samples were obtained from localities 

out of Australia, up to five days being required for transport. 

However, the division of desmid cells into a parent semicell and a 

daughter semicell usually enabled accurate assessment of whether a 

cell division had taken place after collection. 
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Wild cells were photographed and measured prior to culturing. · 

Drawings ·were not made on a routine basis as it was not always known 

whether the resulting culture would be used in further investigations. 

Measurements made were : 

a. ceil length, including processes 

b. . maximum width, including processes 

c. isthmus width 

d. width of the pole or polar processes, whichever 

formed the extremity of the cell (see Text Fig.l). 

TEXT FIGURE 1 

Cell Dimensions 

a 

Where possible a maximum of ten cells were measured. Each 

parameter was ayeraged and expressed as 

a - (x) - b, where 

x = mean 

a = minimum measurement 

b = maximum measurement 

All cell measurements were expressed in microns (~). 
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2. 3. 2 CULTURED CELL MORPHOLOGY 

To obtain cell morphology under optimum growth conditions, 

thus decreasing the chance of abnormal morphotypes, several milli

litres of culture were transferred to fresh medium and placed under 

rapid growth conditions (see above). Seven days .after transfer the 

morphology of the cells was examined in the same way as for the wild 

cells (see above). 

2.4 CROSSING TECHNIQUES 

2.4.1 INDUCTION OF SEXUAL REPRODUCTION 

The induction of sexual reproduction was found by Starr 

(1955a) to depend on certain environmental conditions. In particu

lar, Starr (1955a) discovered that increased light intensity during 

a prolonged light period, along with increased temperature compared 

with conditions used for vegetative cell growth promoted sexual re

production. In addition, Starr (1955a) found that an increase in 

atmospheric carbon dioxide partial pressure and use of depleted 

medium (i.e. with a low nutrient level) aided induction of conjuga

tion. This agreed with Fritsch's (1953) opinion that the special 

conditions necessary for inducing sexual reproduction in desmids 

seemed to be most often realized in small ponds and shallow pools. 

Starr (1955a) commented .that such circumstances would provide good 

illumination and rapid absorption of carbon dioxide. Other in-

vestigations (e.g. Cook, 1963; Dubois'-Tylski and Lacoste, 1970; 

Lippert, 1967, 1973; Tassigny, 1974) have supported Starr's (1955a) 

findings. 

In this study culture conditions used for induction of sexual 

reproduction therefore consisted of an 18:6 Light/Dark cycle with a 

light intensity of 55JJEm- 2sec-1 PAR and a temperature of 23-24°C. 

Depleted soil, i.e. soil which had already been used once for making 

soil water, was made up into soil water for crossing and baths of 5% 

sodium bicarbonate (see Starr, 1955a) were placed in the culture 

cabinets. These bicarbonate baths were replenished every 2-3 days. 

Investigations of sexual reproduction and compatibility consis

ted of examination of both within clone (homothallic) and between 
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clone (heterothallic) crossing, i.e. selfcrossing and intercrossing. 

Consequently each clone and all paired combinations of clones were 

placed under crossing conditions by transferring 2-3 ml aliquots of 

actively growing unialgal cultures to 2.5 em diameter petri dishes. 

The medium was topped up with depleted soil water and occasionally 

(e.g. see Section 4.2) modified Waris' medium. Crosses were 

examined twice weekly by scanning at low magnification (SOX) for 

evidence of pairing and conjugation. 

2. 4.-2 ZYGOSPORE MATURATION AND GERMINATION 

Over approximately six weeks after zygospore formation, 

the crossing medium was allowed to evaporate. During this time the 

zygospores became resistant to dessication due both to formation of 

the zygospore walls and to cellular reorganization. 

Zygospore germination was only possible after a period of zygo

spore "maturation". DeBary (1858) found ~hat zygospores of 

Cosmarium botrytis would germinate only after a two to three month 

period of maturation. During this time they could remain in liquid 

medium or in a dried state. Hamada (1978) found that the longer 

-the maturation time in liquid medium in darkness the higher the fre

qu~ncy of zygote germination in Closterium ehrenbergii. This was 

supported by Kies' (1964) observations of an optimum germination 

level seven months after zygospore formation in Closterium acerosum 

(Shrank) Ehrenb. In contrast, Watanabe and Ichimura (1978a) ob

tained good germination after only a two weekmaturation period in 

the C. peracerosum-strigosum-littorale complex. For the 

Micrasterias species studied it was found that germination levels 

were very low under one month after the crossing medium had com

pletely evaporated. Zygospores were therefore kept in the dried 

state for 2-3 mopths before attempts were made to germinate them. 

They were successfully germinated up to 8 months after formation. 

Methods for stimulating zygospore germination vary for different 

algae, no single method being universally applicable (Starr, 1949). 

Starr (1955b) noted that germination attempts often involved dupli

cation of conditions which zygospores might be expected to undergo 

in nature, for example successive "dryings" and "wettings". Others 



(e.g. Hamada, 1978) obtained germination without first drying the 

zygospores. However, where the progeny of the zygospores are of 

particular relevance to the study then it is imperative that no 

parental cells survive. The simplest method of achieving this is 

by drying out the crossing medium. 
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All studies of zygospore germination (e.g. Hamada, 1978; Kies, 

1964; Ling and Tyler, 1972b; Starr, 1955b), whether a period of 

dessication was or was not used, involved use of fresh medium to 

stimulate germination. Consequently in this study, dried zygospores 

were rewet with fresh soil water medium and placed under "active 

growth" culture conditions. Germination was observed by frequent 

(2-3 times per day) scanning of the petri dishes at low magnif1cation. 

2.4.3 CULTURING AND CROSSING OF PRODUCTS OF ZYGOSPORE 

GERMINATION 

The products of zygospore germination (GP 1) were usually 

isolated as single cells soon after the division of heteromorphs to 

form cells of typical morphology. Occasionally gones, heteromorphs 

or even germination vesicles were isolated and cultured. As well 

as isolation and culture of individual GP 1 cells, a number of off

spring from each cross were transferred to fresh medium and main- · 

tained for several months as a "mixed" GP-1 culture. Compatibility 

within the GP 1 from each cross was investigated with these mixed GP 1 

cultures. 

The GP 1 clones were maintained under slow growth conditions 

until one month before crossing experiments. They were then trans-

ferred to active growth conditions. Backcrosses were made by mixing 

each parental clone with each GP1 clone, and plaCing them under cros

sing conditions. 

2. 5 NUCLEAR CYTOLOGY 

2. 5. l MEIOSIS 

Meiosis in desmids accompanies zygospore germination, the 

nuclear division beginning just before rupture of the zygospore walls 



and the release of the germination vesicle (Biebel, 1964; Brandham 

and Godward, 196Sb; Fox, 19S8; Klebahn, 1891; Ling and Tyler, 1976; 

Starr, 19SSb). Newly released germination vesicles were therefore 

individually transferred with a fine pipette to a fixative consis

ting of a mixture of 3:1 9S% ethyl alcohol to glacial acetic acid. 

The diluted alcohol was found by H.U. Ling (pers.conun.) to decrease 

bursting of vesicles due to turgor pressure. The fixed vesicles 

were stored at S°C. However, nuclear observations were usually 

made within two days of fixing. 

Germination vesicles· were stained with Wittman's aceto-iron-

haematoxylin (Wittman, 1962; see also Bowen, 1963). The stain was 
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prepared by dissolving 2 g haematoxylin (National Aniline, cert. No. 

NHlS) in SO ml of 4S% acetic acid and then adding O.S g iron alum 

(ferric ammonium su•lphate). Prepared at room temperature, the 

stain was not used for 24. hours. The stain kept for 4-6 months 

urider refrigeration. 

Prior to staining, fixed germination vesicles were individually 

transferred to a watch glass c·ontaining about 1 ml distilled water. 

They were then transferred in a drop of water to a slide which had 

been cleaned with 10% Decon 90. As the fixative evaporates faster 

than water, distilled water was used as a final medium before stain

ing to allow adequate time for manipulation of the vesicles. 

Observing carefully at low magnification the vesicles (about 4-8 per 

slide) were arranged in a small area (approx. 2 mm 2) with as little 

overlapping or touching as possible. Just as the last of the water 

evaporated a drop of stain was placed on the vesicles. After 2 

minutes a coverglass was placed on the slide and excess stain blotted 

away. Squashed preparations were made by slightly pressing the 

coverglass through a layer of blotting paper. This process was 

checked by frequent observations at 120X magnification. Some pre

parations were made permanent after the required drawings and photo

graphs were completed. This was necessitated by the continuing 

effects of the stain in darkening the cell material. The usual 

technique of dehydration through a series of alcohol dilutions was 

unsuccessful because of closely adhering slides and coverglasses. 

The preparation was therefore placed on a piece of dry ice for 2-3 

minutes. Keeping the slide on the dry ice the coverglass was 
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rapidly flicked off the slide with a sharp scalpel. Both coverglass 

and slide were inunersed in 45~o acetic acid for several seconds and 

then rejoined using Hoyer's Mounting Medium (see below) or Eupara 1. 

Although quite successful, this method usually resulted in a much 

thicker preparation than the original temporary one, thus making 

chromosome observations difficult. 

2.5.2 MITOSIS 

Mitosis takes place just prior to cytokinesis (Karsten, 

1918; Waris, 1950a). Therefore, a culture in which a large pro

portion of cells are dividing contains cells with nuclei undergoing 

mitosis. Partial synchronization of desmid cultures has been 

achieved by several authors (e.g. Brandham, 1964; Kasprik, 1973; 

Toziln and Hoshaw; 1976). Brandham (1964) found a mitotic peak in 

the first half of a +2 hour dark period for CZosterium siZiqua West 

and West, and in the last half of the dark period for Cosmarium 

botrytis in one week old cultures in conditions of about 2000 Lux 

light intensity (equivalent to 30pEm- 2sec- 1 PAR) and 20°C. Kasprik 

(1973) obtained partial synchronization in a number of Miarasterias 

species for several days after increasing the light intensity of the 

18 hour light cycle by SO% and renewing the medium. The mitotic 

peak was found to be in the dark period. 

For this study, cultures were transferred from slow growth con

ditions to 5 em diameter petri dishes containing fresh medium in 

rapid growth conditions. By scanning the petri dish at low magni

fication once every hour dur~ng the dark cycle and the beginning of 

the light period .·the peak of cell division was estimated. Samples 

of the cultures were .taken at and before this time on two or three 

consecutive days. 

Each sample was lightly centrifuged and most of the supernatant 

decanted off leaving a concentrated cell suspension. A mixture of 

3:1 absolute alcohol to glacial acetic acid was added to fix the 

cells, which could then 0 be stored at 5 C. 

Observations of mitosis were made by lightly centrifuging the 

fixed sample and pouring off JUost of the fixative. The cell con-
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centrate was gently shaken and a few drops removed with a pasteur 

pipette. These were placed onto a coverglass which had been lightly 

smeared with Meyer's egg albumin (a mixture of 25 ml egg albumin, 

25. ml glycerine and 0. 5 g soditun salicylate)'. After allowing about 

one minute for the cells to settle the excess liquid was removed by , 

carefully tilting the coverglass onto blotting paper, and the cover

glass was inverted into a bath of Wittman's aceto-iron-haematoxylin. 

The Meyer's egg albuniin caused the majority of cells to adher to the 

coverglass. After two minutes of staining the coverglass was drain

ed and then washed for several seconds by inverting in a bath of 45% 

acetic acid. It was then drained again and mounted on a slide ·with 

Hoyer's mounting medium. 

Hoyer's mounting medium was made by dissolving 30 g of gum 

arabic in 50 ml distilled water. 200 g of chloral hydrate was then 

dissolved in this solution and 20 ml of glycerine was added. This 

mounting medium used in conjunction with Wittman's aceto-iron

haematoxylin was found to be most successful in demonstrating mitosis 

in the green algae, Oedogonium and Eremosphaera by Bowen (1963). 

Hoyer's medium has the advantage of not having the precondition of a 

dehydration series because it is a water based medium. 

The Hoyer's medium took up to 7 days to solidify completely. 

During this time the preparations were examined. In order to squash 

cells with dividing nuclei to obtain polar views of the chromosomes, 

the coverglass was pressed with a fi~e steel needle, the process 

being viewed at 120X magnification. This method was used by King 

(1960), and often resulted in clear, dispersed chromosomes. 

2.6 PHOTOGRAPHY AND DRAWING 

Photomicrographs were taken on Ilford FP4 film using a Carl 

Zeiss (Oberkochen) Photomicroscope II or a Standard Universal Micro

scope with an Automatic Photomicrographic Camera Attachment using 

bright field, phase contrast and Nomarski differential interference 

contrast. Living material (i.e. vegetative cells and zygospores) 

to be photographed was either surrounded by a 0.3% agar on a 0.7% 

agar plate or made into a water mounted slide preparation. The 
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processes of conjugation were observed from cavity slide preparations. 

Drawings were made with the aid of a camera Zucida system which per

mitted simultaneous binocular viewing of specimens and pencil. 

Taking measurements of cells employed the same system, a series of 

scales having first been made from a stage micrometer. 

2.7 TEm1INOLOGY USED FOR IDENTIFICATION OF STRAINS. 

Strains were designated code names based on the localities from 

which they were collected, the number of strains from each locality 

and the clone number, e.g. 

(Day. 81) implies 

Day locality (Daylesford) 

B strain B 

1 clone .1 

and (NZ.A3) implies 

NZ locality (New Zealand) 

A strain A 

3 clone 3 

The locality was always abbreviated as either the first three 

letters of the locality name (e.g. ~ay, Daylesford; Tun, Tungatinah; 

Wat; Waterhouse) or two capital letters representing the starting 

letters of localities named by two words (e.g. NZ - New Zealand; 

KW - King William; UK - United Kingdom). The latter system was 

used particular~y for strains from outside Australia, where only one 

or two samples were received from each country (e.g. the two United 

Kingdom samples were labelled UKl and UK2). 
; 

The 'strain letter referred to the number of strains spanning 

different genera which were isolated from each locality and used in 

the investigations, e.g. Micrasterias thomasiana may be strain A, 

while Pleurotaenium trabecula (Ehrenb.) N~g. may be strain B. When 

strains were isolated from the one locality but at different times, 

or where cells of different morphology were isolated from a single 

sample they were designated as different strains. 

Each strain was represented by a clone or clones which were 



given a clone number. Where only the strain name was used, e.g. 

(NZ.A) it referred to all the clones of that particular s~rain. 
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Where cells of d~stinct morphology were isolated from a parti

cular clone and sub-cloned, the resulting clone retained the name of 

the parental clone but a prefix denoting the morphological distinc

tion was atta~hed, e.g. (monsDay.Al) and (3r1Wil.Al). In the form

er example the "mons" prefix denoted the original monstrous cell 

while in the latter example, the prefix "3rl" referred to one out of 

two 3-radiate cells which were isolated from (Wil.Al) and subcloned. 

The strain names were always enclosed by parentheses to repre- . 

sent a set and the locality portion was separated from the strain and 

clone portions by a fullstop. 

Intercrosses were indicated by linking two strain names by a 

cross within parentheses, e.g. 

(Day .AlxDay .A2) 

As noted in Secti~n 2.4.3 the products of zygospore germination 

were designated by the abbreviation GP1 . The term applied to any 

of the haploid products resulting from meiosis in the germination 

vesicle. Therefore, when appropriately qualified, it covered any

thing from a single gone, to the clone resulting from one gone or the 

vegetative cells formed by vegetative propagation of a number of 

gones or heteromorphs. GP 1 clones were denoted by the parental 

cross shown as a se~, followed by GP1/clone number, e.g. 

(Tar.AlxGR2.Al)GPl/2. 

A GP1 culture. of mixed genetic origin was differentiated by the 

absence of a clone number, e.g. 

(Tar .AxGR2 .Al)GPl. 

Where offspring from (GP1xGP1) crosses were obtained they were de

noted by GP2. 

Such terminology is similar to that used in higher plant gene

tics for the progeny either in seed or plant form of crosses between 

two diploid var:Leties. This involves F1 for the "first filial 

generation" and Fa for the "second filial generation". The use of 

t~e t~rms F1 and F2 has been erroneously made for some algal inter-
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crossing studies, including some desmid studies (e.g. Brandham and 

Godward, 1965a; Ling and Tyler, 1976 for the desmids; Coleman, 1977; 

Goldstein, 1964 for the Volvocales). Strictly speaking the terms 

F1 and F2 neither cover the haploid products of meiosis nor the cells 

resulting from vegetative propagation of these' products. 

However, the reason for the use of the terms F 1 and F 2 in these 

studies is clear, and that is the requirement for practical terms by 

which the products of crosses can be designated. This becomes 

critical when the offspring from one cross are either crossed between 

themselves or backcrossed to the parental strains. Consequently, in 

this study the terms GP1 and GP2 were used as they were unambiguous 

and more accurately expressed the true nature of the post-zygospore 

products. 



3. MICRASTERIAS THOMASIANA-DENTICULATA COMPLEX - A STUDY OF 
MORPHOLOGY~ SEXUAL REPRODUCTION 1 GENETIC COMPATI
BILITY AND MEIOSIS, 

3 . 1 MORPHOLOGY . 

4(1. 

Mwrasterias thomasiana Arch. and M. denticulata Breb. are two 

desmid species characterized by large discoidal cells (>170~m in 

diameter), each semicell being divided into five lobes (one polar 

lobe with two lateral lobes on each side) by deep primary incisions. 

M. denticulata (see Fig.lB,C) is, on average, one and a half times 

as long as broad.. Each lateral lobe is subdivided by a single 

secondary incision and two tertiary incisions and the polar lobe has 

a simple apical notch. The base of each semicell is swollen by a 

single supra-isthmal hump. M. thamasiana (see Fig.lG,L) is more 

circular in face view and more ornate, with quaternary incisions 

penetrating the lateral lobes, teeth on either side of the polar 

notch and three pronounced projections at the base of each semicell 

(Krieger, 1939). The differentiation between the two taxa is not 

always very precise. The variety notaia Nordst., (see Fig .lG,H, I, 

J), which was transferred from M. denticulata toM. thomasiana by 

Gronblad (1920), represents an intermediate form. It typically has 

reduced basal projections and a single tooth on either side of the 

polar notch. During the course of this investigation a number of 

strains of large Micrasterias species from many different ·geograph

ical localities were isolated (see Tables 3.1 and 3.2). Some of 

these strains were easily identifiable on the basis of wild type 

morphology as M. dentwulata, M. thomasiana or M. thomasiana yar. 

notata. However, altogether a more complex morphological series 

resulted. The smallest strain in the series was (UKl.B) (Cumbria, 

United Kingdom) identifiable as M. papillifera Br~b. (Fig.lR, Table 

3.4) with a front face reminiscent of a very small M. thomasiana 

except for the rows of spines along the primary incisions and the 

simple basal inflation. Another small strain was (Pin.B) from Pine 

Lake, Central Highlands, Tasmania (Fig.lA) with the simple morphol-



ogy typical of M. jenneri Ralfs with tertiary incisions only some

times present. 
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Identified as M. denticuZata, (PP4.B) (Pine Lake) and (Nar.A) 

(Lake St. Clair) formed the next gradation in the series. However, 

(PP4. B) was smaller than (Nar.A) and with (Pin. B) the three strains 

formed a series of oval cells of increasing size and simple facial 

morphology (Fig.lA,B,C; Table 3.4). Two strains were intermediate 

between M. denticuZata and M. thomasiana var. notata. These were 

(Wil.A) (Lake Will, Tasmania) and (Pin.A) (Pine Lake). They were 

both isolated as single cells and although almost circular in face 

view had simplified peripheral morphology with no quaternary inci

sions or polar teeth and a single supra-isthmal swelling (Fig.lD,E, 

F). 

Many strains could be categorized as M. thomasiana var. notata 

(see Tables 3.1 and 3.3). Cell shapes ranged from nearly circular 

(Fig.lG) to slightly elliptical (Fig.lH). Noticeable variations 

occurred in the degree of development of the basal protrusions. 

For example some wild cells of (GR2.B) had three basal projections 

(Fig. lJ, K) while others had a single basal inflation (Fig.li) . It 

is perhaps the degree of flexibility within the definition of the 

variety notata which made it the taxon of "best fit" for so many · 

strains. Few strains adhered to the greater rigidity of the more 

ornamented M. thcmasiana with the well developed supra-isthmal pro

jections (Fig.lL). 

A more complex morphology was exhibited by the (Day.A) (Dayles

ford, Victoria) strain (Fig.lM,N). As well as three well dev,eloped 

basal projections, rows of smaller projections radiated out from the 

isthmus. Such complex ornamentation is typical of M. thomasiana 

var. puZcherrima G.S. West. The morphological complexity of (Day:A) 

was, however, surpassed by (Gul.A) (Guhmgul Water-hole, Northern 

Territory), which exhibited a series of extremely well developed 

frontal processes (Fig.l O,P,Q). Such a morphotype could be classi

fied as M. thomasiana var. evoZuta Krieg: 

Identification from the wild sample was often based on a single 

cell or very few cells, due to the paucity of the Micrasterias cells 
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in many of the algal samples. Sometimes these samples were taken 

from shallow lake edges or small pools which could be stressful en

vironments. In other cases the samples had been transported long 

distances under adverse conditions (for example via postage). In 

these instances the typical morphology and its variability were im

possible to assess. It was therefore of interest to see how 

morphologically stable the strains proved to be in clonal cultures 

using a 28 soil water medium with defined conditions of temperature, 

light intensity and day length. It was the combined result of wild 

and culture morphological observations on which final categorization 

of strains was made (Tables 3.1 and 3.3). 

In most cases the morphological taxa described were stable in 

culture although a cell size decrease was usual (Table 3. 5). This 

stability applied particularly to strains originally designated as 

M. papUZifera, M. jenneri, M. denticuZata, M. thomasiana var. 

puZcherrima and M. thamasiana var. evoZuta (see Table 3.1 and 3.3) 

and the M. thomasiana var. notata - M. denticuZata intermediates 

(Pin.A) and (Wil.A). (Tar.A) and (Tun.A) consistently produced 

cells in culture which had three very well developed frontal pro

cesses. They were therefore classified as M. thamasiana. However, 

Tyler (1970) in his examination of wild cells from Tungatinah Lagoon 

(Tasmania} and Tarago Swamp (Victoria) observed a variation in mor

phology from a simple M. thomasiana var. notata to a var. puZcherrima 

type. The Tungatinah strain (Tun.A) originated from one of P. 

Tyler's collections, while the Tarago strain (Tar.A) carne from an 

independent collection. 

Some other strains which did not at first apparently fit into 

M. thomasiana var. notata altered in culture so that they could not 

possibly be characterized as anything other than this taxon. One 

such case is that of the Lake King William (Tasmania) strains (KW). 

The original sample contained a number of cells most of which were 

of typical M. thomasiana var. notata morphology (KW.C) (Fig. 2C). 

Two cells, however, were very obviously different. Both were large 

(see Table 3. 5) and one, (KW .A), was of reduced morphology similar 

toM. denticuZata (Fig.2A). The other, (KW.B), had deep, flared 

incisions reminiscent of M. so Z (Ehrenb.) KUtz. (Fig. 28). In 

culture these clones consisted of cells of M. thomasiana var. notata 
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morphology and of smaller cell size than the wild parental cells 

(Table 3.5). (KW.A) exhibited variation in the development of 

polar teeth, from completely absent to the presence of two sets. 

Another similar example is that of the United Kingdom strains. 

Two different (UK2) strains were isolated on the basis of wild type 

morphology. One, (UK2.A), had accentuated wide quaternary incisions 

and long polar lobes (Fig.2E). The other, (UK2.B), resembled aM. 

thomasiana var. notata- M. denticuZata intermediate (Fig. 2F). Both 

types were represented by more than one cell in the sample (5 cells 

of (UK2.A) and 3 cells (UK2.B)). Clonal cultures of both strains 

were indistinguishable from each other and with clear M. thomasiana 

var. notata morphology with polar teeth and a basal inflation and 

quarternary incisions. The other United Kingdom sample, (UKl), con

tained cells of a large Micrasterias.with 'wide incisions and simple 

morphology (UKl.A) (Fig;2D). On culturing, this morphology was 

quite stable and was identifiable as M. rotata (Grev.) Ralfs. 

The United Kingdom strains therefore showed the extremes of 

morphological stability and plasticity in relation to alpha taxonomy. 

The (UK2.A) and (UK2.B) strains appeared quite different in the wild 

but were identical in culture, whereas the (UKl.A) strain maintained 

its distinctness under culture conditions. 

Two strains from the same wild population which also maintained 

their morphological differences in culture were (Coo.A) and (Coo.B) 

from Coonj imba Water-hole, Northern Territory. (Coo. B) was repre

sented as a single small cell in the wild sample as compared with a 

number of much larg~r (Coo.A) cells (see Table 3.5), both being of 

M. thomasiana var. notata morphology (Fig.2G,H). In culture the 

size difference d~creased but the size separation was retained (see 

Table 3. 5). 

Several morphological variants were observed in cultured strains. 

Tri-radiate cells appeared in (Wil.Al) culture (Fig.2I,K). Occas

ionally a 2/3 janus form was observed (Fig.2J) indicating that 3-

radiate daughter semicells resulted from some divisions. Two tri

radiate cells were isolated and subcloned as (3r1Wil.Al), (3r2Wil.Al). 

These clones initially consisted totally of 3-radiate cells but grad-



ually reversion to 2-radiate cells occurred. The proportion of 3-

radiate to 2-radiate cells stabilized at about 50:50 in healthy 

cultures with a slightly lower proportion of 3-radiate cells in old 

cultures. The 3-radiate cells were smaller in linear proportions 

but were of approximately the same volume as the 2-radiate cells 

(see Table 3.5). 3-radiate cells were also observed infrequently 
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in the Lake St. Clair (Fra) and (sc) strains, but in these cases com

plete reversion to 2-radiate cells occurred in old cultures. 

Monstrous or giant cells (cf. Ducellier, 1915; Rosenberg, 1940) 

appeared in low frequency in a (Day.Al) culture. These were able 

to divide vegetatively producing normal daughter cells (Fig.2L). 

One particularly large cell, which unlike the typical monstrous 

cells did not have two obvious isthmal regions, was isolated and 

cultured as (monsDay.Al). (monsDay.Al) cells were always either 

large 3-radiate cells (Fig.2M) or almost 4-radiate cells (Fig.2N,O). 

The culture was maintained for three years without morphological 

alteration. 

Whereas morphological plasticity almost certainly explained the 

3-radiate (Wil.A) cells, a major genetic alteration was probably the 

cause of (monsDay.Al) morphology; It seemed quite possible that 

(monsDay :Al) arose from a monstrous cell and could therefore be a 

polypoid. 

The morphology of Micrasterias and l.n particular M. thomasiana

denticuZata complex was therefore a mixture of plasticity and 

stability. With regard to alpha taxonomy, the minute differences 

between M. denticuZata, M. thomasiana var. notata and M. thomasiana 

were qualitative and subject to variation to such an extent that 

borderlines between the taxa were unclear. The alteration of (KW.B) 
; 

and (UK2.A) in culture to a typical M. thomasiana var. notata mor

phology emphasized the degree o:f morphological plasticity possible 

within this complex.' It also emphasized the impropriety of naming 

taxa from a single cell which may exhibit marked environmental in

fluence on the phenotype. 

On the other hand some morphotypes were very stable. The 

simple (Pin. B) M. jenneri morphotype, the narrow (PP4.B) M. denti-
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culata and the complex facial ornamentation of (Day.A) M. thomasiana 

var. pulche~ima and (Gul.A) M. thomasiana var. evoluta were all 

examples of morpho logical stability maintained over long periods in 

cultures. These probably represented true genetic distinctness at 

least for these strains. The alpha taxonomy of the isolated strains 

therefore incorporated both genetically and environmentally influ

enced morphological criteria. .The value of observations from 

cultures in assessing morphological stability was clear. However, 

the almost universal decrease in average cell size in culture and 

the large morphological changes such as the radiation change in 

(Wil.A) and the giant, possible mutant (monsDay.Al) indicated that 

environmental and genetic changes affecting morphology may also 

occur in culture. Careful observations of both wild and cultured 

·cells ought to provide a reasonable basis for the assessment of the 

morphological norm and variation within strains .. 



TABLE 3.1 MICRASTEJ?I!lS THmt!l8I/Jl.4-DENTICU£ATA COMPLEX J.OCJ\L TTY/STRAIN/ ALPHA TAXOOOMY ~ONDE~~Erl DATA 

LOCt\LITY 

TAS~IANIA 

Lake King William 
Lake St.Clair - 3 Franklin Beaches Pools 

4 Button-grass Pools 
1 Narcissus Pt. Pool 
1 Echo Pt. Pool 

Tungatinah Lagoon 
Great Lake · 
Pine Lake, Central Highlands 

- Lake phytoplankton (1) 
- " " (1) 
- Lake phytoplankton (2) 
- 4 Sphagnum Pools 

Pine Lake, Mt. Bobs 
Lake Will 

fl tl 

Bellinger Lagoon No.2 
Dorset Mine Pool 
Gordon River - Gordon Lagoon 

- Sulphide Pool 
Tongannah Pool 
Lake Salome 

VICTORIA 
-1\artook Reservoir 

Dayl esford Reservoir 
· Tarago S1•amp 

NORmER:-1 TERRITORY 
Gulungul 1\aterhole 

" " 
Manton Dam 

I Coonj imba Waterhole 
NEll ZEALAND 

Lake ~lanapouri - Pool 

HA.LAYSIA 
J N. ~lalaysia - Paddy Field 

!uNITED KI!\GDO~I 
j DuTIQail Raise, Cumbria 

II rJ 

I Rydal Fell, Cumbria 

U.S.A. 
~!\anih Waiya, Oklahoma 

STRAIN ALPHA TAXONOMY 

(l:W.A), '(KW.B), (KW.C) M. thomaaiana var. r.otata 
~F,al.A), (F,a2.A}, (Fra3.A) M. thomasiana var. notata 
SCl. Ar ( SC2 .A), ( SC3.A) , ( SC4.A) M. thomasiana var. notata 
Nar.A M. denticuZata 
Ech.A M. thomasiana var. notata 
~Tun.A M. thomasiana 
GL.A) M. thomasiana var. notata 

Pin.A~ M. thomasiana var. notata - M. denticuZata intermediate 
Pin.B M. denticuZata 
Pin.C M. thomasiana var. notata 
PPl.A I ·(PP2.A), (PP3.A), (PP4.A) M. thomasiana var. notata 
PP4.B M. denticu Zata 
Bob.A M. thomasiana var. notata 
Wil.A M. thomasiana var. notata - M. denticuZata intermediate 
Bel. A M. thomasiana var. notata 
Dor.A M. thomasiana var. notata 
GRl.A M. thomasiana var. notata 
GR2.A M. thomasiana var. notata 
Ton.A M. thomasiana var. notata 
Sal. A M. thomasiana var. notata 

f~ar.A~ U. thomasiana var. notata 
Day.A M. thomasiana var. puZ.ahe1'1'ima· 
Tar. A M. thorrasiana 

tl.Al 
M. thomasiana var. evoZuta 

. Gul.B M. thomasiana var. notata 
~!an. A M. thomasiana var. notata 

{Coo.A , (Coo.B) M. thomasi.ana var. notata 

(NZ.A) M. thomasiana var. notata 

(Mal. A) I M. thomasiana var. notata 

tKl.A~ I 
M. rotata 

UKl.B M. papiZZifera 
UK2.A I (UK2.B) M. thomasiana var. notata 

(Okl.A) I M. thomasiana var. notata 

~ 
1:1:1 
t"' 
tTl 

(,N 

I II-" 

I "'" Q\ 



T.\0 !.L :). 2 ... . '!'!/O.~~i:; T.t·1Nit-DENTTCliLA~Il C0~1PI.[X 

I 
j'f.-\S.t-\NL\ 

LCCALITY 

1 Lake King 1\'illiam 
I Lake St.Clair -

i 
3 Franklin Beaches Pools 
4 Bu:ton-grass Pools 
l Narcissus Pt. Pool 
1 Echo Pt. Pool 

I Tungatinah Lago~n 
Great Lake 
Pine Lake, Central Highlands 

- Lake phytoplankton 
- Lake phytoplankton 
- 4 Sp!1agnum Pools 

I 

I 3elli~.[:cr Lagoon, Number 2 

" 
Pir.e Lake, ~ft. Bobs 
Lake ~·:ill 

1 Dorset ~line Pool . 

I 
Gordon River - Gordon Lagoon 

- Sulphide Pool 

I 
i 

Tonga;mah Pool 
Lake S:J.l~me 

iVTCI·c~ I.~. 
j 1\'a~took Rcs~rvoir 

D~ylesiord Reservoir 
Tarago S\.;a,rnp 

:\ORTIIERN TERRITORY 
Gulungul ~ater-hole 

i ~!~ntor. Da:n 

II TCu~r·: imba 1\ate:--hole 

\.;\·. -E.-< L~\D 
I Lake :.t:rupouri - Pool 

l't·~·\:.AYS lA 
--x~.Ja laysia - Paddy Field 

I."' 'T"[) '" \ ')"\f U.•l . .._.. r.. ... L1 \_). 

: [.;;_~:;::13 i l ~lise, Cunbria 
~ Rydal Fell, Ctz.bria 

!U.S.A. 
l~Nanih l~aiya, Ok:i.ahoma 

(1) 
(2) 

LOC.A I. TTY /STRAIN DETI\II.f'D 01\TI\ 

N.B. These collections represent 32 out of a total of 67 collections from 51 different sites. 
.j:>. 
oo..,J 
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TABLE 3. 3 MICPASTERIAS - ALPHA TAXONOMY 

I 
ALPHA TAXA STRAINS 

M. J"enr:eri (Pin. B) 

-------
M. denticuZata (PP4.B), (Nar.A) 

-· 

":! M. thomasiana var. notata - (Pin.A), (Wil.A) ..., 
(:! 

M. denticuZata intermediate N 

.?i ., ..., 
M. thomasiana var. notata (KW.A), (KW.B), (KW.C); (Ech.A), (Sal.A), (Ton.A), (War.A), (Gul.B), (Coo.A), (Coo.B), § >< 

"':j Q) 

(MaLA), (Pin.C), (PPl.A), (PPZ.A), (PP3.A), (PP4.A), (GL.A), (Man.A) I,... 

~ g. 
(NZ.A), (UKZ.A), (UKZ.B), (Okl.A), (Bob.A), (Dor.A), (GRLA), (GRZ.A), (Bel.A) -~ 8 

"' ":! 

8 M; thomasiana (Tun.A), (Tar.A) ..s:: ..., 
::;; M. thorrrJ.siana .var. pu Z.che!'l'ima (Day.A) 

------- M. thomasiana var. evoZ.uva (Gul.A) 

M. I'Otata (UKl.A) 

M. papillifora (UKl.B) 

--

FIGURES 

I 
Fig.lA 

Fig.lB,C 

Fig.lD-F 

Fig.lG-1 

Fig.IL 

Fig.lM,N 

Fig.lO,P,Q 

Fig.2D 

Fig.lR 

---

' 

~ 
o:l 
t""' 
I:T.I 

VI 

VI 

~ 
00 



TAS~.E 3 . ..t Ci:LL !.J;)IE:\SIQ~;s - WILD TYPES (except where specified) - (all measurements in IJID) 

! L ,... ..... 'r --·,: STRAIN LENGTH MAXI1·1U~I WIDTH : VL."'\L.: ~' . 

t ...... ,1. (r..'I'I.A) 320 286 I :\.~ !\.lr.g i\1~ 1&11 

I (K\1'. B) 309 274 
I ~ Kl~ .c) 228 212 
ltake St. Clair Fra2.A) 270 240 

I ~SCl.A~ 275 240 
Nar.A 197 131 

(Ech.A) 208 177 
ITungatinah Lagoon Sample, Tyler, 1970 245-(268)-284 213-(241)-225 
Great Lake (GL.A) 10 cells 255- (260)- 272 225-(230)-245 
Pine Lake (Pin.A~ 200 155 

(Pin.B 150-155 95-100 

~Pio.Cl 220 205 
PPl.A 230 205 

! ,PP2.A 290 260 

' ~PP3.:.. 275 250 
I PP4.A) 281 252 j 
I 

(PP4.B) 10 cells 160-(167)-176 111- (123) -130 
ex culture 

\Pine Lake, ~It. Bobs ~Bob.A) 220 200 
'Lake 1\'il \{i.l.A) 212 189 
/3e! linger Lagoon Jl:o. 2 (Bel.A) 5 cells 195-(204)-215 165-(182)-192 
i~~ors et :~tine (Dor.A) 220 200 
!r-,.... ,.... R.; ' (GRl.A) 10 cells luv .... co.. .4. \ er 

I 
190-(193)-200 152-(155)-160 i . ex culture 

I (GRl. B) 

I 

215 202 

/Tor.g:mnah . (Ton. A) 10 cells 194- (201)- 211 155-(170)-181 
ex culture 

IL:::}.;e Salor::e ~Sal. A) 238 225 
C .. ··"n"''l 0 i' l:ibor:g Gul.A) 253 200 / _ ....... o.... ..... ... " , 

I 
(Gul. a) 315-350 275-310 

~·!C.:-. :c:-t D3.;n 

I ~~~:::~~ 
305-330 260-305 

icoonj imba Billabong 320 300 
i Coo.B 170 150 
i~:ew Zealand (NZ .A) 10 cells 220-(247)-285 170-(185)-210 
:\. :.:alays ia p:al.A) 191 146 
:u;'li tee! Ki~;5d0~ - l·Ctunbria ,uKl.A) 250-280 . 220-240 
I (UKl. B' 125 100 
j 

I I 
t2.Al 210~220 190-210 
UK2.B 245 220 

lU.S.A. Oklahom:;. . Okl.A) 275-280 250-270 

wrom OF 
POLAR LOBES 

69 
66 
42 
38 
37 
42 
42 
-

45-(47)-50 
42 
50 
30 
35 I 
40 
39 
39 

50-(56)-61 

50 
so 

37-(44)-43 
I 45 I 

42-(44)-48 

34 

34-(40)-47 

58 
52 

53-60 
40-45 

50 
25 

46-(49)-50 
30 
50 
25 

. 50-52 
50 
50 

ISTJ-tl.nJS 

35 
31 
27 
25 
24 
27 
27 
-

25-(26)-28 
26 

20-30 
25 
25 
28 
27 
28 

18-(20)-22 

28 
-

25- (27) -29 
30 

22-(24)-25 

23 

22-(26)-30 

26 
26 
32~40 

27-30 
40 
20 

25- (27) -30 
21 

30-32 
20 

23-25 
30 

25-26 

I 

I 

I 
I 

I 
I 

I 
I 
i 
I 
I 

I 
I 

I 
I 
I 

I 

~ 
o:l 
t""' 
tTl 

VI 

~ 

~ 
t.O 



TABLE 3. 5 

Str-ain 

(KW.A) 

(i>.l'i. B) 

locl\·.c) 
I(Tu."l.A) 

i(Pin.A) 

j(Pin.B) 

il( t\ar .A) l 
I ( ' Ech .AJ · 

(liil.A) 

(Sal. A) 

(;iaLA) I 
(Day .. .\) I 

(~ian .A) I 
(Coo.A) 

(Coo. B) 

(:-;::.A) 

(UK1.A) I 
:uKz .A) , 

'u··? ~) I ' J\.~.n 

IVILD A!\D CULTURED CELL DIMENSIONS FOR CERTAIN STRAINS (all measurements in 11m) 

WILD TYPE EX-RAPIDLY GROWING CULTURE (measurements of 10 cells) 
Width of Isthmus 

Width of Isthmus 
Length ~1aximum ll'idth Polar Clone Length Maximum Width Polar 

Width Width 
Processes Processes 

320 286 69 35 (KW .Al) 185-(195)-228 163-(170)-194 39-(43)-47 26-(27)-30 

309 274 66 31 (KW.Bi) 198- (218) -2n 185- (203)-237 . 43-(48)-56 26-{30) '-34 

228 212 42 27 (Klv.c2) 176- (194) -202 155-'(173)-185 43-(45)-47 26-(27)-,30 

245-(268)-284 213-(241)-225 - - (Tun.A1) 168-(178)-189 151-(160)-168 39-(43)-47 26-(28)-34 

200 155 45 26 (Pin.Al) 180-(183)-190 142-(150)-153 48-(50)-52 21-(23)-25 

150-155 95-100 50-51 20-30 (Pin.B1) 140-(146)-154 100-(103}-110 51- (53) -55 15- (18) -21 

197 131 42 27 (Nar.A1) 192 151 48 28 I 
208 117 (Ech .A1) 189-(206)-224 168-(185)-206 39-(44)-47 26-(29)-30 42 27 

212 189 50 - .(Wil.A1) 179-(190)-198 169-(181)-187 42-(46)-47 26-(30)-34 

(3r1Wil.Al) 166-(175)-182 143-(146)-151 39-(41)-42 29- (33) -36 

238 .225 58 26 (Sal.A1) 189- (197) -206 163-(178)-194 39-(43)-47 26-(28)-30 

231-251 I 212-235 45-54 26-27 (l'!ar.A1) 194-(201)-206 176-(182)-189 43-(45)-47 26-(30)-34 ! 
347-359 289-305 69-73 39 (Day .A1) 194-(211)-224 163- (1SO) -189 34-(42)-47 26-(31)-34 

(monsDay.A1) 254-(257)-258 222-(224)-225 52-(56)-60 -
305-330 260-305 40-45 27-30 (Man.A2) 180-(220)-270 175-(204)-250 40-(45)-50 26-(29)-37 

320 300 . so 40 (Coo.Al) 289-(296)-310 260-(274)-290 - 30-(32)-34 

170 I 150 I 
25 20 (Coo.B1) 170-(185)-195 130- (158) -170 20-(21)-25 I -

I 

220-(247)-285 170-(185)-210 46-(49)-50 25-(27)-30 (NZ.A5) 193-(199)-202 150-(158)-164 40-(48)-52 30-(31)-32 

250-280 220-240 50 30-32 (UK1.A1) 215-(232)-252 210-(221)-240 52-(55)-60 32-(36)-42 
I 

(UK2 .A1) 210-220 

I 
190-210 S0-52 23-25 1 180-(188)-193 160-(164)-170 35-(41)-46 . 23-(28)-30 

245 220 50 30 (UK2.B1) 1175- (184).-190 163-(165)-170 40-(41)-43 20-(25)-28 

: l 

...:] 
;t> 
t:C 
t""' 

.• t'T:1 

VI 

V1 

V1 
0 
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3. 2 SEXUAL REPRODUCTION· 

Sexual reproduction for heterothallic strains of Micrasterias 

thamasiana var. notata was described in detail by Blackburn and Tyler 

(in press} (see Appendix 1). In brief, "initial pairing" between 

cells of opposite, compatible mating types began 3-4 weeks after 

mixing of the strains. Following a vegetative cell division, the 

daughter semicells. of which were of smaller and simpler morphology, 

a·more cohesive "sexual pairing" occurred accompanied by prolific 

mucilage production. Conjugation took place several days later, 

within the protection of a conjugation cylinder. The round zygote 

soon secreted a hyaline exospore with spine in~tials which developed 

into long bi- or tri-furcated spines. A thick.brown mesospore and 

endospore were then laid down. Some typical zygospore measurements 

are given in Table 3.6. 

After dehydration and a dormant period, germination was achiev

ed by rewetting with fresh medium. The germination vesicle, 

enclosed by the endospore, escaped via rupture of the mesospore and 

flipping back of an operculum in the exospore.· A·single Cosmarium

like gone developed from the germination vesicle. A vegetative 

division then produced heteromorphs with thomasiana-like daughter 

semicells (see Appendix 1, Figs .l-25). 

Sexual reproduction was identical to this in strains belonging 

to the taxa M. thomasiana, M. thomasiana var. puZcherrima and the 

M. thcmasiana var. notata- M. denticu.Zata intermediate, (Wil.A). 

In the latter case conjugation occurred normally between 3-radiate 

as well as 2-radiate (Wil.A) cells and opposite mating strains. 

Conjugation between the large (monsDay.A1) clone and compatible 

opposite mating strains did however involve some anomalie~. Initial 

pairing in the true sense did not take place. Instead loose clus

tering of cells developed with more normal hi-radiate cells than 

(monsDay .A1) cells present. The bi-radia te cells always out

numbered the tri-radiate (monsDay.Al) cells in any cross because 

vegetative division of (monsDay.Al) cells was slower and less fre

quent than for the hi-radiate cells. Vegetative divisions then 

produced heteromorphic individuals with small daughter semicells 

(Fig.3A). Sexual pairing was preceded by considerable movement of 
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cells. Figure 4 diagrammatically shows cell movements observed over 

twenty four hours in one cross. Triplets of cells formed (1,2,3 in 

Fig.4A; 9,11,16 in Fig.4F), in some cases only to be disrupted by one 

of the cells moving away (3 in Fig.4B). Other regular pairings 

occurred (4,5 and 6,7 in Fig.4A; 3,8 and 17,10 in Fig.4C) while some 

heteromorphs never paired (12,13 in Fig.4F). Prior to conjugation 

the cross consisted of sexual pairs and triplets, unpaired hetero

morphs and normal vegetative cells (Fig.4F, Fig.3B,C). Between 

sexual pairs conjugation proceeded normally with fusion of the gamete 

protoplasts after initial papillae formation within a clear conjuga

tion cylinder (Fig.3D,E,F). Zygote shrinkage, exospore formation 

and spine development and the laying down of a thick mesospore and 

endospore were usually typ~cal (Fig.3G,H) resulting in zygospores 

which were only slightly larger than typical M. thomasiana var. 

notata zygospores (Table 3.6). In some conjugations, however, not 

all the (monsDay.Al) protoplast managed to escape from the gamete 

cell wall before zygote contraction and wall formation. With tri

plets, complete gamete fusion was even less frequent. Sometimes 

only two cells of the triplet conjugated whereas in other cases an 

attempt at conjugation between all three gametes wo~ld be made, with 

remnant portions of gamete protoplasts after zygospore development 

almost always resulting (Fig.SA). Rarely a complete 3-gamete 

zygospore of larger than average size would form (Fig.3I; Table 3.6). 

Zygospores appeared in the M. thomasiana var. evoluta strain 

(Gul.A) after several weeks in culture. Careful observation of the 

cultured field sample and isolation of clones confirmed that (Gul.A) 

was homothallic. Prior to conjugation a number of successive vege-

tative cell divisions resulted in a very wide range of cell sizes, 

each successive division producing smaller daughter semicells' 

(Fig.SD). Members of pairs consisted not only of cells with one 

small semicell each but often of individuals of very different total 

cell size (Fig. SE). It was not observed whether daughter cells ·of 

a vegetative division then formed a pair. Pairing was not always 

of the typical form with the gametes in juxtaposition with their 

isthmuses at right angles. Cells positioned at any angle between 
' ~ 

parallel to each other (Fig.SF,G) and at right angles to each other 

(Fig.SH) were observed. Conjugation took place within the protec

tion of a granular mucilage envelope and a clear conjugation 
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cylinder (Fig.SI). No dense granular mucilage was observed around 

the conjugation cylinder. The mature zygospores were similar to 

typical M. thomasiana var. notata zygospores in size (see Table 3.6) 

but the slightly longer spines were furnished with only a single 

terminal subdivision. It was interesting that within the same wild 

sample the heterothallic (Gul.B) strain formed typical M. thomasiana 

var. notata cell pairs and zygospores (Fig.SK,L). 

Another unusual zygospore was observed in a (PP4.Blx0kl.A2) 

cross (Fig.SC). Only a single zygospore was formed and the gamete 

cell walls appeared. to be of (Okl.A2) morphology with a reduced semi

cell each. Other such cells were observed in the cross (Fig.SB). 

The zygospore was not typical of M. thomasiana var. notata because 

slender spines tapered to an undivided apex. 

Unsuccessful conjugation attempts were observed in low frequen

cies in most crosses. It was apparent that lack of precise 

synchronization of conjugation usually resulted in abortion of both 

gametes. Very rarely, however, one or two separate spores devel

oped (Fig.SM). They could be parthenospores or partial fusion of 

the gametes may have occurred, leaving part of one gamete to form a 

smaller spore. The viability of such spores is not known. 



TABLE 3.6 M. THOkWSIANA-DENTICULATA COMPLEX - SAMPLE OF ZYGOSPORE DIMENSIONS (all measurements in ~m) 

CROSS TOTAL DIAMETER DIAI\ffiTER WITHOUT SPINES SPINE LENGTH 

(KW.AlxDay.Al) 129-(148)-155 77-(91)-103 22- (28)- 34 

(Wil.A1xTar.A2) 116- (156) -185 86-(91)-103 30-(35)-43 

(Ton.A1xWar.A1) 151- (161) -172 77-(92)- 99 26-(33)-39 

('fun.A1xDay .A1) 125- (148) -176 73-(90)- 99 22-(29)-39 

(Day.AlxNZ.AS) 130-(145)-160 80-(87)- 96 27- (29)-36 

(monsDay.A1xNZ.A6) 2 conjugant 155-(161)-170 80-(92)-100 32-(34)-40 
zygospores 

3 conjugant 180 110 40 
zygospores 

(Okl.A2) self-cross 140 75 30 

(Gul.A1) self-cross 175 80 so 

( Gul . AlxGul. A4) 135-(159)-180 72- (84) -110 30-(38)-40 
----- - - --- - -------------

I 

I 

VI 
~ 
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3.3 SEXUAL COMPATIBILITY 

Strains isolated· from a large mnnber of geographical locations 

are listed in Table 3.2. By a series of crosses of strains within 

and between localities it was hoped to obtain information on sexual 

and genetic compatibility which could be related to biogeography 

(and questions of ecological pressures on genetic mechanisms) and the 

alpha taxonomic categories listed in Tables 3.1 and 3.3. As many 

clones from each locality as possible were included in the crossing 

experiments which were repeated as many times_as feasible (usually 

2-3 times). The major stumbling block was the sheer magnitude of 

the tasks of isolating, maintaining and crossing large numbers of 

cultures. All crosses were performed in 2B soil water medium. 

Zygospore production was taken as indicating sexual compatibility. 

Fertile strains were designated either plus (+) or minus (-) mating 

type depending on their relative crossing behaviour. 

(A) INTRA-LOCALITY CROSSES 

The wild samples were kept in crude culture for one month after 

collection to see if sexual reproduction occurred. Individual cells 

were also isolated and grown as clonal cultures. The clones from 

each locality were later mixed and pl41-ced lillder crossi!lg con~itiQns_. 

(1) Gulungul (Northern Territory) : The two Gulungul 

strains (Gul.A) and (Gul.B) exhibited sexual reproduction in the wild 

sample. As already mentioned (Section 3. 2), (Gul.A) was ~omothallic 

and was the only confirmed homothallic strain encountered in this 

study of theM. thamasiana~dentiauZata complex. (Gul.B) was hetero

thallic with the successful clonal crosses shown in Table 3.7A. The 

crosses were repeated twice and in both cases no zygospores were 

formed in the (Gul.B2xGul.B3) cross. However, possible pairing was 

observed. 

Other intra-locality clonal crosses yielded some interesting 

results: 

· (2) Lake King William (Tasmania) The three (KW.C): 



clones and (KW.Al) and (KW.Bl) were crossed in all combinations 

twice, with the c~~.c) clones crossed between themselves an extra 
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two times (see Table 3.7B for the combined results). Despite the 

repeat attempts (KW.C2) never crossed with either of the other (KW.C) 

clones, nor did (KW.Al) cross with any other (KW) strains. (KW.Bl) 

crossed with both the(+) clones,· (KW.C3) and (KW.C2). 

(3) Great Lake (Tasmania) : Five clones were 

crossed in all combinations (see Table 3.7C). All clones were 

fertile and compatible with (GL.A4) being the only (+) clone. 

(4) Daylesford (Victoria) : 

(Day.Al) and (Day.A2), were isolated. 

Only two clones, 

When they were initially 

crossed no sexual reaction was observed. However, on three succes

sive occasions prolific zygospores were formed. (monsDay.Al) was 

crossed three times with (Day.A2) but zygospores never formed (see 

Table 3. 7D). 

(5) Lake St. Clair (Tasmania) : The clones isolated 

from the Franklin Beaches pools, the Button-grass samples, Narcissus 

Point and Echo Point were crossed in all possible pair combinations 

three times. The results were identical for all trials (see Table 

3. 7E) with (SC2.Al) and (Fra3.A1) being fertile and compatible and 

(Fra2 .Al), (Fral.Al), (SCl. Al), (SC3. Al), (SC4 .Al), (Ech .Al) and 

(Nar .Al) not showing any sign of ferti 1i ty. 

(6) Pine Lake (Central Highlands., Tasmania) A large number 

of clones were isolated from Pine Lake and small pools within 20 

metres of the lake edge. These were tested for intra-population 

sexual compatibility. The first series-of crosses involved 

(PP2.A1,2,3,4,5), (Pin.Cl,2,3,4,5), (PP4.A1,2,3,4,5), (PP4.Bl), 

(Pin.Bl) and (Pin.Al) in all possible combinations. The results 

are summarized in Table 3.7F. In the second series of crosses 

(PP3.Al) was crossed with all the above clones. Other crosses were 

performed to check the crossing 'gaps' found by the first series, 

for example (PP2.Al,2,4,5) all appeared to be (+) in mating type but 

they did not cross with all the same (-) mating clones. 

These Series 2 crosses were: 

1) (PP2. Al)x each of (PP2 .A3), (PP4.A3), (PP4.A4), (PP4.AS), (PP4 .A2) 
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2) (PP2.A2)x each of (PP2.A3), (PP4 .A3), (PP4.A4), (PP4.AS), (PP4.A2) 

3) (PP2.A4)x each of (PP4.A4), (PP4.Al), (PP4.A2), (PP4.AS) 

4) (PP2 .A2):x each of (PP2.A3), (PP2.A4) 

5) (PP2.A1,2,3,4,5) in all possible pair combinations. 

Repeat crosses of the (Pin.C) clones with all other clones were also 

made. The combined results of the first and second series of cross-

es are tabulated in Table 3.7G. None of the (Pin.C) clones other 

than (Pin.C4) showed any sexual compatibility with any other clones. 

No other intra-locality crosses showed any signs of within

population compatibility. 

(B) INTER-LOCALITY CROSSES 

Inter-locality crosses were made to test the sexual compati

bility over a wide geographical range. The strains used in the 

crosses are listed in Table 3.8. The results are summarized in 

Table 3.9. A few relevant points need to be made:-

1) Table 3.9 represents the final complex of results. Repeats 

were made of all crosses, some crosses being made more than twice 

where unusual results were obtained on the first series of crosses 

or where obvious crossing gaps existed between what would be ex

pected to be compatible strains from other successful crosses. 

2) For ease of comprehension certain groups of clones (listed in 

Table 3.9, Note 1) were combined on the table. This was considered 

reasonable because of the good agreement of the results of inter

locality crosses for each of these groups of clones. Identical 

crossing results were obtained for (Tar.Al), (Tar.A2) from Victoria 

and (Wil.Al), (3r1Wil.A1), (3r2Wil.A1) and (Bel.Al), (Bel.A2) and 

· (Dor.Al), (Dor.A2) from Tasmania. The detailed inter-locality 

crossing results for the clones of (PP4.A), (NZ.A) and (Pin.C) are 

given in Table 3.10. Although there was not complete agreement 

with all crosses for each of these groups the differences could be 

attributed to the crossing variability (see below). 

3) Crossing variability was a major problem. This meant that if 
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a cross was repeated for example, three times, that it might be 

positive with respect to zygospore formation in only two instances, 

i.e. there was not one hundred percent reproducibility. On the 

other hand a cross made only once might be negative, whereas if it 

was repeated a number of times it might prove positive. The reasons 

for this were not clear. Although culture conditions which had been 

found to be conducive to crossing were used, certain factors such as 

the age of the culture before crossing, level of bacterial contamina

tion and relative numbers of each strain within a cross were subject 

to small variations. In an attempt to minimize the unreliability of 

crossing information, repeats were made of each cross, all crosses 

being made twice and many three or four times. The time, culture 

room space and work load involved in undertaking such large numbers 

of crosses .was considerable and made any further cross repetitions 

impossible. 

4) The intercrossing results in Table 3.9 were arranged to show 

the two main crossing groups which emerged out of the data. Each 

group consisted of compatible (+) and(-) strains. Some crosses 

within each group were unsuccessful. However, if sexual compati

bility implied genetic compatibi 1i ty to the extent of gene flow then 

all the strains were directly or indirectly related. Genetic com

patibility will be discussed later (Sections 3. 4 and 3. 6). 

5) The two groups were not entirely separate. The (+) strain, 

(BeLA) and the (-) strain (KW.B) bridged the two groups by being 

compatible with opposite mating strains in each group. 

6) Against the background of the total compatibility pattern, 

certain anomalous crossing reactions were very obvious. 

(a) (KW.C2) acted as a (+) clone in Group 1 a:hd a (-) clone in 

Group 2 if it was assumed that (BeLA) and (KW.B) were of uniform 

mating type in the two groups. Its cross-group compatibility in

volved an apparent change in mating type. It only crossed with two 

strains in Group 1, three in Group 2 and the bridging clone (KW.Bl) 

(b) Successful zygospore formation between (PP4.A2) and 

(Pin.Al) and bet;ween (PP4.A2) and (PP2.A3) was unexpected in re

lation to their other compatible crosses. (PP4.A2) in most cases 

acted as a (-) Group 1 strain, whereas (Pin.Al) was typically (-) 
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Group 2. (PP2.A3) was not crossed with all other Group 1 strains 

but on the limited inter-locality crossing informatio~ and the intra

locality Pine Lake crosses it appeared to be (-) Group 1. 

(c) Routine crossing of the New Zealand clones with the others 

resulted in the surprising result of zygospore formation between 

(Day.A2) and (NZ.A3) when (Day.Al) and (Day.A2) were compatible 

opposite mating types from the same locality and (Day.Al) had been 

repeatedly shown to be compatible with the other New Zealand clones, 

although not actually with (NZ.A3) (see Table 3.10C). However, 

(NZ.A3) did act as a (-) Group 2 strain as was the case with the 

other (NZ.A) clones in other crossing reactions. The (Day.A2xNZ.A3) 

cross was repeated three times and, although no mature zygospores 

were ever formed in the repeat crosses, attempts at conjugation 

occurred in all cases. 

7) The zygospore found in (Okl.A2xPP4.Bl) (see Section 3.2) was 

included at the extremity of Table 3.9. Unfortunately (Okl.A2) was 

lost from culture soon after this cross was made. The other (Okl.A) 

clones, (Okl.Al) and (Okl.A3) were tested for homothallism and 

heterothallism between themselves and with (PP4.Bl). No zygospores 

were ever recorded. At this stage the zygospore in the (Okl.A2x 

PP4.Bl) cross must remain an anomaly which probably represents a 

homothallic ~esponse of (Okl.A2). 

8) Of the strains which did not cross with any others in the inter

locality crosses, only (Gul.B) clones were known to be fertile from 

the intra-locality crosses. All the others showed no sexual re

action in any of the crosses. They could either represent hetero

thallic strains for which compatible mating types were not available 

or they could be sterile. 

9) No relationship existed between the two mating groups and 

locality. As already mentioned (KW .C2) acted as a ( +) mating type 

in Group 1 and a (-) mating type in Group 2. The other Lake King 

William clones were either representatives of Group 1, (KW.Cl), 

(KW.C3) or Group 2, (KW.Al), or the bridging clone, (KW.Bl). 

(War.Al) and (War.A2) fitted into Groups 1 and 2 respectively and 

the Pine Lake strains also had representatives in both groups. 
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Between localities there was no isolation. In fact often 

strains that could have been interpreted as sterile from the intra

locality. crosses crossed readily with strains from widely distributed 

localities, for example, (KW.A1). (Pin.Cl),.which did·not cross 

with any other Pine Lake clones, crossed with a number of clones in

cluding (UK2 .Al) in. the inter-locality crosses. Compatible strains 

therefore exist on a global basis, while in one small pool incompati

ble het.erothallic strains of opposite mating type may exist side by 

side. 

A suggestion of partial sexual incompatibility between geogra

phically isolated strains was indicated by (Bel.AxUK2.Bl) and 

{Wil.AlxUK2.B1). These crosses were each made three times and in 

all instances approximately 90% of conjugation aborted with very few 

successful zygospores. In usual crosses abortive conjugations 

averaged between 5 and 10% of the total. Although the unequivocal 

criterion for sexual compatibility was taken as successful zygospore 

production, the consistency of this crossing behaviour was worthy of 

recognition. 

10) The alpha taxonomic categories, M. thomasiana var. notata, 

M. thomasiana and M. thomasiana var. puZche~ima did not represent 

any delimitation of sexual incompatibility. Strains representing 

these taxa crossed freely. EXcept for the probable homothallic 

{Ok1.A2) zygospore in the (Ok1.A2xPP4.Bl) cross, no crosses involving 

strains categorized as M. jenneri, M. denticuZata or M. papiUifem 

were successful. This could reflect genetic discontinuity or it 

might be that compatible opposite strains were just not available. 

The crossing data led to th.e consideration of a simple genetic 

mechanism to explain crossing patterns. Mating type has been shown 

to segregate at the first division of meiosis in a number of desmids 

(Biebel, 1961; Brandham and Godward, 1963, 1965c; Lippert, 1967; 

Starr, 1955b) and a simple, single gene control with no crossing 

over at meiosis has been hypothesized (Biebel, 1961; Brandham and 

Godward, 1965a). If, however, a slightly more complex system than 

the single locus/two allele system is considered an explanation for 

the crossing data is possible. 



For simplicity's sake if two major factors A and B influence 

mating type such that 

( +) Group 1 strains are represented by A 

(-) Group 1 strains are represented by a 

( +) Group 2 strains are represented by B 

(-) Group 2 strains are represented by b 

A/a and B/b could be equivalent to four alleles based on two loci. 

As well as these major factors, multiple C-factors, equivalent in 

action to polygenic modifiers would moderate effects of A and B. 

If (KW.B1) had genotype ab, (Bel.A1,A2), AB and (KW.C2), Ab the 

cross-group compatibility would be feasible. The other anomalous 

crosses are more readily explained by differences in the polygenic 

modifiers. For example (PP4.A2) which usually is (-) Group 1 (a) 

will cross with (PP2 .A3) (a) and (Pin.Al) (b). These three strains 

probably are so modified by the C-factors that they are compatible 

despite their-major mating type genotype. Similarly (Day.A2) and 

(NZ.A3) are compatible despite their both being(-) Group 2 (b). 

The particular set of C-factors in (Day.A2) and (NZ.A3) place them 

at opposite enough extremes to make them compatible. 

such a system would permit great flexibility. 

Obviously 
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Other major crossing factors would inevitably exist. Since 

sexual reproduction is observed so rarely in nature (Fritsch, 1953) 

it is unlikely that in most situations (for exceptions see Section 

6) these different mating types arise by recombination at meiosis. 

More probable are small mutations of mating type factors, which, 

since they are not essential to survival because of the usual vege

tative mode of reproduction, would be selectively neutral and there

fore survive quite easily. Such factors would probably lie close 

together on a particular chromosome and therefore not be subj~ct to 

recombination at meiosis. 



T.\BI.E 3.7 INTRA-LOCA!.TTY CROSSES 

(A) Gulungul: (Gul.B) crosses 

G;Jl.Bl 

z 
~ .. 

Gul. 83 

X 

z 

(B) Lake King \\lilliam: (K\\I.A), (K\11.8), {K\\I.C) crosses 

~ Klv.Cl K;v. Bl K\\I.Al 

KW.C3 z z X 

Kl·;.cz X ·z X 
' --

(C) Great Lake: (GL.A) crosses 

~i GL.Al GL.A2 GL.A3 GL.AS 

GL.A4 I z z z z 
- '--

(D) Daylesford: (Day.A) crosses 

(2) 

monsDay.Al x 

L:1ke St. Clair: (Fral.A). (Fra2.A), (Fra3.A), 
(SCl.A). (SC2.A), (SC3.A), 
(SC4.A), (Nar.A), (Ech.A). 

~ Fra3.Al Fral.Al Fra2.Al SCl.Al 

I SC2.Al z X X X 
·-

SC2.Al 

X 

(F) Pine Lake crosses - Series 1 

~ 
I 

PP4.A2 PP4.Al PP4.A3 PP4.A4 PP4.A5 PP2.A3 Pin.Al 

PP2.A2 X X X z X z X 

PP2.Al X .x z z z X X 

PP2.A4 z X z z X z X 

PP2.A5 X X z z X z ·x 

Pin.C4 X X X X X X z 
---- - --- -- -

(G~ Pine Lake crosses - Series 1 and 2 combined results 

~ PP4.A2 PP4.Al PP4.A3 PP4.A4 PP4.A5 PP2 .A3 Pin.Al PP3.Al 

PP4.A2 0 X X X X @ ® 
PP2.A2 ® X z z z z X 

PP2.Al ® X z z z z X 

PP2.A4 0 X z X z z X 

PP2.A5 X X z X X z X 

Pin.C4 X X X X X X z 
- . 

N.B. (Pin. Bl), (Pin.Cl,C2,C3,CS). (PP1.Al), and (PP4.Bl) did not show com-
patibility with any clones. · 

K E Y 

Z zygospores 

SC3.Al SC4.Al Nar.Al Ech.Al 0 zygospores - anomalous mating 
response 

X X X X 
x no zygospores 

0 self-cross - no zygospores because 
of heterothallism 

-
X 

z 
z 
z 
z 
X 

-

~ 
ta 
t"' 
tT1 

(.N 

....... 

0\ 
N 



TABLE 3.8 INTER-LOCALITY CROSSES - STRAIN A~TI CLONE DATA 

LOCALITY STRAIN 

Lake King William (KW.A) 
II 

tv.B~ II KW.C 
Lake St. Clair . Fra3.A) 

II 

tC2.A~ 
I 

II Nar.A 
II Ech.A~ 

I Tungatinah Lagoon (Tun.A 
I Great Lake (GL.A) 

Pine Lake · (Pin.A~ 
II (Pin.C 

·- If (PP2.A~ 
If 

tP3.A II PP4.A~ 
II PP4.B 

Pine Lake, Mt. Bobs 
rb.Al .Lake Will IVil.A 

Bellinger Lagoon Bel.A 
.Dorset ~line Pool Dor.A) 

I Gordon River (GRI.A) 

I 
If ~GR2.A) 

Tongannah Pool Ton.Al Lake Salome (Sal. A I Wartook Reservoir (lvar. A 

I Daylesford Reservoir (Day.A~ 
Tarago Swamp (Tar.A 
Gulungul Billabong (Gul.B) 
Manton Dam 1~1an. Al Coonjimba Billabong Coo.A 

If Coo.B 
Lake ~lanapouri - Pool NZ.A) 
N. ;-.Ja laysia 

""l.Al 
United Kingdom - c~~bria UKl.A 

I 
If UKl.B 
II UK2.A 
If UK2.B 

U.S.A. - Oklaho~a (Okl.A) 

CLONE USED IN CROSSES 

(Klv .Al) 
KW.Bl) 
Kli'.Cl,C2,C3) 

' Fra3.Al) 

~2.All Nar.Al 
Ech .Al 
Tun.Al 
GL.Al,A4) 
Pin.Al) 

(Pin.Cl,C2,C3,C4,CS) 
(PP2.Al,A2,A3,A4,A5) 

(PP3.Al) 
(PP4.A2,A3,A4,AS) 

(PP4.Bl) 
I 

(Bob .Al) 
(IVil.Al), (3rl,3r2Wil.Al) 

(Bel.Al ,A2~ 
(Dor.Al,A2 
~GRl.Al) 
GR2.Al) 
Ton.Al~ 

(Sal. AI 
(War.Al,A2) 

(Day.Al,A2), (monsDay.Al) 
(Tar. Al,A2) 
(Gul. Bl,B4) I 
(Man.Al,A2~ 
~Coo. Al,A2 
Coo.Bl) 

(NZ.Al,A2,A3,A4,AS) 
~Hal ;AI) 
UKl.Al ,A2) 
~UKI.Bl,B2,B3) 
UK2.Al~ 

I (UK2.Bl 
(Okl.Al ,A2 ,A3) 

_________ I 
----- - ---- -------
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TAllLE 3.!J INTER- LOCALITY SEXUAL COMPATIIHLITY 

.... 
c.. 
;:l 

~ 
<.:) 

N 

0. 
;:l 
0 
IX 
<.:) 

GROUP 1 

~ KW.Cl Ech.Al Sal.Al Ton.Al Bob.Al 

KW.C3 z z z z z 
War.Al z z z z X 

GL.A4 z X z X X 

Dor;A z z z X z 
GR.Al X X z X z 
PP2.A z @ z z z 
KW.C2 X X X @ 
lle .A X /. X X 
PP4.A2 X X X X X 
War.A2 X X X X X 

Day.Al X X X X X 

monsDay.Al X X X X X 
Day.A2 X X X X X 
Wil. Al X X ·X X X 

SC2. Al X X X X X 
GR2.Al X X X X X 

Pin.C X X X X X 
Okl.A2 X X X X X 

KEY: Z zygospores 
@ zygospores - anomalous mating response 
x no zygospores 

cross not attempted 

GL.Al 

z 
X 

z 
z 
X 

X 

X 

t. 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

PP4.A PP2.A3 

z -
X -
z -
X -
X -
z z 
X X 

X : ·,:. 

X 
<?J X 

X X 

X -
X X 

X -
X X 

X -
X • X 
X -

--------

0 self-cross - no zygospores because of heterothallism 

PP3.A2 PP4.A2 

X z 
X z 
X z 
- X 

.x X 

z z 
X X 

t. t. 
X 0 
X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

NOTE 1 For practical purposes, in drawing up the table the results of the following 
clones were combined because of their similar or identical mating responses:-

(oor.Al,A2) 

~
PP2.A2;A4,A5) 
Bel.Al,A2) 
Pin.Cl,C3 and sometimes C2,C4,C5) 

(PP4.A3,A4,A5) 
~~ar.Al,A2) 
\~Z.Al,A2,A4,AS) 
(1\'il.Al). (3rl,3r2Wil.Al) 

!
(~~~:~l) 
Bel.A 
Pin.C (see Table 3.10) 
PP4.A 

~
Tar.A) 
NZ.A) 
Wil.Al) 

KW.Bl KI~.C2 

z X 

z X 

X X 

X X 

X X 
7 X 

0 0 
l. X 

X X 

z ffi ~ 
~ 

X X 

X X 

z @ 
z X 

X X 

X X 

X X 

t\OTE 2 

GROUP 2 

Da:•.A2 Tun.Al Tar.A KW.Al Fra3.Al NZ.A . NZ.A3 UK2. Bl UK2.A2 Pin.Al 

X X X X X ·X X X X 

X X X X X X - X X 

X X X X X X - X X 

X X X· X X X - X X 

X X X X X X - X X 

X X X X X X - X X 

X X X X X X X X X 

L. L. L. L. L. L. 'L. l. X 

X X X X X X - X X 

z z z z z z z X X 

z z z z z z X X X 

X X X X z z X X X 

0 X X X X X @ X X 

z z z z z z z z X 

z z z z X z - X z 
z z z z z X - X z 
z z z z z X - X z 
X X X X X X - X X 

Clones which did not exhibit sexual compatibility with any clones:

(:-<ar.Al) 
(Gul. Bl, B4) 

!
:.Jan. A 1, A2) 
Coo.Al,A2) 
Coo.Bl) 
~lal.Al) · 

~
UKl.Al,A2) 
UKl. Bl, 82, 83) 
Okl.Al,A3) 

X 

X 

-. 
--
X 

X 

-
<?J 
z 
z 
X 

-
-
z 
z 
X 

PP4.Bl 

X 

X 

-
-
--
X 

-
X 

X 

X 

X 

X 

--
-
X 

z 

..., 
~ 
t'"' 
m 
VI 

1.0 

0\ 
-l':>o 

I 

I 
I 



TABLE 3.10 INTER-LOCALITY SEXUAL COMPATIBILITY FOR-CERTAIN STRAINS 

(A) (PP4 .A3 ,A4 ,AS) (C) (NZ.Al,A2,A3,A4,AS) 

~ PP4.A3 PP4.A4 PP4 .AS :~ NZ.Al 

K\\'.C3 z X z KII'.C3 X 

\\ar. Al X X - 1\'ar.Al X 

GL.A4 z z - GL.A4 X 

!:.lor.A X - - Dor.A X 

GR •. U X - - GR.Al X 

kii'.C2 X X X PP2.A X 
Bel. A - - X KW.C2 X 
l'iar.Bl X - - Bel. A z 
Day.Al X - X PP4.A2 X 

1 mons Day .Al X - -
Day.A2 X - -

War.A2 X 

Day.Al z 
\l'il.A X X - monsDay ._Al z 
SC::. Al X - - Day.A2 X 
GR2.Al X - - \~il.Al z 
Okl.A2 X - - SC2.Al z 

~ GR2.Al X 

Pin.C X 

Okl.A2 X 
·-·--

(B) (PP2.Al,A2,A4,AS) (Pin.Cl,C2,C3,C4,CS) 

~~ 1-.1·; .Cl Ech.Al Sal.Al Ton.Al Bob.Al GL.Al KII'.Bl KW.C2 Day.A2 Tun.Al Tar.A 

I PP2.Al z I ·x z z z X z X X X X 

?P2.A2 z I X x· X - - X X X - -
PP2.A4 z i 7 

! z z X X z X X X X 

I - -· PPZ.A5 : z z X - - z X X X X 

Pin.Cl j 
-
X X X X X X X X z z z 

Pin.C4 I X X X X X X X X z z z 
Pin.C2 I X - - - - - - X z - -
Pin.C3 i X - - - - - - X z - -p. ~- I I z 1n. c.:> I X - - - - - - X - -

-

KEY: Z ~ygospores 

x no :ygospores See Table 3.9 Note 1 
cross not attempted 

NZ.AS NZ.A4 NZ.A2 

X X -
X x· -
X X -
X X -
X X -
X X -
X X -
z z -
X X -
z z -
z z z 
z z X 

X X X 

z z z 
-Z z -

X X -
X X -
X X -

KW.Al Fra3.Al NZ.A 

X X X 

- - -
X X X 

X X X 

z z X 

z z X 

- - -
- - -
- - -

NZ.A3 

.x 
-
X 

-
X 

-
X i 

z 
- ' 

z i 

X 

X 
I z 

z 
-
-
-
-

UK2.Bl 

X 

-
X 

X 

X 

X 

-
-
-

UK2.Al 

X 

-
X 

X 

-
z 
-
-
-

~ 
1:0 
1:"' 
tT1 

t..:l 

...... 
0 

a-. 
U1 
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3.4 GENETIC COMPATIBILITY - GP1 VIABILITY AND BACKCROSSES 

3.4.i GPJ VIABILITY 

Successful conjugation and zygospore production was used 

as the criterion of sexual compatibility. It was of interest to 

see whether sexual compatibility was. followed by genetic compatibi

lity to the extent of GP1 viability and fertility and complete gene 

flow by successful backcrosses. Zygospores from a large number of 

intra- and inter~locality crosses were rewetted with fresh medium 

after a dormant period of three to six months to obtain germination 

and GP 1 data (see Table 3.11). A qualitative estimate of zygospore 

quantity, degree of ~ermination and GP1 viability was made in each 

case. Several points were clear: 

1) There was no correlation between the zygospore quantity and the 

extent of germination except at the lower limit where a paucity of 

zygospores necessarily implied very few germinations were possible. 

In other cases a large number of zygospores yielded very few germi-

nations, while a small number of zygospores might nearly all genni-

nate resulting in a high degree of ·germination. 

2) A cross which did not gerndnate when it was first rewetted often 

would germinate on a second rewetting after another drying out and 

dormant period. Since multiple rewettings were not possible for all 

crosses nothing could be concluded from a failure to germinate, that · 

is, it did not imply genetic incompatibility. 

3) Gemination did not necessarily result in a viable and healthy 

GP1 progeny. Nonviability was taken as failure to survive past 

three vegetative divisions. The greatest mortality occurred during 

division of gones and heteromorphs~ Low viability implied GP1 sur

vival was possible with careful culture, but that a prolific GP1 

never resulted, and high viability was the ready survival of the GP1. 

It was noticeable that a large percentage of nonviable GP1 strains 

were the products of Australia x New Zealand or Australia x United 

Kingdom crosses. However, it was equally true that some of the 

crosses involving New Zealand strains did produce offspring of low 

viability and that sometimes the GP1 from crosses involving United 



Kingdom strains did survive for several months, so that complete 

genetic incompatibility with respect to GP1 viability was not the 

case. 

4) The intra-locality crosses usually resulted in zygospore pro~ 

ducts of high viability. For example, the Great Lake (GL.A), Pine 

Lake, e.g. (Pin.C), (PP2.A), (PP4.A)~ Daylesford (Day.A) and Lake 

King William (KW .C3), {KW. Bl) intra-locality crosses all produced 

healthy GP1 populations. The inter-locality crosses produced a 

lower proportion of high viability GP 1. 
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5) GP 1 morphology was typically that of M. thanasiana var. notata 

(Fig. 6A,D). Since most parental strains which produced viable GP 1 
offspring were M. thomasiana var. notata this was to be expected. 

GP 1 offspring with theM. thomasiana var. notata- M. denticu~ata 

intermediate, (Wil.A), as one parent were also of M. thamasiana var. 

notata morphology without the reduced morphology of (Wil.A) (Fig.6F). 

TheM. thamasiana var. pulcherrima clones (Day.Al) and (Day.A2) pro

duced a GP 1 with three pointed basal protrusions and three small 

spines radiating into each lobule (Fig.6C). The progeny of (Day.Al 

xKW .Al) were indistinguishable from the (Day .AlxDay .A2) GP1. Such 

morphology might be classified as a reduced pu~cherrima variety or 

perhaps a typical M. thomasiana. 

6) Tri-radiate heteromorphs which then formed tri-radiate GP 1 
cells developed occasionally. They were common in (Wil. AxNZ .A) GP1 
and (3r1Wil.AlxTun.Al) GP1, but also occurred in Pine Lake GP 1 and 

(Fra3.AlxSC2.Al) GP1 (Fig.6B,F,I). In all cases except one, tri

radiate GP1 clones maintained over six months consisted entirely of 

3-radiate cells. In the one exception, a Pine Lake GP1, (PP2.A4x 

PP4.A3) GP1, after two months 10% of the cells were typical 2-radiate 

cells. The proportion of 3r:2r cells remained stable at this level. 

7) GP1 cells of abnormal morphology developed from some hetero

morphs. A small proportion occurred in the GP1 from intra-locality 

crosses (e.g. Pine Lake, (PP2 .A4xPP4.A3) GP1 and (PP2 .A4xPP4.A2) GP 1 , 

Fig.6E,G) whereas most of the offspring from Australia x New Zealand 

and Australia x Uriited Kingdom crosses were malformed. Along with 

the tri-radiate progeny (Fig. 6I) of (Wil.AxNZ. A) crosses, GP1 cells 



with abnormal. lobe development forming up to four radiations (Figs. 

6H, 7A) were common. Such cells were also prevalent in (Day.Alx 

NZ.A) and (monsDay.AlxNZ.A) crosses. However, some normal hi

radiate cells did exist, for example the large, oval (monsDay.Alx 

NZ.Al) cell depicted in Fig.7B. 
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GP1 cells from crosses ·involving (UK2.Bl) were nearly always 

malformed cells, with abnormal lobe development (Fig. 7D,E,F, I). 

Monstrous' cells were also common (Fig.7G,H). Such cells were main

tained for three months in culture but they very rarely divided and 

eventually the cells died. 

8) If a mixed (as compared with clonal) GP 1 culture was kept for 

one or .two months zygospores were often formed, indicating the 

presence of compatible opposite mating types among the GP 1. These 

most readily formed in cultures of high viability where a prolific, 

dense culture grew. However, in three (Wil.AlxNZ.A) GP 1 cultures 

and two (monsDay.AlxNZ.A) GP 1 cultures zygospores were formed des

pite the low cell density. All the zygospores examined were formed 

from cells of normal or near normal morphology (Fig.7C) with the 

common malformed cells not participating in conjugation. 

The fate of some of the GP1 zygospores was followed up by ger

mination attempts. The results are summarized in Table 3.12. 

Those GP1 zygospores which did not germinate were not able to be 

subjected to a second rewetting due to lack of time. All the GP 1 
crosses which did germinate on the first rewetting were intra

locality crosses. They all produced viable GPz progeny, although 

very slow initial development was universal. Germination ocqurred 

sporadically from five to ten days after rewetting followed by long 

delays in the division of heteromorphs. Tri-radiate GP 2 cells were 

formed from several Pine Lake GP1 germinations. 

3.4.2 BACKCROSSES 

Clonal GP1 cultures were grown to test gene flow between 

the parental strains and their GP1 by backcrosses. Only a limited 

number of GP1 clones were successfully cultured in the available 
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time. The results of the backcrosses are given in Table 3.13. 

Some GP1 clones did not backcross to either parent. These un-

successful backcrosses were not taken as indicating incompatibility 

because of the likelihood of environmental problems such as differ

ences in cell numbers of each clone and also lack of time available 

in which to repeat the backcrosses. This problem was the same as 

the crossing variability difficulties discussed in Section 3.3. 

The Great Lake (GL.A) GP1 clones exhibited compatibility with 

(+)and (-) (GL.A) parental clones. Other backcrosses consistently 

crossed with only one of the parental clones. For example, seven 

(Day.AlxDay.A2) GP1 clones all backcrossed to (Day.A2). Similarly, 

the four (Tar.AlxGR2.Bl) GP1 clones only backcrossed to (Tar.Al) and 

the three (PP2.AlxPP4.AS) GP1 clones crossed with (PP2.Al). 

However, all these GP1 strains formed zygospores·in mixed culture 

(Table 3.11) so it was either a matter of chance that the GP1 clones 

isolated were all of the same mating type, or there could be ~n im-
. ; 

balance of one mating type in the GP 1 due to ganes being unequally 

proportioned with respect to mating type. Several other backcrosses 

were successful but none gave evidence of sexual compatibility with 

·both parental strains. 

Germination o;f all successful backcrosses was attempted. Only 

one cross germinateci, ((KW.C2xKW.Bl)GPif3xKW.C2) and the few cells 

which were produced were all malformed. The cells did not survive 

past one or two vegetative divisions. 

The results of GP1 viability and fertility indicated genetic 

compatibility beyond the level -required for sexual compatibility in 

the crosses which germinated. Potential gene flow. between the 

parental strains was not clearly demonstrated due to the lack of 

successful backcrosses and subsequent germinations. A more com

prehensive set of backcrosses using dense GP1 clonal cultures would 

probably allow greater insight into gene flow, which is the ultimate 

criterion of genetic compatibility. 



TABLE 3.11 M. THr;.t-.1ASIANA-DEliTICU~ATA CO~!PLEX 

CROSS 
ZYGOSPORE 

GER.\liNATION 
QUANTITY 

(KN.ClxPP2.A2) ++ ++ 

(KW.ClxPP2.Al~ ++ + 
~k1L ClxPP2. A4 + + 
KW.ClxPP2.AS + + 
(KW.ClxDor.A~ + + 
~Kiv .C2xKW. Bl ++ +++ 
k1~ .C2x1Hl.Al) + + 

~KW .C3xKW. Bl~ (1) ++ +++ 
KW .C3xKW. Bl (2) ++ + 

KW .C3xSal.Al ~ ++ + 

t1~ .C2xDay .Al ++ .++ 
k1V. BlxKW .AI) + + 
KN .Alx\Hl.Al) ++ + 

tL .A4xGL .A2~ + + 
GL.MxGL.AS +++ ++ 

GL .A4xGL .A3~ (I) ++ + 
(GL.A4xGL.A3 (2) ++ + 
~GL.A4xGL.AS ··-++ ++ 
GL.A4xGL.Al) +++ ++ 

tL.A4xKII'.Cl) ++ + 
Bel.AxTar .A2) ++ ++ 
Bel .AxUK. Bl ~ + + rol.A,KW.Bl + + 
Bel.AxEch .Al ++ + 
War .AlxKW .Cl~ ++. + 
GR2.AlxTar.Al) +++ +++ 
~Fra3. AlxSC2 .Al) +++ + 
Day.AlxNZ.A4) (1) ++ + 

(Day.AlxNZ.A4~ (2) +++ +++ 
(Day.AlxNZ.Al ++ + 

(Day .AlxNZ.A2~ (1) ++ + 

;::~ :: i~~i:~ l (2) +++ +++ 
++ + 

Day.AlxNZ.A4 (3) ++ + 
Day.AlxNZ.A4 (4) ++ +++ 
Day.AlxNZ.A4 (5) ++ +++ 
Day.AlxNZ.A3 + + 

ZYGOSPORE ·GERM JNATION AND GP1 VIABILITY DATA 

GP1 VIABILITY GP1 x GP1 
NONVIABLE VIABLE UNKNOWN ZYGOSPORE 

++ 
++ 

+ 
+ 

++ 
++ + 
++ 
++ + 
++ 

+ 
++ 

+ 
"+ 

+ + 
++ + 
++ + 
++" . + 
++ + 
++ + 

+ 
+ 

+ 
+ 
+ 
+ 

++ + 
+ + 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

- -1...-.----

REMARKS 

Germinated only on second rewetting 

Multi-radiate cells of low viability; 3-radiate 
cells of high viability 
Some 3-radiate cells 

Some 3-radiate cells 
Some 3-radiate cells 

Eventually all GP1 cells died 

Germinated only on second rewetting; GP1 
eventually died 

Germinated only on second rewet.ting; GP1 
eventually died 

! 

I 
I 

I 

~ 
fu 
(,.:1 

I-' 
I-' 

~ 
0 



!~.-\BLE 3.11 (Cont.) 

CROSS 

! 
! (Day.AlxKW.Bl) 

ll.uay.A2xPin.C3) 
Day.AlxKW.Al) 

I
. Day.AlxTar.A2) 

Day .AlxTar. Al) 

I 
'oay.AlxDay.A2) (1) 

. ~Day.AlxDay .A2) (2) 
(Day.A1xDay.A2) (3) I (monsnay .AlxNZ. Al) 

' (r.:onsDay. AlxNZ .A3) 
(monsDay.AlxNZ.AS~ 

l
rr.o~sDay.AlxNZ.A4 (1) 
monsDay.AlxNZ.A4 (2) 
~~nsDay ·::lx:-E. A4) (3) 

i , :·:~: .Alx~~-A~) 
,.~.c~ .Alx1·L.A.)) (1) 

(Ni l.Al xNZ. A3) (2) 

(l•:il.AlxNZ .Al) 
(h'il.A1xNZ.A4) (1) 
(11'il.Alx1>Z.A2) 
(~il.AlxNZ.A4) (2) 
(3rlWil.AlxNZ.Al~ 
(3r2\\i 1. ;, 1 x.'l:. A-1~ 

.. ' .• 1 . ..... -I (.>rLL.>\lx:\.:..r\.) i (3r1\llil.AlxNZ.AS) (1) 
j (3r2llil.AlxNZ.A3) 

I 
(3_:~1Hl.Alx.':Z.AS) _(2) 
(1\l" .AlxTar .A2) (1) 

. (:·.i l.AlxTar. A2) (2) I (h.il.A"x~ar.Al) (1) 
, (:,ll.A 1 xl ar. Al) (2) 

. I 

j (:i:.l.AlxTa:-.Al) (3) 

I (!1'i l.AlxUK2. Bl) (1) I 
(Wil.AlxUK2.Bl) (2) 

i (3rlWil.A1xTun.Al) (I) 

I (l\il.AlxTar.A3) (3) 
! (1\il.AlxK'I'I.Al) (1) 

ZYGOSPORE 
QUANHTY 

+ 

++ 

++ 
++ 

++ 
+++ 

++ 

++ 

+ 

+ 

+ 
+ 

++ 
++ 

+* 
++ 

++ 

++ 
++ 

+ 
+ 

++ 
++ 

++ 
+++ 

+++ 

++ 
++ 
++ 
++ 

+++ 

++ 
+ 
+ 
+ 

++ 
+ 

GElU.JINATION 

+ 

++ 

++ 
+ 

+ 
++ 

+ 

+++ 

+ 

+ 
+ 

·+ 
+++ 

++'+ 
+ 
+ 

+++ 

+++ 

+++ 

++ 

+ 
+ 
+ 

+++ 

++ 

+ 
+ 
+ 

+++ 
+++ 

+++ 

++ 
+ 
+ 
+ 

++ 
+ 

GP1 VIABILITY 
NO~~IABLE VIABLE UNKNOWN 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

++ 

++ 
++ 

+ 
+ 

++ 
++ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

++ 

+ 
+ 

+ 

++ 
+ 

GP1 x GP1 
ZYGOSPORE 

.+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

REMARKS 

Abnormal GP1 cell morphology including 
monstrous cells 

Hany 3-, 4-radiate and monstrous GP1 cells 

GP1 paired but did not conjugate; many 3-
radiate, monstrous cells 
Great mortality at division of ganes and 
heteromorphs 
Many 3-radiate, 4-radiate, monstrous GP1 cells 

II II 

II II 

II 

II II 

GP1 clones did not survive 
Slowgrowing; 3-, 4-radiate, malformed cells 

GP1 clones did not survive 

Germinated only on second rcwetting 
GP1 high mortality on division of heteromorphs 

GP1 cells malformed and slow growing 
3-radiate GP1 cells 

~ 
txl 
t""' 
tTl 

~ 

1-' 
1-' 

,-.., 
n 
0 ::s 
rt 

'-" 

-.1 
1-' 



TABLE 3.11 (Cont.) 

CROSS ZYGOSPORE GEIDHNATION QUANTITY NOJI.'VIABLE 

(l~i 1. AlxTun. Al) (2) ++ ++ + 

~l,.i 1. AlxU K2. Bl) (3) + + + 

Iii l.AlxDay .A2) (1) ++ ++ 

l ~liil.AlxDay.A2) (2) ++ +++ 

PP2.A4xPP-l.A3~ ++ ++ 

(PP2 .A3xPP2 .A4 ++ + 

rP2.A4xPP4.A2) + ++ 

PP3.AlxPP2.A4) ++ ++ 

PP2 .AlxPP<. AS l .. + + 

PP2. A2xPP4 .A2 + ++ I ~P!'2.Ah:PP4.A3 ++ ++ 

; PP2 .A4xPP4 .A3 ++ ++ 

j (PP2.ASxPP2.A3 
1 

+ ++ 

-

KEY: Zygospore quantity + low 
++ medium 

+++ high 

GP1 VIABILITY 
VIABLE 

+ 

+ 
++ 
++· 

++ 
I ++. 

++ 

++ 

++ 

++ 
++ I 

Germination 

GP1 x GP1 
UNKNOWN ZYGOSPORE 

+ 
+ 

+ 

+ 

+ 

I 
+ 

+ 

+ low 
++ medium 

+++ high 

I 

REMARKS 

GP1 cells malformed 
Low germination on first rewetting, high 
germination on second rewetting 

Some malformed GP1 cells 

Some malformed GP1 cells 
Germinated only on second rewetting 
3-radiate cells (approximately 20%) 

II 

II 

II 

II 

Viability +. low 
++ high 

II 

II 

II 

II 

--3 
6; 
t"" 
tTl 

(N 

....... 

....... 
,....... 
n 
0 ::s 
r-t 

'-' 

-....! 
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TABLE 3.12 M. 'l'HOMASIANA-DENTICULATA -.COMPLEX - GP 1 ZYGOSPORE GERMINATION DATA 

GP1 S1RAIN GPI ZYGOSPORE 
GERf.IINATION 

(PP2. A3xPP2. A4) GP1 + 

(PP2.A4xPP4.A2) GP1 + 

(PP2.AlxPP4.AS) GP1 + 

(PP2.AlxPP4.A3) _GP1- +. 

(PP2.ASxPP2.A3) GP1 + 

(PP2 .A4xPP4 .A3) GP1 + 

(Tar.A1xGR2.Bl) GP1 -
(GL.A4xGL. AS) GP1 (1) -
(GL.MxGL.AS) GP1 (2) + 

(GL.A4xGL.A3) GP1 (1) + 

(GL.A4xGL.A3) GP1 (2) + 

(Day.A1xDay.A2) GP1 (1) -
(Day.AlxDay.A2) GP1 m -
(3r111'il.A1xNZ.AS) GP1 (1) -
(Fra3.A1xSC2.Al) GP1 + 

(Day .A2xPin. C3) GP1 -
(KW. C3xKIV. 81) GP1 -

~- ---

KEY: Germination: + germination 
- no germination 

GP2 GP2 X GP2 REMARKS VIABLE ZYGOSPORE$ 

++ - Germination sporadically over five days 

++. - _Germination over five to ten days, some 3r progeny 

++ + II II 

++ - Some 3r progeny, sporadic germination 

++ + Slow GP2 development, only heteromorphs present 10 days after 
germination 

++ -

++ -
++ + 

++ -

+ Sporadic germination, slow GP2 development 

~-- -- ----- --

Viability: + low 
++ medium 

Zygospores: + low number of zygospores 
- no zygospores 

~ 

6; 
t"" 
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VI 
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~:-\BLE 3.13 !4. 'I'HOMASIA:'!.4-D£;'1TICUL.4TA COMPLEX - BACKCROSSES 

-· 

l BACKCROSS ZYGOSPORE$ BACKCROSS 
; 

I (!1.>1'.ClxGL.A4) GPlfl x Kl'i.Cl + (Day.AlxDay.A2) GP1/l x Day.Al 
I " " X GL.A4 - ' " " x Day.A2 

I (KI\'.ClxGL.A4) GP1/4 x KW.Cl + (Day.AlxDay.A2) GP1/2 x Day.Al 

I 
. " " x GL.A4 - " " x Day.A2 

(Kli'.C3xk1\ .. Bl) GP1/3 x KW.Cl (Day.AlxDay.A2) GP1/4 x Day.Al I -
I " " x KW.Bl - " " x Day.A2 

I (r:W.C3xKW.Bl) GP1/4 x KW.Cl - (Day.AlxDay.A2) GP1/S x Day.Al 
" " x KW.Bl - " " x Day.A2 

I 

(KW.C3xKI1.Bl) GP 1/S x KW.Cl + (Day.AlxDay.A2) GP1/6 x Day.Al 
" " X KI~.Bl - " " x Day.A2 

(KlCC2xli.11'.Bl) GP1/2 x KW.C2 + (Day.AlxDay.A2) GP1/7 x Day.Al 
" " x KlV. Bl - " " x Day.A2 

I (li.11'.C2xk1~.Bl) GPif3 x k1~.C2 + (Day.AlxDay.A2) GP1/9 x Day.Al 
" " x KW.Bl - " " x Day.A2 

i 
I 

I (KI'i.C2xKII'.B1) GP1/7 x KILC - (fra3.AlxSC2.Al) GP1/l x Fra3.Al 
I " " x KI\.Bl - " " X SC2 ,Al 
I 
I 

(GL.AlxGL.A4) Gp1/2 x GL.Al (Fra3.AlxSC2.A1) GP1/3 x Fra3.Al I + 
I " II X GL.A4 - II " x SC2.Al 
I 

I (GL.AlxGL.A4) GPif3 x GL.Al + (Fra3.AlxSC2.A1) GP1/S x Fra3.Al 

I 
II II x GL.A4 - II II x SC2.Al 

I (G!...AlxGL.A4) CP:/4 x GL.Al - I (Tar.AlxGR2.Al) GP1/1 x Tar.Al 

I II " X GL.A4 + II " X GR2.Al 
i 

(GL.AlxGL.A4) GP1/S x GL.Al - (Tar.AlxGR2.A1) GP1/3 x Tar.Al 
" II X GL.A4 - + " " x GR2.Al 
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3.5 OBSERVATIONS ON MEIOSIS 

An investigation of meiosis in gennination vesicles fixed soon 

after emergence from the zygospore was made to supplement some pre

liminary and incomplete observations (Blackburn and Tyler, in press; 

see Appendix 1), which indicated a basic chromosome number of around 

40, with a range of chromosome sizes from 1.5~ to 7~m, with some 

chromosomes at least, definitely possessing a single centromere. 

For other chromosomes, especially the smallest ones~ the centromeric 

organization was not clear. There was evidence for asynchrony of 

the stages of meiosis. 

Meiosis in germination vesicles from four different crosses was 

studied : 

A. (Wil.AlxNZ.A5) 

The earliest stage of meiosis observed was diplotene (Fig.8A,B, 

C) which was characterized by a large number of differentially 

stained bivalents spread over a large disc-shaped area of the genni

nation vesicle. Stickiness between bivalents made detection of 

individual bivalents very difficult. Some obvious bivalent cross-

over configurations were observed, along with simple parallel pairs, 

particularly in man~ of the smaller chromosomes (Fig.8B). By 

.diakinesis the chromosomes were intensely stained and more contracted 

and not as widely dispersed across the germination vesicle as in di

plotene. Fig.8D and its diagrammatic interpretation, Fig.9, show a 

late diakinesis in which long chromosomes of coiled banded appearance 

constituted one or two bivalents (number 48). Banding was observed 

on some of the other chromosomes (e.g. bivalents 9 and 34) but most 

of the chromosomes were too small and deeply stained for any qetail 

to be discerned. It was often extremely difficult to differentiate 

between two chromosomes tightly paired as a bivalent and unpaired 

univalents. However, an approximate haploid count of 60 was made. 

Often diakinesis and pre-metaphase I were obscured by extreme sticki

ness between chromosomes as d~picted in Fig.8E, 

Metaphase I was short lived and asynchronous with the bivalents 
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lining up in a ragged fashion on a metaphase plate (Fig.8F,G). In 

the slightly squashed metaphase I preparation shown in Fig.8G two 

large darkly stained bivalents were noticeable amongst the smaller 

bivalents. Repulsion of half-bivalents was followed by an irregular 

movement of chromosomes to the poles of a truncate spindle (Fig.8H)~ 

Laggard chromosomes and the trailing, splayed out chromatids of two 

long half-bivalents were clear in the late anaphase I preparation 

shown in Fig. 81. 

Anaphase I passed quickly into metaphase II without an inter

phase, the chromosomes only partially lining up on metaphase II 

plates (Fig.8J). The two chromatids of each chromosome were usually 

clearly visible. Squashes of two metaphase II plates from the same 

vesicle are shown in Fig.lOA,B and a diagrammatic interpretation of 

one side (Fig.lOB) shown in Fig.llA. Chromosome 9 appeared to con

sist of two long chromatids C7llm) already slightly parted. An un

stained region partway down one chromatid was obvious. Its counter

part on the other chromatid was a thin, faintly stained region. 

These may represent centromeric regions. No other chromosome was as 

long, with chromosome 42 being the next longest (4.5llm). An esti-

.mate of 62-65 chromosomes was made, the variation in the number being 

in the interpretation of whether several chromosomes were in actual 

fact individual chromatids. Chromosome counts from other metaphase 

II preparations were 58 and 63. 

In all instances the end of metaphase II was asynchronous with 

one side always progressing into anaphase II before the other side. 

In some cases the asynchrony was such that anaphase II was well ad

vanced in one chromosome group while the other group was still lined 

up unevenly on the metaphase II plate (Fig.lOC). Asynchrony within 

each chromosome group was also the norm with some chromosomes 

separating into chromatids before the others. This made interpre

tation of anaphase II figures very difficult. Squashes of the two 

chromosome groups in one vesicle are shown in Fig.lOD,E. One group 

(Fig.lOD) was tightly held together with most of the chromosomes 

still consisting of two chromatids. Two long separated chromatids 

were, however, obvious. The other group (Fig.lOE) squashed more 

easily and was interpreted diagrammatically (Fig.llB) with some 

difficulty as some of the chromosomes had split up into separate 
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chromatids and others had not. An approximate 2n count of 120 was 

made. Two long (approx. 7J.lm) separated chromatids (88 and 89) were 

obvious with two others (21 and 49) possibly being derived from 

another fairly long chromosome. 

ranged from 1-3J.lm in size. 

Most of the other chromosomes 

Anaphase II resulted in four chromosome groups, two sister 

groups being slightly ahead of the other two and therefore more con

densed (Fig.10F). As telophase II continued, asynchrony between 

the lagging sister groups resulted in one faintly stained chromosome 

group compared with the increasingly pycnotic other three groups 

(Fig.10G). These three nuclei soon aborted leaving a single viable 

haploid nucleus as the sole product of the meiotic division. 

The normal sequence of events of meiosis was apparently inter

rupted in two vesicles observed during the course of this investiga

tion. One vesicle initially was assumed to be in anaphase II as 

four distinct chromosome groups could be discerned (Fig.10H). 

However, closer observations showed the four groups to be atypical 

·of anaphase II. One group (Figs.10I, 12A) consisted of fourteen 

chromosome with very clear chromatids in all cases. Two long 

chromosomes were particularly notable (chromosomes 1 and 3). Both 

were· differentially stained and with a subm~dian lightly stained 

region. Chromosome 1 was long (9J.lm) with chromosome 3 being 5J.lm 

in length. Chromosome 2, another fairly large chromosome, appeared 

to have separated into two chromatids. The chromosomes gave all 

appearances of being metaphase II .chromosomes progressing into 

anaphase II. 

A second chromosome group lay irregularly on an equatorial plate 

of a truncate spindle (Fig.10J). A number of small outlying chromo

somes appeared to be separated chromatids heading for the poles. 

The t~ird chromosome group also lay across a spindle and 17 to 18 

chromosomes, each consisting of two chromatids, could be detected 

(Figs.10K, 128). Several of these, for example, chromosomes 1 and 

3, had separated into individual chromatids. The fourth chromosome 

group was less distinct and was composed of chromosomes with diffuse 

outlines mostly consisting of paired units clumped tightly together 

(Fig.10L). 
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The paired structure of the chromosomes in the four groups des

troyed any illusion that they were anaphase I I chromosome groups. 

It seemed far more probable that they each represented part of a 

metaphase II complement. If, for some reason at metaphase I, the 

chromosomes had not lined up on a single equator but had formed two 

metaphase I clusters then this unusual situation of four metaphase 

II chromosome groups could have arisen. If meiosis had been able 

to progress to completion in this vesicle the outcome would have 

been interesting to observe. 

Two nuclear groups were observed in another vesicle (Fig.l3A). 

One group consisted of a number of chromosomes apparently paired as 

18 bivalents (Figs.l3B, 12C). Four large bivalents (1,2,3 and 4) 

stood out against the smaller bivalents and exhibited stickiness 

between partly separated half-bivalents. Details of the other 

chromosome group were more difficult to discern (Fig.13C). However, 

bivalent configurations and stickiness were obvious. This chromo-

. some group had all the appearances of a late diakinesis or pre

metaphase I. It seemed quite likely that this vesicle represented 

a divided metaphase I, with one chromosome group slightly ahead of 

the other. This would then lead to a situation similar to that 

described for the four metaphase II groups . 

. , 

B. (Wil. AlxTar. A1) 

The preliminary observations on meiosis in·M. thomasiana var. 

notata (see Appendix 1) were made on a (Wil.A1xTar.Al) cross. A 

more thorough investigation demonstrated the basic pattern of meiosis 

to be identical to that described for (Wil.A1xNZ.A5). A metaphase I 

plate (Fig.13D), which proved difficult to squash (Fig.13E,F) was 
' 

found to have 51-54 bivalents often closely adhering together (Fig. 

14). Another metaphase I (Figs.13I, 15A) consisted of between 47 

and 51 bivalents; many of which were iri crossover configurations. 

The individual chromosomes were impossible to discern in most cases. 

One bivalent (number 1) may have consisted of two very long chromo

somes or could have been two bridged bivalents. A count of 48 bi

valents was made from another metaphase I preparation. 
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because some bivalents had separated into half-bivalents while 
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others were still joined (Pig.l3G,H). However, several long chromo

somes (7-8llm) were very noticeable (Fig.lSB). It appeared that 

there were four half-bivalents with telocentric or acrocentric 

organization such that the chromatids splayed out forming a V-shaped 

(chromosomes 1 and 2) or a long sausage shape (chromosomes 3 and 4). 

Banding along the length of the chromosomes was very clear. These 

four half-bivalents correlated well with the long trailing chromo

somes observed in a late anaphase I preparation (Figs. 26-28, 

Appendix 1). The other bivalents consisted of smaller chromosomes 

from approximately lllm (chromosomes 7 and 8) to 3.5llm (chromosomes 

5 and 6). 

C. (monsDay.AlxNZ.A6) 

A number of stages of meiosis were studied in vesicles from 

this cross and there were no variations in the basic process ~es

cribed for (Wil.AlxNZ.A6). An attempt was made to interpret a 

diplo~ene preparation (Figs.13J, 16) in which the faintly stained 

chromosomes spread over a large area. Most of the bivalents did 

not exhibit crossover configurations and instead were simple pairs. 

Altogether 84 bivalents were discerned. Bivalents 70 and 77 were 

longer than the others and did not show any evidence of crossovers. 

The vast majority of chromosomes were extremely small (l-2llm). The 

lack of obvious crossovers between homologous chromosomes was un-

. usual, particularly as bivalents observed in a metaphase I prepara

tion exhibited crossoverconfigurations. A conglomeration of what 

was apparently several bivalents was also observed in this prepara

tion (Figs.17A, 18). An accurate chromosome count was not possible 

but ·there were approximately 80 bivalents. 

Investigation of a metaphase II preparation (Fig.17B) showed a 

large .number of very small paired chromatids in each chromosome 

group (Fig. 17C, D). One one side (Figs .17C, 19A) 79-84 half

bivalents were counted, with chromosom~s 1 and 3 being longer than 

the other chromosomes. The other chromosome group (Figs.17D, 198) 

consisted of 84-88 half-bivalents. Particularly noticeable was a 
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tangled group of four long chromatids (chromosomes 7 and 8). 

Asynchrony in the progression of metaphase II chromosome groups 

into anaphase II was always observed. Fig.17E,~ shows the two 

chromosome groups from one vesicle. One (Fig.l7F) consisted mostly 

of metaphase II chromosomes, the t~o chromatids of each chromosome 

lying side by side. Some chromosomes had already separated into 

individual chromatids. The other chromosome group was well advanced 

into anaphase II (Fig~17E). Interpretation of the chromosomes was 

·difficult due to their tight clustering (Fig.20). A total of 142 

chromosomes were counted. However, these were unevenly distributed 

with 76 on one side, 5 laggards in the middle, .and 60 chromosomes on 

the other side. This discrepancy may have been due due to difficul

ties of interpretation but rila.Y have reflected a real difference in 

chromosome distribution (see Section 3.6). Most of the chromosomes 

were very small (1-2~m) making it impossible to distinguish homo

logous chromatids within the two chromosome groups. Of the longer 

chromosomes, chromosomes 2 and 82 (6-7~m) lay near the extremity of 

each chromosome group and both had a submedian faintly stained region 

which could be indicative of the centromere.. Chromosome 81 was also 

quite long (4.5~m) but its 'homologue was not obvious. 

D. (PP2.AlxPP4.A5) 

Only a few vesicles from (PP2.A1xPP4.A5) zygospores were exam

ined for meiosis. Two metaphase I preparations were particularly 

notable. One consisted of 45 darkly stained bivalents some of which 

were already parting into half-bivalents, linked only by trailing 

chromatin bridges (e.g. bivalent 16) (Figs.17G, 21A). Bivalent 33 

was of unusual construction in that there were three darkly stained 

regions interspersed by two lightly stained areas. This multiple 

structure could be explained by the light areas representing the two 

centromeres of the half-bivalents. Another unusual feature of some 

bivalents was long trailing chromatin strands (e.g. bivalents 8 and 

23). The reason for these strands was not obvious. However, since 

the metaphase I was a squashed preparation they have been artifacts 

of preparation. 
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The other metaphase I preparation consisted of between 70 and 

74 bivalents (Figs.17H, 218) some of which had already separated 

into half-bivalents (e.g. bivalents 30, 40, 18 and 17). Interpre-

tation was made difficult as the half-bivalents formed lines, for 

example bivalents 29 and 30, bivalents 17 and 18 and bivalents S, 6, 

7 and 8. The large number of bivalents was a surprising contrast 

to the ·other metaphase I preparation. 

Except for the few anomalous div.isions, meiosis followed the 

same course in vesicles from all four crosses. There were, however, 

significant differences in the estimates of the chromosome 

complements despite the variation expected due to difficulties in 

interpreting some preparations. The chromosome numbers obtained 

are summarized in Table 3.14. Insufficient estimates were made to 

identify clear trends. However, (monsDay.A1xNZ.AS) consistently 

gave high chromosome counts of about 80 for the haploid number. 

Other than the (PP2.A1xPP4.AS) metaphase I with a high count of 74, 

the estimates of chromosome numbers from the other crosses lay in 

the range 44 to 6S. 

If a theoretical haploid chromosome number of SO is assumed, 

then the large complement for (monsDay.A1xNZ.AS) could be explained 

by (monsDay.A1) being effectively diploid, that is, chromosome 

·number 100. If in a cross between (monsDay .A1) and (NZ.AS),- homo

logous pairs of chromosomes existed, then 7S bivalents would be 

·expected at metaphase I. Similarly, if for some reason one of the 

parental cells in the (PP2.AlxPP4.AS) cross which gave the large 

metaphase I complel)lent of 74 was a diploid, then the result does not 

seem so unlikely. . These possibilities will be discussed in Section 

3.6. 

Recognition of individual chromosomes was difficult since the 

majority were very small (1-2llm) or medium length chromosomes (3-4llm) 

wi.th no distinguishing features. In the (Wil.A1xNZ .AS) preparations 

there appeared to be a single very long chromosome per genome with 

another one, at least, of slightly smaller dimensions. These were 

particularly clear in one chromosome group of the metaphase II 

chromosome group shown in Fig.10I. The (Wil.A1xTar.A1) preparations 
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exhibited two equal sized chromosomes about 7~m in length (see Fig. 

158). In the (monsDay.AlxNZ.AS) metaphase II preparations four 

long chromatids (= two chromosomes) were obserVed. Insufficient 

stages of· meiosis from each cross were examined to allow firm con-

clusions on the long chromosomes. In fact, the (Wil.AlxTar.Al) 

anaphase I preparations were the only ones where they appeared to 

be of equal size.· Since no other good anaphase I preparations were 

found, comparisons were not possible. 

All bivalents separated into half;..bi valents at metaphase I in 

a: manner typical of eukaryotic organisms. The very short chromo

somes were physically unable to bend and simply parted as two blob

like half-bivalents with no clear evidence of centromeric organiza-

.tion. In the medium length and long chromosomes, faintly stained 

regions may have represented the position of the centromere. The 

(Wil.AlxTar.Al) anaphase I preparations showed telocentric or acro

centric behaviour of the long chromosomes (Fig.l3G,H; Appendix 1, 

Figs.26-29). 



TABLE 3.14 M. THOMASIANA-DENTICULATA COMPLEX - CHROMOSOME COUNTS FRCJ.1 MEIOSIS 

CROSS HAPLOID COUNT DIPLOID COUNT STAGE OF MEIOSIS 

(Wil.AlxNZ. AS) 60 diakinesis 
62:..65 metaphase II 

58 metaphase II 
63 metaphase II 

120 anaphase II 
-

(Wil.A1xTar.A1) 51-54 metaphase I 
47-51 metaphase I 

48 metaphase I 

(monsDay.A1xNZ.AS) 84 ·diplotene 
79-80 metaphase I 
84-88 metaphase I I 

) 79-84 metaphase II 
142+ anaphase II 

(PP2.A1xPP4.A5) 44-45 metaphase I 
70-74 metaphase I 
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3.6 DISCUSSION 

The alpha taxonomy of the M. thamasiana-denticulata complex was 

to act as a background against which comparisons of sexual reproduc

tion, genetic compatibility and nuclear cytology on cultured strains 

could be made. However,. cell morphology proved to be subject to 

environmental variation which in some instances bridged varietal and 

species distinctions. Some criteria used in alpha taxonomic de

limitations were more stable than others. Cell shape and the degree 

of incisions in the cell wall (quarternary versus tertiary) were the 

most uniform characteristics. Presence or absence of polar teeth 

and the number of basal projections were variable within and between 

clones, and ce~l size varied, particularly between wild and cultured 

material. Facial ornamentation at either the reduced leve.l of M. 

denticulata or. the complex level of M. thamasiana var. pulcherrima 

and M. thamasiana var. evoluta was more stable than the intermediate 

levels of M. thamasiana and M. thomasiana var. notata. 

In this investigation detailed morphological analysis of the 

wild population was not made, due to the paucity of cells in most of 

the samples taken. However, other workers (e.g. Bicudo, 1975;. 

Bicudo and Senna, 1975; Bicudo and Sormus, 1972; RuZicka, 1966) found 

'that examination of large numbers of wild cells inevitably resulted 

in a pattern of continuous morphological variation which may bridge 

infra...,specific categories or even specific categories. In the case 

of Pine Lake (Central Highlands, Tasmania) and its adjacent pools, 

members of the three different taxa M. jenneri, M. denticulata and 

M. thamasiana var. notata were found, with (Pin.A1) representing a 

M. denticulata- M. thomasiana var. notata intermediate. No other 

intermediates were found and although all these strains were morpho

logically stable in·culture it is conceivable that a range of mor

photypes linking these taxa might exist in the natural population. 

The slight differences between (Pin.B1) and (PP4.B1) support this 

view. In the samples examined, h~wever, the majority of the cells 

(approximately 25) were M. thomasiana var. notata with only one or 
-

two cells representing each of M. jenneri, M. denticulata and a 

M. thomasiana var. notata- M. denticulata intermediate. 
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The extreme variation in the Tungatinah Lagoon and Tarago Swamp 

M. thanasian:a population found by Tyler (1970) was not reflected in 

the few cultured clones from these locations. They all showed a 

stable M. thomasiana morphology. Extra-clonal variation was not 

investigated due to lack of time. Recent work by Ichimura and 

Watanabe (1974, 1976) and Watanabe and Ichimura (1978a) on reducing 

environmental influence by culturing wild population samples per

mitted objective delimitation of morphologically distinct groups 

within a population. 

At this stage it appears that many of the criteria used to de

limit the alpha taxa in theM. thomasiana-dentiaulata complex do 

not necessarily reflect genetic discontinuity. If the species re

presented the level of genetic distinction (Ltlve, 1964) then this 

would not be expected for the infra-specific categories. However, 

the morphological basis for species delimitation is often no greater 

than that· for infra-specific delimitation. As such, species do not 

even conform to Sonneborn's (1957) requirement for minimal irre

versible discontinuity of species. Nevertheless, when information 

from cultured and wild material was cornbined,every strain (except 

the M. thomasiana var. notata- M. dentiaulata intermediates) could 

be assigned to an alpha taxon which provided a workable base unit. 

The fact that the.majority of strains were classified as M. 

thomasiana var. notata reflected the greater flexibility of this 

taxon compared with the others along with the morphological varia

bility of most strains. Only with detailed popuiation studies both 

in natural conditions and in culture, as well as knowledge of intra

clonal variability might a definitive picture of continuous and dis

continuous variability be attained. 

The massive morphological changes which occasionally occurred at I . 

the intra-clonal level in the form of radiation changes or giant 

cells stressed the importance of a basic understanding of the nuclear 

control underlying morphology. The complex cell morphology of the 

large Micrasterias has provided an ideal subject. for studies on 

de~mid morphogenesi~. Early investigations by Waris (1950b, 1951) 

suggested the existence of a basic cytoplasmic framework, which, 

independently of the nucleus, determine~ the symmetry of new semi

cells, with cell differentiation being controlled by the nucleus. 
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Other studies (Kallio, 1953; Kallio and Heikkil~, 1969; Waris and 

Kallio, 1964; Waris and Rouhiainen, 1970) showed that nuclear 

quantity, that is ploidy level, influenced cell morphology not only 

in terms of increased volume but also in the degree of radiations, 

that is, the number of "arms" of· the cytoplasmic framework. 

More recently, T.E.M. investigations by Kiermayer (l970a,b) and 

Kiermayer and Dordel (1976) on M. dentieutata suggested that, rather 

than a cytoplasmic framework, there existed a process of membrane 

recognition with the plasmalemma controlling the pattern of cell wall 

deposition. Lacalli (1975a,b, 1976) working on M. rotata, found 

that only certain regions of the cell surface were required for con

tinued growth and morphogenesis and suggested that the combined 

action of three processes, tip growth, branching and lobe broadening, 

were required for normal development. He also suggested that infor

mation on symmetry could be transmitted from parent to daughter semi

cells by an initial radial asynunetry in the isthmus (Lacalli, 1976). 

The tri-radiate (Wil.A) cells and the 3- to 4-radiate (monsDay. 

A1) clone appeared to represent two different influences on cell 

symmetry. Increased nuclear quantity probably was the cause of the 

large cell size and number of radiations in (monsDay .A1), whereas 

flexibility in the membrane template or cytoplasmic framework would 

explain the reversible 3-radiate/2-radiate (3r1Wil.Al) and (3r2Wil. 

A1) cells. Such changes in radiation have been found to be influ

enced by environmental factors, particularly temperature (Reynolds, 

1940; Brandham and Godward, 1965c), perhaps due to effects on the 

rate of semicell growth. 

In the past, tri-radiate Micrasterias forms have been given 

varietal taxonomic status (Heimans, 1942). Whenthe radiation 

syJTmJ.etry is variable within a clone the genetic basis for taxonomic 

delimitation is obviously non-exis.tent and, as with the smaller 

morphological features, care should be taken before attributing too 

much importance either genetically or taxonomically to it. 

With the problems inherent in determining stable, distinct taxa 

from vegetative cell morphology, the value of other criteria in 

taxonomic evaluation is obvious. The importance of sexual morpho-
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logy to desmid taxonomy with particular reference toM. thamasiana 

var. notata was discussed by Blackburn and Tyler (in press) (see 

Appendix 1). These investigations demonstrated a uniformity in the 

"conjugation processes" (morphologically and physiologically differ

entiated processes which compose sexual reproduction, Ichimura, 1971) 

between taxa defined by vegetative cell morphology. M .. thomasiana 

and its varieties notata, pulcherrima and theM. thamasiana var. 

notata- M. denticulata intermediates all exhibited an identical con

jugation type. This method, involving a pre-conjugation cell di

vision (sexual cell division, Ichimura, 1971) and robust protection 

for escaping gametes by a conjugation cylinder, has also been ob

served forM. papillifera (Kies, 1968, 1970a; MUller, 1974). The 

M. papillifera and M. denticulata strains in this study did not re

produce sexually so comparisons could not be made. From zygospore 

records it can be surmised that M. denticu lata has the same form of 

sexual reproduction (Krieger, 1939; West and West, 1905). 

The homothallic (Gul.A) M. thomasiana var. evoluta strain, 

although exhibiting basically the same form of conjugation, did have 

some notable differences. The successive pre-conjugation vegetative 

cell divisions and the varied pairing configurations may be correla

ted to the homothallic mode of sexual reproduction. This does not 

involve an interaction between different strains but stimulation 

within a st.rain to change from the usual vegetat:l..ve mode to the sex

ual mode of reproduction. Although conjugation took place within a 

robust conjugation tube the degree of protection in the form of 

mucilage investments was less than other M. thomasiana varieties as 

no dense mucila.ginous exudate was observed near the isthmal region. 

This appeared to be comparable to the records for M. papillifera 

(Kies, 1968; MUller, 1974) and therefore could be of potential use in 

an omega taxonomy. 

The (Gul.A) zygospore morphology was different from zygospores 

of other M. thom:zsiana varieties in having slender spines with only 

a single terminal subdivision. Spine development has been demon

strated to be effected by turgor pressure (Coesel and Teixiera, 1974; 

Ichimura and Watanabe, 1974; Kies, 1968, 1970a). However, despite 

occasional reduced individual spines all other M. thomasiana zygos

pores in this investigation showed typical bi- or trifurcated spines 
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with secondary subdivisions. (Gul.A) zygospores were never observe~ 

with such complex spines. The difference in spine morphology was 

therefore considered to be a stable distinction. Along with the 

complex vegetative cell ornamentation this zygospore morphology pro

bably has a defined genetic basis and therefore omega taxonomic 

value. The single zygospore found in the (PP4.Blx0kl.A2) cross 

also had unusual morphology in that the spines were tapered with no 

·terminal subdivisions. However, since it was the sole zygospore, 

conclusions. on the significance of this difference were not made. 

The hypothesis that the morphology of (monsDay.Al) was due to 

a change in nuclear quantity was supported by the anomalies observed 

in sexual pairing and conjugation. Ling (1977), in his study of 

conjugation and meiosis in the Pleurotaenium mamiZZatum complex 

found that multiple pairings were often associated with differences 

in the size of the genome, the large polyploid cells pairing with 

·more than one haploid cell. The high frequency of gamete remnants 

· ·. not included in the zygospores of normal pairs and triple conjuga

ti~ns was probably due to imbalance in the mechanics of the process, 

the larger volume of the (monsDay .Al) cells, and the problem of 

synchronization of fusion of three gametes making complete conjuga

tion unlikely. 

· The patterns of sexual compatibility were based on zygospore 

formation between different strains. Usually the conjugation pro

cesses in these crosses were uniform. However, the large percentage 

of unsuccessful conjugations in the (Bel.AxUK2.Bl) cro~ses suggested 

that partial incompatibility may be expressed in the breakdown of the 

conjugation processes leading-to zygospore formation. Only with 

quantitative evaluation of-successful versus unsuccessful conjuga

tions in defined media would the true worth of such observations be 

clear. It j.s possible, however, that abortive conjugations are 

sometimes due to genetic differences. 

The division of sexual compat ibi 1i ty into two major groups 

bridged by strains which were compatible with both groups and with no 

clear correlation with geographical isolation pointed to a flexible 

genetic system controlling sexual reproduction and subject to rever

sible mutation. Studies of intercrossing in other unicellular green 
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algae provide interesting comparisons with the compatibility data for 

theM. thomasiana-denticulata complex. The majority of strains of 

Eudorina elegans Ehrenb. (Goldstein, 1964), Astrephomene gubernaculi

fera (Brooks, 1966), Pandorina morum (Coleman, 1959, 1977) and Conium 

pectorale (Stein, 1958b, 1965) used in intercrossing experiments con

sisted of compatible pairs of opposite mating type from different 

population~s, often isolated from zygospores in dried soil samples. 

Only occasionally was a population represented by a single hetero

thallic mating type. Usually two clones representing a pair of 

compatible opposite mating types from each locality were compared 

for cross-compatibility between localities. However, in detailed 

analyses of single ponds, Coleman (1977) for Pandorina morum and 

Stein and McCauley (1976) for Gonium pectorale found that within a 

"population" more than one pair of sexually compatible strains may 

exist, with no apparent cross-compatibility between them. This 

led to very complex patterns of sexual compatibility, with compati-

bility between strains from different continents contrasted by 

barriers to sexual reproduction within a single small pond. 

The occurrence of compatible opposite mating types within the 

population sample was the exception rather than the rule for the 

M. thomasiana-denticulata complex. The Gulungul strains were the 

only ones which exhibited sexual reproduction in the wild sample. 

These probably pose a special situation and will be dealt with. 

later (Section 6) along with crossing information on other Northern 

Terri tory strains. Where opposite mating strains were found in a 

single population sample they did not often form.a simple case of 

compatible opposite mating types. For example, of the Lake King 

William (KW) strains, (KW.Cl), (KW.B1) and (KW.Al) were all (-) in 

mating type in the inter-locality crosses. However, in the intra

locality crosses (KW.A1) did not exhibit compatibility with the (+) 

(KW) clones. 

The Pine Lake strains which were isolated from the phytoplankton 

of the lake and moss periphyton from surrounding pools were another 

example of unusual intra-locality mating strains. The 1977 clones 
'" 

of the P.ine Lake phytoplankton strain (Pin.C) were fertile but did 

not cross with any other Pine Lake isolates except (Pin.Al) which had 

been isolated from a sample taken from the edge of the lake two years 
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and moss periphyton did not form a single case of opposite mating 

types because of the anomalous crosses involving (PP4.A2). 
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The (+) (SC2.A1) clone and the (-) (Fra3.A1) were compatible 

but the other Lake St. Clair isolates did not.exhibit any compati

bility. (Ech.Al) proved to be (-) in mating type in inter-locality 

crosses. The compatibility of (Day.Al) and (Day.A2) and the(+) 

and (-) (GL.A) clones were the only straight forward cases of intra

locality compatibility. 

In all these instances, natural selection for compatible mating 

strains within a population would be minimal due to the low level of 

sexual reproduction in riature. Mutations, on the other hand, would 

be neutral but immediately expressed in the phenotype because of the 

haploid vegetative phase. Wiese and Wiese (1977), in a review of 

patterns of sexual compatibility in Chlamydomonads, suggested that 

the complexities and peculiarities of the breeding systems could be 

explained simply by mutation. The probability that the mating type 

factors of Chlamydomonas reinhardtii (Dangeard), at least, did not 

consist of simple alleles but of gene clusters was suggested by 

Gillham (1969). It seems possible that the same situation could 

apply to the Micfasterias thamasiana-denticulata complex. This 

·would then explain the GOntrasting situations of incompatible 

opposite mating strains.within a single lake and fertility between 

Tasmanian and United Kingdom strains. The hypothesis of a genetics 

system based on two major genes and P?lygenic modifiers would, explain 

the division of most strains into two major mating groups. This 

theory might have to be modified with future crossing information, 

particularly if the (at present) unknown mating behaviour of the 
i 

strains which did not cross with any qthers in the inter-locality 

crosses was elucidated by further crosses with new strains. It does, 

however, provide a simple genetic theory for the current results. 

' A gene complex controlling mating type also provides a workable 

basis for the apparent relative sexuality exhibited by some strains. 

The concept of relative sexuality and its occurrence in Ectocarpus 
I 

siliculosus (Dillw.) Lynb. were fully discussed by Hartman (1955). 

Basically it implies that a strain may act as (+) in mating type with 
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respect to a (-) strain as well as acting as a (-) strain with re

spect to another (+) strain, i.e. there are degrees of sexuality, 

not cut and dried(+) and(-) mating,types as would be expected by 

single locus control~ The anomalous crosses involving (KW.C2), 

(PP4.A2) and (Day.A2) are examples to which the term relative sex

uality could be applied. It must be remembered, however, that 

these crosses appear anomalous against the background of the other 

crosses given in Table 3.9. For example, if (Bel.A) and (KW.Bl) 

were each regarded as acting as opposite mating types with respect 

to Group 1 and Group 2 then these would be exhibiting relative sex

uality, not (KW.C2). The table was drawn up in such a way that a 

minimum number of crosses were anomalous. 

The physiological and biochemical similarities required for 

sexual compatibility as demonstrated by successful zygospore pro

duction do not necessarily imply a potentially common gene pool 

(Proctor, 1975). To validate the existence of syngens (Sonneborn, 

1957), GP 1 progeny, which will successfully backcross to both 

parents to produce viable offspring, must be demonstrated. Very 

sparse information on genetic compatibility was. obtained for the 

M. thomasiana-dentiaulata complex due to time limitations. The two 

major groups identified on the basis of sexual compatibility would 

not qualify as separate syngens, even if sexual compatibility did 

reflect genetic compatibility, since some strains were common to 

both groups. It is possible that the (Gul.B) strain belongs to a 

separate syngen, although at this stage no (Gul.B) zygospores have 

germinated. 

The limited data obtained on GP1 viability, fertility and back

crossing indicated that there were indeed differences in genetic com

patibility beyond the common denominator of sexual compatibility, and 

these differences may be related to geographical distribution. In 

general, GP1 offspring from Australian strains were more viable, 

exhibited fertility more easily, and backcrossed to parental strains 

more readily than those from Australia x New Zealand and Australia x 

United Kingdom crosses. The distance between Tasmania and the main

land of Australia posed no genetic barriers. That genetic compati

bility beyond sexual compatibility existed in Australia x New Zealand 

crosses was demonstrated by GP1 zygospore formation between GP1 cells 
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of normal morphology in some cases. This was never observed in 

Australia x United Kingdom GP1 offspring. Indeed the few malformed 

and monstrous cells which made up the GP1 cultures lacked any mor

phological evidence of being genetically normal. 

Only with a lot more intensive culture work of GP1 strains with 

detailed backcrosses could a more comprehensive view of genetic com

patibility to the level of the potentially common gene pool be 

obtained. The present sparse information gave little indication of 

viable progeny from backcrosses. In fact, the only backcross which 

germinated, ((KW .C2xKW. Bl)GPif3xKW .C2) ended in mortality of the 

offspring. GP1 crosses other than backcrosses such as (GP1x GP 1) 

crosses and crosses between GP 1 and strains other than the parental 

strains might also elucidate the heritability and control of mating 

type in the isolated strains. 

GP1 cultures not only provided information on genetic compati

bility but also gave indications of the heritability of morphological 

characteristics used in alpha taxonomy. Once again information was 

limited. However, the only slightly more ornate morphology of 

(Day.AlxDay.A2) GP1 and (Day.AlxKW.Al) GP1 compared with, for example 

(PP2.A4xPP4.A3) GP1 supported the view of the genetic insignificance 

of micro-facial morphology. 

The occurrence of stable tri-radiate progeny from parents never 

observed to produce 3-radiate cells in vegetative culture (e.g. Pine 

Lake strains) suggested the possibility of genetic control of cell 

radiations and recombination during meiosis. implying that ploidy 

levels were not the only way the nucleus influenced radial symmetry. 

On the o~her,hand, partial instability in some cases suggested that 

it might be a function of the plasticity of the developing gone. 

Brandham and Godward (1964) also observed 3-radiate cells of 

Cosna:riwn botrytis produced by germinating zygospores. These 3-
. . 

radiate progeny suffered.gradual but permanent reversion to the 2-

radiate form. They found no evidence that radiation was a heritable 

characteristic. 

The observations of meiosis in the M. thamasiana-dentiauZata 

complex were instructive.from the point of view of the actual process 
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and stages involved and also in terms of the significance of nuclear 

cytology to omega taxonomy. No previous records of meiosis in M. 

thamasiana have been made other than the preliminary observations 

given in Appendix 1 (Blackburn and Tyler, in press). The most 

obvious point was the apparently normal meiosis, with pairing and 

crossing over of bivalents progressing to a reductional first divi

sion followed a second division exceptional only in the deliberate 

asynchrony of division of the two nuclear groups. 

Early investigations of desmid chromosomes from mitosis sugges

ted the existence of polycentric chromosomes or chromosomes with 

"diffuse" centromeres (Brandham,. 1965c; King, 1953a,b, 1960). 

Similar observations were made for other members of the Conjugales, 

for example Spirogyra (Godward, l954a,b). Later T.E.M. studies 

(Mughal and Godward, 1973; Ueda, 1972) supported the existence of 

polycentric chromosomes. Few observations have been made on meiosis. 

However, Brandham and Godward (1963, 1965b) studied meiosis in 

Cosmar.ium botrytis and observed ring-shaped bivalents of four loosely 

associated chromatids which could result in an equational rather than 

reductional first division for these chromosomes. They attributed 

this behaviour to a diffuse centromeric organization. Godward 

(1961) observed similar behaviour at metaphase I in Spirogyra crassa 

(Kiitz.) Czurda. More recently (Ling, 1977; Ling and Tyler, 1976), a 

typical single centromeric organization was observed in studies of 

meiosis in a number ofPleurotaenium species. Unfortunately no 

studies on meiosis have been made for those species which have been 

shown to pos~ess polycentric chromosomes so the effect on terminali

zation of chiasmata is not known. 

Although for the very small chromosomes in the M. thamasiana

denticulata complex there was no clear evidence of the type of 

centromeric organization, the larger chromosomes behaved as though 

they possessed a single defined centromere. No bivalents consisting 

of four loosely associated chromatids were observed, chromatids only 
' I 

becoming identifiable after metaphase I. The apparently parallel 

separation of the small half-bivalents could be attributable to the 

chromosome size as easily as to a lack of localized centromere. 

Asynchrony of chromosomes within a particular nuclear group as 
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observed for the M. thonasiana-denticuZata complex was described also. 

for Cosmarium botrytis (Brandham and Godward, 1965b) and the PZeUro

taenium mamiZZatum complex (Ling and Tyler, 1976)~ This results in 

i 11-defined metaphase I and me.taphase II plates. The asynchrony 

between the two nuclear groups progressing into the second division 

of meiosis was not, however, reported in these studies. It seems 

probable that it is tied to the abortion of three of the meiotic 

nuclear products in the M. thomasiana-.denticuZata complex, ·the final 

lagging nucleus,being the sole survivor. 

The widely differing estimates of the chromosome complement for 

the M. thomasiana-denticuZata complex precluded the possibility of a 

stable karyotype for M. thomasiana var. notata suggested by prelimi

nary observations (Appendix 1, Blackburn and Tyler, in press). 

Indeed, although only a limited number of chromosome estimates were 

made, the variability tended'to support the proposal made by 

Brandham (1965c) that almost any chromosome number was possible in 

desmids due to a combination of aneuploidy, polyploidy and agmato

ploidy, or fragmentation of chromosomes. The latter would, however, 

depend on the existence of polycentric or diffuse centromeric chromo

somes for survival of chromosome fragments. 

Since a basic chromosome count was not obvious the apparent 

diploid behaviour and morphology of (monsDay.Al) could not be 

verified cytologically. A haploid number of 50 would satisfy the 

theory of a diploid {monsDay.Al) crossed with a haploid strain. 

On the other hand the variability in the counts from supposedly 

haploid x haploid crosses pointed to the existence of aneuploidy. 

(monsDay.A1) need not necessarily be a true polyploid, but an aneu

ploid variation. 

The two widely differing chromosome counts from the (PP2.A1x 

PP4.AS) vesicles was not unique since King (1960) found variation in 

the chromosome nwnber within the same clone of Cosmariwn auawnis and 

Netrium digitus. More recently, Vedejanani and Sarma (1978) also 

found variation in chromosome number in the same clone of EUastrum 

aornubiense West· and West forma major. Both King (1960) and 

Vedejanani and Sarma (1978) attributed the variation to fragmentation 

of chromosomes. . fiowever, it seemed more likely that the large 
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chromosome count from (PP2.AlxPP4.AS) was, like (monsDay.Al), due to 

polyploidy or aneuploidy in one parent. 

It would seem inevitable that the actual mechanics of meiosis 

would be severely affected by aneuploidy or polyploidy in one or 

both parents. since homologous pairs for· every chromosome would not 

necessarily exist. Except for the few observed anomalous meiotic 

divisions probably resulting from a divided metaphase I plate, 

meiosis was normal for theM. thomasiana~entiauZata complex. 

Although some univalents were observed,. chromosomes mostly paired as 

bi valents and then proceeded normally through meiosis. With the 

limited information available this must remain a dilemma at this 

stage. However, a similar situation of widely varying chromosome 

numbers in the PZeurotaenium mamiZZatum complex, which was examined 

in great detail, showed little detrimental effect of the chromosome 

numbers on the success of meiosis (Ling and Tyler, 1976). 

At this stage the value of chromosome information to taxonomy 

appears limited. However, it would be extremely interesting to 

pursue the investigation further to see if any clear patterns 

emerged. Kasprik's (1973) observations of mitosis on five strains 

of M. thonrxsiana and one strain of M. thomasiana var. notata from 

Finland, Norway and Germany gave consistent counts of 39 chromosomes 

at metaphase. He stressed the importance of karyotype analysis in 

Micrasterias despite finding evidence of agmatoploidy in some species. 

With enough inter-specific and intra-specific comparisons some mean-
' ingful chromosome information might be elucidated and this could aid 

in the development of an omega taxonomy. 
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MiCTasterias mahabuZeshwarensis Hobson was first described from 

Mahabuleshwar in India at approximately 5000 feet above sea level 

(Hobson, 1863). Since then M. mahabuZeshwarensis and its many 

varieties and formae have been recorded from many parts of the world. 

Krieger (1939) described twelve subspecific categories. 

M. mahabuZeshwarensis is characterized by two lateral lobules and a 

polar lobe subdivided into two lateral processes and two apical pro

cesses which are asymmetrical around the vertical plane (Fig.22D,O). 

A third subdivision of the lateral lobe is quite commonly found and 

this form has been classified as M. mahabuZeshwarensis var. waZlichii 

(Grun.) West and West (Fig.22J). The front face of both forms is 

adorned with a protuberance called a frontal process which may be 

ornamented with verrucae (Fig. 22G,H,I) .. · 

Teiling (1956) made a detailed study of the variation of 

M. mahabuleshwarensis from Lake TrysjBn in Scandinavia. He sugges-

ted. the terminology of ~·'Processes I to V" for the subdivisions of 

the lateral and polar lobes, the corporal processes of the lateral 

lobe being assigned I, II and III, with the lateral and apical pro

cesses of the polar lobe being assigned IV and V respectively. 

Although Teiling (1956) found considerable variation in M. 

mahabuZeshwarensis, often transcending the species limits and merg

ing with M. americana (Ehrenb.) Ralfs, he considered that, on dis

tribution patterns, two types demanded merit as subspecies. These 

two forms were the "europaea"-type (= var. europaea Nordst.) in 

which the sinus\ between Process I and II is open with an acute or 
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faintly rounded angle, and the "indica"-type (M. Tlllhabuleshwarensis 

sensu stricto) in which the proximal part of this sinus is oval and 

more .or less delimited by the basal part of the denticulation, which 

is very well developed. In the europaea-type Process II has a 

curved vertical margin, while in the indica-type it is straight. 

In this investigation algae resembling M. mahabuleshwarensis 

were isolated from thirteen localities in Australia. In addition, 

forms identified as M. radiata var. dichotama (Wolle) Cushm. and 

M. americana were isolated from four localities in U.S.A. and 

England. These taxa are similar toM. mahabuleshwar'ensis in 

general cell form but display different types of development of the 

lateral and polar lobes. The locality, strain and alpha taxonomy 

data are summarized in Table 4.1. Details of sample data are given 

in Table 4. 2 and details of alpha taxonomy are tabulated in Table 

4.3. Records of cell dimensions of wild cells are given in Table 

4.4. 

Considerable morphological variation both within and between 

localities was observed for the isolated wild cells. Fig.22A,B 

depicts two cells from Waterhouse Lagoon Tasmania (Wat). The cell 

in Fig.22A could be classified as M. mahabuleshliKJ:r>ensis var. 

waUichii of the europaea-type while the cell in Fig. 228 showed 

dichotypical morphology with one semicell var. wallichii and the 

other almost the typical form because o:f reduced Process I II. The 

latter semicell was almost indica in type~ Tyler (1970, Fig.17C,G), 

in his examination of M. mahabuleshwar'ensis from Tungatinah Lagoon, 

Tasmania (Tun), also observed variation between the typical form and 

var. wallichii and even reduction of Process I almost to the extent 

of var. reducta G.S. West. All the cells were of the indica-type 

(see Fig.23A,B). It was from this TUngatinah Lagoon sample that 

(Tun.Bl) was isolated by H.U. Ling. 

A single cell was found in a sample from Echo Point, Lake St. 

Clair, Tasmania (Ech). One semicell was intermediate between the 

typical form and var. · reducta in morphology while the other was 

very reduced and rounded (Fig.23E). Since the collection was made 

from a shallow pool adjacent to the main lake it seemed likely that 

the environment would provide stress which could cause abnormal 
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cell morphology. 

Two cells of markedly different morphology were isolated from 

Lake King William, ·Tasmania (KW) (Fig.22C,D). Type I, (Fig.22C), 

with its reduced Process I was intermediate between the typical form 

and var. reducta while Type II (Fig.22D), had slightly developed 

Process III and was intermediate between the typical form and var. 

uxzUichii. Because of the paucity of cells in the sample it could 

not be determined whether intermediates existed between these two 

forms. 

Cells resembling var. ·reducta and the typical form were collec

ted respectively from Great Lake, Tasmania (GL) (Fig.22E,F) and Fogg 

Dam, Northern Territory {Fog) (Fig. 22K, L). The latter merged with 

var. wallichii (Fig.22L). From Brownwater Lagoon (Tasmania), 

{BW.A) and {BW.B) were represented by a typical form and a var. 

reducta cell respectively in the wild sample (H.U. Ling, pers.comm.). 

All these were of the indica-type. In contrast,. well developed 

var. UXlUiahii cells were found in samples from two Victorian locali

ties and one New South Wales locality, Langi Ghiran (LG), Tarago 

Swamp {Tar) and Ryans Island {Rya) (Fig.22J). These all exhibited 

either parallel' Processes I and II or incurved ones of europaea-

type. In other localities only typical cells were found. 

A reduced M. mahabuleshUXlrensis was fmmd in the Corndorl 

Water-hole, Northern Territory {Cor) sample. Process I varied from 

a mere stump to a reduced arm in the wild cells (Fig.22M,N) on which 

basis they could be classified as var. reducta. In the same sample, 

however, a small percentage of cells had well developed Processes I 

and were a good example of the typical form of the indica-type (Fig. 

220). 

·All M. m::lhabuleshwa:rensis cells, be they typical, var. reducta 

or var. waUichii, were ad'orned with a frontal process just above 

the isthmus which varied from rounded to conical and was sometimes 

ornamented with verrucae (Fig.22G,H,I). 

In two samples, from Colorado, U.S.A. {Col) and Cumbria, United 

Kingdom {UKl) cells resembling M. ameriaana were isolated (Fig. 22P, 
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Q). The basic cell form was very similar toM. mahabuleshwarensis 

but each stout lateral lobule consisted of two processes. 

In another United States sample from Oklahoma (Ok2) three dis-

tinct cell forms were isolated. In the cells available there was 

no suggestion of bridging forms of intermediate morphology. The 

three morphotypes could be classified as M. mahabuleshwarensis var. 

ringens (Bail.) Krieg. (Okl. B) (Fig. 22R), M. mahabuleshwarensis var. 

dichotama Smith (Okl.C) Fig.22S and M. ~diata var. dichotoma 

(Okl.D) (Fig.22T) (see also Krieger, 1939, p.51,52,70, Plate 110, 

Figs.4,9; Plate 117, Figs.5,7). Cells identical to those of 

(Ok1.D) M. radiata var. dichotoma were also found as the sole mor

photype in another Oklahoma sample (Ok2). 

Cells from each locality were cultured as clones in 2B soil 

water medium. It was of interest to see whether differences ob-

served in the wild samples were maintained in the controlled envi

ronment culture conditions. Cell measurements from healthy 

cultures were made (Table 4.5) and' on the combined basis of wild 

and cultured cell observations the strains were assigned to alpha 

taxa. The intermediate categories indicated variation between two 

taxa (Table 4.3). The exceptions were (Cor) Type II and (KW) Type 

I which did not survive in culture. 

In general, the wild type morphology was maintained in culture, 

although there was a slight decrease· in overall cell size (compare 

Tables 4.4 and 4.5). Several detailed points need to be made: 

1) The variation in the development of Process III observed in the 

wild cells from some localities was also clearly observed in clonal 

cultures. For example (Tun.Bl) cells showed variation from the 

typical form to var. waUichii in culture (Fig. 23A,B,C,D). Some 

strains which did not exhibit Process III in the wild cells did so 

in culture, for example, (GL.B) and (Ech.B) (Fig.23E,F). The 

latter instance was one of marked increase in morphological complex

ity compared with the wild cell. Other strains, for example (BW.A) 

and (Too.A) retained the typical form, while still others showed 

stability of Process III as var. waUichii e.g. (Rya.A) and (LG.A). 

Overall these results questioned the validity of var. wa.Uichii as 
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an infra-specific taxon of M. mahabuleshwarensis. 

2) Reduction of Process I, which had been observed in wild cells 

of (GL. B), (BW. B) and (Tun. B) was not evident in culture, the 

lateral ·lobules being of equal length. The var .. reducta criterion 

was therefore not stable for these strains. 

3) Variation between the europaea and indica cell types was ob

served in clonal culture. In particular, Process II varied from 

being curved in towards Process I or almost parallel as for the 

europaea-type to straight and well separated from Process I as for 

the indica-type. (Wat.A) and (Tun.B) exhibited this variation. 

Whereas both cell forms were observed in wild (Wat.A) cells (Fig. 22 

A, B), the Tungatinah Lagoon wild cells were all of the indica-type 

(compare Fig.23A,B with Fig.23C,D). 

4) The (KW) Type I specimen, which was intermediate between the 

typical form and var. reducta did not survive in culture, so it was 

impossible to determine whether the two different morphotypes, 

(Types I and II; Fig.22C,D) maintained their distinctions in culture. 

The (KW) Type II clone (KW .Dl) exhibited variable development of 

Process II I. 

The same problem occurred in culturing the two- (Cor) forms. 

Few slender typical cells were found.and these did not survive in 

culture. The var. reducta form was cultured as two clones. How-

ever, difficulties common to culturing other Northern Territory 

strains were encountered (see Section 6). The reduction in cell 

size in. the .(Cor.A) clones was marked compared with the wild cells 

(40-60%; cf. Tables 4.4 and 4.5). In addition the morphological 

distinction between Processes I and II was reduced so that the 

majority of cells possessed stout lateral lobules of approximately 

equal length (cf. Fig. 23G,H). Some cultured cells were extremely 

reduced (Fig.23H). 

5) The strains identified as M. americana, i.e. (Col.A), (UKl.C), 

M. mahabu Zeshwarens.is var. ring ens i.e. ( Okl. B), M. mahabu Zeshwarensis 

var. dichotoma i.e. (Okl.C), and M. radiata var. dichotoma i.e. 

(Okl.D), (Ok2.A), were stable in culture and remained different from 
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the other M. mahabuleshwarensis strains suggesting distinct genetic 

differences. between these taxa despite overall morphological simi-

larities. In addition, from this morphological evidence it appear-

ed that the three morphotypes in the (Okl) sample represented three 

different genotypes with respect to morphology from the one locality. 

6) In five strains, (KW.D), (BW.A), (BW.B), (Ech.B) and (Too.A), 

tri-radiate cells appeared in culture (cf. Fig.23J and Fig.23K). 

Occasionally 2/3 janus forms were observed (Fig.23I). In all cases 

except one, isolated 3-radiate cells formed clones in which gradual 

reversion to the 2-radiate condition occurred, stabilizing at 10-20% 

3-radiate cells. The process could be partially reversed by trans

fer to fresh medium. The exception was a 3-radiate (BW.Al) cell, 

which on isolation produced a 3-radiate culture (3rBW.Al) which has 

remained stable £or three years. 

7) A very small cell of reduced morphology was isolated from 

(Tun.Bl). Although dividing more slowly than normal (Tun.Bl) cells 

and with a greater percentage of unsuccessful divisions and mon

strous cells (Fig. 23N), it produced a clone of cells (small Tun. 81) 

of reduced morphology from a very simplified, small M. 

mahabuleshiva:l'ensis type (Fig.23L) to an almost M. tropica (Nordst.) 

form (Fig.23M) (Table 4.5). Over three years in culture this 

simplified morphology has been maintained. 

8) In old, nutrient-depleted cultures, cells of abnormal morpho

logy were quite common, reflecting morphological plasticity in 

adverse environmental conditions. The abnormalities usually in

volved alterations in the polar and lateral lobes (Fig.230,P,Q,R). 

On transferring to fresh medium, healthy cells of normal morphology 

increased in frequency. 

The morphology of strains in culture provided a useful compari-

son with cells in the wild samples .. In most cases the latter were 

few in number so the variation within the population could not be 

assessed. Although, in general, cultured cell morphology did not 

vary· tremendously from the wild type, the two contrasting cases of 

the reduced wild (Ech.A) cell, which increased its morphological 

complexity in culture, and the (Cor.A) clones which exhibited marked 
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cell reduction in culture suggested that culturing may have both 

positive and negative effects. The natural environment of (Ech.A) 

was probably less congenia'l than the stable culture conditions, 

whereas the (Cor.A) cells, along with other Northern Territory 

strains, did not respond well to the growth media used in this 

investigation (see Section 6). The morphological alterations of 

(Cor.A) prob~bly reflected the adverse culture conditions rather 

than a stabilizing effect of controlled culture. 

The assignment of strains to alpha taxa reflected infra

specific continuity of M. mahabuleshwarensis in that the varieties · 

reducta and wallichii merged with the typical form (Table 4.3). 

Discontinuity between the M. mahabuleshwarensis var. dichotoma and 

M. mahabuleshwarensis var. ringens and the other M. 

mahabuleshwarensis strains did, however, suggest some morphological 

distinctions within the taxon which may be correlated with genetic 

discontinuity. It was suggested by Teiling (1956) that the mor

phologically intermediate position of M. mahabuleshwarensis var. 

dichotoma between M. americana and M. mahabuleshwarensis reflected 

an evolutionary pathway from flattened laciniate processes into 

simple ones. The strains in the current investigation did not, 

however, demonstrate merging of these taxa. 



TABLE 4.1 M •. P.AHABULESFwARENSIS AND RElATED TAXA 

LOCALiTY 

.TASM~"JIA 

Lak-e King William 
Bro~~water Lagoon 

It " 

Tungatinah Lagoon 
Lake St .Clair - Echo Pt. Pool 
Great Lake 
Little lvaterhouse Lagoon 

' VICTORIA 
Langi Ghirari, Ararat 
Tarago Swamp 
Toolondo Reservoir 

NEIV SOUTH WALES 
Ryans Island, Albury 

NORTHERN TERRITORY 
Fogg Dam, Humpty Doo 
Corndorl Naterhole 

UNITED KINGDOM 
Durmail Raise, Cumbria 

U.S.A. 
--rake Nanih Waiya, Oklahoma 

II II II 

II II II 

Sunset Pool, Oklahoma 
North Boulder, Colorado 

STRAIN 

(KW.D) 
(BW.A) 
(Bl\'.B) 
Tun. B) 
Ech. B) 
GL.B). 
I'Jat .A) 

!LG .A) 
Tar.B) 
Too.A) 

(Rya.A) 

(F~g.A) 
(Cor.A) 

(UKl.C) 

!Okl. Bl Okl.C 
OkLO 

(Ok2.A 
(Col.A 

I.DCALITY/SfRAIN/ALPHA TAXONOMY CONDENSED DATA 

ALPHA TAXONOMY 

M. mahabu'Leshwa:rensis : typical form/var. waUiahii 
II II : typical form 
II II : var. reduata/typical form 
II II :•typical form/var. waZZiahii 
II II : typical form/var. waZ'Liahii 

" II : var. reduata/typical form/var. 
" II : typical form/var. ~'L'Liahii 

M. mahabu'Lesh!Jaren:sis : var. waUiahii 
II II. : var. ~'L'Liahii 
II II : typical form 

M. mahabu'Lesh!Jarensis : var. waZ'Liahii 

M. mahabu'Les'h.warensis 
" II 

M. americana 

: typical form/var. waZZiahii 
: var. reduata/typical form 

M. mahabules'h.warensis var. ringens 
11 

11 var. diahotoma 
M. m.diata var. diahotoma 
M. m.diata var. dicho toma 
M. ameriaana 

waUiahii 

;; 
"' [;; 
.p. 

...... 

...... 
0 
t.N 



TABLE 4.2 !4. MAliA.BULESHWARENSIS AND REL~TED TAXA : LOCALITY/STRAIN DETAILED DATA 

I LOCALITY CO-ORDINATES COLLECTION COLLECTOR ' DATE 

TAS~t4..~IA 

Lake King Wi 11 iam 42°10'5 146°13'E 3/1975 ., S. Blackburn 
Brol>nh·ater- i...agoon 42°09'5, 147°07'E 11/1969 H.U. Ling 
T~~ngatinah Lagoon 42°15'5, 146°30'E 9/1969 P. Tyler 

I 
Lake St.Clair - Echo Pt. Pool 42°03'5: 146°05'E 10/1975 R. King 
Great Lake 41°49'5 145°41'E 2/ 5/1977 S. Blackburn 

I 
Little Waterhouse Lagoon 40°54'5, 147°36'E 8/1977 A. Baharudciin , 

VICTORIA 
I Langi Ghiran, Ararat 37°17'5, 142°56'E 10/1975 J. Powling i Tarago Swamp 38°05'5 145°52'E . 10/1975 J. Pow ling i Toolondo Reservoir 37°oo•s' 141°56'E 11/1975 J. Powling 
I 

. , 

NEI\' SOUTH WALES i 

I · Ry;1ns Island, Albury 36°05'S, 146°56'E 3/1975 R. Croome 
I 
I NORTHERN TERR !TORY 
I Fogg Dam, Humpty Doo 12°38'5, 131°15'E 5/1977 J. Powling 
I Co~ndcrl Water-hole 12°35'S, 132°58'E 6/ l/1978 H.U. Ling I 
I 

UNITED KINGDO~! I 

I Durmail Raise, Cumbria 54°30 1 N, 3°01 1 W 8/1977 J.W.G. Lund I 
! U.S.A. 

! Lake Nanih I'Jaiya, Oklahoma 35°00'N, 96°30'W 8/1977 V.W. Proctor 
I II II II II II II II II 

I II II II ·II II II II II 
I 

35°00 1 N, 97°00 1W I Sunset Pool, Oklahoma 8/1977 V.W. Proctor 
North Boulder - Pool, Colorado 40°ooiN, lOS 030 1 W 9/1977 M. Grant 

I 
. ~------

STRAINS AND CLONES 

(KW.Dl), {3rKW.Dl) 
(BW.Al), (3rBW.Al), (BW.Bl) 
(Tun.Bl), (small Tun.Bl) 
!Ech.B1) . 
GL.B1,B2,B3,B4,B5) 
Wat.A1,A2,A3) 

~LG .Al,A2,A3) 
Tar.B1~ 

(Too.A1 

(Rya .A1, A2 ,A3) 
-~~· 

~Fog.Al ,A2,A3) 
Cor .Al,A2) 

(UK1 ,C1, C2, C3 ,C4) 

~Okl.B1,B2,B3~ 
Ok1 .C1,C2 ,C3 

(Okl.D1,D2,D3) 
(Ok2.A1) . 
(Col.Al ,A2 ,A3) 

------ ~ 

. 

\ 

~ 
o:l 
L' 
tTl 

.j::. 

N 

,_. 
0 
.j::. 



TABLE 4.3 ALPHA TAXONmlY 

M. MAHABULESHWARENSIS 

var.reducta typical form/ LOCALITY STRAIN 
/typical form typical form var .wHichii var ;waZ Zichii indica-:type 

FIG.22C,E,M,N FIG.22F,K,O FIG.22D,L FIG.22J FIG.22C,23A,B 

Lake King William 
. not: 

Type I (cultured) X X 
II II Type II ~KI~ .D) X X 

Brownwater Lagoon (BW.A), 3rBW.A1) X X 
II II BW.B) X x· 

Tungatinah Lagoon Tun. B~ X X 
Lake St. Clair - Echo Pt. Ech.B X X 
Grm t Lake GL.B) X X X 
Waterhouse Lagoon l~at.A) X X 
Langi Ghiran 

l~t!l 
X 

Tarago Swamp X 
Toolondo X 
Ryans Island Rya.A X 
Fogg Dam Fog.A X X 
Corndorl Type I Cor.A X X 

II Type II (not. cultured) X X 

M. mahabu Zes h!JJcU.ensis M. rodiata M. americana 
var.ringens var.dichotoma var .dichotoma 

FIG.22R . FIG.22S FIG.22T FIG.22P,Q 

Oklahoma 

t!:~l 
X 

" X 

" Okl.D; X 
Oklahoma Ok2.A~ X 
Colorado Col.A X 
United Kingdom UKl.C X '· 

-- ---

N.B. kbere one strain spanned several categories, e.g. (Tun.B) and (GL.B), both categories were marked. 

europaea-type 

FIG.22A,J 

X 

X 

X 

X 

X 

-

3-radia te 
cells 

in culture 

FIG.23I ,K 

X 

X 

X. 

X 

X 

--- -

o---3 
> 
"' L-
tT'J 

""'" 
V-1 

1-'. 
o· 
~ 



TABLE 4.4 CELL DIMENSIONS - WILD TYPES (all measurements in lJlll) 

LOCALITY SAMPLE STRAIN LENGTII 

Lake King William (1 cell) 
not 

Type I (cultured) 170 
(1 cell) Type II (KW .D) 162 

Brownwater Lagoon (BW.A) -
(BW.B). -

Tungatinru1 Lagoon (2 cells) (Tun.B) 175-186 

Lake St. Clair - Echo Pt. (1 cell) (Ech.B) 150 

~ 
Great Lake (5 cells) (GL.B) 150- (173) -205 

Waterhouse (2 cells) (Wat.A) 160-170 

Langi Ghiran (2 cells) (LG .A) 150-151 

Tarago Swamp (Too.A) -
Ryans Island (2 cells) (Rya.A) 162-181 

Fogg Dam {5 cells) (Fog.A) 115- (130)-140 

Corndorl Waterhole (2 cells) Type I (Cor.A) 150-165 
(I cell) Type II (cuftt\.ed) 150 

Oklahoma (1 cell) 
tk1.Bl 

135 
(1 cell) Okl.C 150 
(1 cell) Okl.D 150 

Oklahoma (Ok2.A) -
Colorado (2 cells) (Col.A) 145-150 

United Kingdom (2 cells) (UKl.C) 115-125 

--- -

MAXIMUM WIDTH 
WIDTH OF POLAR LOBES 

.. "(WITH PROCESSES) 

135 85 
135 85 

- -
- -

149-171 91-124 

117 82 

130-(145)-180 90- (104)-110 

120-140 70-75 

104-116 89-93 

- -
123-135 81-85 

120-{123)-130 80-(85)-100 

134-135 95-105 
135 95 

120 52 
135 65 
135 77 

- -
120-125 55-60 

100-105 60-61 

ISTII!>lUS 

23 
23 

-
-

, 

26 
-

-

24-(25)-26 

24-28 

22-23 

-
19-23 

24-(26)~28 

20-22 
2() 

21 
20 
20 

-
26-30 

27-28 

; 

i 

I 

I! 

II 
! 

I 
I 
I 

i 

~ 
l:l' 
r-' 
m 
.j:>. 

.j:>. 

....... 
0· 

"' 



TABLE 4.5 CELL DHif.NSIONS - CULTURED CELLS (ex rapidly growing culture) (All measurements in IJtn; ·sample of 10 cells except 
where specified) 

WIDTII OF POLAR 
CLONE · LENGTH MAXIMUM WIDTH HOLE 

WITJLJ1LQCESSES. 
ISTHMUS WIDTH 

(KI'i.D1) (2-radiate cells) 155-(165)-176 112-(129)-133 69-(80)-90 26- (29) -30 
(3r!I.1LD1) (3-radiate cells) 151-(164)-176 103-(114)-120 56- (62) -69 28- (32) -34 

(Bll' .AI) 142- (151) -155 103- ( 113) -125 60- (69) -77 20- (21) -23 

~3rBW.Al) 112-(120)-129 77-( 91)- 95 39- ( 45) -4 7 -
BW.B1) 109- (130)-146 91-(113)-127 52-(66)-73 21- (22)-26 

!fuo. Bl) 
155- (162) -172 138-(142)-151 73-(81)-90 23 

small Tun.Bl) 89- (100) -110 77-( 88)-100 36-(46)-51 19-(22)-26 

Ech .AI (2-radiate cells) 120-(144)-155 95- (106) -108 52- (57) -69 17-(25)-30 

" ~ (3-radiate cells) (1 cell) 133 90 47 -
(GL. B2) 150-(167)-175 131-(140)-150 75-(86)-93 25-(28)-31. 

(Wat.Al) 135-(154)-167 110- (127) -136 65-(72)-78 22- (24)- 25 

(LG.Al) 125-(131)-138 95-( 97)-103 56-(65)-77 18-(20)-21 

(Tar.B1) 125-(139)-146 95~(108)-120 52- (66)-73 18-(19)-20 

(Too.Al) 151-(161)-185 .103- (114) -133 56-(64)-69 18- (21) -23 

(Rya.A2) 125-(146) -159 95-(108)-133 47-(65)-81 23- (24) -26 

(Fog.Al) 135-(139)-142 102- (108) -111 55- (61)-70 18-(19)-21 

(Cor.Al) 85-( 94)-110 70- ( ·78).- 90 41-(50)-60 15-(18)-21 

(Okl.B3) 113-(114)-115 92-( 94)- 95 42- (46) -SO 19- (20)- 21 

(Okl.C2) 138-(142)-148 112- (116) -125 50-(54)-65 20- (23) .-25 

(Okl.Dl) 132-(137)-138 P3-(121)-130 52- (55) -60 18-(20)-21 

(Ok2.A1) 122- (134) -142 119- (124) -130 51-(57)-60 18-(19)-21 

(Co1.Al) 126-(135)-148 102-(114)-130 42- (SO) -53 21-(21)-22 

(UK1.C3) 125- (129) -135 102-(104)-109 53- (57)-60 23-(25)-27 

~ 
o:l 
t""' 
tTl 

~ 

U1 

.... 
0 
---l 
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4.2 SEXUAL REPRODUCTION 

Sexual reproduction in heterothallic strains of M. 

mahabuleshwarensis was described in detail by Blackburn and Tyler 

(1980) (see Appendix 2). In brief, .about 7-10 days after mixing 

of compatible opposite mating strains, cells paired with their 

isthmuses juxtaposed and secreted a delicate mucilage envelope. 

Conjugation took place a few days to several weeks later by inter

polation of new cell wall material at the isthmus and escape of the 

gamete protoplasts through a dissolved part of the cell wall. No 

protection for the gametes other than the mucilage envelope was de

tected. The spherical fusion vesicle rapidly shrank and about 13 

hours later a hyaline exospore with spine initials was laid down, 

followed by deposition of a smooth brown mesospore and thin endo

spore. The mature zygospore was adorned with bi- or tri-furcated 

spines (see Appendix 2, Figs.l-12). 

After dehydration and a dormant period, germination was 

achieved by rewetting with fresh soil water. The germination 

vesicle escaped by rupture of the mesospore and flipping back of an 

undifferentiated operculum bearing 2-3 spines. Cleavages of the 

zygote produced 4, 3 or 2 Cosmarium-like gones which divided to form 

heteromorphs, the qaughter semicells being of M. mahabuleshwarensis 

morphology (see Appendix 2, Figs.14-21) . 

. Sexual reproduction in all heterothallic strains of M. 

mahabuleshUXU'ensis was.identical. These strains were classified 

as the typical form, var. 1iKlllwhii or their intermediates, and the 

typicaljvar. reducta intermediate forms (BW.B) and (GL.B). Even the 

morphologically simple and reduced (small Tun.B1) clonecrossed 

normally with compatible opposite mating strains producing zygospores 

of slightly smalier dimensions than was typical of morphologically 

normal strains (Fig.24A, Table 4.6). · 

Zygospores appeared in the (Cor) wild sample kept in a shallow 

petri dish about one month after collection. To see whether this 

was a heterothallic or homothallic sexual response two clonal cul

tures were isolated and placed under crossing conditions, both 

singly and together. Crossing occurred in all cases substantiating 
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the homothallic nature of (Cor.A). 

Careful observations revealed differences in pairing behaviour 

for (Cor;A) associated with its homothallism. Prior to pairing, a 

sexual cell division produced daughter semicells of smaller and 

simplified morphology. The degree of semicell reduction varied 

from hardly discernible to very simplified, with Process V reduced 

or absent and Processes I and II fused. A very loose pairing then 

occurred between daughter cells of the sexual cell division (Fig. 

24D). In dense cultures it was possible that non-daughter cells 

paired. After several days the pairs became more cohesive with 

the cells aligned at right angles to each other and surrounded by a 

mucilage envelope (Fig.24E). Conjugation proceeded normally with 

gamete escape via the lengthened isthmus (Fig.23F) to form a 

. spherical zygote (Fig.24G). The mature zygospores were typical of 

other M. mahabuleshwarensis zygospores except for their smaller 

dimensions (Fig.24H, Table 4.6). 

Sometimes the sequence of events leading to zygospore formation 

did not progress normally. If pairing did not follow the sexual 

cell division, single cells would attempt to act as gametes and 

exude their protoplasts. However, no successful parthenospores 

were ever detected. 

Numerous attempts to germinate (Cor.A) zygospores were unsuc

cessful. When eventually germination was achieved the actual 

process was not observed so it is not known whether the number of 

gones produced from each vesicle was the same as other M. 

mahabuleshwa:t'ensis strains. 

In testing (Ok2.Al) M. radiata var. dichotoma for heterothallism 

and homothallism, production of zygospores was observed in ~early 

every instance including the (Ok2.A1) selfcross, indicating its 

homothallic nature. Subsequent attempts at i~itiating sexual re

production were not always successful and usually only very few 

zygospores would be formed. Details of the pairing and conjugation 

process were therefore not elucidated. If a sexual cell division 

occurred then the daughter semicells were not substantially reduced 

in size. Conjugation took place in the minimal confines of a 
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mucilage envelope to produce a small zygospore with short, simple, 

tapered spines (Fig.24B, Table 4.6). In about 60% of cases a 

spherical zygospore was not produced. Instead an elongated, 

almost bi-lobed zygospore was formed as if wall formation proceeded 

before complete fusion and rounding up of the zygote was possible 

(Fig. 24C). Germination attempts to date have been unsuccessful. 

Zygospores were also formed in a mixture of (Okl.C1,2,3) 

M. mahabuleshwwensis var. diahotoma. Repetition of this cross 

and of the separate (Okl.C) clones failed to produce a sexual re

sponse so it was not proved ·whether (Okl.C) was homothallic o.r 

heterothallic. The few zygospores which were produced were identi

cal to those of (Ok2.Al) in being small and having simple tapered 

spines (cf. Fig.24B; see Table 4.6). They were consequently very 

different from the typical M. mahabuleshwarensis zygospores. 

Media Effect 

The difficulties in obtaining reliable repetitive crossing in 

the homothallic strains were also found in some heterothallic cross

es. In the homothallic selfcrosses the most successful results 

were obtained after 1-2 months in depleted 2B soil water medium. 
! 

Crosses were also attempted in 2B soil water, modified Waris' 

medium and a 3:1 mixture of 2B soil water: Waris' medium. 

The first series of M. mahabuZeshLJwensi's intercrosses (see 

Section 4.3) were made in RB soil water medium. When additional 

and repeat crosses were made two years later there was no RB soil 

available and 2B soil was used instead in making up the soil water 
I 

medium. The 2B soil water supported healthy vegetative growth but 

the majority of the crosses which had been successful in the first 

series were unsuccessful in the second series. Where they were 

successful there was a very high porportion of aborted conjugations. 

By mixing Waris' m~dium with 2B soil water in 1:3 proportions the 

problem was apparently overcome, sexual reproduction taking place 

readily between compatible strains. These problems accentuated the 

difficulties in promoting sexual reproduction in cultures, part}cu

larly that of media which support prolific vegetative cultures not 

necessarily being conducive to sexual reproduction. 



TABLE 4.6 ZYGOSPORE DIMENSIONS FROM SELECTED CROSSES (All measurements in ~m; sample of 10 zygospores 
except where specified) 

DIAMETER SPINE 
CROSS TOTAL DIAMETER WITHOUT LENGTH SPINES 

(Tun. BlxRya.A2) 130- (146)-166 68-(74)-81 31-(36)-44 

(small Tun.BlxRya.A3) 96-(124)-138 50-(62)-73 25-(32)-40 

(BW.AlxRya.A2) 140- (150)-156 68-(69)-70 .31-(39)-47 

(BW.AlxToo.Al) 146-(151)-164 73-(74)-78 34-(38)-44 

(Cor.Al) selfcross 112- (120) -127 48- (49)-52 30-(32)-35 
.. 

(Okl.Cl, C2 ,C3) selfcross (2 zygospores) . 120-121 . 59-60 25-30 

. (Ok2 .Al) selfcross (2 zygospores) 98-102 55-60 19-20 

--- -- -- ------- ----- ------------ ------

~· 

;J> 
c;, 

F;:; 
~ 

0\ 

...... 

...... 
...... 
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4.3 SEXUAL COMPATIBILITY 

Sexual compatibility of strains within and between localities 

was tested by two series of crosses performed two years apart. The 

second series of crosses included all strains used in Series 1 b~t 

also a number of additional strains (see Table 4.7). Crosses were 

made of all possible combinations of two of the available clones in 

each series after checking for homothallism by placing the clones of 

each strain under crossing conditions. 

Series 1 crosses were performed in RB soil water while the 

Series 2 crosses were made in 2B soil water. The lack of success 

of these Series 2 crosses (Series 2a) (see Section 4.2) stimulated 

another series of crosses (Series 2b). However, this time, due to 

lack of available laboratory space all the Series 1 strains and 

(3rBW .A1) were crossed in all possible combinations of two while the 

additional Series 2 strains were divided into three groups and cross

ed using an inter- and intra-group method (i.e. each group was cross

ed separately and with the other groups and with each of the other 

strains available). Table 4.8 summarizes these crosses and results. 

Of the three groups only Group 1 crossed with any other strains. 

No crossing was observed within or between each group. 

On the basis of the successful. Group crosses, G-roup 1 was then 

subdivided into (GL.B1,2,3,4,5) and (Wat.A1,2,3) and recrossed with 

(small Tun.B1), (KW.D1), (3rKW.Dl), (BW.A1), (Tar.B1) and (LG.A2). 

Only (small Tun.B1) failed to cross with either (GL.B) or (Wat.A) 

clones in these repeat crosses. The partitioned results.were con

sistent with (GL.B) and (Wat.A) acting as (-) mating strains. 

The combined results from Series 1 and 2 are summarized in 

Table 4.9 while the partitioned results from each series are detail

ed in Table 4.10. The strains could be subdivided into three main 

groups arbitrarily named (+), (-), and "intermediate" on the basis 

· of their mating responses. 

Only a single case of compatible opposite mating types from 

cells isolated from the one locality was found. Pairing was ob

served in the Langi Ghiran wild sample one week after collection. 

Isolation of cells verified the heterothallic nature. of (LG.A). 
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All other clones isolated from a particular locality were found to 

be of the same mating type. With the exception of (BW.Al) and 

(BW.A2), clones from each locality were grouped together in Tables 

4.9 and 4.10 because of the uniformity of their crossing responses. 

It should be noted that for many of the localities. more than one 

clone was not available thus limiting conclusions of the mating 

type or ·types of the population for each locality. 

An interesting case of apparent alteration of mating type in 

culture was that of (3rBW .A1) which was originally isolated as a 3-

radia te cell from (BW .A1). In the intercrosses (BW .A1) acted as a 

(+) strain, while (3rBW.A1) not only acted as a (-) strain but also 

crossed with (BW.A1)! 

These unusual results involving (BW .A1) and (3rBW.A1) were from 

Series 2 crosses since (3rBW.A1) was not involved in the Series 1 

crosses. By partitioning the crossing information of Series 1 and 

2 other crossing anomalies became obvious (see Table 4.10): 

(1) (Tun.B1), which was classed as an intermediate strain because 

of its compatibility with both (+) and (-) strains overall, exhibi

ted a complete change of mating type between Series 1 and 2. In 

the former it acted as a ( +) strain while in the latter it acted as 

a (-) strain. (small Tun. Bl), the m~rphological mutant isolated 

from (Tun. Bl), also acted as a ( +) strain in Series 1 while in 

Series 2 it showed a broader mating response, crossing with both (+) 

and (-) strains including (Tun.Bl). 

(2) (BW.Bl) did riot cross with any strains in Series 1 but crossed 

with the two intermediate strains, (Tun.B1) and (small Tun.B1), and 

attempted conjugation with the (-:) strain, (Too .A1), in Series 2. , 

In contrast (BW..Al), which was isolated at the same time from Brown

water Lagoon, .crossed with many other (-) strains in Series 1 and 2. 

This was the only case of two strains from.the.same localfty being 

of the same mating type but showing Iilarkedly different crossing 

patterns. When isolated the two parent cells were of different 

morphology, (BW ~Bl) being var. reducta while (BW .A1) was the typical 

form (H.U. Ling, pers. connn.). They were the only cells in the 

sample from Brownwater Lagoon, which is subject to periodic drying 
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out. The results suggested genetic differences between the two 

strains. 

(3) (Rya.A) and (Too.A) exhibited a simple mating response, both 

acting as (-) strains, except that in Series 2 (Rya.A3xToo.Al) pro-

duced zygospores! Neither (Rya. Al) nor (Rya.A2) crossed Mith 

(Too. Al) and (Rya. A3) did not show any other anomalous crossing be-

haviour. Time did not permit repetition of these crosses. 

Most.of the other crosses which weFe performed in both Series 1 

and 2 did show repeatability (see Table 4 .10). However, overall the 

results indicated that mating type in M. mahabuleshw~ensis was by 

no means a simple, definitive characteristic. The suitability of 

·· media for sexual reproduction was discussed in Section 4. 2. The 

use of RB soil water in Series i and 3:1 28 soil water :modified· 

Waris' medium in Series 2 may well have influenced differently the 

induction of sexual reproduction in the two series of crosses. 

Another factor which appeared to have an effect on the M. 

mahabuZeshw~ensis intercrosses was time. Clonal cultures main-

. tained over long periods sometimes altered in mating response. 

Cells isolated from culture because of morphological abnormalities, 

such as (small Tun. Bl) and ( 3rBW .Al) showed different compatibility 

patterns to their clones of origin, suggesting gen~ti,c mu~ations_ 

caused alterations in mating type along with morphology. 

The only strains not available in Series 1 which showed compati-

bility in Series 2 were (3rBW.Al), (GL.B) and (Wat.A). 
\ 

However,, 
I 

two or perhaps three other strains were found to be homothallic,, i.e. 

(Cor .A), (Ok2 .A) and perhaps (Okl.C). (Fog.A), (Okl. B), (Okl.D), 

(Col.A), (UKl.C) did not exhibit any sexual compatibility, either 

homothallic or heterothallic. However, after the lack of crossing 

success of the Series 2 28 soil water crosses, these strains wer
1
e 

only involved in Group crosses. Since the effect of so many ; 

strains in the one petri dish on each other.was not known the com

plete lack of sexual reproduction demonstrated by the strains in: 
. \ • I 

Groups 2 and 3 was not assumed to demonstrate sterility or incompati-

bility. 

All the strains which did show heterothallic sexual compatibil-
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ity were from Tasmania and Victoria in S.E. Australia. In this 

fairly limited geographical area (approximately 1000 km in extent) 

there was widespread intercrossing, indicating genetic compatibility 

at least to the lev~l of the physiological requirements of zygospore 

production. However, the unexpected alterations in mating type 

response of some strains, along with the gradation of mating type 

with no clear boundaries between (+) and (-) mating types, suggest

ing a genetic flexibility in the control of mating type which may 

easily be subject to change. 



· TABLE 4. 7 

Series 1 

Series 2 

TABLE 4.8 

Group 1 

Group 2 

Group 3 

Crosses (i) 

(ii) 

M. MAHABULESHWARENSIS AND RELATED TAXA CLONES USED 
IN THE CROSSES 

(KW.D1), (3rKW.D1); (f3W;A1), (BW.iH); (Tun.B1), 
(small Tun.B1); (Ech.B1); (i.G.A1,2,3); (Tar.B1); 
(Too.A1); (Rya.A1,2,3). . · . 

Additional Strains: 
(3rBW.A1); (GL.B1,2,3,4,5); (Wat.A1,2,3); 
(Fog.A1,2,3); (Cor.A1,2); (Okl.B1,2,3); · 
(Ok1.C1,2,3); (Ok1.D1,2,3); (Ok2.A1); (Col.A1,2,3); 
( UKl. C 1, 2, 3, 4) . 

GROUP CROSSES SERIES 2b 

(GL.B1,2,3,4,S); (Wat.A1,2,3) 

(Fog.A1,2,3); (UK1.C1,2,3,4) 

(Col.A1,2,3); (Okl.Dl,2,3); (Okl.B1,2,3) 

Group 1, Group 2, Group 3 separately. 

Group 1, 2 and 3 together. 

(iii) (Tun.B1), (KW.D1), (3rKW.D1), (BW.A1), (BW.B1), 
(3rBW.A1), (small Tun.B1), (Ech.B1) (LG.A1), 
(LG.A2), (LG.A3), (Tar. B1), (Too.Al), (Rya.A2), 
(Rya.A3), each crossed with Group 1, and with 

Results 

Group 2, and with Group.3. · 

Zygospores formed in the following crosses: 
(small Tun.Bl) x Group 1 
(KW.D1), (3rKW.D1) x Group 1 
(BW.A1) x Group 1 · 
(Tar.Bl) x Group 1 
(LG.A2) x Group 1 

116· 



TABLE 4.9 N. i·:A.':-_43UI:ZS:;;,:t,?C:iVSIS - SEXUAL COMPATIBILITY 

I 
i 
I 
I 
J 

i 
I 
i 

I 
I 
I 

I 
I 

~lA TI i\G TYPE - (T) INTERMED !ATE c-) I 
CLONE (BW.Al) (LG.A2) (Tar.Bl) (KW.Dl) (BW.Bl) (Ech.Bl) (Tun.Bl) (small Tun.Bl) (Too.Ai) (Rya;A) (LG.Al,A3) (3rBW.Al) (GL.B) (Wat.A). 

(BIL\1) 0 z z 
(LG .A2) 0 z 

,...._ 
(Tar.Bl) + 0 z 

'-" 

(KlLDl) 0 z 
(B\\'.Bl) 0 z 

.i(Ech.Bl) z z z 0 z 
~ 
0 (Tun.Bl)· z z z .... z 0 
I: ..... 

(smal1 Tun.Bl) z z z z 
(Too.Al) 

I (Rya.A) 

'7' I (LG .Al ,AC) 

~I (3rBW.Al) 
(GL.B) 

1 (J·:at.A) 

KEY: z 
ac 
0 

i\OTE 1: All 

~OTE 2: Tne 
the 

z z z z ac z 
z z I z 
z z z z z 
z z 

I 
z z z 
z z 

zygospores 
attempted conjugations with no successful zygospores observed 
selfcross - no zygospores because of heterothallism 

possible cross combinations of clone pairs were,attempted. 

crossing results of the following clones were combined on 
table because of similar mating responses: 

(Rya.A1,A2,A3) = (Rya.A) 

!LG.Al,A3) = (LG.Al,A3) 
GL.Bl,B2,B3,B4,BS) = (GL.B) 
Wat.A1,A2,A3) = (1\'at.A)· 

z z z z z z z 
z z z z 
z z z 
z z z 

z ac 

z z 
z z z z 
0 z z z 
z 0 z 
z z 0 

0 

z 0 

0 

0 

NOTE 3: Clones which did not exhibit sexual compatibility with any 
other clones: 

(Fog.Al,A2,A3) 
(Okl.Bl,B2,B3) 

!Okl.Dl,D2,D3) 
Col. A1 ,A2 ,A3) 
UK1.Cl,C2,C3,C4) 

NOTE 4: Homothallic strains: 
(Cor.A), (Ok2.A), ((Okl.C)?) 

I 

i 
i 
' 

i 

~ 
1;1::1 
r 
t'T1 

~ 

<.0 

..... ..... 
-....! 
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TABLE 4.10 SEXUAL Cm!PATIBILITY - PARTITIONED RESULTS Of/ SERIES 1 AND SERIES 2 

m.TI:\G TYPE . (+) .. .• 

CLONE (BW.Al) (LG.A2) (Tar.Bl) (KW.Dl) (BW.Bl) 

(BW .Al) 0 

(LG.A2) 0 ·-· 

- (Tar.Bl) 0 + -
(K\'i .Dl) 0 

(BW.Bl) 
~ 

.(Ech.Bl) ~ * * X "' ...... 
"0 
C> (Tun.Bl) X X 
~ 
~ 
~. (small -run. Bl) X ~ ..... 

(Too.Al) .~ * * * 
(Rya.A) * * 
(LG.Al,A3) * * * -I - (3rBW .Al) X X 

(GL.B) X X X 

(wat.A) X X 

KEY: + zygospores Series 1 
zygospores Series 2a,2b X 

-;': zygospores Series 1 and Series 2a,2b 
·ac attempted conjugation, Ser~es 2a,2b 

0 

X 

X 

ac 

INTERMEDIATE (-) 
(Ech.Bl). (Tun.Bl) (small Tun.Bl) (Too.Al) (Rya.A) (LG.Al,A3) (3rBW.Al) (GL.B) (1\'at.A) 

* X X· * * * X X X 

* * * X X 

X * * X 

X * * X 

X X ac 

0 + * + 
,. 

+ 0 X + + + 

* X 0 X * X 

+ X 0 X 
(Rya.A3) 

+ * X 0 
(Rya.A3) 

+ +" 0 

X 0 

0 

0 

NOTE 1: (3rBW.Al), (GL.B) and (Wat.A) were not included in Series 1. 

NOTE 2: See Note 2, Table·4.9. 
0 selfcross - no zygospores becau~e of heterothallism 

I 

I 

~ 
o:l 

~ 
.j::. 

..... 
0 

..... ..... 
00 
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4.4 GENETIC COMPATIBILITY - GP 1 viability, fertility and backcrosses. 

Genetic compatibility to the degrees of GP 1 viability and fer

tility and gene flow between strains via backcrosses is not neces

sarily implied by zygospore production (Proctor, 1975). To 

investigate the fate of M~ mahabuleshwarensis zygospores a large 

number of the successful crosses (Table 4.9) were rewet with 2B soil 

· water medium after a. dormant period of 3-~ months. If the zygo

spores did not germinate on the first attempt they were allowed to 

dry out again and the process was repeated. Zygospores which did 

not germinate on the first rewetting sometimes germinated on the 

second rewetting. Even so, the crosses which successfully germina

ted were few (Table 4.11). Because of the irregular patterns of 

germination, lack of germination was not assumed to imply nonviable 

zygospores. There was no correlation between zygospores quantity 

and germination success, large numbers of zygospores sometimes 

germinating prolifically, while at other times a very low germina

tion level was attained. 

All the crosses which germinated produced viable offspring, 

although those with (small Tun.B1) as one of the parental strains 

were difficult to maintain in culture, requiring great care and 

attention. The progeny from other crosses responded easily to cul

turing (Table 4.11). 

Maintenance of a mixed GP1 culture (as opposed to clonal) .in a 

number of cases resulted in the formation of GP1 zygospores, indica

ting the presence of compatible (+) and (-) mating types in these 

germination products. Usually only a few GP 1 zygospores were form

ed (Table 4.11). Attempts to germinate GP1 zygospores have to date 

been unsuccessful (with the exception of (BW .AlxToo.A1)GPifb, see 

below). 

The parental strains of the GP 1 progeny were all typical M. 

mahabuleshwarensis,var. walliahii,or intermediate between these two 

types in morphology. Considering the continuous variation found 

between the typical and var. walliahii morphologies (Section 4.1) it 

was not surprising that the GP1 of a single cross showed similar 

variation between the typical and var. walliahii forms. Fig.241,J 

shows two (T~.B1xRya.A3)GP 1 cells one of which was of typical form 
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and the other had one semicell with well developed var. waZZiohii 

Proc~ss III and one semicell reduced. The (Rya.A) parental strain 

had been classified as var. waUiohii while the (Tun.B) strain had 

been classified as a tyPical/var. waZZichii intermediate (Table 4.3). 

Another exampl_e of GP1 cell morphology was ( BW .AlxRya. A2) GP1 which 

also showed typical/var. waZZichii variation. Fig.24K shows a 

typical (BW.AlxRya.A2)GPl cell while Fig.24L shows a cell with 

slight development of Process III. Other cells had fully developed 

Process III. In this case (BW.A1) was classified as typical M. 

mahabuZeshwarensis, development of Process III never having been 

observed, while (Rya.A) was of stable, var. waZZichii appearance 

(Table 4.3). 

The GP1 of low viability with (small Tun.B1) as one parent were 

the sole exceptions to the morphology distribution of GPI cells. 

These offspring were of simplified· morphology and intermediate in 

size between the reduced (small TUn~B1) parent and the normal M. 

mahabuZeshwarensis parent. 

In one instance, that of (LG.A1xTar.B1)GPl, approximately 30% 

of the progeny were tri-radiate. Isolated 3-radiate cells formed 

3-radiate clones which did not revert to the 2-radiate form over 

three years in culture. They were of approximately the same volume 

as the hi-radiate (J.,G.A1xTar.B1)GPl cells with smaller linear dimen-. 

sions, i.e. 2-radiate: average length - 151 ]lm; maximum width - 106 

. ].lm; width of polar processes - 68 ]lm; 3-radiate:. average length -
' i 

137 ]lm; maximum width - 93 ]lm; width of polar processes - 54 0m. 

In order to investigate gene flow between strains, GP1 isolates 

were cultured and backcrossed to their parental strains (Table 4.12). 

Compatibility with both parents was not demonstrated in all cases. 

However, where a large number of GP1 clones were available they al

ways included both C1-) and(-) strains, e.g. (BW.AlxRya.A2)GPI, 

(BW.A1xToo.A1)GPI, (LG.A1xTa.r.A1)GPI and (LG.A2xLG.A1)GPI. In the 

case of (BW.A1xToo.A1)GPl/b there was apparent compatibility with 

both parental strains. However, ehecking of the laboratory records 

confirmed that this "clone" had been isolated as·a germination 

vesicle and thus would have consisted of more than one gone. The 

gones obviously included opposite mating types. A check of 
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(BW.AlxToo.Al)GP 1/b confirmed that it was indeed self-compatible.· 

Backcross germination attempts have produced little success. 

The limited results are given in Table 4.13. The "false back

crosses" involving (BW.AlxToo.Al)GPifb germinated readily to form 

viable offspring. These would, however, have included GP 2 progeny. 

((BW.AlxRya.A2)GP1/e x (BW.Al)) and ((BW.AlxLG;Al)GPl/a x (BW.Al)) 

germinated to form progeny of low viability. They were morpholo

gically normal but physiologically not robust, most cells dying 

after several divisions. 

The limited data on GP 1 viability, fertility and gene flow 

suggested that, at least for the crosses which germinated, viable 

germination products consisting of mating types sexually compatible 

with each other .and with both parents was the norm. The only ob

viously exceptional cases were those involving the morphological 

mutant, (small Tun. Bl). (small Tun. Bl) 's sexual compatibility with 

other strains was not readily followed up by GP1 viability and fer-

tili ty. It had obviously altered in ways additional to the obvious 

morphological changes. 

Therefore, although in general there existed genetic compati

bility beyond the requirements for zy~ospore formation, insufficient 

results on backcross germinations prevented the making of conclu

sions on gene flow between strains. The low viability progeny of 

the two successful backcross germinations suggested problems of 

genetic interaction. More backcrossing information is needed to 

elucidate whether there is complete gene. flow between strains of M. 

mahabuZeshwarensis. 



TABLE 4.11 M. MAHABULESHWARENSIS - ZYGOSPORE GERMINATION AND GP1 VIABILITY DATA 

CROSS ZYGOSPORE 
QUANTITY 

(BW.AlxEch.Bl) +++ 

(BW.AlxRya.Al) +++ 

( BW .AlxRya .A3) +++ 

(BW .AlxRya .A2) +++ 

(BW .AlxToo.Al) +++ 

(BW .AlxGL. B2) . +++ 

(BW .AlxWat .Al) +++ 

( BW. AlxLG .Al) +++ 

(BW.Blxsmall Tun.Bl) +++ 

(LG .AlxLG .A2) (1) ++ 

(LG .AlxLG.A2) (2) ++ 

(LG .A2xLG .A3) +++ 

(LG.AlxTar.Bl) ++ 

(LG.A2xEch.Bl) +++ 

(Tun. BlxLG .Al) ++ 

(Tun.BlxRya.A3) +++ 

(small Tun.BlxRya.A2) ++ 

(small Tun.BlxToo.Al) ++ 

KEY: Zygospore quantity: + low 
++ medium 

+++ high 

GERMINATION GP1 
VIABILITY 

+ ++ 

+++ ++ 

++ ++ 

++ ++ 

+++ ++ 

++ ++ 

++ ++ 

+ ++ 

+ + 

+ ++ 

++ ++ 

+ + 

++ ++ 

+ + 

+ ++ 

+ ++ 

+ + 

+ + 

Germination: + low 
++ medium 

+++ high 

GI\ xGI\ 
ZYGOSPORES 

+ 

++ 

+ 

+ 

+ 

+ 

+· 

+ 

Viability: 

REMARKS 

, 

30% of GP1 3-radiate 

+ low 
++ high-

..... 
N 
N 

-3 
> 
!XI 

~ 
.j::. 

..... ..... 



TABLE 4.12 M. l~JIABULESHWARENSIS - BACKCROSSES 

-

BACKCROSS ZYGOSPORES BACKCROSS ZYGOSPORES 

(Blv.A1xToo.A1)GP1/1 x BIV.Al + (BW.AlxEch.B1)GP1/l x BW.A1 -
x Too.Al - x Ech. 81 -

(8W.A1xToo.Al)GP1/2 x ll1V.A1 + * (LG.A1xLG.A2)GP1/1 X LG .AI ,-
X Too.A1 + * X LG.A2 + 

(BW.AlxToo.A1)GP1/3 x BW.A1 + (LG.A1xLG.A2)GPl/2 x LG.Al + 
X Too.Al - X LG .A2 -

(BW.AlxToo.Al)GP 1/4 x BIV.Al - (LG.AlxLG.A2)GP1/3 X LG .Al + 
X Too.Al p X LG .A2 -

(BW.AlxToo.Al)GP1/S x Blv.Al + (LG.A1xLG .A2)GP1/4 X LG.Al + 
X Too.Al - :.< LG.A2 -

{BW.AlxToo.Al)GP1/6 x 8W.Al - (LG.AlxLG.A2)GP1/S X 'LG .Al -
x Too.Al + X LG.A2 + 

{BW.A1xRya.A2)GP1/1 x 8\V.Al - (LG.AlxLG.A2)GP1/6 .x; LG.Al -
x Rya. A2 + X LG.A2 + 

., 

{8W.AlxRya.A2)GP1/2 x 8W.Al - (r.G .Alxl.G .A2)GP1/7 X LG.Al -
x Rya.A2 + .x LG.A2 + 

{BW.AlxRya.A2)GPif3 x 8W.Al + (LG.AlxTar.8l)GP1/l x LG.Al -
x Rya.A2 - x Tar. 81 + 

(8W.AlxRya.A2)GP1/4 x 8\V.Al - (LG.AlxTar.81)GP}i2 .x LG.Al -
x Rya.A2 ... x Tar.81 + 

(8W.AlxRya.A2)GP 1/S x 8W.Al + (LG.AlxTar.Bl)GP1/3 x LG.A1 -
x Rya.A2 - .x Tar.81 + 

{81\'.AlxRya.Al)GP1/1 x 8\V.Al - (LG.AlxTar.81)GP 1/4 x LG.Al + 
x Rya.Al + x Tar.81 -

{BW .Alxl.G .Al)GP1/1 x 8W.Al + (Tun.81xRya;A3)GP 1/1 x Tun.81 -
X LG.Al - x Rya.A3 + 

--

* -The GP 1 cell was isolated as vesicle, i.e. "clone" contains { +) and (-) mating types. 

p- pairing 

-

BACKCROSS 

(Tun.B1xRya.A3)GP}/2 x Tun.B1 
.X Rya .A3 

(Tun.B1xEch.Bl)GP1/1 x Tun.Bl 
X Rya.A3 

(Tun.81XEch.Bl)GP1 /2 x Tun.Bl 
X Rya.A3 

ZYGOSPORES 

-
-
+ 
-

-
-

I 

~ 
t"" 
tT1 

.j:>. 

1-' 
N 

1-' 
N 
(.N 



TABLE 4.13 M. MAHABULESHWARENSIS BACKCROSS GERMINATIONS 

Backcross 

* ((BW .AlxToo .Al)GPifb x (Too.Al)) 

*((BW.AlxToo.Al)GP1/b x (BW.Al)) 

((BW. AlxRya .A2)GP1/e x (BW.Al)) 

((BW.AlxLG.Al)GP1/a x (BW.Al)) 

KEY: Germination: + low 
++ medium 

+++ high 

Gennination Viability 

+++ 

+++ 

+ 

+ 

Viability: + low 
++ high 

++ 

++ 

+ 

+ 

* The GP 1 cell was isolated as vesicle, i.e. "clone" contains 
(+) and (-) mating types. 
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4.5 OBSERVATIONS ON MEIOSIS 

To supplement some preliminary observations made on meiosis in 

M. mahabuZeshwarensis from a (BW.A1xRya.A2) cross (Blackburn and 

Tyler, 1980; See Appendix 2) preparations were made of (LG.A2xLG.A3) 

germination vesicles. The preliminary observations demonstrated 

asynchrony in the stages of meiosis, particularly in the separation 

of bivalents into half-bivalents at the end of metaphase I. Some 

bivalents appeared to separate by parallel disjunction. At meta-

phase II unstained regions of half-bivalents suggested a single 

centromeric organization of at least some chromosomes. Chromosome 

counts were approximate but estimates of a haploid number between 

55 and 64 were obtained. 

Investigation of the (LG.A2xLG.A3) vesicles provided more in

formation on meiosis in M. mahabuZeshwarensis. Some of this in

formation was, however, difficult to interpret. Most stages 

examined were from squashed preparations. The earliest stages 

observed were diplotene and diakinesis. Fig.25A and Fig.25B demon

strate examples of these early stages. The chromosomes shown in 

Fig.25A consisted of bivalents with d;iffuse edges and with chromatin 

stickiness. Little detail could be discerned from such a stage. 

The preparation in Fig.25B was slightly clearer. Some bivalents 

were si!TIPl~ paired units while ring- and horseshoe-shaped bi valents 

we~e also observed. ·An accurate count of the number of bivalents 

was not possible from this preparation. 

From another diakinesis preparation approximately 52 bivalents 

could be distinguished (Fig. 25C, 26). Nearly all these showed 

evidence of crossovers in the chromosomes configuration. Some, for 

example bivalents 8 and 10, appeared to have only a single crossover, 

while others, for example bivalent 49, showed evidence of several 

crossovers. The chromosomes had diffuse edges and in some cases it 

was difficult to differentiate between bivalents. 

A unique preparation was of a diakinesis which, because of the 

clarity of the chromosomes, was probably more advanced than the 
! . 

other diakinesis preparations. The entire chromosome complement is 

shown in Fig.25D and diagrammatically represented in Fig.27. 

Despite their clarity individual bivalents were sometimes difficult 
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to discern because of apparent chaining of bivalents. Fig.25E 

demonstrates part of the complement at high magnification. Two 

clear ring bivalents with small tails could be seen (bivalents 30 

and 12) along with a bivalent with no apparent crossovers (bivalent 

13). The others were more difficult to differentiate (for example, 

bivalents 21, 23, 27 and 25) because they merged together. With 

slightly more squashing more details of some chromosomes became 

obvious. Figs.25F and 28A demonstrate a small group of bivalents. 

Bivalent 41 may have consisted of two bivalents as the long tail 

emerging at one end seemed partly dissociated from the rest of the 

bivalent. Three bivalents (bivalents 42, 43 and 44) formed a chain 

as did bivalents 46 and 47. Bivalent 37 consisted of a cross

shaped configuration in which individual chromatids could be dis

tinguished. Another small group of chromosomes at .high magnifica

tion is shown in Figs. 25G a.nd 28B. ·The ring bivalent (bivalent 30) 

exhibited clear banding of chromatin while differential staining 

could also be observed on bivalents 28 and 29. The curious, com

plex, ring bivalent was thought to correlate with bivalent 31 from 

Fig. 27, and bivalent 32 appeared to consist of more than one bi

valent when squashed to this degree. Forty-nine bivalents were 

distinguished altogether in this diakinesis preparation, but because 

of the bivalent complexes this was only an approximate estimation, 

the true value probably being higher. 

The stages of meiosis observed after diakinesis were limited. 

Figs.29A and 30 demonstrate a pre-metaphase I preparation. 

Although chromatin stickiness and the overlapping of bivalents made 

counting difficult it was evident that approximately 64 bi valents 

were present. Chromosomes of most bivalents repelled each other 

and were held together only by chromatin bridges and terrninalized 

crossovers. 

No clear metaphase I or anaphase I preparations were observed. 

Two nuclear groups of a metaphase II were found in one vesicle 

(Fig.29B). !Closer examination revealed two rod-.or dot-like 

chromatids per chromosome. One chromosome group (Figs.29C, 31A) 

consisted of more tpan 40 chromosomes, each made up of two chromatids 

lying side by side with little evidence of centromeres. However, 

chromosome 31 appeared to have a lightly stained med:lan region on 
I . . 
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each chromatid indicative of a centromere. This chromosome was 

longer than the others (approx. 5 ~m). In the other chromosome 

group 38 chromosomes were counted (Figs.29D, ·31B). However, there 

may have been more than this number present due to overlapping of 

chromosomes. Once again a long chromosome with a lightly stained 

median region was discerned (chromosome 7). Chromosome 13 was 

also quite long (approx. 4 ~m). The others were all very small 

rods between 1 and 2 ~m. 

No vesicles in anaphase II were observed, with only one. over

fixed vesicle in telophase II being located (Fig.29E), the four con

densed nuclear groups making chromosome details impossible to dis

cern. 

In addition to these easily comprehended stages of meiosis, 

there was a relatively high number of apparently abnormal meiotic 

divisions. In one vesicle a single flat plate w_as observed at low 

power. Closer examination did not reveal a typical metaphase I as 

expected but a group of paired dot- or rod-like structures similar 

to metaphase II chromosomes (Figs.29F, 32: compare with Fig. 29C,D). 

Cmmting the chromosomes was very difficult because of their close 

proximity to each other and also because it was difficult to decide 

what was an individual chromosome or just part of a paired un~t of 

presumably two chromatids. When trying to make paired associa

tions, over 90 chromosomes were counted. Although the interpreta

tion that this was a metaphase II, which had not divided into two 

nuclear groups, seemed appropriate from the appearance and large 

number of the chromosomes it was less feasible when the mechanics 

of. meiosis, which involves repulsion and splitting up of half-

hi valents at the end of metaphase I, were considered. However, if 

the two nuclear groups fused after this normal repulsion process 

then the peculiarities of this preparation· could be explained. 

Another preparation was also .observed at low magnification to 

contain a single flat chromosome group at one side of vesicle (Fig. 
I 

29G). When squashed and viewed at high magnification many of the 

chromosomes in the centre of the preparation became diffuse but 

nevertheless their paired formation could be differentiated (Figs. 

29H, 33). The more distinct chromosomes at the edges of the pre-
0 . 
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paration were small and dot-like and grouped closely together so 

that it was very difficult to decide what was a single chromosom~. 

Despite rather confusing aspects, this preparation was probably a 

late diakinesis or pre-metaphase I. Compared with other diakinesis 

preparations (e.g. Fi.g.25C,D) there were very few obvious crossover 

configurations (e.g. bivalents 17, 18). The small dots on the 

periphery of the preparation probably each represented a chromosome, 

two chromosomes forming a bivalent. The lack of crossover con-

figurations was strange, particularly as one pair of chromosomes 

(bivalent 28) was quite long. Two chromosome clumps (52-55 and 57-

60) made an accurate chromosome count impossible but the haploid 

number was approximately 60. Except for the very high chromosome 

number estimated for the anomalous chromosome preparation described 

above (Fig.29F) this unusual diakinesis might provide another ex-

planation for its appearance. If a more condensed version of this 

diakinesis with very few crossovers is imagined then it might have 

a similar appearance to a single metaphase II plate, with each 

stained unit being a chromosome and not a chromatid. 

Another intensely stained group of chromosomes on a flat plate 

(Fig.34A) was found, after squashing, to consist of fat, slightly 

diffuse bivalents, the majority of which were in ring configuration 

(Fig.34B). When squashed further, the chromosomes became more 
I 

diffuse, but a diagrammatic interpretation identified 33 bivalents 

with an additional two chromosome groups in which the numbers of 

bivalents could not be estimated (Figs.34C, 35). One of these 

groups (group a) appeared to be a chain of 2-3 ring bivalents. The 

other (group b) may have consisted of up to five bivalents. 'The 

total number of bivalents was therefore approximately 40. 

formed flat plate suggested that this was a metaphase I. 

The well 

The pro-

portion of ring bivalents was a sharp contrast to the presumed pre

metaphase with almost no crossover configurations shown in Fig.29G, 

H .. 

Two distinct chromosome groups were observed in another vesicle 

(Fig.34D). Close examination revealed that each group consisted of 

bivalents. One group (Figs.34E, 36A) was made up of approximately 

28 bivalents, many of them in ring-shaped crossover configurations. 

In the other group (Figs.34F, 368) 34 bivalents were counted, most 
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of them showing little structural detail (e.g. bivalents 7, 8, 27, 

28). Others did not appear to be held together with crossovers and 

thus formed simple chromosome pairs (e.g. bivalents 3, 4, 29, 30). 

In these latter cases it was difficult to differentiate between bi

valents and chromosomes. 

The wide variety of estimates of the chromosome complement and. 

the high proportion of apparently abnormal meiotic divisions made a 

basic pattern of meiosis in (IG.A2xLG.A3) difficult to elucidate. 

A sununary of the estimated chromosome counts is given in Table 4.14. 

They varied from 38 to 64 for the basic ''haploid" chromosome comple

ment - a considerable variation! Although in many cases accurate 

estimates were impossible to achieve, the error caused by these 

approximations would not have been as great as th.e variation. This 

variation was much greater than that for (BW.A1xRya.A2) from the 

previous investigation (see Table 4.14 and Appendix 2), the haploid 

chromosome number varying from 55-64 in that case. The lack of 

conformity of the chromosome complement with the (LG.A) clones pre

cluded any conclusions about inter-strain differences. 

Centromeric organization was> .n~t., clear iJ'!-' ~~st· cases, an 
' '1\• • 

apparent median centromere being .obserired only on the longer chromo-

somes. For (LG.A2xLG.A3) a late·· metaphase I stage was not observed, 

but for (BW.A1xRya.A2) the small chromosomes separated by apparent 

parallel disjunction at the end of metaphase L This .COtfld have 

been due to diffuse centromeric organization (cf. King, 1953a) or 

could have been purely a function of size and shape. 
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TABLE 4.14 M. MAHABULESHWARENSIS CHROMOSOME COUNTS FROM MEIOSIS 

STAGE OF MEIOSIS 
HAPLOID DIPLOID FIGURES 

COUNT COUNT 

(LG .A2xLG .A3): 

diakinesis 52 25C; 26 

II 49 -
II 49 250;27 

II 57-60 29G;33 

pre-metaphase I 60 -
II so -
II 64 29A; 30 

metaphase II 40 29C; 31A 
II 38 1290; 318 

metaphase II ? 90 29F; 32 

metaphase I ? 30-34 34E,F;36A,B 

metaphase· I ? 40 34B,C;35 

(BW.A1xRya.A2) - see Appendix 2 

metaphase I 55-64 

metaphase II 59-63 

" 61-63 
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4.6 DISCUSSION 

Morphological stability was not the norm for most of the strains 

of M. mahabuleshwarensis studied. Observations of both wild and 

cultured cells indicated that gradations existed between var. 

reducta, typical and var. walZichii forms such that as discrete taxa 

they were apparently invalid. In no instance was a large wild 

population sample able to be investigated. Teiling (1956), in his 

population analysis of Lake Trysjtln, found variation between the 

typic'al and var. walZichii forms and even between var. waUichii and 

M. americana. In this investigation, the strains of M. 

mahabuleshwarensis .var. dichotoma, which Teiling (1956) considered 

mid-way between M. mahabuleshwarensis and M. americana, and M. 

americana were morphologically distinct and stable. However, this 

does not preclude the possibility of intermediate morphotypes con

trolled by intermediate genotypes. It was interesting that in the 

numerous collections from S.E. Australia there were no instances of 

the peripheral M. mahabuleshwarensis morphotypes, var. dichotama, 

var. ringens and M. americana. 

Teiling's (1956) "indica" and "europaea" sub-species were based 

on records of distribution, the europaea-type being found in Europe 

and Northern Asia up to Japan,. with the indica-type, including all 

the varieties of this diverse form, being found all .over the -world 

outside the temperate zone of Eurasia ~nd polar. districts. This 

investigation did not support this regional distribution of the two 

types as both europaea- and indica-types were found within the one 

strain or even the one clone. 

Both clonal culture studies and observations of wild cells con

tributed to these conclusions on stability and variability. Other 

aSpects, such as occurrence of tri-radiate cells, were only revealed 

in culture.. . Tri-radiate (triquetrous) fonns of M. mahabuleshwarensis 

were reported by Heimans (1942) from several localities in the 

Netherlands. He found tri-radiate symmetry to be a stable species 

character of varietal status in vegetative propagation and suggested 

'polytypic mutation' as the origin of the triquetrous forms in the 

different localities. 

The majority of the 3-radiate cells formed in culture in this 
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investigation appeared to represent a morphological plasticity 

possibly controlled by a cytoplasmic framework (Waris, 1950b, 1951) 

or membrane template (Kiermayer, 1970a,b). Sub-clones of these 

cells demonstrated gradual reversion to the 2-radiate form until 

only a low proportion of 3-radiate cells remained, the sub-clones 

remained s:table in this condition. What originally caused the 

formation of 3-radiate cells is not known, but environmental 

factors, for example temperature, have been found to influence 

radial symmetry in the desmid Stauras~ polymorphum (Brandham and 

Gbdward, 1965c) so it is possible that some environmental stimula

tion initiated their formation. 

The stable (3rBW.Al) clone was probably a result of a genetic 

mutation causing a permanent alteration in the membrar.e template 

since no 2-radiate cells were observed over'3 years of culture. 

The combination of genetic and environmental influences on radial 

symmetry in M. mahabuleshwarensis suggested that little taxonomic 

weight should be placed on alterations of cell radiation. 

A genetic mutation was also probably the cause of morphologi

cal alteration of (small Tun.Bl) from the original (Tun. Bl) clone. 

The fact that (small Tun.Bl) was viable and healthy in culture in

dicated the exte;nt to which the morphology can be modified without 

unduly affecting other characteristics. 

The value of cultures in investigating morphological varia

bility is great since strains from widely differing habitats can 

be compared under the ~arne condition. However, the case of 

(Cor.A) altering drastically in culture, and particularly decreas

ing in average cell size by nearly half compared with the wild 

cells, demonstrated the danger in making sweeping conclusions based 

on culture studies. For the morphological investigation one set of 

culture conditions was used; In the case of (Cor.A) it was apparent 

that these c.ondi tions were sub-optimal. Differing physiological 

requirements· of strains might be ascert.ained by detailed culture 

studies in a large number of media and other environmental conditions, 

and could prove.useful omega taxonomic criteria. 

In conclusion, from the fairly limited morphological investiga-
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gation of wild cells and clonal cultures, it appeared that the alpha 

taxonomic_ categories of M. mahabuZeshwarensis, var~ reducta, var. 

waZZichii and the indica- and europaea-types were not morphologically 

distinct, whereas var. ring ens, var. dichotoma, M. cunericana and M. 

radiata var. dichotorna were discontinuous morphotypes for the in

vestigated strains from the particular localities. Further studies, 

preferably including wild and cultured population comparisons of 

M. mahabuZeshwarensis and related species from diverse geographical 

locations, might elucidate more clearly the morphological distinc

tions based on genetic discontinuity and regional distributions of 

these Micrasterias types. 

Uniformity of the details of conjugation and zygospore forma

tion of the M. mahabuZeshwarensis types, from var. reducta to var. 

waUichii, supported the morphological evidence that they formed a 

genetic continuum. Sexual reproduction in M. mahabuZeshwarensis 

was discussed with respect to other desmids by Blackburn and Tyler 

(1980) (see Appendix 2) and the details of the conjugation apparatus 

were compared to other Micrasterias species in particular, and 

desmids in general by Blackburn and Tyler (in press) (see Appendix 

1). The lack of protection for the escaping gametes was a marked 

contrast to the rigid conjugation cylinder and mucilaginous secre~ 

tions of theM. thamasiana-denticuZata complex (Section 3.2 and 

Appendix 1). The relevance of such variability within the genus 

cannot be assessed without far more knowledge of the conjugation 

types in Mic-:rasterias and other desmids. 

Whereas in heterothallic M. mahabuZeshwarensis no obvious 

sexual cell division was associated with pairing (compare with M. 

thomasiana var. notata, Appendix·!), in the homothallic (Cor.A) 

strain a vegetative division resulting in reduced daughter semicells 

was always observed prior to pairing. A series of vegetative divi

sions resulting in very small cells as was typical for the homo

thallic M. thomasiana var. evoZuta strain, (Gul.A) (Section 3.2) was, 

however, never observed. A sexual cell division has been recorded 

in other homothallic desmids marking the onset of the sexual process, 

of which Netr:ium digitus var. digitus (Biebel, 1964), CZosterium 

strigoswn Breb. (Ichimura, 1971) and C. moniZiferwn and C. 

ehrenbergii (Lippert, 1967) are some examples. 
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Once pa1nng took place, details of sexual reproduction in 

homothallic (Cor.A) M. mahabuleshwarensis were identical to those 

of the heterothallic strains. Even the abnormal behaviour of un

paired cells occasionally exuding their protoplasts was observed in 

some heterothallic crosses·. Although intact parthenospores were 

never observed in M. mahabuleshwarensis they have been recorded for 

other desmids (Brandham, 196Sb). Attempts at parthenospore forma

tion supported the view that pairing and conjugation are controlled 

by secreted hormones diffused through the crossing medium (Brandham, 

1967b; Ling, 1977). 

The zygospores of the typical M. mahabuleshwarensis forms, and 

vars. reducta and wallichii, were all morphologically similar with 

slender spines with bi- or tri-fu~cated tips. The smaller size on 

average of the (Cor.A) zygospores compared with other M. mahabulesh

warensis zygospores may have been a result of the reduced gamete size 

which, as previously discussed, probably was related to sub-optimal 

culture conditions. Similarly the small size of zygospcires with 

(small Tun.B1) as one parent may have been correlated with the small 

dimensions of (small Tun.Bl).cells. In general then, these forms of 

M. mahabuleshwrensis exhibited uniformity in zygospore morphology. 

Compared with these typical M. mahabuleshwarensis zygospores, 

the morphologically different zygospores observed for (Ok2 .A) M. 

radiata var. dichotcma and (Okl.C) M. rnhabulesmuarensis var. 

dichotoma suggested that zygospore morphology may be a valuable 

taxonomic criterion in delimiting genetically distinct groups. The 

fact that the. (Ok2 .A) and (Okl. C) zygospores were similar, being 

small with slender tapered spines with no evidence of terminal sub

divisions of spines suggested that certain homologies exist between 

the two alpha taxa to which they belonged, (i.e. M. mdiata var. 

dichotoma and M. rnhabuleshwarensis var. dichotoma respectively). 

The apparent status of M. mahabuleshwarensis var. dichotorn as inter

mediate between M. rrnhabuleshl1Xlr'ensi8 and M. americana (Teiling, 

1956) may be shaken if discontinuity in sexual morphology is shown. 

However, to my knowledge, there are no records of M. americana 

zygospores. It would be instructive to compare M. americana zygo-. 

spores with M. mahabuZeshwarensis var. dichotcma and the typical M. 

mahabuZeshwarensis zygospores. For other desmids, for example 
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CZosterium species, the view has been expressed that sexual morphol

ogy may be a more stable and valid taxonomic criterion than vegeta

tive morphology (Cook, 1963). The hi-lobed nature of many of the 

(Ok2.Al) zygospores was akin to the double zygospores recorded for 

other desmids (e.g. Taft, 1978) but individual double zygsopores 

were never observed in the (Ok2.Al) selfcrosses. 

The difficulties experienced with finding suitable media for 

successful sexual reproduction in M. mahabuZeshwarensis demonstrated 

the importance of environmental influence in sexual production, in 

this instance, the culture conditions. Starr (1955a) suggested 

that the environmental conditions were the major factors determining 

sexual reproduction in desmids, that is, not lack of genetic poten

tial. Since then a number of studies have been made on effects of 

differing environmental factors on sexual reproduction in certain 

desmids, (Dubois-Tylski, 1977; Dubois'-Tylski and Lacoste, ].970; 

Hamada, 1978; Lippert, 1973; · Tassigny, 1971a, 1974). The main 

variables in these studies were light intensity, temperature and 

media constituents. Hamada found that conditions prior to crossing 

which were optimum for zygospore formation were not necessarily 

ideal for zygospore gennination. In the two studies by Dubois

Tylski (1977; Dubois-Tylski and Lacoste, 1970) nitrate deficiency in 

the medium was found to be of less significance than optimum temper

ature and light. Tassigny· (1974) · studied the effect of cell 

density, light intensity and temperature on sexual reproduction in 

homothallic Mesotaenium kramstai. Optimum environmental conditions 

varied with the particular strains of certain species used in the 

studies, so that at this stage there is no simple formula for 

successful sexual reproduction in· desmids. 

For M. mahabuZeshwarensis it was only after the second series 

of crosses in 28 soil water medium proved so unsuccessful compared 

to the first series in RB soil that the problems posed by suboptimal 

media were fully· realized. At that stage it was not feasible to 

initiate a detailed investigation. into the effects of different media 

on crossing due to lack of time. Since soil water media are -organic 

in nature, knowledge of all the constitutents is impossible and it 

would only be with defined inorganic media that precise comparisons 

. of media effects could be investigated. However, even with the in-
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organic medium used in this investigation, Waris' medilDil, a modifi

cation of adding a small amount of soil water extract was essential 

to obtain vigorous cultures. Such problems with purely inorganic 

media were also _exp~rienced by other workers (e.g. Pringsheim, 1950) 

but more recently some defined inorganic media have been used 

successfully for vegetative and sexual reproduction with certain 

saccoderm desmids (Biebel, 1973; Ichimura, 1971; Ichimura and 

Watanabe, 1974, 1976; Watanabe and Ichimura, 1978a,b). 

ForM. mahabuleshwarensis, therefore, a qualification of all 

results on sexual reproduction is that they were observed under the 

particular culture conditions used. These consisted of defined 

conditions of light intensity, photoperiod and temperature but un

defined media constituents. The homothallic strains crossed 

successfully in depleted 2B soil water, while the 3:1 mixture of 

2B soil water:modified Waris' medium was more successful for sexual 

reproduction between heterothallic strains in the second series of 

crosses. 

This qualification is particularly relevant to the intercrossirig 
I 

data. It must be stressed that the intercrossing patterns might 
' 

change under_different culture conditions. In other words physio-

logically different strains may exist, requiring different conditions 

for such things as sexual reproduction. Evidence supporting 

different physiological races within morphologically defined species 

was found for the unicellular green alga, Goniwn pectorale, in that 

cultures of some populations grew and reproduced sexually in a de

fined mineral medium whereas others needed exogenous organic compounds 

(Stein, 1966b). 

The intercrossing data for the heterothallic strains did not in

dicate any sexually isolated groups based on geographical distribu

tion or vegetative cell morphology, since the single compatibility 

group consisted of strains of varying morphology from S .E. Australia. 

Little data was available on intra-population compatibility since 

most populations were represented by only one or two clones. For 

those localities for which more than two clones were available, Langi 

Ghiran (Victoria) was the only one .with definite compatible (+) and 

(-) strains. 
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The inter-locality crosses were only segregated by mating type 

reaction, most strains being either (+) or (-) in mating type. The 

fact that strains of 'intermediate' mating response existed against 

the background of (+) and (-) strains suggested that mati:1g type is 

a far more variable characteristic than would be expected by single 

gene control. These intermediate strains exhibited "relative 

sexuality" (sensu Hartmann, 1955). The apparent change in mating 

type of the sub-clones (3rBW.Al) and (small Tun.Bl) compared with 

their original clones (BW.Al) and (Tun.Bl) also indicated that 

mating response altered easily. Despite consideration of the media 

variable, the change of the mating response shown by (Tun.Bl) in the 

first and second series also suggested that changes in mating type 

may occur in long term cultures. An extrapolation of this would be 

alterations in the natural population, particularly as mating type 

is unlikely to be subject to natural selection because of the rare 

occurrence of sexual reproduction in the wild (Fritsch, 1953). All 

this points to a gene complex which has facility for large and small 

genetic changes controlling mating type. A system as discussed for 

· M. thomsiana var. notata (Section 3. 3) would be applicable. 

Coesel (1974) and Coesel and Teixeira (1974) expressed the 

opinion that many natural populations of desmids may be clonal in 

nature and that both lack of 'sexual potential' and suitable environ

mental condidons influence the low level of sexuality observed in 

nature, and, in their particular case, in culture conditions testing 

for homothallism. However, many of their strains may have consisted 

of a single heterothallic mating type. The current investigation 

did not.support the theory of lack of "sexual potential", at least 

for M. mahabuleshwarensis, but instead showed that the majority of 

strains were heterothallic, with only a small number of strains 

exhibiting homothallism. No conclusions could be made on the clonal 

nature of populations. 

The limited information on genetic compatibility of hetero

thallic strains to the level of sharing a common gene pool did not 

permit firm conclusions on the correlation of sexual compatibility 

with genetic compatibility to the extent of gene flow. However, 

unlike theM. thomasiana-dentiaulata complex (Section 3.4), there was 

no evidence of sexual compatibility masking degrees of difference in 
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genetic compatibility except for (small Tun.Bl). Further investi

gations will hopefully elucidate whether viable backcross progeny 

are possible, thereby indicating at least a common gene pool 

(= biological species) in S.E. Australia not influenced by the 300 

km water gap between Tasmania and mainland Australia. 

Homothallic strains represent isolated gene pools where a clone 

is effectively a syngen or biological species. Such strains can 

give little information on genetic similarity between strains from 

different populations. 

Although the inheritance of mating type was not studied for a 

large number of individual vesicles the compatibility within GP1 

mixed cultures and the presence of ( +) and (-) mating strains within 

{BW.AlxToo.Al)GP1/b, which was isolated as a germination vesicle, 

showed that both (+) and (-) mating types segregated at mei~sis. 

Starr (1955b, 1959) on Cosmariwn species and Brandham and Godward 

(1965a) on Closterium ehrenbergii and Cosmariwn botroytis found that 

the two viable ganes from a single zygospore were of opposite mating 

type. The distribution of mating types when three or four ganes 

survive, as is the case sometimes in M. mahabuleshwarensis, is not 

known. However, if first division segregation of mating type takes 

place without crossing over as suggested by Lippert (1967), then two 

·sister nuclei of the four reduction nuclei would be of{+) mating 

type while the other pair of sister nuclei would be (-) in mating 

type. 

The variation in vegetative morphology of parental strains did 

not permit any evaluation of inheritance of morphological character

istics. However, the reduced {small Tun. Bl) morphology did appear 

to be partially transferred to the offspring. The occurrence of 

stable 3-radiate (LG.A1xTar.B1)GP1 cells was interesting in that 3-

radiate cells were never observed in either parental strain. 

Brandham and Godward (1964) noted similar derivation of 3-radiate 

products of Cosmarium botroytis from germinating zygospores. However, 

. in their case, permanent reversion of the 3~radiate morphotype to the 

more usual 2-radiate form occurred over several months. The 

suggestion that the 3-radiate form was a function of the morpholo

gical plasticity of the developing gone was made. It is quite 
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of such plasticity. 
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The observations on meiosis in both (BW.A1xRya.A2) (Blackburn 

and Tyler, 1980; Appendix 2) and (LG. A2xLG .A3) gave little suggest-

ion of karyotypic uniformity in M. mahabuZeshwarensis. The widely 

differing chromosome estimates indicated intra-clonal variation in 

the chromosome complement. The possibility of stable karyotypes 

correlated with other taxonomic criteria such as vegetative and 

sexual morpho logy seems slim. However, with more comprehensive 

studies on meiosis in M. mahahuZeshwarensis and closely related 

·species a less variable situation might emerge. No previous nuclear 

studies have been made on M. mahabuZesh'I.JXlrensis. However, Kasprik 

(1973) studied mitotic metaphase plates in 3 strains of the morpho

logically closely related species M. americana and one strain each 

of M. americana var. boZdtii Gutw. and M. americana var. westii 

(Roll) Krieg. from Finland and U.S.A. Although his within-stain 

estimates were fairly stable his between-stain chromosome counts 

varied from 88 to 205, a considerable variation masked by morpho

logical uniformity! The only other chromosome count for M. 

americana was a haploid count of 96 made by Brandham (1965c) on an 

English strain.· 

Kasprik (1973) noted the lack of sexuality in M. americana and 

suggested that the sexual cycle would have a stabilizing influence 

on karyotype. However, the evidence for M. mahabuZeshwarensis, 

along with that for M. thamasiana-denticuLata complex (see Section 

3.5) and the PZeurotaenium mamiZZat~ complex (Ling and Tyler, 1976), 

indicated that, at least in culture, sexual reproduction and the 

associated meiosis did not hav.e such a stabilizing effect, with 

meiosis progressing despite varying chromosome complements. In the 

case of (LG.A2) and (LG.A3) it wa.S interesting that they were repre

sentative clones of a population consisting of compatible opposite 

mating types. Although M. mahabuZeshwarensis zygospores have never 
i 

. been recorded from Langi Ghiran the fact the zygospores formed 

readily in the wild sample about one week after collection suggested 

that for this. strain, at least, sexual reproduction in nature was a 

possibility. However, the data on meiosis certainly did not reflect 

a stabilizing influence on the karyotype which might be expected, as 
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part of the li::fe-cycle. 
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The variability in the chromosome complements of strains of 

both M. amer-icana and M. mahabuZesrauarerisis supported the view that 

by a combination of aneuploidy, polyploidy and perhaps agmatoploidy 

almost any chromosome number is possible in desmids (King, 1953b; 

Brandham, 1965c). If agmatoploidy plays a role in chromosome 

variation in M. mahabuZesrauarensis then some chromosomes at least 

must have diffuse centromeric or polycentric organization. The 

lack of obvious centromeric regions on the majority of M. 

mahabuZeshwarensis chromosomes did little to substantiate the exist-

ence of true centromeres anci their frequency per chromosome. There 

was, however, no evidence of separation of all four chromatids at 

metaphase I as expected of diffuse centromeric organization, which 

permits both equatorial and reductional first divisions (Godward, 

1966; Brandham and Godward, 1963). A T.E.M. study of mitotic 

chromosomes of M. amer-icana showed clearly that some of the longer 

chromosomes possessed more than one centromere (Ueda, 1972). These 

chromosomes separated into chromatids in a manner typ·ical of parallel 

disjunction at the ~nd of Metaphase. 

Some of the apparently abnormal meiotic divisions observed for 

M. mahabuZesrauarensis pointed to possible ways meiosis might succeed 

despite chromosome oddities. . The preparations with very few cross

overs between "homologous" chromosomes suggested· that incomplete 

homologiesmight result in lack of genetic exchange but that other

wise. meiosis would :proceed normally. In comparison, the clear 

diakinesis preparations, particularly that of Fig.25D, exhibited 

typical crossover configurations·~uggesting a classical meiosis and 
I . 

a presumably workable centromeric organization. Further research 

would be extremely valuable to an understanding of chromosome organi

zation and behaviour in these desmids. The value to an omega 

taxonomy could then be more clearly· assessed. 



5. SEXUAL REPRODUCTION AND COMPATIBILITY~ AND NUCLEAR 
· CYTOLOGY IN PLEUROTAENIUM • 

. · 5.1 MORPHOLOGY 
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As a side-line to the investigation of some Micrasterias 

species, a number of Pleurotaenium cells from different localities 

were isolated and cultured as clones. These PZeurotaenium strains, 

as well as four strains isolated by H. U. Ling (1977), formed the 

basis of studies of sexual reproduction and compatibility, and of 

the resting nucleus and mitosis. The collection data for the 

strains is given in Table 5.1. 

Some of the problems inherent in desmid alpha taxonomy in 

general are found to the extreme in Pleurotaenium systematics, where 

minute differences in cell shape and ornamentation have constituted 

the basis of specific delimitation. The problems are magnified by 

considerable subjectivity with confusion arising over what consti

tutes these small differences, particularly between workers in 

different parts of the world (Ling and Tyler, 1976). 

At the time of isolation of many of the Pleurotaenium strains, 

the complexity of PZeurotaenium taxonomy was not fully comprehended. 

In addition, it was not even considered likely that time would per

mit ~n inve:,;tigation of the strains. Consequently records of many 

of the wild cells were not available for morphological comparison. 

When studying many Pleurotaenium strains, Ling and Tyler (1974) and 

Ling (1977) found that although distinguishing morphological feat

ures were maintained in culture they were usually reduced, as was 

the average cell length. Nevertheless, in this investigation the 

morphology of all the Pleurotaenium strains in actively growing, 

soil water cult;ure~ was studiedto provide comparative information 

for all strains. The available wild type information is shown in 

Fig.37 while cultured cell morphology is depicted in Fig.38 and wild 

and cultured cell sizes are summarized in Table 5.2. 



The Macquarie island Pleurotaeriiwn (MI. A) was one of the few 

strains for which detailed diagrams from both wild and cultured 

cells were available (Figs.37A,B and 38E). Wild cell morphology 
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was distinctive with little alteration in healthy culture. A ring 

of 11-16 round to conical, non-divergent, small tubercles ornamented 

each pole and the straight cells were only slightly undulate near 

the isthmus. Such morphology is very similar to that described by 

Ling and Tyler (1972a) from several Tasmanian ponds and swamps in 

Tasmania as P. trabecula (Ehrenb.) N~g. var. mediolaeve (Playf~) 

Krieger. 

However, the five Victorian strains (GMl) Glenmaggie, (WK1) 

Wartook, (YY2) Yan Yean, (UGL2) Upper Gunbower, which were grouped 

by Ling (1977) as T3 strains, were considered by Ling (1977) possi

bly to be more appropriate examples of P. trabecula var. mediolaeve 

according to Playfair's (1907) original description. Playfair 

(1907) described P. trabecula var. mediolaeve as having 10-12 apical 

rugae. Ling's (1977) diagrams of (UGL2) wild type semi cells are 

given in Fig.37C. The corona of 8-12 apical beads were maintained 

fairly well in culture, although extreme care was needed in observ

ing the front face of cells (Fig. 38H, I ,J. K) . 

Of the other wild type records, cells of (YY .A) Yan Yean, 

(Art.A) Arthurs Lake, and (Sor.A) Lake Sorell had 7-10 large apical 

tubercles, which were strongly divergent in (YY.A) and (Art.A) 

(Fig.37F,G,H). This apical corona combined with undulate cells 

suggested typification as P. ehrenbergii (Breb.) de Bary. In 

culture the size of the apical protrusions decreased (Fig.38M,N), 

with the exception of (Sor.A) where they resembled mammillate apical 

warts as described by G.S. West (1905) for P. mamillatum West (Fig. 

38 0). The difficulties in iconographic taxonomic interpretations 

were discussed by Ling and Tyler (1976) with particular reference to 

P. ehrenbergii and P. mamillatum. It was apparent from their 

studies that many Australian strains identified as P. ehrenbergii 

could equally well be clas·sified as P. mamillatwn depending which 

descriptions were us·ed in th.e identifications. 

(LP .A) (Little Pine Lagoon) and (GL.C) (Great Lake) were the 

only other strains for which wild type records were available. A 



.... , 
' 

143. 

corona of 6-8 apical beads was·only just discernible in the (LP.A) 

wild cell (Fig.37D") but was quite clear on close examination of 

cultured cells (Fig.38G). (LP.A) morphology was very similar to 

the T3 strains, (GMl), (UGL2), (WK1), (YY2), and was probably a form 

of P. tr-ubecula. (GL.C) wild and cultured cells were undulate and 

adorned with 8 apical tubercles (Figs. 37E and 38L). Such morphol

ogy was comparable with the Wests' P. ehrenbey.gii morphotype (West 

and West, 1904). Of the remaining strains, (PSU12) was sent as a 

clonal culture by B.E. Lippert from Portland, Oregon, U.S.A. He 

commented that it seemed close to the P. ehrenbergii complex. 

In culture the strains formed a morphological series from 

smooth, unornamented cells such as (Col. B) Boulder, Colorado, to the 

undulate, mammillate {Sor.A) (see Fig.38). The most noticeable 

gradation was in the development of an apical corona, from non

existent as for (Col.B), through just distinguishable ridges as in 

(KW .E) (Lake King William) and (PSU12), to distinct beads of varying 

mnnbers (e.g. {Day.B), (MI.A), {Dor.B), (LP.A), (UGL2), (GMl), 

(YY2)), to large divergent tubercles as for (YY.A), (Art.A) and 

(Sor.A). 

Morphological stability was demonstrated by all strains in 

heal thy culture. Since most strains were represented by a single 

clone, inter-clonal variation could not be assessed. However, two 

clones which were collected from Yan Yean Reservoir two years apart 

were morphologically distinct. However, H.U. Ling (pers. comm.) 

recorded a number of different Pleurotaenium morphotypes from Yan 

Yean Reservoir, while West (1909) listed the five Pleurotaenium taxa, 

ehrenbergii, marnillaiwn, coronatum, ovatum Nordst. and nodosum 

(Bai 1.) Lund, in his study of the reservoir. 

Tentative alpha taxonomic classification for each strain is 

given in Tables 5.1 and 5.2. It appeared that the taxa P. 

trabecula, P. tmbecula var. mediolaeve, P. ehrenbergii and P. 

mamillatum were spanned. However, due to the problems of Pleuro

taenium taxono~y found by Ling (1977; Ling and Tyler, 1972a, 1974) 

and the observed minute degree of morphological difference between 

strains in this investigation, these alpha taxa were only used to 
I . 

provide an approximate morphological framework. For example, the 
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strains categorized as forms of P. trabecula and P. trabecula var. 

mediolaeve had ·in connnon fairly straight cells and small apical 

beads or tubercles, the numbers varying from 6 to 16, obviously a 

considerable variation! In contrast; the undulate cells and round 

to conical large tubercles of those strains classified as P. 

ehrenbergii and. P. mcoriiUatum showed only slight differences and it 

is possible that they represented the same taxon (cf. Ling and 

Tyler, 1976). 



TABLE 5.1 PLEUS.OT/iENIUf.f COLLECTION DATA AND ALPHA TAXONCMY 

I LOCALITY· CO-ORDINATES COLLECTION 
DATE 

VICTORL\ 

Daylesford Reservoir 37°21'S 144°09'E • 11/1975 

Lake Glenmaggie 37°55'5 146°47'E • . 1975 

1\artook Reservoir 37°04'S, 142°28'E 1975 

Upper Gunbower Lagoon 35°58'S 144°22'E • 1975 

Yan Yean Reservoir 37°50'S 145°20'E • 1975 
II II II II 6/1977 

TASMANIA 
···-

42°10'S 146°13'E Lake King William 4/1977 . . 
Dorset to-line - poo 1 40°53'5 147°58'E • 25/11/1977 
Arthurs .Lake 42°00'S 146°52'E . . . 2/ 5/1977 
Little Pine Lagoon 41°59'S 146°37'E • 2/ 5/1977 
Great Lake 41°49'S 146°41'E • 4/ 5/1977 
Lake Sorell 42°08'5 147°08'E • 3/ 5/1977 

MACQUAAIE ISLAND 

Nuggets Creek 54°32 1 S 158°57 1 E • 11/1976 

U.S.A. 

North Boulder - Pool, Colorado 40°00'N 105°30'W • 9/1977 
Portlang, goldfish pond, Oregon 45°30'N, 123°00'W 2/1975 

--- -

COLLECTOR ·sTRAIN AND CLONES 

J. Powling (Day. B1) 
II (GMl) 
II (WKl) 
II (UGL2) 
II (YY2) 

J. Dean (YY.A1) 

S. Blackburn (KW. E1) 

P. Tyler (Dor.Bl) 

S. Blackburn (Art.Al) 

S. Blackburn (LP.A1) 

S. Blackburn (GL. C1) 

S. Blackburn (sor.Al) 

P. Tyler (MI.Al,A2) 

M. Grant (Col.Bl) 

D. Renstrom (PSU12) 

--- --- --~-- -----

ALPHA TAXONOMY 

P. ~abecula forma 

P. tmbecuZa var. mediolaeve (T3 strain -
II II II Ling. 1977) 

II II II II 

II II II " 
P. eh:renberogii 

. 

P. ~abecula 

P. trabecula forma 

P. ehi'enbei>gii 

P. trabecula forma 

P. ehrenbergii 

P. rrr1.miUatum 

P. trabecula var. mediolaeve 

P. trabecula 

P. trobeauZa 

I 

~ 
o::1 
r 
t'l1 

til 

f-4 

f-4 
~ 
VI 



TABLE 5.2 PLEUROTAENIUM CELL DIMENSIONS AND ALPHA TAXONa.!Y 

WILD CELL MEASURa.IENTS (Jlm) . 
STRAIN ALPHA TAXONOMY 

Cell Length 
Maximum Isthmus 
Breadth 

(Col. B1) P. trabecula No Record 

(KW.E1) P. trabecula No Record 

(Day. 81) P. trabecula fonna No Record 

(PSU12) P. trabecula No Record 

(MI .Al) P. trabecula var. media Zaeve 360-(391)-425 30-(35)-38 25-(29)-34 

(Dor. 81) P. trabecula forma No Record 

(LP .A1) P. tn2becula forma (1 cell) 370 24 21 

(UGL2) P. trabecula var. mediolaeve (T;)* 350-(390)-460 27-(34)-38 25-(28)-30 

(Gm) P. trabecula var. medioZaeve (T3) No Record 

(WKl) P. trabecula var. mediolaeve (T3) No Record 

(YY2) P. trabecula var. medioZaeve (T3) No Record 

(GL .C1) P. ehrenbergii (2 cells) 335-360 28-29 22-22 

(YY .Al) P. ehrenbergii (1 cell) 425 30 25 

(Art .A1) P. ehrenbergii (2 cells) 350-480 26-28 23-25 

(Sor.Al) P; mamiZ Zatuin (1 cell) 360 26 23 

-- --

* T3 refers to designation by Ling (1977). 

N .B. measurements of 10· cells except ·where specified. 

CULWRED CELL MEASUREMENTS (IJID) 

Apex Maximum 
Isthmus Cell Length 

Breadth 

254-(288)-294 31-(33)-35 28- (31) -33 

206-(224)-260 29- (31) -32 23- (27) -30 

236- (250) -264 . 27- (29)-32 22-(24)-25 

260-(280)-328 25- (27) -29 21- (24)-26 

20-(25)-29 350~(402)-468 30-(37)-48 26-(30)-33 

270.- (326) -368 23- (25) -29 19··(21)-25 

20 264-(270)-280 33-(34)-35 28- (30)-32 

15-(19)-21 264- (280) -300 26- (27)- 28 21- (22) -25 

280- (287)- 300 24-(26)-28 19-(20)-21 

248- (288)-314 31-(33)-38 26-(29)-33 

240- (260)-274 23-(25)-27 18- (21) -23 

20-22 280~(290)-300 31- (32) -33 25-(26)-30 

21 244-(278)-302 27-(31)-34 23- (26) -30 

22-22 220- (238) -250 28- (29)-30 23- (24) -25 

19 286-(300)-316 37- (41) -46 36- (38) -40 
---- L__ 

Apex 

14-(16)-19 

15- (16) -17 

14-(16)-18 

14- (16) -17 

17-(18)-26 

18-(19)-20 

16-(17)-18 

16- (17) -18 

14-(15)-17 

16-(17)-20 

14-(15)-16 

15- (18) -20 

15- (18) -20 

16- (17) -18 

18-(20)-21 

FIGURE 

38A 

388 

38C 

38D 

37A,B; 38E 

38F 

370; 38G 

37C; 38H 

381 

38J 

381<, 

37E; 38L 

37F; 38M 

37G; 38N 

37H; 380 

i-> 
.;:. 
0\ 

~ 
o::l 
r 
tT1 

U1 

N 
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5. 2 SEXUAL REPRODUCTION AND COMPATIBILI1Y 

The processes of conjugation, zygospore formation and germina

tion have been described in detail for P. trabecula var. medioZaeve 

and P. ehrenbergii by Ling and Tyler (1972a,b). In later studies 

(Ling and Tyler, 1974; Ling, 1977) the details of sexual reproduc

tion for these two species were found to be applicable to a range 

of six Pleurotaenium species and species complexes. In the current 

investigation a series of crosses between the sixteen Pleu~taenium 

strains listed in Table 5.1 were conducted in order to study 

patterns of sexual compatibility between them. Some unusual 

aspects in the sexual processes were observed in the course of this 

investigation. 

The clonal cultures of each strain were mixed in all possible 

. paired combinations in 28 soil water. They were then placed under 

crossing conditions and examined for crossing once each week. 

Zygospo:res usually formed between two weeks and one month after 

crossing if the strains were compatible. · The exception to the 

separation of clones in this series of crosses was the two Macquarie 

Islandclones (MI.'Al) and (MI.A2) being combined as (MI.Al+2) in the 

crossing combinations. 

The results of the crosses are summarized in Table 5.3. Al

though most compatible crosses exhibited normal ( +) and (-) mating 

behaviour there were a number of unusual cases. 

' 
Zygospores formed in every cross involving (Day.Bl) including 

its selfcross, suggesting that (Day.Bl) was homothallic. However, 

in three. intercrosses, (Day.BlxCol.Bl), (Day.BlxWKl), (Day.BlxLP.Al) 

multiple groupings of cells were observed (Fig.39E) along with 

attempted parthenospores· (Fig. 39I) suggesting something more complex 

than a simple homothallic response by (Day. Bl). To check the 

clonal nature of (Day.Bl), sub-clones were grown and placed under 

crossing conditions. Zygospores were formed in all cases proving 

conclusively that (Day.Bl) was homothallic. Careful observation 

revealed a sexual cell division of unusual form prior to pairing. 

The normal (Day.Bl) cells (Fig.39A) divided, the two daughter cells 

remaining attached and bending to form a V-shaped cell pair (Fig.39B) 
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or occasionally a true monstrous cell in which the daughter semi-

cells were fused (Fig.39C). In most cases, however, the V-shaped 

cell pair separated at the junction to form a normal cell pair, the 
. . 

daughter semicells from the sexual cell division being similar in 

size to the parent semicells. Conjugation then proceeded forming 

typical PZeurotaenium zygospores (Fig.39D). The conjugating clone 

therefore consisted of a mixture of V-shaped cell pairs, normal cell 

pairs, and immature aJ1.dmature zygospores flanked by the gamete cell 

walls. 

The crosses between (Day. Bl) and each of (Col. Bl), (WKl), and 

(LP .Al) were also repeated to observe their conjugating behaviour. 

In all cases the multiple groupings· of cells (Fig. 39E) often result

ed in either conjugation attempts between up to three cells (Fig. 

39F) or conjugation between two cells with another cell lying close 

by but not participating in the conjugation (Fig. 39G). It was not 

clear where only two gametes were involved in the production of a 

zygospore whether the gametes were both (Day. Bl) or one (Day. Bl) 

gamete and one other. However, the zygospore depicted in Fig.39H 

from a (Col.BlxDay.Bl) cross suggested two different parents because 

of the markedly different size of the gametes. Such inequality of 

gamete size was not observed from (Day.Bl) selfcrosses. However, 

in the same cross, V-shaped dividing and monstrous cells were also 

observed. Unfortunately it was impossible to.differentiate l:>etween 

the strains in the crosses because of their very similar morphology 

made even less distinctive in the old, slowly growing cultures in 

which crossing occurred. However, all the observations indicated 

attraction between (Day. Bl) and the other strains as· is typical for 

heterothallic srrains, . combined with a homothallic ·mating response 

by (Day.Bl). 

Attempted multiple pairings, triple conjugations and attempted 

parthenospore formation were· not confined to intercrosses involving 

(Day.Bl). (Col.B1) crossed with five strains other than (Day.Bl) 

and in all cases these conjugation anomalies were observed. Al-

though there were many cases of attempted parthenospore production 

it was not conclusively proved that intact parthenospores were ever 

formed. Spores with only one gamete cell attached were observed 

(Fig .~9J) but because of the thin mucilaginous investments it was 
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quite possible that the other gamete had been dislodged. Overall 

the crossing behaviour in crosses involving (Col.Bl) suggested that 

(Col.Bl) was imbalanced with respect to the other strain either in 

being more attractive or more attracted to it, or being in constant

ly much lower or higher cell concentrations to it. However, it 

was considered that the latter reason was unlikely to be the cause 

since repeats of all the crosses with controlled innocula of each 

mating type resulted in the same mating reaction. Attempts at 

parthenospore formation but not multiple pairings were also observed 

in the (GMlxPSU12) cross. 

The only other unusual crossing event was the occurrence of two 

zygospores in a (GMlxMI .Al+2) cross. Compatibility between 

Macquarie Island and Australian desmids was of biogeographical 

interest. However, as already mentioned (MI.Al+2) was a combina

tion of two clones (MI.Al) and (MI.A2). To check the result (GMl) 

was crossed separately with the two Macquarie Island clones. No 

sexual response was observed. Possible compatibility between 

(MI.Al) and (MI.A2) and several other Macquarie Island isolates, and 

self-compatibility of (GMl) were then checked. All results were 

negative. Detailed examination of the gamete cell walls of the two 

zygospores did not conclusively show that one cell was (GMl) and the 

other (MI.A) in each case. The size differential between the two 

strains in the cross were insignificant in the aged culture and the 

numbered apical beads was 11-12 for most cells. The two zygospores 

therefore suggested three possibilities: 

(i) sexual compatibility between (GMl) and one or the other 

or both' (MI.A) clones, (MI:Al) and (MI.A2) 

(ii) sexual compatibility between (MI.Al) and (MI.A2) 

(iii) self-compatibility of (GMl) or (MI.Al) and (MI. A2). 

All other successful crosses always resulted in. a large munber of 

zygospores, approximately 20 zygospores being a lower limit . 

. , 

Consideration of the successful crosses indicated two main 

crossing groups which together included all strains other than 

(Dor. B) which showed no mating response. Each group consisted of 

(+) and (-) strains. Group 1 also included two strains intermed

iate in crossing .reaction between the (+) and (-) strains and 



(Day.B) which was classed as "amphithallic" because of its mating 

response apparently combining homothallism and heterothallism. 

Because the (Day.Bl) heterothallic response was not clear-cut it 

was noted as "possible compatibility" on Table 5.3. Similarly, 

the two zygospores found in the (GM1xMI.Al+2) cross were only 

assumed to imply possible compatibility. 

The two "intermediate" strains, (LP .A) and (WKl), both acted 

as ( +) strains with respect to (YY2) and (Col. B) but were them

selves interfertile, indicating the relative nature of the sexual 

response. Of the (+) Group 1 strains, (GM1) exhibited remarkably 

wide compatibility, crossing not only with (PSU12) as well as 

possibly with (MI.A1+2) but also with (GL.C) which was the (.,..) 

Group 2 strain. 

The (GMlxGL.C1) cross was the only bridging cross between 

Groups 1 and 2. It was interesting that the four Group 2 strains 

included all those strains classified as P. ehrenbergii or P. 

mamiZZatum (P. mamiZZatum complex, Ling and Tyler, 1974, 1976) on 
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the basis of vegetative cell morphology. 

. all classified as forms of P. trabecula. 

The Group 1 strains were . 

The two morphologically 

different Yan Yean clones were in separate crossing groups indica

ting that different mating groups may exist in the one lake. 

The wide range of intercrosses involving both (GM1) and (Col.B) 

showed that geographically localized sexual compatibility was non

existent for these strains, the compatibility encompassing strains 

from Colorado and Oregon in U.S.A., and Tasmania and Victoria in 

Australia, and possibly Macquarie Island. Such widespread compati

bility at least to the level of zygospore production suggested 

genetic similarity on a global basis possibly correlated with vege

tative morphology. The large percentage of multiple conjugation 

attempts and attempted parthenospore formation particularly between 

geographically isolated strains indicated some degree of genetic 

difference between strains. Unfortunately, time did not permit 

zygospore germination attempts so it is not known whether sexual com

patibility was followed up by genetic compatibility to the extent of 

GP1 viability, fertility and backcrossing to the parental strains. 

Future studies will hopefully clarify the situation. 



TABLE 5.3 PLEUROTAENIUM SEXUAL COMPATIBILITY 

GROUP 1 

Mating 'JYpe ( +) Intennediate Amphi-
thallic 

Clone (GMl) (KW.El) (UGL2) (LP.Al) (WKl) (Day.Bl) 

(GMl) 0 

(+) (KW.El) 0 

(UGL2) 0 

Intennediate 
(LP .Al) 0 z (Z) ..... 

Q.. (WKl) z 0 (Z) 
::::> 
0 Amphithallic (Day.Bl) (Z) (Z) z c::: 
1:-' 

(Col.Bl) z z z· z z (Z) 
(YY2) z z z z z 

(-) (MI. A) (Z) 
. (PSU12) z· 

(-) (GL.Cl) z 
N 

Q.. (Art.Al) 
::::> 

( +) (YY.Al) ~ 
1:-' 

(Sor.Al) ·- . 

KEY: Z zygospores 

(Z) possible cornpatibi 1i ty 

0 selfcross - no zygospores because. of heterothallism -

(-) (-) 

(Col. Bl) (YY2) (MI .A) (PSU12) (GL.Cl) 

z z (Z) z z 
z z 
z z 
z z 
z z 

(Z) 

0 

0 

0 

0 

0 

z 
z 
z 

------

NOTE: (MI.A) :: (MI.Al,A2) 

GROUP 2 

( +) 

(Art.Ai) (YY.Al) 

z z 
0 

0 

(Sor.Al) 

z 

0 

-- -·-

~ 
txl 
r 
tTl 

CJ1 

VI 

...... 
VI ...... 



5'. 3 THE NUCLEUS AND ~IITOSIS 

An investigation of the nucleus and nuclear events during 

mitosis in vegetative cells of some of the PZeurotaenium strains 

152. 

was undertaken in the hope of elucidating karyotypes and also to 

study the process of mitosis in Pleurotaenium. In previous studies 

King (1953b, 1960) and Brandham (1964) looked at mitosis in strains 

of P. trabecula, while Ling (1977; Ling and Tyler, 1976) investiga

ted meiosis in Pleurotaenium species, including the T3 strains ten

tatively classified here as P. trabecula var. mediolaeve. NuClear 

cytology as viewed in meiosis was not possible in this investiga

tion because of limiting time factors in the production and germi

nation of zygospores. 

To obtain mitotic divisions, cells from old cultures were 

transferred to fresh soil water in petri dishes and placed under 

rapid growth culture conditions of 32~Em- 2sec- 1 PAR light intensity 

with a 16:8 ~ight/Dark cycle. After 5 days, rapid scanning of the, 

petri dishes revealed division of cells to be partially synchronized. 

It had been shown previously (Karsten, 1918; Waris, 1950a) that 

mitosis in desmids is closely associated with cytokinesis, occurring 

just prior to cell division, so it was assumed that sampling before 

and during the peak in cell division would include cells undergoing 

mi tos.is. This was indeed the case. The peak in cell division was 

usually found to be 1-2 hours after the onset of the light period 5 

days after sub-culturing. 

division peak shifted back 

through the dark period. 

Observations on (GMl) 

Over the next week, however, the cell 

slowly until it stabilized about mid-way 

The interphase nucleus of (GMl), along with the other Pleuro

taenium strains, was rather confusing in the initial observations 

because of the presence of a' large number of intensely stained 

chromocentres. In some nuclei they were diffuse and·irregular in 

shape (Fig.40A,B) while in others, along with the irregular hetero

chromatic regions, there were definite paired rod- or dot-like units 

(Fig. 40C). In some nuclei all the chromocentres were of this 

ordered paired construction with an unstained region between the 
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units (Fig.40D), whereas in others single unit chromocentres were 

obvious (e.g. Figs~40I, 41A). In this latter case, an estimation 

of the total number of chromocentres, counting the paired units as 

one chromocentre, was 62. In other interphase nuclei 67 and 77 

chromocentres were recorded, providing little evidence of a stan

dard number per nucleus, perhaps related to the number of chromo

somes. In some nuclei, but not all, a single large nucleolus 

could be discerned (Fig.40A). 

A correlation between the structures within the interphase 

nucleus and the imminence of mitosis was not obvious from any of 

the preparations. Initially it was considered probable that the 

paired chro~ocentres represented chromosomes in early prophase but 

this seemed less likely when a very slowly dividing culture proved 

to have many nuclei of this type. In fact in this case more 

nuclei had regular paired chromocentres than diffuse, structureless 

chromocentres. 

A stage readily identifiable as prophase or pre-metaphase was 

not observed. At metaphase the chromosomes formed a very distinc

tive hi-layered plate with the chromatids of each chromosome lying 

at right angles to the orientation of th.e spindle fibres (Fig.40E). 

Anaphase was marked by the separation of the two chromatid layers 

(Fig.40F) in the form of flat anapha~e plates along a truncate 

spindle (Fig.40G}. The progression to telophase and interphase 

involved a separation and flatte11ing of the anaphase plates in the 

longitudinal plane of the cell to form two, near spherical, daughter 

nuclei (Fig.40H). Cytokinesis occurred after mitosis was completed. 
. I 

Occasionally an incomplete cell division resulted in a monstrous 

cell with two nuclei (Fig. 40 0). 

A number of metaphase plates were squashed in order to observe 

individual chromosomes and assess the chromosome complement. The 

metaphase chromosomes clung together and made accurate chromosome 

counts very difficult. This was particularly the case in one pre

paration where repeated squashing resulted only in partial separa

tion of the strongly adherent chromosomes (Fig.40J,K). A diagram

matic interpretation of Fig.40K (Fig.41B) revealed approximately 
. ' 

149-156 rod- and dot-like'and hi-lobed chromosomes. Despite the 
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chromatin stickiness which masked the clarity of the preparation it 

was obvious that a very high number of chromosomes was present. 

However, in another metaphase preparation (Figs.40L), only 77 

presumed chromosomes were counted. Although this preparation was 

~lso difficult to interpret the chromosomes were not as closely 

held together as those in Fig.40J,K. The majority of the chromo

somes consisted of two units which were either dots linked together 

in a bi-lobed structure or parallel rods lying side by side with a 

lightly stained, median constriction sometimes obvious. 

The squashed metaphase preparation shown in Fig.40M,N and dia

grammatically interpreted in Fig.42 consisted of approximately 149-

155 units, many of which were rod-shaped with a lightly stained 

median region. The remainder were simple, unevenly stained dots. 

The confusion over these widely differing estimates of the 

chromosome complement was partially solved by an estimate of the 

number of chromosomes in the two anaphase plates depicted in Fig. 

40P. On squashing, the two plates twisted and flattened to reveal 

many small chromosomes (Fig.40Q,R). A diagrammatic interpretation 

(Fig. 43) resulted in a count of approximately 160 dot-like and bi

lc,>bed chromosomes for the complet_e anaphase. This high .chromosome 

estimate, comparable with two of the metaphase preparations, sugg

ested that even in metaphase each chromosome may be effectively 

split up into two chromatids, which varied from rod-shaped with a 

non-staining median region indicative of a centromere to dot-like 

with no apparent centromeric region. The hi-layered intact meta

phase plates {Fig.40E, F) supported this theory of early polariza

tion of chromatids. The fact that one metaphase preparation had 

approximately half the number of chromosomes of the other prepara

tions sugges~ed that the polarization of the chromatids of each 

chromosome did not occur until partway through metaphase. 

Observations of (YY2) 

Like (GMl), a number of (YY2) interphase nuclei were examined 

in detail to investigate the distinct, intensely stained chromo-
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centres. One squashed interphase nucleus consisting of very clear, 

paired chromocentres is shown in Fig. 44A. In all, 97 chromocentres 

were counted (Fig.45A). Fig.44B,C shows two other squashed int.er

phase nuclei with definite chromocentres. An estimate of 84 

chromocentres was made for the nucleus shown in Fig.44B (Fig.45B). 

Unlike GMl no nuclei were observed with irregular heterochromatin, 

all chromocentres being ordered single or paired dots. Other 

estimates of the number of chromocentres per nucleus were 67, 69, 

81, 85 and 96. Such estimates were often very approximate, 

however, because of the thickness of even a squashed preparation. 

The discrete nature of the chromocentres was rather confusing. 

Fig.44D shows a few chromocentres squashed and separated from the 

rest of the nucleus. Each chromocentre consisted of two small 

rods separated from dte other chromocentres. 

Nucleoli were clearly visible in some interphase nuclei. The 

squashed nucleus in Fig.44E had a single intensely stained nucleolus 

while that shown in Fig.44F had two small nucleoli lying side by 

side. 

Like (GM1), metaphase in (YY2) was characterized by a hi

layered plate in w~ich sister chromatids could sometimes be distin

guished as stained vertica~ bands (Fig.44G,H). Only a few meta-

phase stages were observed. One metaphase plate split into two 

half discs when squashed, each group of chromosomes very closely 

adhering in a tight network making details of individual chromosomes 

impossible to discern (Fig.44I,J). Although stickiness was also 

prevalent in all other metaphase preparations, on squashing, the 

chromosomes sometimes partially separated. Fig. 44K shows part of a 

metaphase chro~oso~e complement in which the paired nature of each 

chromosome could be clearly seen. The small (approx. l~m) dot-like · 

shromatid pairs were not differentially stained while the larger 

(approx. 2~m) rod-like chromatid pairs often had a lightly stained 

median region indicative of a centromere. 

Another metaphase preparation which, when intact, was an ir

regular plate in which the chromosomes were not neatly lined up 

(Fig.44L) was squashed to reveal a large number of paired units. 
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Many of these paired units were almost cross-shaped in appearance, 

as if the chromatids of each chromosome were held together by a 

median centromere (Fig.44M,N). A diagrammatic interpretation of 

the preparation (Fig.46A) gave a chromosome count of between 77 and 

81. 

Because of the difficulty of making chromosome squashes due to 

stickiness between chromosomes and the thickness of the vegetative 

cells an attempt was made to photograph a metaphase prepartion at 

low magnification while pressing the coverglass with a steel needle. 

The result with the metaphase pictured in Fig.44L,M,N) is shown in 

Fig. 44R. Although the chromosomes were spread out in one focal 

plane, because of lack of definition, it was impossible to distin

guish how many chromosomes were present in any chromosome groups. 

Further attempts using this technique were equally unsuccessful and 

it was not able to be used as a means of determining chromosome 

numbers. 

Metaphase .was followed by the separation of two flat anaphase 

plates which, when slightly squashed, could be seen to be composed 

of closely adhering chromosomes (Fig. 44 0). As for (GMl), anaphase 

progressed to two daughter interphase nuclei by apparent flattening 

of the chromosome plates in longitudinal plane of the cell (Fig. 44P, 

Q). Normally. mitosis was followed by cytokinesis with one daughter 

nucleus in each cell. However, the cells depicte'd in Fig. 44S con-

sisted.of one qinucleate cell and one enucleate cell. Such an 

unusual situation could have been caused by displacement of the 

mitotic spindle or daughter nuclei prior to cytokinesis. The bi

nucleate cell demonstrated a path to polyploidy achieved relatively 

simply by a slight deviation in mitosis and cytokinesis. 

Observations on (Day.Bl) 

The· resting nucleus of (pay. B1) was typical of the other 

PleUl'otaenium nuclei examined in having many darkly stained dot-like 

chromocentres, often associated in pairs. Occasionally a single 

large nucleolus was observed within the nucleus (Fig. 4 7A). 

A number of metaphase stages were examined to investigate the 
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(Day.Bl) karyotype. When the metaphase depicted in Fig.47B as a 

closely-knit hi-layered plate lying midway along a truncate spindle 

was squashed, a disc of strongly adherent chromosomes resulted 

(Fig.47C,D). Further squashing did not separate the chromosomes. 

A diagrammatic interpretation of the preparation was difficult 

because of the close proximity of the chromosomes but approximately 

65 to 74 chromosomes were differentiated (Fig.46B). Some of these 

chromosomes were almost four-lobed while most were simple dots or 

rods partially divided into two chromatids. . Another metaphase 

preparation similarly consisted of a closely adhering disc of 

chromosomes, but in this case 109 presumed chromosomes were count

ed (Figs.47P, 49A). The accuracy of this count was questionable 

because of the merging of chromosome boundaries. 

In the squashed metaphase preparation shown in Fig.47E,F,G the 

total chromosome complement was impos·sible to discern because of 

the overlapping chromosomes,· but individual chromosomes could be 

seen clearly to consist of two chromatids many of which had a 

median constriction. Fig.48A gives a diagrammatic interpretation 

of Fig.47G and demonstrates. the characteristic forms of the meta

phase chromosomes. 

Two metaphase preparations are shown in Fig.47H,I and Fig. 

47J,K. Both were irregular plates suggesting they were early 

metaphases. In the former preparation the chromos·ome complement 

was found to consist of approximately 71 chromosomes in which 

chromatids could be distinguished in many cases. For the diagram

matic interpretation see Fig.48B. The stickiness between chromo-
; 

somes did not permit an estimate of the chromosome complement in 

the latter preparation. 

Partial asynchrony of chromosome.movement at metaphase was 

suggested by tqe i~tact metaphase shown in Fig. 47L,M in which some 

chromosomes trailed out on either side of the main chromosome body. 

When squashed the plate broke up into groups of chromosomes most of 
i . 

which were of characteristic paired struct1.1re (Fig.47N,O). Since 

all anaphases observed were synchronous with the two anaphase plates 

parting in a manner typical of parallel disjunction (Fig.47Q,R) it 

seemed likely that this irregular metaphase plate was an early meta-
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phase in which the chromosomes had not completely lined up. When 

the anaphase shown in Fig.47R was squashed the two anaphase plates 

spread out in a wavy fashion, the chromosomes remaining tightly 

linked together (Fig. 47.S). 

An anaphase series at increasing degrees of squashing is shown 

in Fig.50A-D~ Despite intense squashing the stickiness between the 

chromosomes prevented any detailed observations. ·However, the 

chromosome size was comparable with half the size of metaphase 

chromosomes (compare Fig.47J-O with Fig.50D) but a definite paired 

structure was observable in some cases presumably indicating a non

staining centromeric region in these chromosomes. 

An unusual anaphase which confounded interpretations of ana

phases in general is shown in Fig.50E in entirety, with one squashed 

anaphase plate depicted at highermagnification in Fig.50F,G. 

Unlike all other anaphases preparations studied, the chromosomes did 

not form a sticky network and individual, presumed chromosomes could 

be easily seen. However, interpreting the one clear plate proved 

very difficult (Flg.49B). The presumed chromosomes in many in

stances consisted of distinct paired units which, rather than 

appearing to be two halves of a chromosome linked by a non-staining 

centromeric region, seemed more like the parallel but separate 

entities characteristic of chromocentres in interphase nuclei 

(compare Fig.50F,G with Fig.47A). If the apparent pairs were taken 

as one chromosome then there was a total of approximately 95 chromo

somes whereas if each stained unit was assumed to be a chromosome 

then the total complement was approximately 128 chromosomes. Un

fortunately the other half of the anaphase was folded upon itself 

making an assessment of its chromosome complement impossible. 

However, it was clear that not only was the chromosome number in

consistent with the metaphase chromosome complements but that also 

the chromosome structure was· rath.er confusing unless duplication to 

chromatids had alread} taken place. 

Observations on (MI ;A2) 

The interphas·e nuclei of (MI.A2) typically had discrete, often 
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paired chromocentres with a single nucleolus occasionally visible 

(Fig. SOH, I) . 1-bwever, some nuclei had thread~ like heterochromatin 

of a more diffuse nature (Fig.SOJ). Although early prophase 

stages were not observed, one squashed preparation showed what was 

probably a late prophase in that it consisted of a number of paired 

structures which were larger than chromocentres and in some cases 

had particularly diffuse perimeters (Figs.SOK). The paired units 

were probably chromosomes consisting of two chromatids. Unfortu-

nately some chromosomes were lost in the squashing. 28 presumed 

chromosomes were identified in the diagrammatic interpretation 

(Fig~ SlA). 

Like the other Pleurotaenium strains the (MI.A2) metaphase 

plates were hi-layered with definite vertical subdivisions between 

chromosomes being visible, e.g. Fig.SOL. Careful examination of 

this particular metaphase plate showed that the chromosomes were 

either paired rods and dots with a non-staining median region, and 

in the case of the rods, a slight constriction midway along their 

length. The longitudinal axes of the rods lay in parallel with 

the longitudinal axis· of the plate in end view. Fig. 518 illu-, 
strates the shape and orientation of the chromosomes. Each rod 

or dot presumably represented a chromatid, the median constrictions 

probably being centromeres. 

When squashed the metaphase preparations revealed darkly 

stained discrete chromosomes which were quite large in size but 

smaller in number compared with metaphase chromosomes observed in 

other Pleurootaenium strains (2-3 1.1m as compared with 1-2 1.1m). 

Figs. SOM and SlC demons-trate a metaphase in which 48-49 chromosomes 

were counted. The metaphase shown in Fig. SON was not .so clear and 

individual chromosomes could not be d:i,stinguished because of the 

clos~ly adherent chromosomes~. Fig.SOO shows an intact metaphase 

in which the hi-layered appearance could be seen clearly at one end. 

When squashed the preparation exhiBited approximately 45 very clear 

chromosomes in which formanycases the individual chromatids could 

be distinguished (Figs.SOP,Q; 52A). 

In another metaphase preparation in which a truncate spindle 

was obvious when intact (Fig.S4A), a flat disc of approximately 50 



chromosomes was revealed after squashing·(Figs.S4B,C; 528). In 

general then, (MI.A2) possessed large chromosomes with little 

stickiness between them at metaphase. 
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The only anaphase for which the details were able to be inter

preted after squashing is shown intact in Fig.S4D with the two 

anaphase plates parting. When squashed 90-100 chromosomes spread 

out revealing a double unit construction in most instances (Figs. 

54E; 53). Like the (Day.Bl) anaphase (Fig.SOF,G) the paired 

chromosome structure was confusing since, although some could. be 

explained as a non-staining centromeric region between the two 

halves of the chromosome, others seemed more characteristic of 

parallel chromatids or the paired chromocentres of many interphase 

nuclei. 

With separation of the anaphase plates mitosis rapidly pro

gressed to produce two daughter nuclei between which cell plate 

material was laid down resulting in cytokinesis (Fig.54F). 

Observations on (Col.Bl) 

Few nuclear division stages were observed for (Col.Bl). How

ever, those studied showed a similar pattern to the other Pleuro

taenium strains studied. Stickiness between chromosomes was pre

valent at metaphase. Fig'. 54G, H shows a slightly squashed metaphase 

plate with closely adherent chromosomes. In only one instance were 

the metaphase chromosomes dispersed enough to permit accurate obser

vations. Fig.54I,J and the diagrammatic interpretation Fig.SSA 

show between 76 and 85 chromosomes many of which were clearly 
! 

divided into two chromatids either as parallel rods or dots. An 

accurate estimate of the chromosome complement was not possible 

because it was often difficult to distinguish between one large 

chromosome and two small ones. The rod-like chromosomes usually 

had a median indentation suggesting th,e presence of a centromere, 

but no centromeric organization was obvious on the smaller chromo

somes. An attempt was made to separate further the chromosomes by 

squashing with a steel needle and photographing at low magnification. 

Fig. 54N shows the result. Pairs of prestuned chromatids could be 
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discerned. However, overall, the picture was too vague to be very 

useful in assessing the karyotype. 

Anaphase was represented in several preparations. However, 

stickiness between chromosomes made chromosome observations very 

difficult. Fig.54K,L,M shows an anaphase in which the two flat 

anaphase plates were skewed by squashing. The chromosomes in each 

plate formed a strongly adherent network. Another anaphase squash 

(Fig. 54 0, P) showed the small chromosomes some of which, at least, 

appeared to be of a double unit structure. An intact anaphase is 

shown in Fig.54Q, the two chromosome plates separating in parallel. 

Observations on (Dor.B1) 

In the few (Dor.Bl) preparations made no mitotic stages were 

observed. However, the interphase nuclei- were, in general, dif

ferent to those of any of the other investigated PZeurotaeniwn 

strains. The nucleus shown: in Fig.56A possessed a round, single 

nucleolus and dot-like, irregular, and faintly stained hetero

chromatin. This was typical of the majority of resting nuclei. 

However, one nucleus in particular was very different. At low 

magnification small groups of chromocentres could be seen to be 

scattered throughout the nucleus (Fig. 568). Higher magnification 

revealed these heterochromatic regions to be either four-lobed 

structures or paired rods (fig .56C). Squashing of the nucleus 

revealed the apparently discrete nature and large size (between 1-3 

~)of the chromocentres all of which had diffuse edges ~ig.56D). 

A diagrammatic interpretation of the nuclear contents demonstrated 

53-55 paired chrornocentres, some of which were lightly stained in 

the middle giving the four lobed appearance (Fig .558). Because of 

the lack of information on mitosis in (Dor.Bl) it was impossible to 

make conclusions about the nucleus. However, it may have represen

ted a prophase stage with the presumed chrornocentres being chromo-

somes. This was the only nucleus of this type found so it was 

obviously not a typical resting condition. 
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Observations on (Sor.Al) 

Many of the resting nuclei of (Sor.Al) contained small chromo-

centres (approx. 1 ~m long) often of paired structure. In one 

nucleus 45 chromocentres were counted. Some stages of mitosis 

were observed. The metaphase shown in Fig.56E was very difficult 

to squash. The chromosome plate lying across the spindle moved 

intact out of the cell. Further squashing allowed detailed obser

vations of only a small proportion of the chromosomes (Fig. 56F, G,H). 

Fig. 57 demonstrates diagrammatically the appearance of some of these 

chromosomes. The largest chromosomes (apProx. 2 ~m) were typically 

almost cross-shaped with a lightly stained median region, while the 

smaller ones (approx. 1 pm) were typically two stained dots linked 

by a lightly stained region. A count of the total complement was 

not possible but the squashed metaphase shown in Fig. 561-L and Fig. 

58A possessed approximately 48 chromosomes. A count of 51 chromo

somes was made from another squashed metaphase preparation (Figs.56 

M,N; 58B). 

Several nuclei undergoing anaphase were observed. In all in-

stances chromosome details in the anaphase plates were impossible 

to discern. Two squashed anaphase plates are shown in Fig.56 O,P 

while the robust anaphase chromosome dis·cs in Fig.56Q did not 

respond to the squashing process. The anaphase depicted in Fig. 

56R was unusual in.that the chromosomes had parted at one end of. the 

metaphase plate but not at the other. Squashing .failed to alter 

this configuration. Another unusual, preslDiled anaphase is shown in 

its displaced position partway along one semicell in Fig.56S. At 

higher magnification (fig.56T) definition within the densely stained 

chromatin was impossible. However, it seemed feasible that the 

preparation was of an oddly formed anaphase. The lightly stained 

am-a surrmmding the chromatin was probably the misshapen spindle. 

From all the observations on the seven strains of PZeurotaenium 

some generalizations may be 1nade : 

1) A large proportion of interphase nuclei possessed intensely 

stained chromocentres, often of paired structure. Attempts to 
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correlate the m.unber of chromocentres to the munber of chromosomes 

observed during mitosis were not successful (see Table 5.4). 

However, in most instances it was impossible to obtain accurate 

chromocentre estimates. The paired chromocentre structure sug

gested DNA duplication with segments of chromatids lying in 

parallel, and the discrete nature of chromocentres observed in 

squashed preparations suggested the possibility that they represen-

ted intact ·chromosomes. Although the chromocentres were small in 

size (approx. 1 pro) some chromosomes, even at metaphase, were 

equally small. 

2) Nucleoli were not always obvious in resting nuclei. When 

observed they were not uniform in number, one or two nucleoli being 

found within the one clone. 

3) Early metaphase, consisting of an irregular line of chromo

somes, progressed to a bilayered plate of polarized sister chroma

tids lined up to exhibit vertical banding. During late metaphase 

sister chromatids separated. Some metaphase preparations there

fore consisted of chromosomes with chromatids still intact whiie in 

others they consisted of the separated chromatids. Stickiness 

between chromosomes was prevalent to different degrees in anaphase. 

4) Anaphase involved separation of discoid anaphase plates along 

a truncate.spindle with no polar points. Stickiness masked 

details of anaphas!=l chromosomes in general but where observations 

were possible the apparent paired chromosome structures were con

foun9ing. Some certainly indicated metacentric non-staining 

regions, but others were more representative of chromosomes already 

divided into chromatids. 

5). Clearkaryotypes could not be identified for the investigated 

strains. In general two chromosome types were observed at meta

phase ..;. pairs of rod-shaped chromatids (approx. 2 ].liD) with median 

lightly stained constriction and pairs of dot-like chromatids 

(approx. l ].1m) with no constriction. (MI.A2) possessed larger 

metaphase chromosomes (2-3 JJ1II). Chromosome counts at metaphase 

and anaphase were variable (Table 5.4). This may have been due to 

inconsistent chromosome complements or inaccuracy in interpretation 



164. 

of the preparations, often hindered.by stickiness between chromo-

somes. The widely differing chromosome estimates for (GMl) 

supported early separation of sister chromatids in metaphase re

sulting in some metaphase counts being similar to the total 

anaphase complement. Overall, however, chromosome estimates fell 

into two broad groups of either approximately 50 chromosomes or 

70-80 chromosomes. 
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TABLE 5.4 PLEUROTAENIUM CHRCMOSOME COUNTS FROM MITOSIS 

STAGE OF MITOSIS CHROMOSOME COUNT FIGURE 

(GMl) 

interphase 67 chromocentres -
-II 77 II -
II 62 II 40I 41A 

' metaphase 149-156 chromosomes 40K . 41B 
' II 77 II 40L 

II 149-155 II 40M,N 42 , 
anaphase 160 II 40Q,R 43 , 

(YY2) 

interphase 97 ·chromocentres 44A , 45A 
II 84 II 44B 45B 

' II 67 II -
II 96 II -
II 81 II -
II 85 II -
II 69 II -

metaphase 77~ 81 chromosomes 44M,N , 46A 

{Day.Bl) 

metaphase 65- 74 chromosomes 47C,D ' , 46B 
II 71 II 47H,I ; 48B 
II 109 II 47P 49A , 

anaphase . 95-128 II SOF,.G 49B • 
(MI .A2) 

metaphase 48- 49 chromosomes SOM , SIC 
II 44- 45 II SOP,Q ; 52 A 
II SO- 51 II 54B,C ; 52B 

anaphase 90-100 II 54E . 53 , 

{Col.Bl) 

metaphase 76- 85 chromosomes 54I,J . SSA • 

{Dor. B) 

interphase 53- 55 chromocentres 56C , SSB 

(Sor.Al) 

metaphase 48- 49 chromosomes 56I-L ; 58A 
II 51 II 56M,N ; 58B 
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5.4 DISCUSSION 

Although members of the genus Pleu~taenium are generally 

easily recognized by their rod-like semicells, delimitation at the 

species level on the basis of minute variations in undulations of 

the cell wall and apical ornamentation poses severe problems, which 

are exaggerated by lack of type material and various iconotypes of 

the one taxon. . Ling and Tyler (1976) and Ling (1977) from studies 

on a number of species of Ple~otaenium, and in particular the P. 

mamillatum complex encompassing strains identified as the taxa 

ehrenbergii, aoronatum and mamillatum, demonstrated the subjecti

vity involved in Pleurotaenium alpha taxonomy. However, their 

studies on the conjugation processes,. zygospore morphology and 

intercrossing did indicate an overall uniformity of some omega 

taxonomic criteria within the genus so that minute variations in 

vegetative morphology might not be genetically significant (Ling 

and Tyler, 1972a,b, 1974). 

Only limited emphasis was placed em alpha taxonomy in this 

study. As a tool for recognition and comparison some taxonomic 

basis for the investigated strains was obviously necessary. How

ever, incomplete records of wild morphology along with a continuum 

of variation of apical morphology was not conducive to. objective 

taxonomic· delimitation based on vegetative cell morphology. The 

division of strains into forms of P. traheaula, P. ehrenbergii and 

P. mamiUatum was therefore only tentative, with the P. ehrenberogii 

and P. mamillatum strains being very similar to each other and the 

many forms of P; trabecula varying from smooth, unornamented cells 

to cells with distinct, if small, apical corona. 

The c?njugation processes· and sexual morphology for all the 

investigated strains of Pleu;rootaenium, regardl~ss of alpha taxo

nomic categorization, were essentially the same as des·cribed by 

Ling and Tyler (1972a) for P. traheaula var. mediolaeve and P. 

ehrenberogii. However, the sexual cell division observed in 

(Day. Bl) selfcrosses and intercrosses was unusual in a genus in 

which no vegetative cell division associated with conjugation has 

ever been recorded. However, this was the first investigation of 

a functionally homothallic Ple~otaenium strain. . A sexual cell 
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division has been described for other homothallic desmids (Biebel, 

1964; Ichimura, 1971; Lippert, 1967; see also Sections 3.2 and 

4.2). However, none of these cases involved the formation of 

daughter cells joined in a V-shape prior to J>airing. The equal

sized (Day.Bl) gamete semicells were also unusual in that some de

gree of daughter semicell reduction was normally observed in other 

desmids. 

The most extraordinary mating behaviour shown by (Day .Bl) 

was, however, that of amphithallism, that is exhibition of both 

homothallic and heterothallic mating potential. In addition, the 

heterothallic crosses involved an imbalance of cell attraction, 

multiple groupings of cells sometimes resulting in attempted 

multiple conjugations. Ling (1977; Ling and Tyler, 1976) showed 

that attempted pairings were often correlated with different ploidy 

levels between the conjugating strains, presumably resulting in 

differential secretion of hormones and consequently differential 

attraction between strains. Thus .the multiple cell groupings and 

conjugations in some (Day.Bl) intercrosses indicated an imbalanced 

heterothallic response between (Day. Bl) and the other strain. . It 

is possible that a balanced heterothallic response occurred in 

other (Day.Bl) intercrosses, but because of its superimposed homo

thallic behaviour they would not have been recognized. 

The combined heterothallic and homothallic response of a 

single strain is not entirely unknown for the green algae but has 

never before been recorded· for the desmids. Goldstein (1964) 

observed "selfing males" in the progeny of a cross between Eudorina 

elegans and E. il Unoisensis (Kofoid) Pascher. These offspring 

apparently possessed the ~ating potential of both parents, with the 

male phenotype being dominant. Goldstein (1964) also recorded 

selfing males from nature and hypothesized that the nat~ral hybrid~ 

ization of heterothallic strains might account for the origin of 

selfing males and homothallic strains. Wiese (1976), on the other 

hand, from detailed studies of Chlamydomonas, suggested that the 

male or female phenotype was produced by the action of a specific 

repressor for the phenotypic expression of the opposite sex in a 

potentially bisexual organism.. Incomplete repression would result 

in a homoth~llic or partially homothallic mating potential. 
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The term "subheterothallic" was used by Heimke and Starr 

(1979) in an investigation of .the Chlamydomonad subgenus P'leio

ahloris. Subheterothallic strains of Ch'lamyd(;rrzonas zimbabwiensis 

Heimke produced both male and female gametes but with the majority 

of gametes being of one or the other type. If less than 1% of 

gametes were sperm they were called female while if nearly 100% of 

gametes were sperm they were called male. Typical homothallic 

clones produced male and female.gametes in equal proportions. 

Although the subheterothallic strains did not undergo male gameto

genesis to the same degree, they were .all capable of functioning 

equally well in the female capacity' morphologically undifferent

iated vegetative cells acting ~s female gametes. Sexual expres

sion in C. zimbabwiensis therefore appeared to be a cline from 

femaleness to maleness with all vegetative cells being potential 

females. 

The mating behaviour of (Day. Bl) provided an interesting com

parison to Heimke and Starr's (1979) findings on C. zimbabwiensis. 

For (Day.B1) the homothallic response was clearcut, while its 

heterothallic response was more difficult to assess. The termi

nology ''amphithallic" was considered to reflect accurately (Day. 81)' s 

unusual mating behaviour.· The attempted multiple conjugation in 

some (Day.B1) intercrosses did suggest some genetic differential so 

that a hybridization of mating potential might indeed be the case 

for (Day.Bl). However, the genetic basis for homothallism and 

heterothallism in desmids remains obscure at this stage. 

discussed in Section 7. 

This is 

The occurrence of attempted multiple conjugations and parthen

ospore formation in some strictly heterothallic crosses was inter

esting in that all these crosses involved strains from geographi

cally separated locations, i.e. (Col.B) and (PSU12) from U.S.A. 

crossed with Australian strains. Although relative cell.numbers 

are known to influence 11lating behaviour in desmids (Ling, 1977) it 

was possible that the "anisogamous" pairing behaviour was caused by 

genetic differences which. nrlght be related to geographical 

isolation. 

However, such differences were only in levels of attraction 
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between gametes and did not unduly affect sexual compatibility. 

In fact there was no indication of sexual isolation based on geo

graphical isolation on a global basis. The results therefore 

provide an extension of the compatibility in the genus PZeUTOtaenium 

as demonstrated for the P. mamiZZatum complex in South-Eastern 

Australia by Ling and Tyler (1976). 

The mating response behind the two zygospores found in the 

(GMl:xMI.Al+2) cross remains obscure at this stage. If indeed it 

implied sexual compatibility between the Sub-Antarctic Macquarie 

Island and mainland Australia it would be infonnative about distri

bution of genotypes because of the geographical isolation of this 

oceanic island. However, the complete lack of repeatability of 

the cross and the demons·tration of odd mating behaviour by another 

strain, (Day .Bl), did· not permit any conclusions to be made. 

The existence of two incompletely separated crossing groups 

and the relative sexuality shown by (LP .Al) and (WKl) were similar 

to that observed for the MiC!l'asterias thorrrzsi<ina-denticuZata com

plex (Section 3.3)-and M. mahabuZeshLJa:r>ensis (Section 4.3). How

ever, the two PZeurotaenium crossing groups could _be correlated 

with differences in vegetative morpholo~ and hence alpha taxonomy 

suggesting that distinct b~t small differences in cell morphology 

may be correlated with other, more biologically important, genetic 

differences. All compatibility data was, however, based only on 

sexual compatibility and not potential gene flow. This contrasts 

with Ling and Tyler's (1976) findings of the insignificance of 

minor morphological differences to sexual compatibility in the P. 

mamiZZatum complex. 

The studies of the nucleus and mitosis of a number of the 

strains used in the investigation of sexual. compatibility did not 

support the possioility of potential objectivity of ~uclear cyto

logy. The proBlem caused by stickiness between chromosomes at 

metaphase and anaphase and the unclear picture of the early stages 

of mitosis make further studies of PZeurotaenium mitosis essential 

before firm conclusions on karyotypes can be made. The only other 

studies on mitosis in PZeurotaeniwn were made by King (1953b, 1960) 

and Brandham (1964). King (1953b, 1960) observed 104 chromosomes 



at metaphase in an English strain of P. -tr>abeeuZa. For this and 

the other desmids studied he observed the complete lengthwise 

division of the chromosomes into chromatids by late prophase. 

170. 

Brandham (1964) studied another English strain of P. t~becula 

in detail. He observed many chromocentres in the interphase 

nucleus but did not mention any paired construction. However, his 

observations of prophase showed fusion of chromocentres and early 

division of prophase chromosomes into chromatids separated along 

their length. The observations in the current study of chromo

centres consisting of paired units indicated either a prolonged 

early prophase or visible division into chromatids prior to pro

phase, perhaps as early as the previous anaphase as suggested by 

the double.unit chromosomes observed in some anaphase preparations. 

Unfortunately Brandham ()964) was unable· to 111ake any detailed 

observations oil the mitotic chromosomes of P. -tr>abeauZa. However, 

his ~igures demonstrated an irregular early metaphase plate follow

ed by a bilayered early anaphase plate and then parallel separation 

of two flat. anaphase plates. Such a pattern is similar to that 

observed for all the Pleurotaenium strains in this study except 

that the polarization of chromatids· was observed as early as meta

phase. However, in Brandham's (1964) study of mitosis in some 

other desmids he noted, particularly in the cas·e of Cosrrrzriwn 

bo-tr>ytis, the separation of chromosomes into chromatids along the 

metaphase plate. The dividing line between metaphase and anaphase 

is diffuse in such circmnstances. Such polarization of chromatids 

during mitosis was· not. s-o clear in the other desmids· he studied. 

The early separation of sister chromatids and the parallel 

disjunction exhibited at anaphase was assumed to imply a diffuse 

centromeric organization (arandham, 1964). Such a lack of local

i;zed centromeres had also been reported by King . (J953a, 1960) for a 

nbmber of desmids·. Early work on Spir>ogy-pa by Godward ().954a, b) 

indicated diffuse centromeric or polycentric chromosmnes while in 

her later work (Godward, J.961, J.966} she could not find evidence 

for any centromeric organization, diffuse or otherwise. However, 

T.E.M. studies. with. Spirogy-pa by· Mughal and Godward (197~) showed 

that while distinct kinetocfi.ores existed, movement of chromosomes 
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at mitosis was not solely dependent on them, with spindle micro

tubules embedded in nucleolar material coating the chromosomes aid

ing their movement. Parallel disjunction therefore need not 

necessarily imply a diffuse centromeric organization. Such 

nucleolar investment of chromosomes was suggested by the inter-

chromosomal stickiness observed in PZeurotaenium. This stickiness 

varied from slight to extreme, in the latter case chromosomes 

formed a single network which was almost impossible to disrupt. 

Other desmid studies have similarly reported strongly adherent 

chromosomes embedded in a stainable.matrix (King, 1959; Brandham, 

1964; Ueda, 1972). 

That localized centromeres exist, at least in some chromosomes 

in the Pleurotaeniwn strains studied, was indicated by faintly 

stained or unstained regions approximately midway along the rod

like chromosomes and, less often, four chromatid arms forming a 

cross shape from a central, lightly stained region. The small 

dot-like chromosomes gave no evidence of centromeric organization. 

Ling's light micrographs (Ling, 1977; Ling and Tyler~ 1976) of 

meiotic chromosomes for a number of species of Pleurotaenium clear

ly showed the presence of a non-staining, single centromere per 

chromosome in all cases including the T3 strains represented by 

(YY2) and (GMl). in the current study. None of these PleUl'otaenium 

studies found eviderice for.more than one centromere per chromosome 

(polycentric chromosomes), although T .E.M. studies have shown their 

existence in other desniids and members of the Conjugales (Mughal 

and Godward, 1973; Ueda, 1972). 

Although karyotypes could not be clearly identified for each 

strain, some strains, at least, exhibited distinctive characteris

tics. Differences observed in interphase nuclei in the number and 

form of chromocentTes and number of nucleoli may prove meaningful 

with more research. However, Kasprik (197 3) found that the 

arrangement and number of nucleoli varied with environmental 

factors such as· the age of the culture. The approximately 45-50 

large (up to 3 11m} (r.n .A2) chromosomes were unique in this study. 

Unfortunately time did not permit a study of other Macquarie. Island 

clones. Since the same form of P. wabeaula var. mediolaeve is 

found in the majority of lakes and pools on Macquarie Island (un-



published data) it would be instructive to know whether all 

Macquarie Island Pleurotaenium had the same chromosome structure. 

This (MI.A2) chromosome structure was very different to that of 

(GM1) with which the possibility of sexual compatibility existed. 

The latter possessed 75-80 small (2 ~m maximum size) chromosomes. 

However, Ling and Tyler (1976) found that remarkable flexibility 

in chromosome number did not affect sexual compatibility in the 
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P. mamillatum complex with meiosis proceeding apparently with no 

adverse effects despite widely varying inter-strain chromosome 

numbers. Such a lack of correlation between nuclear cytology and 

genetic compatibility is rather confusing and implies great chromo

somal flexibility in Pleurotaenium. 

The two broad chromosome groups of approximately 50 chromosomes 

and 70-80 chromosomes may imply two distinct types of chromosome 

complements which would not be correlated with cell morphology. 

However, the two strains with chromosome counts of approximately 
' 

SO, (MI .A2) and (Sor.A1), possessed very different chromosomes, the 

(Sor .A1) chromosomes being the small rods and dots, as were the 

chromosomes of'strains with complements between 70 and 80. Ling 

and Tyler (1976) proposed a ground count of 53 as a true haploid 

for P. ehr~be~ii and P. mamillatum. On this basis they identi

fied true diploids with a chromosome complement of :t-06. However, 

they also found P. coronatum strains of more obscure ploidy with a 

basic chromosome count of 146-147. The Pleurotaenium strains in 

this. study possessing 70-80 chromosomes may represent a hyper-· 

haploid or agmatoploid condition, or may belong to an entirely 

separate chromosomal group. (Sor .A1), with approximately 50 

chromosomes, was comparable to Ling and Tyler's (1976) n=53 P. 

mamillatum strains, as it, too, was identifiable as P. mamillatum. 

The 45-50 (MI.A2) chromosomes. did not ~it any known pattern because 

of their large s·ize. Although all investigated strains other than 

(Sor.A1) were classed as forms of P. trabecula in no instances was 

a chromosome complement of 104 found as was the case for the P. 

trabecula strain studied by King (1953b, 1960). Ling (1977) ob

served approximately 100 bivalents in a diakinesis preparation from 

(YY2xWK1). However, this single chromosome estimate did not neces

~arily imply a complement of 100 chromosomes for (YY2). 
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Only with further chromosome studies will a clearer picture of 

patterns of chromosome numbers be obtained. At this stage the 

chromosome complement appears less definitive than vegetative cell 

morphology. The problems of subjectivity which beset Pleurotaenium 

alpha taxonomy will not in the short term be solved by objective 

karyotypes which would aid in the development of an omega taxonomy. 
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6. SEXUAL COMPATIBILITY IN NORTHERN TERRITORY DESMIDS. 

6.1 INTRODUCTION AND RESULTS 

In the search for ~crasterias and Pleurotaenium strains for 

the intercrossing and cytological research described in the earlier 

sections many other strains belonging to both these and other 

genera, were isolated. ·-:,In the end literally hundreds of desmid 

strains were being maintained in non-axenic culture, but unfortu

nately only a minute fraction of these strains were investigated in 

any way in the available 'time. Those investigated included some 

desmids from the Northern Territory of Australia. 

A number of phytoplankton samples were obtained from the 

Northern Territory. Table 6.1 gives details of the source of the 
.. '· 

samples.. All the locations are tropical environments and Island, 

Corndorl, Gulungul, and Backflow Water-holes form part of the 

system of water-holes comp'rising the Magela Creek system in the 

Alligator Rivers Region. Considerable limnological research has 

recently been carried out on the Magela Creek system (Walker, 1979), 
0 and water temperatures of more than 30 C were commonly recorded .. 

The climatic pattern in these tropical areas is governed principally 

by two seasons, wet and dry, with the majority of the annual rain

fall falling in the wet season between November and March. This 

creates a rigorous environment, with flood conditions existing in 

the wet season followed by virtual drought conditions in the dry 

season. 

The diversity of the desmid flora in all samples was over

whelming. Until very recently the only studies. of the desmids 

from Northern Australia were those of collections made during the 

1948 American-Australian Scientific Expedition to Arnhem Land 

(Croasdale and Scott, 1976; Scott and Prescott, 1958). These 

limited studies demonstrated considerable desmid. diversity with 
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470 taxa being described. A recent report by Ling and Tyler (1980) 

on the freshwater algae of the Alligator Rivers Region recorded 347 

taxa, 214 of which had not been encountered in the previous studies. 

Isolates were made of a large number of desmids from each 

sample except for Ironstone and 8ackflow. However, considerable 

problems were met with the survival .and vegetative propagation of 

these isolates. The two media normally used, 28 soil water and 

modified Waris' medium, did not encourage clone formation and in 

many cases the isolated cells eventually died. Some soil samples 

were obtained from near the sample sites in the Northern Territory. 

However, even less desmid growth occurred in soil water using these 

soils as a base. In the end only a limited number of clones were 

available for crossing. These were crossed in depleted 28 soil 

water under the usual crossing conditions (see Section 2) and also 

under the same conditions except for a temperature of 30°C. The 

crosses made at 30°C were less successful than those at the lower 

temperature of 23° -25°C. This may have been due in part to the 

higher level of bacterial contamination. at 30°C. The crosses were 

based on strains from each individual locality. Table 6.2 sumna

rizes the details of the crosses. Lack of space in the growth 

cabinets necessitated the use of group crosses in the first series, 

a rela~ively coarse method of testing sexual compatibility_ (see 

also Section 4.3). Where zygospores were obtained in the first 

series, the individual clones concerned were placed under crossing 

conditions to test for homothallism. Lack of time and space did 

not permit crosses of paired combinations of clones to be made in 

order to identify (+) and (-) mating strains. Some results were 

therefore inconclusive. All the fertile strains belonged to the 

genera Mi~asterias and Pleurotaenium. The Pleurotaenium zygo

spores were of typical PleUl'otaenium zygospore morphology (Ling and 

Tyler, 1972a) despite the ornate and distinct vegetative cell mor

phology of P. Yfodoswn (Bail.) Lund (Fig. 59 A) and P. kayei (Arch.) 

Rabenhorst from Manton Dam (Man) (Fig.598,C). Small spines covered 

the mesospore surface of the zygospores and in the P. kayei zygo-
t ' spores depicted in Fig.59C an uneven exospore was probably a result 

of its formation partially within the pores of gamete emergence. 

The other fert;i: le Plewotaenium strains were less easily identifiable. 

However, the Fogg Dam (Fog) Pleurotaenium 1 (Fig.59D) was probably a 
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form of P. ehrenbergii with 2-3 basal undulations and 8-10 round to 

conical apical tubercles. (Fog) PZeurotaenium 2 (Fig.S9E) was 

identified as P. trabecula with its straight cells ornamented only 

by apical ridges or striations. (Isl) PZeurotaenium 4 from Island 

Water-hole (Fig.S9F) was long and thi~ with a single distinct basal 

inflation and a ring of small ripples at the apex. It was com

parable with P. baauZoides (Roy and Biss.) Playfair (Krieger, 1937). 

Of the fertile Miarasterias strains, the McMinns Lagoon . (McM) 

M. zeyZaniaa and the Corndorl Water-hole (Cor) M. Zatiaeps formed 

very similar zygospores with light brown mesospore and an exospore 

ornamented with thin tapered spines with no terminal subdivisions. 

Such morphology was identical to that recorded for Victorian and 

New South Wales M. Zatiaeps strains by Ling (1977). (McM) M. 

zeyZaniaa zygospores were, however, smaller than (Cor) M. Zatiaeps 

zygospores. Average measurements of five zygospores were: 

Diameter Diameter Spine 
With Spines Without Spines Length 

(llm) (Jlm) (Jlffi) 

(McM) M. .zeyZaniaa 68 47 11 

(Cor) M. Zatiaeps 103 60 21 

Zygospores were formed by gametes with equal sized semicells. 

(McM) M. Zatiaeps was clearly shown to be homothallic while (Cor) 

M. zeyZaniaa was 'probably heterothallic. (Cor .A) M. mahabuZesh

warensis and (Gul.A) M . . thonnsiana var. notat<i and (Gul. B) M. 

thomasiana var. evoZuta were dealt with in detail in Sections 4 and 

3 respectively. The occurrence of two distinct varieties of M. 

thom:zsiana in the one water-hole, one of which, (Gul. B), was homo

thallic and the other, (Gul.A), was heterothallic, was a unique dis

covery in this investigation. 

The fertility of these M. thanasiana strains was drama tic ally 

obvious when the cultured field sample was inspected. It was also 

clear that, in the water from a particular location collected along 

with the algal sample, many desmids reproduced sexually after 2-4 

weeks in a sha~low petri dish under "rapid growth" culture conditions. 

Compared with·. the controlled attempts at crossing after isolation 



and culture of clones, the field samples demonstrated prolific 

sexuality amongst the many and varied desmids to such an extent 

that it appeared that almost every desmid ~1ad access .to a sexual 

mode of reproduction. This was rather a different situation to 

the generally accepted views of lack of sexuality in nature or 

even evolved sterility (Fritsch, 1930, 1953; Mollenhauer, 1973). 
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It was apparent that the growth media used in the culture experi

ments did little to promote vegetative or sexual reproduction in 

the Northern Territory desmids but time and facilities did not 

permit a search intensive enough to obtain a suitable growth medium. 

Some e~amples of the sexuality shown in the field samples were 

those from Corndorl. This sample included zygospores of desmids 

identifiable as Pl,ezaootaeniwn australiarrum (Borge) Scott (Fig. 59H), 

P. subcoronulatum (Turn.) West and West (Fig.59G), Micrasterias 

aZata Wall. (Fig.S9I), and EUast~ moebii (Borge) Scott and Presc. 

var. tetrachastrifo:rme West and West forma (H.U. Ling, pers. conun.; 

Fig.59J). The zygospore of the latter was also recorded from Mine 

Valley in the Alligator Rivers Region by Ling and Tyler (1980). 

Both P. australian:um and E. moebii var. tetrachastriforme forma ap

peared to undergo a sexual cell division by virtue of the unevenly 

sized gamete semicells. Th.e loose filaments of P. subcoronuZatum 

broke into short filaments of 2 to 3 cells or single cells prior to 

pairing and conjugation. 

Zygospores were also observed in the Ironstone and Backflow 

samples. The Backflow zygospores included P. kayei, P. subcoronu

Zatum and a species of Cosmarium which formed zygospores ornamented 

with short tapered spines (Fig. 59K). Many other zygospores were 

observed but not systematicaliy recorded. Of particular interest 

in the Ironstone sample were true parthenospores formed· by P. ova tum 

Nordst. ·They included both emergent (Fig.59L) and non-emergent 

·forms· (Fig. 59M, N), the exospore and endospore assuming approximately 

the shape of the vegetative cell wall in the latter instance. A 

cell division equivalent to a sexual cell division resulting in re

duced daughter semicells took place prior to spore formation. 



TABLE 6.1 NORTHERN TERRITORY SAMPLE DATA 

SAMPLE SOURCE NOTATION 

Fog Fogg Dam, Humpty Doo 

Man Manton Dam 

McM McMinns Lagoon 

Isl Island Water-hole 

Cor Corndorl Water-hole 

Iro Ironstone Water-hole 

Bac j Backflow Water-hole 

Gul Gulungul Water-hole 

-- - - ~ ---- ------ ---- -

CO-ORDINATES COLLECTION 
DATE 

12°40'S 131°20'E , 5/1977 

13°10'S 131°10'E , 5/1977 

12°30'S, 131°10'E 8/1977 

12°34'S 132°53'E , . 11/1977. 

12°35'S 132°55'E , 6/ 1/1978 

12°31'S 131°10'E ,, 6/ 2/1979 

12°31'S, 132°54'E 6/ 2/1979 

12°37 1 S 132°53'E , . 6/ 2/1979 

------ ------

COLLECTOR 

J. Powling 

J. Powling 

A. Wade 

P. Tyler 

H. Ling 

H. Ling 

H. Ling 

H. Ling 

--· --------------

....... 
-...J 
00 



TABLE 6.2 

Fog 

Man 

McM 

Is1 

Cor 

Gul 

NORTHERN TERRITORY INTRA-LOCALITY CROSSES v 

Crosses Made: Series 1 - the clones of each strain were crossed altogether in the one petridish, i.e. Group Crosses. 

Series 2 - ·if zygospores formed in Series 1 the clones of each strain were placed under crossing conditions 
to test for homothallism. The Group Crosses .were also repeated. 

STRAINS 

PZeurotcteniwn 1/2,3,4,5 
PZeurotaeniwn 2/1,2,3,4,5 
Micro.sterias anorrrzZa 1,2 
M. nnr.abuZeshwrensis 1,2 
Co sma:riwn 1 

M. latiaeps var. minor 5,8 
P. nodosum 1,2 
P. kayei 1,3 
Pleu~otaenium 1/1,2,3,4,6,7 
M. thoi1nsiana 2,3 

M. subinaisa 1,4,5,6 
M. zeylanica 1,3,4 
Euastrwn 2/4 
.Euastrwn 3/1,2 
M. cero.tophora 1, 2 
M. trw1cata 1,4 
P. nodosum 2, 3 
P. verrucosum 1,2 

PZeurotaenium 1/1,2 
PZeurotaeniwn 2/1,2,3,4 

M. mahabuZeshwarensis 2,4 (Cor.A) 
M. Zaticeps l , 2 
P. subaoronuZ.atum 1,3,4 

M. thomasiana var. evoZuta (Gu1.A) 
M. thomasiana var. notata (Gul.B) 

I 

SERIES 1 
Zygospores 

P'L 1/2,3,4,5 
PZ 2/1,2,3,4,5 

P. nodosum 1,2 
P. kayei 1,3 

M. zeyZanica 3,4 

PZ 4/1,2,3,4 

See Section 4.2 
M. Zaticeps 1,2 
P. subcoronuZatum 

See Section 3.2 
See Section 3. 2 

1,3,4 

PZ 1/2;3,4,5 
PZ 2/1,2,3,4;5 

P. nodosum .1,2 

SERIES 2 
Zygospores 

P. kayei 1; P. kayei . 3; P. kayei 1,3 

M. zeyZanica 3,4 

PZ 4/2; PZ 4/3; PZ 4/1,2,3,4 

M. Zaticeps 1, M. Zaticeps 2, M. Zaticeps 1,2 
P. subcoronuZatum 1; P. subcoronuZatum 3 

COOCLUSION 

heterothallic? 
heterothallic? 

heterothallic? 
homothallic 

heterothallic? 

homotha1lic 

homothall ic 
homothallic 
homothallic 

homothall ic 
heterothallic 

~ 
;I> 
tXl 
t"" 
rn 
(]\ 

N 

~ 
....... 
1.0 
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6. 2 DISCUSSION 

Despite only a very cursory study it was clear that the 

Northern Territory desmids generally possessed potential for sexual 

reproduction within a single water body, either by homothallism or 

by presence of compatible opposite heterothallic mating strains. 

This was not evident in the early studies of desmids of the 

Northern Territory (Croasdale and Scott, 1976; Scott and Prescott, 

1958) but Ling and Tyler (1980) observed a munoer of zygospores in 

their study of fixed wild samples. It was also obvious that the 

culture conditions, particularly growth media, which were suitable 

for the majority of other desmids studied, all of which came from 

more temperate environments, were not appropriate for· vegetative 

or sexual reproduction in the Northern Territory desmids. It 

seemed likely that the special situation presented by desmids from 

the Northern Territory was a result of the rigorous environment in 

which they lived. Typical water temperatures of more than 30°C 

and up to 40°C and above, and the overabundance of rain in the wet 

season contrasted with lack of rain in the dry season implies a 

seasonally stressed environment in any but very deep waters. This 

is seen to the extreme in the case of water-holes such as Corndorl, 

Gulungul and Backflow. These are not in the mainstream of the 

water course and become very shallow (a few centimetres) in the dry 

season. Such conditions would be similar to those proposed by 

Starr (1955a) for inducing sexual reproduction in desmids although 

it is doubtful that Starr (1955a) ever envisaged such high temper

atures, i.e. increased C0 2 tension, light and temperature. 

Fritsch (1953) commented on the special conditions of small 

ponds subject to dehydration in which zygospores were occasionally 

found in large numbers in nature and gave examples of two pans in 

the Transvaal in South Africa. Mollenhauer (1973) considered that, 

whereas vegetative reproduction was probably adequate for survival 

in the buffered environment of a large lake to the extent that he 

suggested that there has been a marked tendency to abandon sexual 

processes in th.e course of evolution, ·in shallow ponds there would 

be selective pressures against those desmids unable to reproduce 

sexually since the zygospore can survive conditions which are lethal 

for fragile vegetative cells. This indeed appears to be the case 
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for the water-holes and lagoons of the Northern Territory. 

The seasonal wet and dry cycle in the Northern Territory also 

suggests that sexual reproduction may occur regularly in this en

vironment, implying that syngamy and subsequent meiosis may be an 

integral part of the annual de~~id cycle. As compared with the 

low frequency of compatible fertile strains found in the ponds and 

lakes of temperate S.E. Australia in this study, and the records of 

apparently non-existent sexuality in planktonic desmids of deep 

lakes (e.g. Homfeld, 1929; Teiling, 1950), this provides a very 

different basis for the gene pool of each species. Instead of the 

genetic variation of a population being dependent on mutations, with 

migration from other water bodies perhaps being of some small signi

ficance, the meiosis associated with sexual reproduction would pro

vide, by recombination, considerable genetic variability on which 

natural selection could act. The result of this genetic flexibil

ity and the environmental stress would be desmids which were 

genetically distinct from desmids in other geographical areas. 

This would, however, be dependent on geographical isolation. 

Possible dispersal of desmids will be discussed in Section 7. 

On.the basis of morphology there was limited evidence of iso

lation. However, the myriad of morphological forms in one water

body was quite unlike the low diversity of morphotypes observed in 

cooler regions. Some desmids appear to be endemic to tropical 

reg1ons, such that the Wests (e.g. West, 1907, 1909; West and West, 

1907) recognized tropical desmids and more specifically, desmids 

restricted to an Indo-Malayan area which included Java, Sumatra and 

Queensland. Although these may only reflect lack of detailed in

vestigations of similar areas elsewhere, they may represent geno

types specifically adapted to these particular tropical environments. 

The difficulties associated with culturing Northern Territory 

desmids implie~ distinct physiological differences compared with 

other desmids. Therefore, even where morphological unifonni ty 

existed, it seemed quite probable that it masked physiological 

differences. 

The avail~ble da~a on sexual compatibility only hinted at sexual 
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isolation. Homothallism strictly represents sexual isolation by 

virtue of its obligate inbreeding and the only instance of compati

ble heterothallic clones of a Northern Territory strain, crossed 

with desmids from other localities ranging from South-Eastern 

Australia to the United Kingdom, was (Gul.A) M. thamasiana var. 

notata. These did not exhibit compatibility with any other M. 

thamasiana strains. The genetic compatibility of tropical desmids 

certainly deserves further investigation as it may demonstrate a 

very different evolutionary pathway compared with that of desmids 

from cooler and less extreme environments. 

The large proporti.on of homothallic strains suggested the 

selective advantage of self-fertility. More unusual were the 

parthenospores formed by the Ironstone PZeurotaenium ovatum. They 

were similar to Lhotsky's (1948, 1973) reports of asexual spores or 

chlamydospores in CZosteriwn. Since .his original observations in 

1948, Lhotsky (1973) recorded chlamydospores from nature three times. 

In all cases the spores formed within the vegetative cell wall, the 

cell consisting of a normal sized semicell and a smaller semicell, 

as was the case with some Ironstone P. ovatum parthenospores. ·In 

the latter instance, however, other parthenospores formed outside 

. the veg~tative cell wall. Lhotsky (1973) suggested that chlamydo

spores may be formed by clonal, heterothallic populations which are 

a possibility in small ponds that are subject. to drying out. In 

other words, parthenospores would also be a selective advantage in 

any stressed environment even though they would not provide the 

same genetic flexibility via syngamy and meiosis associated with 

zygospore formation and germination. 

In conclusion, the extent of desmid spore formation by hetero

thallfsm, homothallism and parthenospore formation in Northern 

Territory desmid samples, and the implications of genetic flexibility 

associated with the sexual modes of reproduction suggested a com

plex genetic system which would be quite unlike that expected of 

desmids from many other environments. such as the buffered environ

ment of deep lakes. Further investigation by routine sampling for 

zygospores of some of the Northern Territory sites and culture 

studies of environmental requirements for vegetative and sexual re

production and of genetic compatibility at both intra- and inter-



183. 

locality. levels would be extremely valuable in evaluating the life 

history and genetic isolation in this region, and for desmids in 

stressed environments in general. 
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Z DISCUSSION AND CONCLUSIONS 

The studies of the two MiarastePias species complexes, several 

PZeurotaenium species and some desmids from tropical Northern 

Australia demonstrated an underlying complexity of cytological, 

physiological and genetic characteristics within continua of vege

tative cerl morphologies. No simple correlations between cell 

morphology, which forms the basis of desmid alpha taxonomy, and the 

criteria of chromosome patterns, sexual reproduction and compati

bility, and potential gene flow could be discerned. It is these 

criteria that would be expected to reflect genetic relationships 

and provide a framework for a natural classification, i.e. an omega 

taxonomy.· 

The investigations of cell morphology in MicrastePias showed 

that criteria used in delimitation of specific and infra-specific 

taxa varied in their stability. For example, for the M. 

thamasiana~dentiauZata complex the number and development of basal 

humps was variable, while the degree of peripheral incisions was 

stable, and forM. mahabuZesl-auarensis the number and size of the 

lateral arms fluctuated within and between clones. In addition, 

stability of cell morphology varied between strains, some strains 

showing distinct, stable differences while others exhibited varying 

morphology. For example, the M. mcihabuZeshwarensis var. diahotoma 

strain, (Okl.B), never merged morphologically with the number of 

strains which encompassed the typical form of M. mahabuZesl-auarensis 
, I 

and the varieties reduata and waZZiahii. 

These findings demonstrated the value of culture studies in 

examination of cell morphology. Potential variability of morpho

logy, which is often impossible to discern in individual wild cells 

becomes more obvious in culture. Conversely, abnormal morphotypes, 
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which may occur as isolated cells in a phytoplankton sample, may be 

found to be no different from the typical morphology of the other 

cells when grown in controlled culture conditions. The large 

Micrasterias forms from Lake King William were a good example of 

this variability within a population sample. 

However; culture studies also impose limitations by virtue of 

the controlled. conditions, and the potentially adverse effects on 

morphology of sub-optimal conditions for certain desmids was shown 

by the gross morphological reduction of the (Cor) M. mahabulesh-

UXlr'ensis strain in culture. Although the culture conditions were 

particularly chosen for the wide range of desmids which could be 

grown successfully therein, this example made it clear that the 

conditions were not suitable for all desmids. Even where morpho-

. logy is adversely affected in culture for a particular strain, it 

provides useful comparative information between strains from the 

same and different. localities under identical culture conditions. 

Other culture. studies of desmid morphology under controlled. 

conditions include those by Ichimura and Watanabe (1974, 1976) and 

Watanabe (1978, 1979) on the Closterium calosporum complex and the 

c. peracerosum-strigosum-littorale complex. These authors statis

tically analysed morphological parameters of,cultured population 

samples from a number of localities. They found significantly 

different morphological clusters within each species complex by 

this method. By using cultured population samples they removed 

any morphological fluctuations caused by a particular natural 

environment. 

In the Micrasterias investigations a large p9pulation sample 

was seldom available. This was often to be· expected considering 

the natural habitat from which they were collected. While some 

strains were collected in phytoplankton hauls in lakes, the majority 

came from benthic periphyton, small pools or shallow lagoons, from 

which only a few cells could be obtained. In such circumstances 

the morphological variability in the population was impossible to 

assess and the morphological studies were mostly restricted to 

clonal variation. 
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Considerable variation within desmid populations has, however, 

been shown by Bicudo (1975; Bicudo and Sormus, 1972; Bicudo and 

Senna, 1975) by studying large samples (up to 900 cells) of desmid 

populations from individual localities. The variation they found 

spanned not only infra-specific taxa but also specific taxa. 

In addition to the morphological information relevant to 

alpha taxonomy, Micra8terias culture studies also provided inform

ation on gross morphological alterations, such as change in the 

number of radiations and production of large ormonstrous cells. 

The variation between bi- and tri-radiate cells in the M. 

thomasiana var. notata-M. dentiaul-ata intermediate, (Wil.A), and 

theM. mahabul-eshuxrrensis strains, (Ech.B), (Too.A), (Rya.A) and 

(BW .A) demonstrated the possible flexibi 1i ty of the number o.f 

radiations within a clone. While none of these strains came from 

tri-radiate wild cells, other authors have found variation in radi-

ation in nature. Reynolds (1940) observed seasonal variation 

between 2-radiate and 3-radiate forms of Staurastrum paradoxum, 

with the largest proportion of 3-radiate cells occurring in mid

summer. Tri-radiate forms of M. mahabul-eshwarensis were reported 

by Heimans (1942) from several localities in the Netherlands. 

This radiation flexibility, which is probably environmentally in

filuenced, contrasted with the stable radiation alteration shown by 

the (3rBW.A1) M. mahahul-es~arensis.clone and the (monsDay.A1) M. 

thcmasiana var . pu Zaherrima c 1 one. 
. I 

While the former showed no 
' ' 

change in cell volume, the latter consisted of much larger cells 

than the original (Day.Al) clone. Kallio (1951, 1959), in his 

studies of nuclear quantity in desmids and in particular M. 

thamasiana var. notata and M. torre,yi Bail., showed that polyploid 

nuclei influenced cell morphology by an increase in cell volume and 

an increase in the number of radiations. The (monsDay.A1) clone 

was therefore pro~ably a result.of a ploidy change. The apparent 

cause of the stable radiation change in (3rBW.A1) was more obscure 

but may have been due to a genetic mutation or a change in the 

membrane template. 

The difficulties and subjectivity of identification of alpha 

taxa were faced particularly with the Pl-eurotaenium strains. The 

limited wild type records along with the variation in the micro-
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morphology on which the genus Pleurotaenium is subdivided into 

species made objective delimitation of taxa impossible. Although 

the apical corona was relatively stable within strains, between 

strains a continuum was found giving little reason to assume 

genetic discontinuity of this morphological feature. Unlike the 

·morphologically ornate Micrasterias genus, Pleurotaeniwn cell mor

phology is very simple with few distinguishing features. The 

problems which arise from ambiguities in delimitation of taxa were 

shown by Ling and .Tyler's (1976) study of the P. mamillatwn complex 

in which some dispute over the alpha taxonomy of members of the 

complex affected conclusions on compatibility between species. 

Pleurotaenium alpha taxonomy magnifies the importance to desmid 

alpha taxonomy in general, of studies .of morphological variability 

in nature and in culture, and of the conservative attitude neces

sary when attributing alpha taxonomic value to morphological 

characteristics. 

While some aspects of vegetative cell morphology may reflect 

true genetic distinctions, the potential value of other c:riteria 

in ascertaining genetic relationships between strains of the same 

and different alpha taxa was clear. Not only could this give some 

indication of the genetic relevance of alpha taxonomy, but also it 

could provide the basis for an omega taxonomy. The view has been 

expressed (Cook, 1963; Ling and Tyler, 1972a; Starr, 1959) that 

sexual morphology, including the conjugation processes and zygo

spore morphology, may be less subject to environmental influence 

than vegetative cell morphology.. The variability in seiual mor

phology in desmids, with particular reference to Mia~sterias. 

thamasiana var. notata was discussed by Blackburn and Tyler (in 

press, see Appendix 1). Distinct differences in the stages of 

zygospore formation were noted even within the genus Micrasterias. 

In particular, the investments surrounding the emerging gametes 

differed between desmids, from the mucilage envelope which surrounds 

the paired gametes being the only protective investment as in M. 

mahabuleshwarensis to protection within a conjugation cylinder con

taining cellulose elements as in M. thamasiana var. notata and M. 

papillifera to a robust conjugation tube as formed in some sacco

derm desmids. While B:lackburn and Tyler's (in press, see Appendix 

1) Fig.32 showed diagrammatically these various.types of conjuga-
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tion protection, they were unable to correlate them to alpha taxo

nomic species or genera and commented that phylogenetic implica

tions were not intended. 

The present studies of strains of the M. thamasiana-denticulata 

complex confirmed that the conjugation cylinder was always present. 

However, the (Gul.A) M. thorrr:1.siana var .. evoluta strain differed in 

the extent of other mucilaginous gamete protection and was more 

comparable with records of conjugation in M. papiZZifera (Kies, 

1968'; MUlle·r, 1974). 

Other aspects of (Gul.A) sexual morphology also differed. 

The multiple sexual cell divisions often resulting in very small 

gamete cells was an exaggerated version of the typical single cell 

division in the other M. thamasiana strains. This could have been 

related to (Gul.A) 's homothallism. This hypothesis was. supported 

by the homothallic (Cor.A) M. mahabuleshwarensis strain which under

went a sexual cell. division, whereas for all heterothallic M. 

mahabuleshwarensis strains a cell division did not precede pairing. 

Sexual cell divisions have been observed in other homothallic 

desmids, for example, Netrium dig.itus var. digitus (Biebel, 1964), 

Closterium strigosum (Ichimura, 1971) and C. moniliferum and C. 

ehrenbergii (Lippert, 1967), as well as for the (Day .B) Pleurotae

nium strain in this investigation. 

Zygospore· ornamentation was one aspect of sexual morphology 

which Cook (1963) found subject to little fluctuation within a 

· strai~ in his study of the Closerium venus-dianae complex. Despite 

findings that turgor pressure affected spine development in MiCJPa-

9terias and Closterium (Ichimura and Watanabe, 1974; Kies, 1968, 
1 
1970a), the observations of Micrasterias sexual morphology in the 

same culture.conditions suggested that the stable difference in 

apical subdivision of zygospore spines between the (Gul.A) M. 

thamasiana var. evoluta strain and the other M. thomasiana- · 

denticulata strains did indeed represent a distinction in sexual 

morphology. Similarly the slender, undivided spines ornamenting 

zygospores of the M. mahabuleshwarensis var. dichotama and M. 

radiata var. dichotama strains were stable and distinctive compared 

with the bi- or tri-furcated spines of typical M. mahabuZeshuxzrensis 
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zygospores. Comparing the spiny Micrasterias zygospores with the 

smooth Pleurotaenium zygospores also suggested that at the generic 

level homologies might reflect basic genetic patterns. 

The relevance of sexual morphology in demonstrating genetic 

similarities and dissimilaritie·s would however be dependent on the 

genetic significance of sexual reproduction. Whereas sexual mor-

phology may be a reliable taxonomic criterion in organisms such as 

higher plants which reproduce sexually as an integral part of their 

life cycle, in desrnids the rare occurrence of sexual reproduction 

in nature (Fritsch, 1930, 1953; Molleil.hauer, 1973) suggests that 

there would be a lack of strict control over sexual reproduction 
' 

~ia natural selection. 

While environmental conditions have been shown to influence 

the occurrence of sexual reproduction (e.g. Dubois-Tylski, 1977; 

Dubois-Tylski and Lacoste, 1970; Ichimura, 1971; Starr, 1955a, 

1959; Tassigny, 197la, 1974) the internal physiological mechanisms 

controlling the initial pairing or sexual cell division response, 

and the successful progression through conjugation to zygospore 

formation are obscure. From a time-lapse study of conjugation 

between heterothal.lic clones of Com~ariwn botrytis, Brandham 

(1967a, b) suggested that a two gene system controlled production 

of a hormone and its precursor. He proposed that secretion of 
I 

this hormone. caused a chemotactic response either by a non-hormone 

secreting strain or one which only produced the hormone precurser. 

Brandham (1967b) also suggested that the maintenance of the gamete 

pair was probably caused by the continuous secretion of a hormone, 

which may or m~y not pe the hormone responsiple for the cell move

ment prior to pairing. 

Ling (1977) investigated an anisogamous pairing response and 

selective mating in Pleurotaenium speci~s. His observations of 

compatible opposite mating strains exhibiting different levels of 

movement towards each other on solid media demonstrated an aniso-

. gamous chemotactic response. In crosses involving two strains of 

one mating type and a single strain of the opposite mating type 

Ling (1977) also observed a remarkable selective pairing, the two 

possible pair combinations showing different levels of attraction. 



Ling (1977) commented that the selection might be mediated either 

by quantity or quality of a hormone. 
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In other unicellular algae pairing has also been found to in

volve an anisogamous chemotactic response. For example, Tsubo 

(1961) observed a chemotactic response of (+) strains of morpho

logically isogamous ChZamydamonas moewusii var. rotunda towards 

(-) strains. Once cell contact had been achieved, a succession 

of steps were triggered leading to the formation of zygotes. 

Wiese (1976) examined sexuality in ChZamydomonas species and the 

Volvocales in general. He considered that gametogenesis in 

ChZamydomonas involved several, distinct, gene-controlled steps at 

the nuclear, cytoplasmic and ultrastructural levels connected with 

profound changes in metabolic activities. In C. reinhardtii, in 

particular, the agglutination of gametes appeared to activate a 

lytic enzyme in the cells, which dissolved the cell envelopes and 

permitted the gametes to come together by means of a copulation 

tube. 

For the desmids as well as for the Chlamydomonads a genetic 

pathway controlling the morphological and physiological aspects of 

sexual reproduction would seem plausible. The start of this path

way in heterothallic strains would be genes controlling hormone 

secretion. In some species, with the M. thamasiana-denticuZata 

complex being examples from this study, an early stage of the 

sexual process is the sexual cell division. The products of this 

division, be they morphologically distinct as in the M. _thomasiana

dentiauZata complex or not, would presumably already be physiologi

cally differentiated gametes. 

In the majority of heterothallic M. thamasiana-dentiauZata 

strains the sexual cell division followed a loose or "initial 

pairing" brought about presumably by a chemotactic response to 

hormone secretion. For (monsDay.A1), however, the grouping of the 

morphologically distinct 3- or 4-radiate cells with one or two 

normal 2-radiate cells of an opposite mating strain was less 

ordered, with pairing of other combinations of cells often taking 

place after a sexual cell division. This pointed to an unequal 

attraction response between the large (monsDay.A1) cells and 
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typical M. thomasiana-denticulata cells and also the wide diffusion 

range of the hormone or hormones. Ling (1977) noted a similar re

action between polyploid and haploid strains of the Pleurotaenium 

mamillatum complex, the polyploid cells attracting more than one 

haploid cell. Ling (1977) was able to differentiate the two 

ploidy types by the large size of the polyploid cells. 

The multiple pairings in some Pleurotaenium crosses in this 

study could not be correlated with different sized cells. While 

the (Col. B), (PSU12) and (Day. B) strains were not significantly 

different in size to the other Pleurotaenium strains with which, 

they were compatible, clusters of cells instead of typical cell 

pairs, along with attempted parthenospore formation by single, 

unpaired cells always occurred in the crosses. This suggested 

differential attraction between strains, not necessarily due to 

ploidy differences, but difinitely indicating genetic differences 

of some kind. 

One of the Pleurotaenium trabecula strains, (Day.B), was the 

strain which not only demonstrated a heterothallic sexual response 

but also was homothallic :(i.e. amphi thall ic) . Unlike hetero

thallic strains in which the sequence of steps comprising sexual 

. r~Rr~duction _begins _with a chemotactic response between compatible 

strains, the first indication of sexual reproduction in most homo

thallic strains is a sexual cell division sometimes resulting in 

cells with reduced daughter semicells. The environmental stimuli 

which trigger this sexual cell division appear to be similar to 

those initiating hormone secretion in heterothallic strains, 

although in this study the homothallic strains showed much less 

reliability in crossing than heterothallic strains. The important 

difference between homothallic and heterothallic sexual reproduction 

is therefore in the initial stages which result in closely associa

ted cells physiologically qifferentiated as gametes. After that 

the conjugation processes are identical. For (Day.B) Pleurotaenium 

trabecula homothallic sexual reproduction was initiated by a sexual 

cell division resulting in normal sized daughter semicells. The 

attraction between each pair of gametes appeared to begin even 

before the cells had split up resulting in V-shaped double cells. 

As already mentioned, (Day.B) intercrosses were marked by multiple 
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pairings. The genetic control of this combination of hetero-

thallism and homothallism is difficult to interpret. However, 

the behaviour definitely demonstrated that the two forms of sexual 

reproduction are not necessarily genetically distinct. 

Unusual mating responses in some members of the Volvocales 

also suggested links between homothallism and heterothallism. 

Goldstein (1964) observed "selfing males" in the progeny of a 

cross between EUdorina elegans and E. ilZinoisensis, as well as in 

some natural populations. These. selfing males could act as both 

male and female gametes, but the male gamete expression was the 

dominant form. Goldstein (1964) suggested that the selfing males'. 

potencies could be a result of hybridization. In a similar vein, 

but with opposite dominance, Heimke and Starr (1979) discovered 

"subheterothallic" strains of Chlamydomonas zimbabwiensis. These 

subheterothallic strains could function equally well as female 

gametes but varied in their ab~lity to .act as male gametes. 

Heimke and Starr (1979) concluded that sexual expression in C. 

zimbabwiensis was a progression from femaleness to maleness with 

all vegetative cells being potential females. In her study of 

Pandorina morum, Coleman (1977) mentioned three clones identified 

as "micro-selfers". These clones occasionally formed small 

numbers of zygotes, but were, however, also capable of hetero

thallic intercrossing resulting in large numbers of zygotes. 

Wiese· (1976) put forward the hypothesis that in the Volvocales 

heterothallic sexuality is a result of gene repressors inhibiting 

expression of what would otherwise be homothallic organisms. That 

is, every strain possesses the genetic potential for homothallism 

or b_isexuality but in some strains specific gene repression results 

in heterothallic or single sex strains; While being in direct con

trast to Goldstein's (1964) explanation of his selfing males, 

Wiese's (1976) hypothesis could be extrapolated to incorporate the 

potential for "degrees" of homothallism and heterothallism by vary

ing amounts of gene repression. Such a model would' explain Heimke 

and Starr's (1979) observations on Chlamydomonas zimbabwiensis and 

also the amphithallism exhibited by (Day.B) Pleurotaenium trabecula. 

Whether the mode of reproduction is homothallic, heterothallic 



or amphithallic, sexual morphology would be the phenotypic mani

festation of the genetic pathway controlling conjugation and as 

such should reflect genetic similarities and dissimilarities 

between species and genera. From the diversity of detail of 

sexual morphology in desmids it is clear that a number of genetic 

pathways and their.combinations exist. 
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For heterothallic strains, more important than sexual mor

phology in demonstrating genetic relationships would be sexual 

compatibility between strains. .For the desmids in this investi

gation there was little evidence of sexual isolation once pairing 

by a chemotactic response to hormone release had occurred. The 

only indication that partial sexual incompatibility might exist 

despite ability to pair was from the M. thanasiana var. notata 

cross {Bel.AxUK2.B). In three trials of this cross, pairing was 

followed by a large proportion of unsuccessful conjugations with 

very .few zygospores being formed. Another case of apparent in

compatibility after pairing was found by Ling (1977) for a strain 

of P. ehrenbergii. The strain would pair with strains of the 

opposite mating type but was.never observed to undergo conjugation. 

In general, however, conjugation usually proceeded normally through 

to zygospore production once pairing had taken place. This indi

cated that the genes controlling sexual reproduction were closely 

linked. 

Unlike compatibility experiments in some other green algae, 

e.g. Conium pectoraZe (Stein, 1965; Stein and McCauley, 1976), 

Pandorina m.orum (Coleman, 1977) and VoZvuZina steinii (Carefoot, 

1966) zygospore yields were not indicative of sexual compatibility 

in this investigation. Often in repeats of crosses very different 

numbers of zygospore would be obtained. Since, even in controlled 

culture conditions, variables such as length of time in culture, 

age of subculture, and~ as found with M. mahabuZeshwarensis, unde

fined media constituents existed, fluctuations in zygospore numbers 

could not be attributed to any single cause. In the two crosses 

where only one or two zygospores were observed and repeat attempts 

at the crosses failed to produce any zygospores no firm conclusions 

were made. These were the (PP4.Bx0kl.A2) M. thanasiana var. notata 

cross and the (GMlxMI.A1+2) P. trabecula cross. · If these crosses 



were indicative of heterothallic sexual compatibility then they 

were potentially valuable due to the ge:·ographical isolation of the 

localities from which the strains originated, and because of the 

unusual morphology of the zygospore in the case of the (PP4.Bx 

Okl.A2) cross. 
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The problems with growth media encountered with Series 1 and 2 

of the M. mahabuZeshwaroensis crosses demonstrated the importance of 

the culture conditions as to whether compatible strains formed 

zygospores. That is, not only do the culture conditions influence 

zygospore quantities, :but they may affect whether zygospores are 

formed at all. From theM. mahabuZeshwarensis studies it was 

appar~nt that media in which prolif~c vegetative growth occurred 

did not necessarily imply that compatible mating strains would con

jugate even though other environmental conditions such as light and 

temperature were conducive to sexual reproduction. In addition the 

limited studies of vegetative growth and sexual reproduction for the 

Northern Territo~y desmids indicated that they had very different 

requirements to all the other desmid strains which were studied. _ 

Such findings emphasize that more is needed than a broadly based 

medium in which vegetative and sexual reproduction generally occur 

readily. However, the prospect of innumerable physiological races 

with different environmental requirements for sexual reproduction 

is overwhelming arid would_ necessitate detailed studies of physio

logical requirements for crossing. 

The existence of desmid strains with physiological requirements 

which were different to those provided by the culture conditions was 

considered a possibility. by Lippert (1967) for CZosteriwn moniZi

ferum and by Watanabe and Ichimura (1978b) for the C. pe~ceroswn

strigo8wn-ZittoraZe complex. Watanabe (1978, 1979) made similar 

conclusions for the C~ caZosporum complex. One of Lippert's (1967) 

strains of C. moniZiferum (Sa) did not exhibit equal but opposite 

compatibility compared with its heterothallic partner (Sb) from the 

same locality in the inter-locality crosses. One of the three 

morphological groups of the C. perace:rostun-strigosum-l.ittoraZe 

complex differentiated by Ichimura and Watanabe (1976), II-B, was 

found in later studies (Watanabe and Ichimura, 1978b) to consist of 

two Subgroups, II-81 and II-B2, which showed different levels of 
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sexual activity in the crossing conditions employed. Watanabe 

and Ichimura (1978b) attributed relatively low sexuality of Sub

group II-B 2 to different physiological requirements compared with 

Subgroup II-8 1 • Watanabe (1978, 1979) found the C. caZosporum 

complex .to be an aggregate of morphologically and physiologically 

differentiated elements. These included differing optimum re

quirements for sexual reproduction. 

A comprehensive study of physiological races as indicated by 

comptaibility experiments in different temperature and media con~ 

ditions was made by Stein (1966a, b) on Goniwn pectoraZe. Her 

study suggested that strain combinations favoured different 

temperatures for crossing, and that nutritional requirements for 

vegetative and sexual reproduction varied between strains. How

ever, Stein (1966b) was unable to state the exact nutritional· 

requirements for growth and for sexuality for the majority of the 

Goniwn pectorq.Ze strains. 

Bearing in mind the limitations imposed on sexual compatibi

lity for the Micrasterias thomasiana-denticuZata complex, M. 

mahabu ZeshLJarensis and the Pleurotaeniwn strains by the particular 

culture conditions used in this investigation, the compatibility 

patterns nevertheless demonst~ated some inter~sting trends. For 

all strains other than those from the Northern Territory locations, 

intra-population sexual compatibility was the exception rather than 

the rule. Where heterothallic opposite mating types were isolated 

from a population ithey did not necessarily exhibit a simple intra

locality compatibility, their (+) and (-) mating type designation 
' 

often being ma4e from results of inter-locdity crosses. The Lake 

King William M. thomasiana var. notata strains, (KW.A), (KW.B), and 

(KW.C) were examples of this intra-population compatibility com

plexity. 

The intra,locality compatibility information was, in the 

majority of cases, limited by the few clones available for crossing 

from each population strain. The exception was the alpine Pine 

Lake and its surrounding pools. Of the three Micrasterias taxa, 

M. thomasiana var~ notata, M. denticuZata and .M. jenneri, isolated 

from this locality, the M. thomasiana var. notata strains from 
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different pools and the lake phytoplankton exhibited a limited 

·pattern of sexual-compatibility, the phytoplankton isolates being 

fertile in inter-locality crosses, but now showing compatibility 

with any of the strains from pools adjacent to. Pine Lake. This 

was particularly interesting as the drainage area of Pine Lake 

included these small pools so that the various strains would not 

be isolated from each other. 

In the light of findings with intra-locality studies in the 

. Volvocales, this result and the other within-,population compati

bility patterns were not so unusual. Stein and McCauley (1976) 

examined compatibility between 31 clones of Gonium peator-ule iso

lated from a pond of less than 15 em diameter. They found two 

distinct mating groups with all the clones of one group incompati..,. 

ble with those of the other. However, members of both groups 

were compatible with three additional clones. In studies of a 

single pond spanning 19 years, Coleman (1977) found that it possi

bly contained as many as four syngens of Pandorina morwn. In 

contrast to the normal meaning of the term "population", a pop.u

lation in such an instance is a genetically nonhomogeneous group. 

The complexities at the intra-locality lev_el were surpassed 

by the unusual sexual compatibility patterns demonstrated at an 

inter-locality level. The arbitrary designation of ( +) and (-) 

mating types was not sufficient to cope with apparently anomalous 

mating responses, resulting in •iintermediate" strains being desig

nated for the M. mahabuleshhJClX'ensis and Pleu:r>otaenium crossing 

data, and M. thamasiana var. notata and var. pulcherrima strains 

such as {KW.C2), (Day.A2) and (PP4.A2) being shown as both (+) and 

(-) in the compatibility data. In addition, the existence of two 

compatibility groups linked by only two clones for the M. 

thomasiana-denticulata complex and the apparent change of mating 

type over time for the M. mahabuleshwarensis strain, (Tun. B), made 

simple compatibility patterns impossible to discern. 

As compared with the hypothesis of single locus control of 

mating type in desmids suggested by Biebel (1961)~ Brandham and 

Godward (196Sa) and Starr (1954b, 195Sb), a more complex genetic 

system was needed to explain the intercrossing data. For the 



197. 

M. thomasiana~enticuZata complex a system involving 2 major genes · 

and polygenic modifiers provided sufficient flexibility for the 

intercrossing patterns. 

The mating responses of the "intermediate" mating types were 

comparable with the concept of relative sexuality described by 

Hartmann (1955}. That is, a strain may act as a (+) mating type 

with respect to a (-) strain as well as acting as a (-) strain 

with respect to another (+) strain. Obviously such "intermediate" 

mating behaviour is in terms of the framework of the total com

patibility results and mating type designation. A gene complex 

controlling mating specificity would permit such flexibility. 

While the term "relative sexuality" seemed appropriate for 

some of the isogamous desmid intercrossing patterns, Hartmann's 

(1955) studies of'relative sexuality'have apparently been dis

credited. ·Hartmann (1955) based his concept of relative sexua

lity on studies made over 11 years on Ectoca:rpus siliculosus 

collected from the Bay of Naples. MUller (1976) described studies 

he made on similar Ectocarpus siZiculosus material in which he 

found no evidence of relative sexuality. Unlike desmids, Ecto-

carpus isanisogamous, fanning male and female gametes which can 

be identified genetically. Hartmann 0955) supposedly found 

"weak" female and male gametes which could act as the.opposite sex 

in the presence of "strong" female and male gametes. MUller 

(1976) always observed marked sexual bipolarity in Ectocarpus 

siliculosus and on analysis.of Hartmann's (1955) technique of 

identifying sexual compatibility found it to be based on low mag

nification observations of "group formations" of gametes. MUller 

(1976) foundthis to be a very inaccurate measure of sexual com

patibility. Muller (1976) further concluded from assessments 

made of other records of relative sexuality that there was no basis 

from any of the studies for the existence of relative sexuality in 

the algae, fungi or protozoa. He did not, however, mention a case 

of apparent relative sexuality found by Stein (1958a) for Astre

phamene gube~naculife~. One colony (47.45) crossed eqpally well 

wi.th both(+) colonies (47.52) and minus colonies (49.74), and 

since there was no evidence of homothallism, Stein (1958a) con

cluded it to be a case of relative sexuality. 
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The compatibility investigations of MicrastePias and 

Pleurotaenium strains clearly demonstrated relative sexual compati

bility. That is, not only was there apparent variation between 

homothallism and heterothallism within a single strain, but also 

a variation in the heterothallic mating response patterns which 

discounted (+) and (-) mating types controlled by a single gene/2 

allele genetic system. The other compatibility studies of 

desmids (Ichimura and Watanabe, 1974; Ling and Tyler, 1974, 1976; 

Lippert, 1967; Watanabe and Ichimura, 1978a,b) gave no indication 

of such unusual sexual compatibility. 

Considering once again the proposal of a genetic pathway con

trolling, step by step, the progression through conjugation, the 

most significant stage is the "recogni-t:ion" of compatibility, 

leading to a chemotactic response to a hormone or hormones, 

resulting in pairing. If a stable gene set controls the remain

der of the delicate conjugation process leading to successful 

zygospore formation then sexual reproduction will proceed unhind

ered after the "re.cognition" and "coming together" of compatible 

strains. In general, this is the pattern which was followed. 

The hypothesis of a gene complex controlling compatibility, such 

as the two ~jor genes plus polygenic modifiers proposed for the 

M· thomasiana-dentiaulata complex, therefore refers to this stage 

of "recognitiot:t" in the genetic pathway which controls sexual re

production. As such, the genetic information.would be transferred 

into production and secretion of hormones which elicit a chemo-

. tactic response. The necessary flexibility would require more 

than the release of a single hormone by one mating strain, the 

quantity and form of at least two hormones providing a minimum 

degree of variability. 

Alterations in the gene complex controlling mating type 

specificity would explain the apparent change of mating type over 

a two year period by the M. mahabulesfu.ua:t'ensis strain (Tun. B). 

Alterations in mating response over long periods of time in culture 

have been noted for a number of unicellular algae, including other 

desmids. Lippert (1967) observed aprogressive decline in the 

compatibility of two strains of Closterium moniliferum. He com

merited that this may have represented a loss of sexuality due to 
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selective forces operating under the particular culture conditions 

used in his investigation. Similarly, both Brooks (1966) and 

Carefoot (1966) found an apparent loss of sexuality of Astrephanene 

gubernacuZifera and VoZvuZine steinii which were isolated and found 

to be compatible by Stein (1958a). Stein and McCauley (1976) 

found a decrease in compatibility of clones of Gonium pectoraZe 

isolated from a single population and originally crossed by Stein 

(1966a). Coleman (1977) also found a loss of sexuality between 

two clones of Pandorina morum which had originally been compatible 

with each other. All these authors commented on the unknown 

effects of long tenn cultures on mating type specificity. Such 

alterations in culture pose severe problems for data interpreta

tion when using long term cultures (see Coleman, 1975). 

Alterations in mating response were not just restricted to 

the apparent changes in long term cui ture. The contrasting mating 

specificity of M. mahabuZeshluarensis (BW.Al) and its sub-clone 

(3rBW. Al), and to ~ lesser extent the mating behaviour of (small 

Tun.Bl) compared with (Tun.Bl) suggested that alterations in mating 

type may sometimes be associated with sudden changes in morphology. 

This relationship points to mutations with more widespread effects 

than the obvious changes in cell morphology. 

Against the background of these unexpected mating reactions 

the sexual compatibility data exhibited) several major trends. The 

most obvious was the widespread fertility of strains, the majority 

of strains used in the compatibility experiments crossing with some 

other strain or strains. There was little evidence for the exis

tenc~ of. sterile strains or populations as suggested by Fritsch 

(1953) and Mollenhauer (1973). However, the investigation was 

limited by the lack of reliability which could be placed on nega

tive results; Th~t is, if a strain did not exhibit any compati

bility it may have meant that the strain-was sterile, i.e. it had 

lost the ability to reproduce sexually, or that no compatible 

strain of opposite mating type was present, or that it required 

different conditions than those provided in order to cross. 

Therefore the existence of sterile strains could not be ruled out. 

From consideration of the model of a gene complex controlling 

mating type, it is quite feasible that mutations might result in 
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sufficient genetic alteration to cause a breakdown in the genetic 

control of sexual reprodt;ction. This would be particularly likely 

where sexual reproduction is rarely, if ever, resorted to. 

The crossing data also indicated for the Micrasterias 

thomasiana-denticuZata complex and M. mahabuleshwarensis that 

infra-specific categories based on morphological criteria had no 

relevance to patterns of sexual compatibility. For theM. 

thomasiana-denticuZata complex compatibility also included M. 

thomasiana var. notata- M. denticulata intermediates. This was 

to be expected from the gradations in cell morphology spanning 

these taxa found from culture studies. On the other hand the 

PZeurotaenium crosses did suggest partial segregation between the 

strains classed as forms of P. trabecula and those of the P. 

ehrenbey.gii ~ P. mamiZZatum type. This implied possible signifi

cant genetic distinction between the two main morphological forms. 

A correlation between small morphological differences and patterns 

of sexual compatibility was also found by Watanabe and lchimura 

(1978a,b). In their study of members of the CZosterium 

pe~acerosum-strigosum-ZittoraZe complex from the Northern Kanto 

area in Japan they found three morphological groups which could be 

statistically differentiated. lntercrosses between two of these . 

groups, II-A and 1-1-B, were successful but to a lesser- extent than 

within-group compatibility and the third group, 11-C, did not 

exhibit any cross-group compatibility at all. 

The final significant finding of the inter-locality crosses 

was the complete lack of geographical influence on compatibility. 

The extent of compatibility was shown by the two United Kingdom 

M. thomasiana var. notata strains, (UK2.A) and (UK2.B), which 

crossed with strains from South-Eastern Australia, the latter being 

different for each United Kingdom strain. For the forms of 

Pleurotaenium trabecula, compatibility was demonstrated between the 

United States strains, (Col.B) and (PSU12) and (GMl) from Victoria, 

Australia. To a lesser extent the possible sexual compatibility 

between the forms of PZeurotaenium trabecula (GMl) from Victoria, 

and (MI .A) from the geographically isolated, Sub-Antarctic 

Macquarie Island also showed how widespread compatible sexual 

strains may be. In contrast, the limited compatibility informa-
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tion available from the desmids from the Northern Territory, indi

cated considerable intra-locality compatibility, but sexual 

isolation with desmid strains from South-Eastern Australia, that 

is, a very localized compatibility existed. 

these findings will be discussed below. 

The implications of 

Sexual compatibility over large geographical ranges spanning 

more than a single continent have been shown for a nt.Dllber of 

freshwater unicellular algae. Coleman (1977) fOlm.d sexual com

patibility in Pandorina morwn over a 12,000 km range between 

strains from U.S.A., Nepal, and Thailand and between other strains 

from U.S.A. and Korea. Stein (1965) demonstrated sexual compati

bility between strains of Conium pectorale from North America and 

the United Kingdom. The early studies of intercrossing in 

Chlamydomonas also revealed widespread sexual compatibility. For 

example, Hutner and Provasoli (1951) reported successful crossing 

between strains of C. moewusii from Germany and the Eastern United 

States. 

As stressed by Proctor (1975) from his studies of the Charo

phyta, sexual compatibility does not necessarily imply complete 

genetic compatibility. To evaluate potentially common gene pools 

the products of sexual reproduction must be shown to be viable 

offspring which can interbreed with the parental strain. Possible 

genetic isolation ~echanisms may exist at any of the prezygotic, 

postzygotic and backcross stages. Only with complete gene flow is 

the tenn syngen, with its phylogenetic implicati.ons, applicable. 

As mentioned above, for the desmids studied in this investigation 

there was little evidence of prezygotic isolation, a large propor

tion of aborted conjugations in some crosses being the only 

suggestion of partial incompatibility. 

The success of germination was not able to be used as an in

dicator of genetic compatibility because of extreme fluctuations 

probably due to environmental factors. Once again the limitations 

imposed by time and the culture conditions implied only one com

bination of environmental conditions was possible. The only 

variation was in the dormancy period which was between 2 and 8 

months. As has been postulated with zygospore formation, it is 
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possible that zygospores from different crosses might have differ

ent physiological requirements for maturation time, maximum length 

of dormancy period, and germination conditions. Considering the 

different ecological conditions from which the strains originated, 

this is even more likely. 

For M. mahabuZeshwarensis, where germination was achieved it 

was followed in all cases by viable GP1 offspring, and in many 

cases by GP1 self-fertility. However, all the heterothallic M. 

mahabuleshwarensis strains came from South-Eastern Australia. In 

contrast, germination in theM. thomasiana-dentieuZata complex did 

not necessarily imply viable and fertile offspring, the GP1 of 

crosses from Australia x United Kingdom strains being notable 

examples of low or nonviability .. Therefore for theM. thomasiana

denticuZata complex geographically isolated strains demonstrated 

post-zygotic incompatibility not usually observed in the GP 1 from 

intra-locality crosses or geographically close inter-locality 

crosses. The very limited information on the products of back

crosses did not permit conclusions on gene flow in either M. 

mahabuleshLJa:rensis or the M. thomasiana-denticuZata complex. The 

lack of.backcrosses due to the large time factors involved in 

reaching a stage at which backcrosses could be made was a major 

stum~lit.Ig block to assessments of gene flow in this and other 

studies (e.g. Coleman, 1959; Ling and Tyler, ·1974; Stein, 1965). 

Although the GP 1 of Australia x United Kingdom crosses were 

grossly morphologically abnormal, morphological alterations were 

not always associated.with low viability and infertility in GP1 

offspring. Some intra-locality crosses, e.g. Pine Lake crosses, 

produced morphologically abnormal GP 1 cells, and the inter-locality 

cross between (Day.Al) from Victoria and the (NZ.A) clones produced 

morphologically abnormal cells within the GP1 which was viable' and 

fertile. The formation of stable tri-radiate GP 1 cells ;from both 

M. mahabuZeshwarensis and M. thomasiana-denticulata crosses invol

ving hi-radiate parents also served to demonstrate the morpholo

gical plasticity in GP1 cells which need not necessarily influence 

fertility. Such pasticity further supported the insignificance 

of some aspects of morphology to genetic compatibility, at least 

for these species. 
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In other intercrossing studies in desmids, postzygotic com

patibility was scarcely considered. Ling and Tyler (1976) noted 

cell morphology and fertility of the GP 1 and GP2 from a number of 

crosses within the P. mamillatum complex. Lippert (1967) grew 

GP1 clones from several crosses and tested them for mating type, 

but did not comment on GP1 fertility or backcrosses. Watanabe 

and Ichimura (1978a) attempted germination of zygospores from 

within-group and between-group crosses of the three morphological 

groups of the Closterium peraaerosum-strigosum-littorale complex. 

They found that inter-group zygospores (i.e. between Groups II-A 

and II-B) germinated as well as the intra-group zygospores. 

However, later studies (Watanabe and Ichimura, 1978b) demonstrated 

partial pre-zygotic incompatibility in the inter-group crosses. 

In other algae, a clear demonstration of incompatibility at 

the post-zygotic stage was described by Proctor (1975) for Chara 

zeylanica (Klein) Willd. Compatibility experiments of strains of 

this cosmopolitan alpha taxonomic species showed that all popula

tions of tetrascutateC. zeylanica from anywhere in the world could 

cross to the extent of oospore formation, but only parental clones 

from the same or adjoining land masses ever gave rise to vegeta

tively normal, self-fertile offspring. Such findings led Proctor 

(1975, 1980) _to propose considerable endemism within the Charo

phyta, despite global distribution of morphotypes. 

Several of the intercrossing studies on members of the Valvo

cales have examined zygospore germination and progeny viability. 

Coleman (1977), in her study of strains of Pandorina morum inclu

ding .some from locations 12,000 km apart, found that zygote 

germination was unaffected by geographical origin of the parental 

clones. However, in five cases wherethe parental strains re-, 

presented allopatric populations the offspring consisted of mor-

phologically abnormal colonies. In three of these cases back-

crosses yielded viable zygotes indicating that the GP1 morpholo-
' ' ' 

gical abnormalities did not affect potential gene flow. 

Brooks (1966) grew colonies from gones germinated from crosses 

of Astrephomene gubernaculifera and backcrossed them to the 

·parental colonies. Both GP 1 viability and compatibility with 
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parental strains was demonstrated but Brooks (1966) did not mention 

germination of zygotes from backcrosses. 

A study of the offspring from intra-population crosses of 

Eudorina eZegans and E. iZZinoisensis by Goldstein (1964) showed 

them to be viable and healthy, with approximately 1:1 distribution 

of male:female colonies. However, from an inter-specific cross 

between E. eZegans and E. iZZinoisensis he obtained offspring o5 

unusual mating types including "selfing males". Cytological 

examination of these offspring showed .them to be a combination of 

polyploids and aneuploids. Goldstein (1964) suggested that the 

· formation of GP1 aneuploids and polyploids could provide a good 

basis for distinguishing genetic discontinuity between syngens in 

Eudorina. 

For the desmids in this investigation the complex of cyto

logical information did little to provide clear karyotypes or 

chromosome information re'levant to genetic compatibility and an 

omega taxonomy. The.variation in chromosome counts made from 

preparations of meiosis in germination vesicles f~om Micrasterias 

thomasiana-denticutata and M. mahabuZeshwarensis crosses was con

siderable. This variation did not appear to be influenced by 

whether the cross was an intra- or inter-locality cross. Unlike 

Goldstein's (1964) studies on Eudorina, genetic distinctness caused 

by aneuploidy was not apparent for these Micrasterias species. All 

the crosses investigated cytologically produced viable GP1 off

spring. It was unfortunate that due to the necessary staining 

techniques for observing chromosomes that the fate of a particular 

vesicle with a particular chromosome count could not be .followed. 

Perhaps some of the vesicles studied would not have produced a 

viable .gone or gones because of chromosomal abnormalities. 

The studies of mitosis in a number of PZeurotaenium strains 

indicated within and between clone variability in chromosome 

numbers. Such a finding is certainly not unique since King (1960) 

. reported intra-clonal variation for Cosmarium cucumis, and 

Vedajanani and Sarma (1978) noted intra-clonal variation for 

Euastrum cornubiense. Although inter-strain variation is more 

easily comprehended, the range of variation may be considerable. 
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For example, Kasprik's (1973) chromosome estimates for five strains 

of M. amePicana and two of its varieties ranged from 88 to 205. 

Other inter-strain variations include Brandham's (196Sc) estimates 

of 95 to 17 4 for CZostePium monilifeY'Um and 18 to 30 for Cosmal'ium 

botPytis. Such findings led Brandham (1965c) to propose that by 

a combination of polyploidy, aneuploidy and agmatoploidy that al

most any chromosome ntm1ber was possible for desmids. 

While there was no firm evid'ence of polyploidy and agmato

ploidy (see below), there was evidence suggesting aneuploidy in 

this group of MicPasterias and PZeuPotaenium species~ Ling and 

Tyler.(1976), working with the P. mamiZZatum complex, found that 

large cells isolated from P. e~enbePgii clones apparently had 

twice the chromosome complement compared with the parent clones 

(106 chromosomes compared with 53 chromosomes). These large cells 

were apparently diploids but nevertheless they crossed with haploid 

P. e~eribePgii strains and produced viable offspring. In addition 

both haploid (n=S3) and diploid (2n=106) P. eh:foeribergii crossed 

with strains of P. coPonatum which were found to have approximately 

145 chromosomes. Ling and Tyler (1976) suggested that the P. 

coPonatum strains might be naturally occurring diploids. 

the offspring from these crosses would be aneuploids. 

Any of 

GP1 viability and fertility found by Ling and Tyler (1976) for 

the .P. mamil, Zatum complex, and for the MicPastePias thomasiana

denticuZata complex and M. mahabuZeshwaPensis in this study point 

to offspring survival and fertility despite chromosome numbers 

different from both parents. One genetic explanation for such 

chromosome variation which does not affect viability is that if a 

cell has a basic genome represented by a certain ground chromosome 

count, -then it does not matter if doubling of part or all of the 

~enetic content occurs by aneuploidy or polyploidy. In other 

words, a desmid cell is viable and can reproduce vegetatively and 

sexually so long as one set or more of genetic information is 

present. The additional genetic content may represent part of 

(aneuploidy) or all of (polyploidy) a genome set. In the latter 

instance, Ling and Tyler's (1976) observations of large cell size, 

as well as studies by Kallio (1951, 1959) on the effect of poly

ploidy on cell morphology showed that doubling of the genome in-
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fluenced cell size. 

More difficult to explain are the mechanics of meiosis, the 

first division of which involves pairing of homologous chromosomes 

and exchange of genetic information then separation of homologues 

to opposite poles. There was no evidence of unpaired univalents 

at metaphase I in the MiarastePias preparations and, although all 

stages of meiosis were characterized by some asynchrony, laggard 

chromosomes were never left behind to form micronuclei. In other 

words all chromosomes managed to be included in one of the four 

reduction nuclei. TheM. mahabuZeshwarensis diakinesis prepara

tions of paired chromosomes with no crossover configurations 

suggested a partial explanation, that is, that incomplete homo

logies do not result in failure of pairing or meiosis altogether, 

but do prevent genetic exchange through chiasmata. Such an 

hypothesis could only be verified by further studies. Whatever 

the controlling mechanisms the fact remains that meiosis can and 

does succeed despite different parental chromosome numbers. 

As mentioned above, Brandham (196Sc) suggested agmatoploidy 

as one of the causes of variation in chromosome number in desmids. 

This.does not involve addition or deletion of chromosomes, but 

fragmentation of chromosomes. Agmatoploidy, however, depends on 
. . I 

diffuse centromeric or polycentric organization for survival of 

chromosome fragments. Such centromeric organization was proposed 

by Godward (1954a,b) for spirogyra and later Mughal and Godward 

(1973) verified the polycentric nature of Spirogyra chromosomes. 

In another member of the Conjugales, Sirogoniwn, Hoshaw and Waer 

(1967) and Wells and Hoshaw· (1971, 1980) also reported diffuse 

centromeres or polycentric chromosomes. For the desmids, King 

(1953a, 1960) commented on diffuse centromeric organization. 

Brandham (1964) attributed the parallel disjunction of sister 

chromatids at anaphase in mitosis to diffuse centromeric organiza

tion, as did Brandham and Godward (1965b) to their observations of 

an apparently "equational" first division of meiosis in Cosmariwn 

botrytis Menegh. var. twnidwn Wolle. Ueda (1972) conclusively 

showed, using T.E.M., that the longer chromosomes of Miarasterias 

americana possessed more than one centromere but Pickett-Heaps 

(1972) and Pickett-Heaps and Fowke (1970) found no evidence for 



localized centromeres in their T.E.M. studies of mitosis in 

CosmaPium botpytis and ClostePium littoPale. 

· For the MicPastePias and PleuPotaenium species in this in

vestigation, the limited evidence indicated localized centromeric 

organization at least on the longer chromosomes. Non-staining 

regions and slight constrictions suggested either a single meta

centric, submetacentric or acrocentric centromere on these chro-

mosomes. Most chromosomes were so small and dot-like that it 
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was impossible to infer centromeric organization. The studies of 
·. 

meiosis did not indicate any abnormal bivalent configurations which 

would be expected of polycentric chromosomes. 

The separation of chromatids by prophase and parallel dis

junctioD of chromatids at metaphase and anaphase were typical for 

the observations made on mitosis in PleUPotaenium. Such observa

tions were similar to those ~ade by Brandham (1964) from which he 

deduced that desmid chromosomes had a diffuse centromeric or poly

centric organization. However, as .mentioned above, chromosome 

squashes in this investigation provided evidence for a single 

localized centromere on at least some chromosomes. In addition, 

Ling (1977; Ling and Tyler, 1976), in studies of meiosis in a 

number of PleUPotaeniumspecies, obsen-ed crossover configurations 

~nd chromosomes whose appearance suggested a single localized 

centromere per chromosome. Findings from Mughal and Godward' s 

(1973) T .E.M. study of mitosis in SpiPogyPa suggested an explana

tion for the parallel disjunction, but not for the early chromatid 

separation, in PleUPotaenium. They discovered that despite the 

existence of distinct kinetochores, movement. of chromosomes was 

aided by spindle microtubules embedded in nucleolar material coat

ing the chromosomes. The combined action of these nucleolar

embedded microtubules and the kinetochore microtubules caused para

llei disjunction of chromosomes. 

With the difficulties in comprehending the details of meiosis 

and mitosis, along with the variable chromosome numbers and the 

very small size of the majority of chromosomes, recognition-of 

karyotypes was impossible. The only PleUPotaenium strain which 

clearly showed different chromosome form was the Macquarie Island 



208. 

clone, (MI.A2). The complement of large chromosomes was readily 

identifiable in comparison with- chromosomes from the other PZeuro

taenium strains, which came from South-Eastern Australia. The 

possibility of a karyotype typical of the Macquarie Island PZeuro

taenium population may be elucidated if further investigations of 

mitosis are carried out. 

For the Micrasterias strains the main distinguishing features 

of the chromosome complement were either one or two t·ery long (up 

to 7~m) chromosomes per genome in the M. thomasiana-denticuZata 

complex and one longer than average (S~m) chromosome in the (LG.A2x 

LG.A3) M. mahabuZeshwarensis preparations. At this stage the 

chance of karyotypes which could aid in an omega taxonomy appears 

slim. However, isolated examples like the (MI.A2) clone suggest 

that it may still be a possibility, at least for some desmids. 

As mentioned above, the studies of meiosis for the Micras

terias species .and mitosis for the PZeu~taenium species in this 

investigation, as well as Ling and Tyler's (1976) study of inter

crossing and meiosis in the P. mamiUatum complex, showed that 

crossing readily occurs between strains with widely varying chromo

some numbers. In other algae there are few instances of studies 

of both nuclear cytology and intercrossing. The only case to my 

knowledge of sexual compatibility between strains with different 

chromosome numbers was a study by Stein (1958a) on Astrephomene 

gubernacuZifera. She found a variation in chromosome number of 4, 

6, 7 and 8. Within 3 clones out of the total of 44 clones, 

colonies were observed with 6, 7 and 8 chromosomes and within 10 

clones colonies with 6 and 7 or 7 and 8 chromosomes were found. 

Stein (1958a) also found that in a few specimens the chromosome 

number of different nuclei in a single colony varied. Clones with 

different chromosome numbers crossed readily with each other except 

for the clones with 4 chromosomes which did not cross readily with 

each other or with clones with different chromosome numbers. 

Other compatibility and cytological studies indicated sexual 

compatibility only between clones of the same chromosome number. 

Goldstein (1964), in his study of EUdorina eZegans, found consid-

erable chromosome variation between strains. Chromosome numbers 
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. of 5, 6, 7 and 14 were obtained. Other chromosome numbers re

ported for EUdorina elegans were 10 (Hartmann, 1921) and 12 (Cave 

and Pocock, 1951; Sarma and Shyam, 1973). Goldstein (1964) found. 

that there was no within-strain or within-clone variation in 

chromosome number and intercrossing only occurred between strains 

with the same chromosome nwnber. However, there was also sexual 

isolation between some strains with the same chromosome number. 

A similar situation existed for the Pandorina morum strains 

involved in compatibility studies made by Coleman (1959, 1977). 

A cytogenetic investigation of some of these strains by Coleman 

and Zollner (1977) showed variation in chromosome counts from 2 

to 12. Coleman and Zollner (1977) noted that the chromosomes in 

strains with a small chromosome complement generally were larger 

and with a higher proportion of V-shaped chromosomes to rod-shaped 

chromosomes compared with the strains with a high chromosome com

plement. With two exceptions, each syngen of Pandorina morum 

consisted of strains with the same chromosome number. The excep

tional strains appeared to be polyploid variants compared with the 

other strains of that syngen. Some syngens consisted of strains 

of the same mating type, i.e. like Goldstein's (1964) findings for 

Eudorina eZegans there was isolation even within strains of the 

same chromosome number. 

A foll'ow-up to Coleman and Zollner's (1977) study of cyto

genetic polymorphism in Pandorina morum was particularly interest

ing. Coleman (1979) investigated DNA content of some of the 

Pandorina morum strains with different chromosome complements by 

Feulgen microspectrophotometry of single cells. She found that 

regardless of the chromosome nwnber, the DNA content was the same. 

Such methodology might be extremely informative in identifying 

the source of chromosome variation in desmids. If aneuploidy and 

polyploidy are prevalent even within clones then it could be simply 

detected. If agm~toploidy is the sole source of chromosome varia

tion then the DNA content would be stable, as Coleman (1979) found 

for Pandorina morum. In addition, studies of changes in DNA con-

tent before and during mitosis might elucidate when DNA replication 

occurs and therefore solve whether the chromocentre pairs in inter-
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phase are the products of DNA duplication. 

Sexual compatibility between algal strains with different 

chromosome complements appears to be a rare occurrence. Even more 

unusual is the genetic compatibility expressed by success of 

meiosis and viability of GP1 offspring between cytologically 

different desmid strains. When this is considered, along with 

the patterns of sexual compatibility compared with geographical 

distribution and ecological factors, a very complex situation 

emerges within desmid alpha taxa. 

While vegetative cell morphology was found to be plastic such 

that infra-specific categories and even some specific categories 

were apparently biologically meaningless, the diversity of cyto

genetic and physiological forms within alpha taxonomic species or 

species complexes was far greater than the morphological diversity. 

This was true also for the sexual morphology, the relative stabi

lity of which masked a complex genetic picture. The genetic and 

ultimately phylogenetic implications of this are difficult to 

evaluate. 

From examples of other freshwater algae, it is apparent that 

ubiquitous morphospecies. often consist of a -complex of· genetic 

units; e.g. Pandorina morwn (Coleman, 1959, 1977; Coleman and 

Zollner, 1977), Gonium pectoraZe (Stein, 1958b, 1965, 1966a, b; 

Stein and McCauley, 1976), Eudorina eZegans (Goldstein, 1964), 

Astrephomene guberruwuUfera (Stein, 1958a; Brooks, 1966) Chlamy

domonas moeuJU.sii and C. eugconetos (Gowans, 1976; Wiese and Wiese, 

1977) and many Chara and Nitella species (Proctor, 1970, 1971a,b, 

1975, 1980; Proctor et aZ., 1967; Proctor et a"l., 1971; Proctor 

and Wiman, 1971). Often these genetically different groups may 

exist within the same pond or in ponds only a few hundred metres 

from each other (Coleman, 1959, 1977; Stein and McCauley, 1976). 

Like Paramecium aurelia, for which the concept of genetically 

isolated syngens was first proposed by Sonneborn (1957; see Section 

1), all these algae inhabit freshwater environments which may be 

. very small (a few centimetres in diameter) and separated from other 

freshwater habitats. Round (1971) discussed the transient and un-

stable nature of freshwater environments. He considered that 
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populations could be easily removed by environmental fluctuations 

and that a continual "seeding in" of other populations took place. 

The combination of these factors would permit a number of genetic 

entities to coexist in a single pond at any one time. 

The dispersal of at least some algae has been shown to be 

possible over several hundred kilometres by a number of means. 

Schlichting (1969) investigated airborne algae and reported over 

one hundred taxa of viable algae. The importance of insects as 

carriers of algae both on the body surface or internally was 

studied by Schlichting and ~ides (1969). Schlichting and Stewart 

(1966) and Stewart and Schlichting (1966). A number of authors 

have investigated the possible transport of algae, including 

desmids, either externally or internally by waterfowl (Atkinson, 

1970, 1971, 1972, 1980; Proctor, 1959, 1966; Schlichting, 1960). 

Despite the evidence of possible dispersal, there is no evidence 

on how effective such dispersal methods are in establishing new 

populations, or diversifying genetically already established popu-

lations. It is unknown whether. for heterothallic or dioecious 

algae, dispersal ever results in potentially interfertile popula

tions over wide geographical areas. For the Charophyta, Proctor 

(1975) considered this unlikely and his hypothesis was supported 

by the apparent endemism of dioecious Charophytes (Proctor, 1975. 

1977. 1980) . 

Dispersal of algae may be either in the form of vegetative 

cells or resting spores, the former obviously being very fragile 

and prone to dessication even when surrounded by copious mucilage. 

For the desmids the lack of regular zygospore formation in nature 

is well documented (e.g. Coesel, 1974; Fritsch, 1948, 1953; 

Mollenhauer, 1973; Starr, 1955a) with both environmental and 

genetic factors considered as important influences. The genetic 

factors include evolved sterility and clonal populations. This 

investigation supported the previous records of the rarity of 

zygospore formation in nature. It did, however, provide several 

qualifications. The f1rst was the presence occasionally in 

temperate regions of compatible heterothallic strains within a 

single lake. The second qualification was that in one type of 

ecological situation, namely the tropical water-holes of the 



Northern Territory, sexual reproduction, both heterothallic and 

homothallic, appeared to be common. This phenomenon may be 

correlated with seasonal changes making it a regular occurrence 

for the majority of desmids within a population. 
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The Northern Territory situation demonstrated that in this 

environment intra-population compatibility may be selectively 

advantageous. The apparently high proportion of homothallic as 

compared with heterothallic strains also indicated the.greater 

reliability of homothallic sexual reproduction in stressed environ

mental conditions, compared with heterothallic sexual reproduction, 

which requires the "coming together'; of compatible opposite mating 

strains. 

The inter.:.loc'ality crosses for the M. thomasiana-dentiaulata 

complex suggested that the compatible (Gul.A) mating clones were 

sexually isolated from strains of the M. thanasiana-denticuZata 

complex outside the Northern Territory. The Northern Territory 

freshwater systems provide very different ecological conditions to 

one of Tasmania's temperate lakes or even pools adjacent to a lake. 

It appears that the generalization of lack of sexual reproduction 

by desinids in nature is not applicable to the rigorous tropical 

environment with monsoonal wet and dry seasons. Accordingly 

natural selection has favoured ability to survive by resistant 

spore formation in this environment. Consequently it would be 

expected that the underlying genetic control would be very different 

to that of desmids living in environments where vegetative propaga

tion is sufficient to cope with all environmental circlDllstances. 

Given these special ecological conditions and associated evo

lutionary tendencies an important consideration is the relationship 

of these Northern Territory desmids capable of survival over long 

drought periods with other desmid populations. Darlington (1965) 

proposed that the most effective evolution of organisms occurred in 

tropical regions where great competition existed between organisms. 

He also suggested that dispersal from these focal points of evolu

tion took place, in the Southern Hemisphere, in a north-south 

direction, with a low diversity in polar regions. For the desmids 

diversity levels do indeed drop dramatically towards the poles 
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(Bourrelly et aZ., 1978). However, the lack of evidence of 

successful dispersal and propagation of desmids over large dis

tances, along with the apparent endemism of many tropical desmids 

(e.g. West, 1907; West and West, 1907) and the. apparent genetic 

distinction of the Northern Territory desmids does little to pro

vid~ a basis for an hypothesis of continuous propagation of the 

highly selected tropical desmids to less rigorous environments. 

Dispersal of desmids not necessarily between tropical and more 

temperate. environments was suggested by Coesel (1978b) for Euas-tPum 

monocyZum (Nordst.) Racib. var. germanicum Schmidle. From spas 7 

modic and irregular recordings of this alpha taxon in Europe, 

Coesel (1978a) hypothesized that it was continually introduced into 

Europe from the eas·t or the south by migrating waterfowl. However, 

this level of dispersal would not explain ubiquitous taxa. Some 

of the Northern Territory desmids are in this category, the 

Micrasterias thomasiana-denticu.Zata complex and M. mahabuZesh

warensis being examples. 

A possibility other than dispersal exists for allopatric popu

lations of alpha taxonomic species. Platnick and Nelson (1978). 

discussed allopatric distribution patterns in terms of both dis

persal and vicariance. While the disp~rsal model implies movement 

qver a pre-exi~ting land or sea barrier, the vicariance model is 
I 

based on an original, cosmopolitan species which becomes subdivided 

by a geographical barrier. 

If dispersal is not effective on a global scale, then perhaps 

the ubiquitous desmid morphotypes represent disjunct populations of 

a:ncestral morphotypes. Fritsch (1948, 1953) supported this con

cept, commenting that distribution of alpha taxonomic species might 

furnish information on former land connections. The high propor

tion of supposedly endemic desmids identified by W. and G.S. West 

(e.g. West, 1907, 1909; West and West, 1907) may represent recently 

evolved taxa . 

. The interbreeding studies in this investigation and in the 

investigations by Ling and Tyler (1974, 1976), Lippert (1967), 

Ichimura and Watanabe (1974) and Watanabe and Ichimura (1978a,b) 

~ 
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demonstrated widespread sexual compatibility over limited geogra

phical areas. (1000 km2 ) within and between alpha taxonomic species 

with no effect from up to 300 km water gaps. However, the cross

ing experiments with strains of the M. thomasiana-dentiauZata 

complex and Pleurotaenium trabecula forms also showed compatibility 

over 20,000 km distances between the United Kingdom and South

Eastern Australia and North America and South-Eastern Australia. 

Such global compatibility may imply genetic similarity over vast 

distances by virtue of dispersal and/or vicariance. However, 

when it is superimposed on the more localized situation of com

patibility patterns in South-Eastern Australia for the M. 

thanasiana,;.dentieulata complex, M. rrahabules"hLJayoensis and the 

Pleurotaeniwn taxa trabecula, ehroenbergii and rmmillatum, the com-. 

plexities of the genetic affinities are not completely explained 

by either of these models or a combination of both. 

If, however, it is considered that these particular strains 

are not subjected to a stressed environment as experienced by the 

tropical desmids, and that therefore sexual reproduction is rarely 

if ever resorted to in the natural population, then mutations of 

the genetic complex controlling mating response and sexual repro

duction would ~ot ~ffect survival~ It is also possible that the 

same mutative alterations may occur in disjunct populations, and 

also that several.different mutations within a single population 

could produce a genetically heterogeneous population with respect 

to mating response. 

The key factor to this proposal is the lack of importance of 

sexual reprodu~tion in nature. For populations like those of 

Northern Australia survival is the criterion governing all else. 

This has apparently produced desmids highly selected for the 

ability to reproduce sexually. Of value as-future research would 

be a cytological investigation of Northern Territory desmids to 

see if the rigours of the environment have imposed stricter re

quirements for the vital genetic content in the fonn.of chromo

somes, than is.the case for the more temperate desmids from low 

stress environments. 

As already discussed, genetic complexity within morphospecies 
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is not restricted to the desmids. For the Charophyta, Proctor 

(1975, 1980), by re-evaluation of the criteria used to delimit 

alpha taxa and from evidence of interbreeding experiments, proposed 

that the concept of cosmopolitan Chara and Nitella morphospecies 

was in fact erroneous, and that most Charophytes were endemic to 

a single land mass. In addition, dispersal of Charophytes was 

more effective for monoecious forms as compared with the dioecious 

forms because of the advantages of self-fertility. This could 

have an interesting corollary for the homothallism/heterothallism 

in the desmids, at least in stressed environments where sexual 

reproduction is an advantage. In such circumstances homothallic 

strains may be better equipped than heterothallic strains for dis- · 

persal and survival in new localities. Comparable to the desmid 

situation on a more global scale was the consideration of specia

tion and evolution in Chlamydomonads by Wiese and Wiese {1977). 

They attributed only limited significance to dispersal of genotypes 

and suggested recurrent mutations to explain the non-uniform geo

graphical distribution of syngens. 

Dispersal, as mentioned above, probably plays a part. in geno

type distribution over small distances. Of particular signifi

cance to the possible extent of dispersal was the Macquarie Island 

strain of Pleurotaenium trabecula var. medioZaeve and, indeed, the 

desmid populations on Macquarie Island in general. Macquarie 

Island is an oceanic, Sub-Antarctic Island about· 2 million years in 

age. Since the uplifting of the oceanic crust which produced 

Macquarie Island it has always been approximately the same distance 

of 1100 km South-Southwest of New Zealand, the nearest major conti

nental land mass (Varne et aZ.,. 1969; Varne and Rubenach, 1972). 

Consequently all plant life, including the freshwater algae, must 

have reached the island by dispersal. Although considerable dis

tances over the Southern Ocean.are involved, dispersal by water

birds via steps between Sub-Antarctic Islands is a possibility. 

Research now in progress may shed light on this possibi 1i ty. 

Desmid populations on the island may well have originated from 

single cells, making them effectively clonal. Unlike the rigours 

of the tropical wet and dry seasons, little can be surmised of the 

effect of the Sub-Antarctic climate. However, in numerous fixed 

samples, no zygospores have ever been seen (unpublished data), 
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suggesting that sexual reproduction is of little significance to 

survival. If this is the case, then the possibility of compati

bility between the P. trabecula var. medio"laeve {MI.A) from 

Macquarie Island and {GMl) for Victoria may be yet another case of 

chance compatibility by mutations of the genes controlling mating 
' response. Hopefully further studies involving comparisons .of 

Macquarie Island desmid strains with those available from other 

localities including South-Eastern Australia may provide more evi

dence in this respect . 

The complexity of sexual and genetic compatibility and nuclear 

cytology within morphospecies has.important implications to alpha 

taxonomy and to the development of an omega taxonomy. While some 

instances of apparent genetic isolation, correlated with morpho

logical distinction existed (e.g. the forms of M. thanasiana 

{Gul.A) and {Gul.B) from the same locality) it was clear that 

identical or similar vegetative cell morphology could hide a multi

tude of compatibility differences. However, small differences in 

morphology did not necessarily correlate with significant genetic 

differences as indicated by interbreeding. There was little evi

~ence for giving such morphological differences taxonomic signifi-

cance. In fact, infra-specific categories probably all represent 

either ~inute genetic differences or morphological fl'l:lctuations due 

to environmental conditions. If, for cosmopolitan morphotypes, 

morphological similarity represents an ancestoral distribution of 

that morphotype, and not genetic continuity over wide geographical 

ranges, then alpha taxonomic species are useful as a tool for re

cognition but not to infer current genetic patterns controlling 

anything other than cell morphology. It appears that despite its 

plasticity, vegetative cell morphology, and perhaRs sexual morpho

logy, are more buffered to mutative alteration than genetic com

patibility as demonstrated by p~tential propagation through sexual 

reproduction. Equally, chromosome form and number fluctuates con

siderably within morphotypes. 

The ideal of an omega taxonomy for the desmids reflecting 

natural biological relationships is unlikely to be attained by 

genetic compatibility and karyotype criteria. Far more needs to 

be known about physiological characteristics of desmids in differ-
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ent ecological conditions, and how important a role dispersal plays 

in distribution of desmid genotypes. If hormones associated with 

pairing and conjugation could be identified then the basis of the 

different mating responses might be elucidated. Genetic similari

ty and dissimilarity not associated with sexual compatibility 

control might be distinguished by enzyme analysis. This would 

also have wide applicability in that homothallic .and heterothallic 

strains could be studied equally well. Similarly, an important 

step in _identifying the source of chromosome variation would be 

analysis of DNA content. These areas of research are obvious 

ext ens ions of this project. Time was not available to pursue 

them in the course of this investigation. 

The desmids pose a difficult problem for taxonomy. While it 

is clear that desmid alpha taxonomic species consist of many and 

varied genetic and therefore physiological entities, the lack of 

evolutionary pathways dependent on interbreeding makes extrapola

tion of the biological species concept to the desmids difficult of 

interpretation. It is clear that unicellular freshwater algae do 

not evolve in the same manner as higher plants and animals, the 

type of environment and vegetative propagation probably being two. 

major influencing factors. For the time being alpha taxonomy 

must still be depended on. However, perhaps with the great~r 

knowledge of genetic variability within and between morphological 

units a more realistic approach to alpha taxonomy will be possible. 

In conclusion, the applicability of syngens or biological. 

species to an omega taxonomy for the desmids does not reflect the 

same genetic distinctness as the narrow confines of reproductive 

control imposed by natural selection in higher plants and animals. 

For many algae, and particularly unicellular algae which usually 

propagate vegetatively, genetic compatibility, as shown by inter

breeding, reflects a genetic diversity not tightly controlled by 

natural selection. This genetic diversity is for the gene complex 

controlling sexual reproduction. 

Cell morphology would be controlled by another gene set .. 

Although subject to many minor variations the morphological pheno

type is apparently less diverse than the reproductive phenotype. 
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This is quite the reverse of higher plants which usually exhibit a 

wide tolerance of morphological variability coupled with great con

servatism of reproduction. 

With the lack of selective control of sexual reproduction in 

·the desmids, it is· questionable whether interbreeding is a more 

important facet portraying genetic distinctness than cell morpho

logy. Indeed, as long as little significance is placed on minor 

morphological variations, cell morphology appears to be more 

buffered from genetic alteration than interbreeding and also 

nuclear cytology. As such, it has the potential to provide a 

good basis for a taxonomy, albeit an alpha taxonomy. The pursuit· 

of an omega taxonomy may ultimately depend on investigations of 

other criteria such as nuclear quantity and enzyme analysis which 

may show stability and discontinuity. 
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SUMMARY 

1. Studies of wild and cultured desmids belonging to the Mic~

sterias thomasiana-denticuZata complex, M. mahabuZeshwarensis 

and related taxa, and a number of PZeurotaenium taxa showed 

that cell morphology, which is the basis of desmid alpha 

taxonomy, exhibited both plasticity and stability of differ

ent characters, the variability sometimes transcending 

currently accepted species. 

2. Sexual morphology, that is the conjugation processes and 

zygospore morphology, was stable f6r particular strains but 

could vary within taxa, these differences sometimes being 

associated with homothallism versus heterotha1lism. 

3. The control of heterothallic sexual reproduction appeared to 

be hormone based in the initial, pairing stages at least, and 

a tightly linked gene pathway for sexual reproduction was 

proposed. 

4. The differentiation between heterothallism and homothallism 

was found to be diffuse, particularly from studies of an 

amphithallic (i.e. exhibiting both heterothallism and homo

thallism) 1 PZ~urotaenium strain. 

5. Growth media effects demonstrated the importance of the envi

ronment and suggested the existence of physiologically differ

ent races, requiring different conditions for sexual reproduc

tion. 

6. The sexual compa~ibility studies revealed great complexity 
. ' ·. \ 

within alpha taxa, with compatibility on a global scale con-

trasted by.sexua1 isolation within a single population. In 

addition, a number of cases of relative sexuality were 

recorded. 
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7. Alteration of sexuality possibly due to long-te:t'm culture and 

also mutations was shown for some M. mahabuZeshwarensis 

strains. 

8. Limited information on viability of the products of germina

tion (GP1) and backcrosses indicated possible barriers to 

potential gene flow between strains from widely separated 

geographical localities for the M. thomasiana-dentiaulata 

complex. 

9. From cytological studies of meiosis in theM. thomasiana

dentiauZata complex and M. mahabuZeshwarensis and mitosis in 

some PZeurotaenium taxa considerable variation in chromosome 

number was found, such that karyotypes could not be identified. 

This suggested the existence of at least aneuploidy, and per

haps polyploidy and agmatoploidy, for the studied strains. 

Centromeric organization could not be estab.lished in most 

cases. 

10. The compatibility and cytological .information prompted a dis

cussion on dispersal of desmids and freshwater algae in 

general, and the differing evolutionary pressures on desmids 

in _different ecological conditions. It was questioned 

whether interbreeding is the key to genetic compatibility as 

is the case with higher plants and animals, because of lack 

of selective importance of sexual reproduction in most ecolo

gical conditions. 

11. The possibility of an omega taxonomy based on criteria such 

as sexual morphology, chromosome karyotypes, and genetic com

patibility via interbreeding, i.e. recognition of syngens 

(biological species) was found to be remote. This was be

cause of the extr!emely complex pa~terns within morphospecies 

of karyotypes and genetic compatibility in particular. It 

was therefore concluded that it is essential to retain an 

alpha taxonomy, but that little significance should be placed 

on minor morphological variations. 
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FIGURE 1 

Micrasterias thomasiana-denticulata complex wild cell morphology 
and alpha taxonomy. 

A. M. jenneri Ralfs, (Pin.B) cell, face view. xl70. 

B. M. denticulata Breb, (PP4.B) cell, face view. xl60. 

c. M. denticulata, (Nar.A) cell, face view. xl60. 

D. M. thomasiana var. notata- M. denticula:ta intermediate, 
(Pin.A) cell, face view. xl60. 

E. M. thomasiana var. notata- M. denticulata intermediate, 
(Wil.A) cell, face view. xl60. 

F. (Wil.A) cell, end view showing single basal swelling. xl70. 

G. M. thormsiana Arch. var. nota:ta Nordst., (GL.A) cell, face view. 
xl70. 

H. M. thomasiana var. notata, (NZ.A) cell, face view showing 
oval cell shape. xl70. 

I. M. thomasiana var. notata, (GR2.A) cell, side view showing 
single ba,sal inflation. xl70. 

J. (GR2.A) cell, end view showing three small basal projections. 
xl70. 

K. (GR2.A) cell, side view showing marked basal projection. 
xl70. 

L. M. thomasiana, (Tar .A) cell, end view showing three, well 
developed, supra-isthmal projections. xl70. 

M. M. thomasianavar. puZcherrimaG.S. West, (Day.A) cell, face 
view showing ornate facial morphology. xl70. 

N. (Day. A) cell, side view showing well developed facial pro
jections. xl70. 

0. M. thomasiana var. evoluta Krieg., (Gul.A) cell, face view 
showing complex facial morphology. xl30. 

P. (Gul.A) cell, side view showing extremely well developed 
facial projections. xl30. 

Q. (Gul.A) cell, end view showing large facial projections. 
xl30. 

R. M. papiZZifera Breb., (UKl.B) cell. xl70. 
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FIGURE 2 

· M. thomasiana-denticuZata complex: wild and cultured cell morp~ology. 
I 

A-C. Lake King William, Tasmania (KW), wild cell types. x170. 

A. (KW.A) cell of reduced morphology similar toM. denticuZata. 

B. (KW.B) cell with deep flared incisions reminiscent of M. soZ 
(Ehrenb.) KUtz. 

C. (KW.C) cell of typical M. thomasiana var. notata morphology. 

D-F. United Kingdom wild cell types. x170. 

D. (UKl.A) cell, identifiable as M. rotata (Grev.) Ralfs. 

E. (UK2.A) cell with accentuated, wide quaternary incisions and 
long polar lobes. 

F. (UK2.B) cell with the reduced morphology of an M. thomasiana 
var. notata- M. denticuZata intermediate. 

G,H. Coonjimba Water-hole, Northern Territory, wild cell types. 
x130. 

G. (Coo.A), large cell type. 

H. (Coo.B), small cell type. 

I-K. (Wil.A) cultured cells. 

I. (3r1Wil.Al) tri-radiate cell, face view. x210. 

J. (3r1Wil.Al) 2/3 janus cell. xlOO. 

K. (3r1Wil.Al) tri-radiate cell, end view. x170. 

L-0. (Day.A) cultured cells. 

L. (Day.Al) monstrous cell with two daughter cells of normal 
morphology. xlOO. 

M. (monsDay.Al) 3-radiate cell, end view. xl70. 

N. (monsDay.Al) 4-radiate cell dividing, face view. x170. 

0. (monsDay.Al) 4-radiate cell, end view. xlOO. 
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FIGURE. 3 
t 

Conjugation in theM. thomasiana-denticuZata complex I. 

(monsbay.Al) crossed with (NZ.AS). 

A. 3-radiate (monsDay.Al) cell with dividing 2-radiate (NZ.AS) 
cell resulting in heteromorphic daughter ceils. x130. 

B. Paired (monsDay .Al) cell and (NZ .AS) cell. x210. 

C. Cell triplet with two (NZ.AS) cells attracted by one 
(monsDay.Al) cell. x130. 

D-H. Conjugation sequence between (monsDay.Al) and (NZ.AS) cell 
pair. x210. 

D. Papillae have formed within the protection of a conjugation 
cylinder and dense, granular mucilage. 

E. Exuding and fusion of gamete protoplasts. 

F. The larger (monsDay.Al) protoplast has not completely exuded 
from the gamete cell wall. 

G. The exospore with spine initials has developed around the 
zygote. 

H. Mature zygospore with well developed spines and a thick 
mesospore. The empty gamete cell walls closely adhere to 
the zygote because of the mucilaginous secretions. 

I. Large zygospore formed by three gametes: one (monsDay.Al) 
cell and two (NZ.AS) cells. x210. • 
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FIGURE 4 

Conjugation in theM. thamasiana-denticuZata complex II. 

(monsDay .Al) and (NZ .AS) pairing behaviour over 23 hours showing 

cell clustering, considerable movement of cells and division of 

cells to form heteromorphic individuals with small daughter semi

cells (sexual cell division). Some cohesive pairs or triplets 

of cells finally formed (sexual pairing). Conjugation commenced 

24-48 hours after Fig.4F. x30. 

KEY: 

Y (monsDay .Al) tri-radiate cell 

\( (monsDay.Al) heteromorphic tri-radiate cell 

(NZ.AS) hi-radiate cell 

(NZ.AS) heteromorphic hi-radiate cell 

------- -) represents cell movement since previous recording 
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FIGURE 5 

Conjugation in theM. thomasiana-denticulata complex Ill. 

(monsDay.AlxNZ.AS), (PP4.Blx0kl.A2), (Gul.A), (Gul.B) and 

(PP2.A2xPP4.A3). 

A. (monsDay.AlxNZ.AS) attempted triple conjugation with intact 
zygospore and remnant gamete portions. x210. 

B. (PP4.Blx0kl.A2), heteromorphic cell typical of many cells in 
this cross. xl30. 

C. (PP4.Blx0kl.A2), single zygospore with slender spines tapered 
to an undivided apex found in this cross. xl30. 

D-J. Homothallic (Gul.A) M. thomasiana var. evoluta conjugation. 

D. 

D-1, x130; J, x210. 

Cell division resulting in small daughter semicells prior to 
pairing. 

E. Members of a cell pair split up to show the size differential 
between gametes and heteromorphic nature of each cell. 

F,G. Two pairing positions with the gametes lying in parallel. 

H. Paired cells with gametes nearly at right angles to each 
other. 

I. Inmature zygote within conjugation cylinder between gamete 
ceil walls. Dense granular mucilage does not surround the 
conjugation cylinder. 

J. Mature zygospore ornamented with spines with a single terminal 
subdivision. 

K,L. Heterothallic (Gul.BlxGul.B2) conjugation. 

K. Members of a cell pair showing heteromorphic gametes. x130. 

L. Mature zygospore with fork-tipped spines: x130. 

M. Two spores formed inste~d of a single zygospore in a (PP2.A2x 
PP4.A3) cross. x130. 

• 
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FIGURE 6 

M. thomasiana-dentiauZata complex GP1 cell morphology I. 

A. (PP2 .AlxPP4 .A3) GP 1 heteromorph with daughter semicell of 
typical M. thomasiana var. notata morphology. x210. 

B. (PP2.AlxPP4.A3) GP1 heteromorph with tri-radiate daughter 
semicell. x210. 

C. (Day.AlxDay.A2) GP1 cell, side view showing three pointed 
basal protrusions and three small spines radiating into 
each lobule. xl30. 

D. (PP2.A4xPP4.A3) GP 1 cell of M. thomasiana var. notata 
morphology. x210. 

E. (PP2.A4xPP4.A3) GP 1 cell of abnormal morphology with mal
formed lateral lobes. x210. 

F. (Tun.Alx3r1Wil.Al) GP1 tri-radiate cell. x170. 

G. (PP2.A4xPP4.A2) GP1 cell of abnormal morphology. x210. 

H. (Wil.AlxNZ.AS) GP1 heteromorph with three radiations due to 
a malformed lateral lobe. x210. 

I. (Wil.AlxNZ.A3) GP1 tri-radiate heteromorph. x210. 
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FIGURE 7 

M. thamasiana-denticuZata complex GP1 cell morphology II. 

A. (3rlWil.AlxNZ.A3) GP1 cell, end view showing four radiations. 
xl30. 

B. (monsDay.AlxNZ.Al) GP1 cell, face view showing normal hi
radiate cell morphology. x210. 

C. (monsDay.AlxNZ.Al) GP1 x GP1 zygospore, showing typical M. 
thomasiana zygospore morphology and morphologically normal 
gamete walls. x210. 

0-F. (Wil:AlxUK2.Bl) GP 1 cells showing abnormal lobe development 
typical of this GP 1 • x210. 

G,H. (Wil.AlxUK2.Bl) GP 1 monstrous, malformed cells which were 
common in this GP 1. G, x210; H, xl30. 

I. (Wil.AlxUK2.Bl) GP1 cell, end view showing abnormal lobe 
development. xl30. 
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FIGURE 8 

Meiosis in theM. thomasiana-dentiauZata complex I. 

(Wil.AlxNZ .AS) 

A. Squashed vesicle showing diplotene chromosomes spread over 
large disc-shaped area. x520. 

B. Part of the diplotene depicted in Fig.BA at high magnifica
tion showing differential staining of paired homologues, 
some in crossover configurations. xl250. 

C. Part of a squashed diplotene preparation showing bivalent 
configurations. xl250. 

D. Diakinesis showing coiled and banded appearance of the 
intensely stained chromosomes. Approximately 60 bivalents 
were discerned. See Fig.9 for the diagrannnatic interpre
tation. x1950. 

E. Pre-metaphase I showing stickiness between chromosomes. 
xl250. 

F. Metaphase I with chromosomes grouped on an uneven metaphase 
plate. x520. 

G. The metaphase I depicted in Fig.8F squashed and shown at 
high magnification. Two bivalents were particularly 
obvious (arrowed), one of which was of circular configu-
ration. xl250. · 

H. Anaphase I, ~squashed and at low magnification in the 
germination Vesicle. The chromosomes moved irregularly to 
the poles of a truncate, ,deeply stained spindle. x520. 

I. Anaphase I, squashed preparation of Fig.8H showing truncate 
spindle and trailing and laggard chromosomes. xl250. 

J. Metaphase II, unsquashed preparation at low magnification 
showing the two irregular metaphase II plates within a 
germination vesicle. x520. 
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(Wil.AlxNZ .AS) 

Interpretation of Fig~8D. 
mately 60 bivalents, with 
sisting of two bivalents. 
banding. 

FIGURE 9 

Late diakinesis consisting of approxi
the very long bivalent 48 possibly con

Shading represents heterochromatic 



FIGURE 10 

Meiosis in the M. thomasiana-denticulata complex II. 

(Wil.AlxNZ.A5) cont. 

A, B. Metaphase II; squashed preparations of two plates froin the 
one vesicle. xl250. 

B. For a diagrammatic interpretation see Fig.llA. 
of 62-65 chromosomes was made. 

An estimate 

C. Vesicle ~hawing typical asynchrony between the two chromo
some groups in second division meiosis, with one group well 
advanced into anaphase II while the other group was still 
at metaphase II. x520. 

D,E. Squashed preparations of the two chromosome groups in one 
vesicle. xl500. 

D. Late metaphase II - early anaphase II, with the majority of 
chromosomes still consisting of two chromatids. 

E. Anaphase II with most of the chromosomes split up into 
chromatids. A diagrammatic interpretation is given in 
Fig.llB. An approximate 2n count of 120 was made. 

F. Anaphase II - telophase II, low magnification of squashed 
germination vesicle showing four chromosome groups, two 
sister groups being more advanced into telophase II than the 
other two. x520. 

G. Telophase II, germination vesicle containing four chromosome 
groups, three of which were pycnotic while the fourth 
(arrowed) was faintly stained and would form the single 
viable reduction nucleus from meiosis. x520. 

H. Squashed vesicle containing four chromosome groups (arrowed). 
x210. 

I-L. The four chromosome groups in the vesicle shown in Fig.10H at 
high magnification. xl250. 

I. The first group consisted of fourteen chromosomes of which 
two were very long (5 and 9 ~m). All chromosomes clearly 
consisted of two chromatids. For the diagrammatic inter
pretation see Fig.12A. 

J. The second chromosome group consisted of chromosomes lying 
irregularly along the equator of a truncate spindle. 
Several outlying chromosomes appeared to be separated chroma
tids heading for the poles. 

K. The third chromosome group consisted of 17 to 18 chromosomes, 
each consisting of two chromatids, lying across a spindle. 
See Fig.l2B for the diagrammatic interpretation. 

. L. The fourth chromosome group was composed of chromosomes with 
diffuse outlines mostly consisting of paired units clumped 
tightly together. 

• 
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FIGURE 11 

(Wil.AlxNZ.AS) 

A. Interpretation of Fig.lOB. 

One half of a metaphase II preparation. An estimate of 

62-65 chromosomes was made, most clearly consisting of two 

chromatids. The long (7 ~m) chromosome 9 possessed an 

unstained or lightly stained submetacentric region. 

B. Interpretation of Fig .lOE. 

Anaphase II with the majority of the chromosomes split up 

into chromatids, giving an approximate 2n count of 120. 

Notable long chromatids were 88 and 89, and 21 and 49. 
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FIGURE 12 

(Wil.A1xNZ .AS) 

A. Interpretation of Fig.10I. 

One chromosome group out of a total of four in a single, 

atypical vesicle. A total of 14 chromosomes were distin

guished, each consisting of two chromatids, with chromosome 

1 being very long (9 ~m) and chromosome ·3 being 5 ~m in 

length. Shading represents banding. 

B. Interpretation of Fig.10K. 

Another chromosome group from the atypical vesicle. A 

total of 17 chromosomes, each consisting of two chromatids 

was distinguished. 

C. Interpretation of Fig.13B. 

One of two chromosome groups from a single vesicle. 18 

apparent bivalents were discerned, with bivalents 1,2,3 and 

4 being larger than the rest. 
I 
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FIGURE 13 

Meiosis in theM. thamasiana-denticuZata complex III. 

(Wil.AlxNZ.A5) cont., 

(Wil.AlxTar.Al) and (monsDay.AlxNZ.A5). 

A-C: (Wil.AlxNZ.A5). 

A. Squashed vesicle at low magnification showing the presence 
of two groups of chromosomes (arrowed). x210. 

B,C. The chromosome groups depicted in Fig.l3A at high magnifica- · 
tion. x1250. · · 

B. 18 bivalents were distinguished. 
grammatic interpretation. 

See Fig.l2C for the dia-

C. A diffuse chromosome group, the chromosomes exhibiting 
bivalent crossover configurations and stickiness. 

D-1: (Wil.AlxTar.Al). 

D.E.F. Metaphase I. 

D. Unsquashed metophase I plate with chromosomes lined up 
irregularly along the equator of the spindle. x820. 

E,F. Two focal planes through part of the metaphase I shown in 
Fig.l3D after squashing. 51-54 bivalents were counted in 
the diagrammatic interpretation of the total complement 
given in Fig.14. x1950. 

G,H. Early anaphase I, two focal planes showing some bivalents 
already separated into half-bi valents while others were 
still joined. For the diagrammatic interpretation see 
Fig.15B. x1950. 

I. Metaphase I, squashed preparation showing 47-51 bivalents, 
many in crossover configurations. See Fig.l5A for the 
diagr~mmatic interpretation. x820. 

J. (monsDay.AlxNZ.A5), part of a diplotene preparation con
sisting of faintly .stained chromosomes spread over a large 
area. Of the 84 bivalents distinguished most did not 
exhibit crossover configurations and instead were simple 
pairs. Most chromosomes were extremely small (1-2 ~m). 
See Fig.l6 for the diagrammatic interpretation. x1250. 

• 
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FIGURE 14 

(Wi l.AlxTar .Al) 

Interpretation of the metaphase I preparation shown in Fig.13D, 

E,F. Approximately 51-54 bivalents were discerned, many of them 

closely adhering together. 
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FIGURE 15 

(Wi l.AlxTar .Al) 

A. Interpretation of Fig.13I. 

Metaphase I squashed preparation consisting of 47-51 bivalents, 

many in crossover configurations. 

two bridged bivalents. 

B. Partial interpretation of Fig.13G,H. 

Bivalent 1 may have been 

Anaphase I showing some of the half-bivalents and separated 

chromatids. The long, splayed out chromatids of ha1f

bivalents 1,2,3 and 4 suggested telocentric or acrocentric 

organization. Shading represents banding. 
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FIGURE 17 

Meiosis in the M. thonusiana-dentiaulata complex IV. 

(monsDay.AlxNZ.AS) and (PP2.AlxPP4.A5). 

A-F: (monsDay.AlxNZ.AS) 

A. Metaphase I squashed preparation showing approximately 80 
intensely stained bivalents, many in crossover configurations. 
The complex in the middle of the preparation (arrowed) 
appeared to consist of several bivalents. See Fig.18 for 
the diagrammatic interpretation. xl250. 

B. Metaphase II, intact vesicle showing two distinct groups of 
chromosomes. x630. 

C,D. Squashed preparations of the two metaphase II chromosome 
groups shown in Fig.17B. x1950. 

c. 

D. 

79-84 half-bivalents were discerned. 
diagrammatic interpetation. 

See Fig.19A for the 

84-88 half-bivalents were distinguished. 
the diagrammatic interpretation. 

See Fig .198 for 

E, F. Metaphase II - anaphase II, the two chromosome groups in a 
single vesicle showing asynchrony between the groups. x1250. 

E. Anaphase II was well advanced in this chromosome group, most 
chromosomes clustering tightly in towards the poles with 
some chromosomes lagging.: See Fig. 20 for the diagranunatic 
interpretation. A total of 142 chromosomes were cmmted. 

F. Late metaphase II - early anaphase II, most chromosom~s con
sisted of two chromatids, but some had already separated 
into individual chromatids. 

G,H. (PP2.A1xPP4.A5) metaphase I squashed preparations. 

G. 45 bivalents were distinguished. Some were already separa
ting into half-bivalents, linked only by trailing chromatin 
bridges. See Fig.21A for the diagrammatic interpretation. 
xl950. 

H. 70-74 bivalents were differentiated in this metaphase I 
preparation, some bivalents already separating into half
bivalents. See Fig.21B for the diagrammatic interpretation. 
xlSOO. 
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FIGURE 18 

(monsDay.AlxNZ.AS) 

Interpretation of Fig.17A. 

Metaphase I squashed preparation, consisting of approximately 80 

bivalents, many in crossover configurations. Some bivalents had 

already separated into half-bivalents. Group a probably consisted 

of a number of bivalents. 
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FIGURE 19 

(monsDay.AlxNZ.AS) 

A,B. Two metaphase II chromosome groups from a single vesicle. 

Interpretation of Fig.17C,D. 

A. Interpretation of Fig.l7C. 

79-84 half-bivalents were discerned, with chromosomes 1 and 3 

being the longest chromosome. 

B. Interpretation of Fig.17D. 

84-88 half-bivalents were discerned. Particularly notable 

were the tangled group of four long chromatids (chromosomes 

7 and 8). 
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FIGURE 20 

(monsDay.A1xNZ.AS) 

Interpretation of Fig.17E. One half of an anaphase II. A total 
of 142 chromosomes were discerned, with an apparent uneven chromo
some distribution between the two chromosome groups. Shading 
represents heterochromatic banding. Chromosomes 2 and 82 were 
particularly long (6-7~) with chromosome 81 being 4.5~m. 
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FIGURE 21 

(PP2.AlxPP4.AS) 

A. Interpretation of Fig.17G. 

Metaphase I preparation in which 45 bivalents were distingui

shed, some already separating into half-bivalents. Bivalent 

33~ossessed an unusual banding pattern with three darkly 

stained regions interspersed by two lightly stained areas. 

Bivalents 8 and 23 exhibited trailing chromatin strands. 

B. Interpretation of Fig.17H. 

" 

Metaphase I preparation in ~hich 70-74 bivalents were dis

cerned, some of which had already separated into half

bivalents, e·:g. bivalents 30,40,18 and 17. 
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FIGURE 22 

Micrasterias mahabuZeshwarensis Hobson and related taxa, wild cell 
morphology and alpha taxonomy. 

A. M. mahabuZeshwarensis var. wa.Zlichii (Grun.) West and West of 
the europaea-type, Little Waterhouse Lagoon, Tasmania (Wat.A) 
cell, face view. xl70. 

B. (Wat.A) cell with dichotypical morphology, one semicell being 
var. waZZichii and the other being almost the typical form 
and indica in type. xl70. 

C,D. Lake King William, Tasmania (KW) wild cell types. xl70. 

c. 

D. 

E,F. 
r. - -

E. 

_Type I: this was intermediate between the typical form and 
var. reducta G.S. West because of reduced Process I. 

Type II (KW.D): with slightly developed Process III this was 
intermediate between the typical form and var. wa.ZZichii. 

Great Lake, Tasmania (GL.B) cell types. x170. 

M. mahabuZeshwarensis var. reducta (GL.B) cell with reduced 
Process I. 

F. A (GL.A) cell intermediate between the typical M. mahabuZesh
warensis form and var. redUcta with greater development of 
Process I than that depicted in Fig.22E. 

G. Side view, typical M. mahabuZeshwarensis cell showing frontal 
process, (BW.A). xl70. 

H. End view, typical M. mahabuZeshwarensis cell showing frontal 
process, (BW.A). xl70. 

I. Side view, M. mahabuZeshwarensis var. waZZichii cell showing 
frontal process adorned with verrucae, (Rya.A). xl70. 

J. M. mahabuZeshwarensis var. waZZichii with well developed 
Process III from Langi Ghiran, Victoria (LG .A); also typical 
of Tarago Swamp, Victoria (Tar.B) and Ryans Island, New South 
Wales (Rya.A). xl70. 

K,L. Fogg Dam, Northern Territory (Fog.A) cells. xl70. 

K. Empty semicell of typical M. mahabuZeshwarensis morphology. 

L. Cell consisting of one semicell of the typical form and one 
of var. waZZichii morphology. 

M-0. Corndorl Water-hole, Northern Territory cell types. x165. 

M,N. M. mahabuZeshwax>ensis var. reducta cells. 

0. A typical M. mahabuZeshwarensis cell form of the indica-type. 

P. M. americana (Ehrenb.) Ralfs cell type from Cumbria, United 
Kingdom (UKl.C). xl70. · · 

Q. M. americana cell type from Colorado, U.S.A. (Col.A). x170. 

R-T. Three cell types found in ~he Oklahoma (Okl), U.S.A. sample. 
xl70. 

R. 

s. 

M. mahabuZeshwarensis var. ringens (Bail.) Krieg. (Okl.B) 
cell type;. 

I 

M. mahabuZeshwarensis var. dichotoma (Okl.C) cell type. 

T. M. radiata var. dichotorrn (Okl.D) cell type. 

• 
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FIGURE 23 

M. mahabuZeshwarensis wild and cultured cell morphology. 

A,B. Tungatinah Lagoon, Tasmania (Tun) wild cells from Fig.l7C,G, 
Tyler, 1970. 

A. The typical form of M. mahabuZesh:warensis of the indica-type. 

B. M. mahabuZeshwarensis var. 7iaUichii cell type, also of the 
indica-type. 

C,D. (Tun.B) cultured cells. x210. 

C. Pronounced development of Process III, i.e. var. waZZichii 
morphotype. Incurved Processes I and II imply europaea-type. 

D. Two cells with reduced Process III, i.e. of the typical M. 
mahabuZeshwarensis form and of the europaea-type. 

E,F. Echo Point, Lake St. Clair, Tasmania (Ech.B) wild and cultured 
cell morphology. 

E. The single wild cell with its reduced lobe formation of 
Processes I and II and no development of Process III. 

F. Cultured (Ech.B) cell with increased morphological development 
than the wild cell, including presence of Process III on one 
semicell. x210. 

G,H. Corndorl Water-hole, Northern Territory (Cor.A) wild and 
cultured cell morphology. x210. 

G. Wild (Cor.A) cell of var. reducta morphology with very reduced 
Process I. 

H. Cultured (Cor.A) cells showing the extreme cell reduction com
pared with the wild cell, and the equal lengthened, stout, 
lateral lobules. 

I-K. Radiation alterations, common in the five strains (KW.D),. 
(BW.A), (BW.B), (Ech.B) and (Too.A) in culture. xl70. 

I. Dividing cells, side view, one cell being a 2/3 janus form. 

J: 2-radiate cell, end view. 

K. 3-radiate cell, end view. 

L-M. Cultured cells of the morphologically reduced (Tun.Bl) sub-
clone, (small Tun.Bl). 

L. Cell of reduced M~ mahabuZeshwarensis morphology. x210. 

M. Cell of almost M. tropica Nordst. morphology. xl70. 

N. Monstrous cell, a common occurrence in (small Tun.Bl) cultures. 
x170. 

0-R. Cells of abnormal morphology, typical of old, nutrient
depleted cultures. 

O,P. (Rya.A) Ryans Island, N.S.W. malformed cells with abnormal 
development of lateral and polar lobes. x170. 

Q,R. (BW.A) Brownwater Lagoon, Tasmania, malformed cells with 
abnormal development of the polar lobe. xl70. 

• 
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FIGURE 24 

Conjugation in M. mahabules~arensis and related taxa and GP 1 cell 
morphology. 

A. Zygospore with empty conjugant walls in a (Rya.A3xsmall Tun.Bl) 
cross. x170. 

B. (Ok2.Al) (Oklahoma, U.S.A.) M. radiata var. diahotama zygo
spore from selfcross formed within minimal confines of a 
mucilage envelope. x210. 

C. (Ok2.Al) hi-lobed zygospore, formed in approximately 60% of 
conjugations. x210. 

D-H. (Cor.Al) (Corndorl, Northern Territory) homothallic conjuga
tion. 

D. Loose pairing of daughter cells of a sexual cell division. 
xl30. 

E. Cohesive pair with cells aligned at right angles to each other 
and surrounded by a mucilage envelope. xl30. 

F. Cell pair just prior to conjugation with lengthened isthmuses 
due to deposition of new cell wall. x210. 

G. Spherical zygote, the initial result of conjugation. xl30. 

H. Mature (Cor.Al) zygospore, of smaller dimensions than typical 
M. mahabuleshwarensis zygospores. x210. 

I-L. GP 1 cell morphology. 

I,J. Two (Tun.BlxRya.A3) GP1 cells, one (I) with var. walliahii 
form on one semicell and a morphologically reduced other semi
cell, while the other (J) was of typical M. mahabuleshwarensis 
morphology. xl70. 

K,L. Two (BW.AlxRya.A2) GP1 cells, one of which (K) was of typical 
M. mahabuleshwarensis morphology, while the other (L) showed 
slight development of Process III. x170. 

• 
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FIGURE 25 

Meiosis in M. mahabuZeshwarensis, (LG.A2xLG.A3) I. 
Diplotene and Diakinesis. 

A. Diplotene squashed preparation showing bivalents with diffuse 
edges and chromatin stickiness. xlOOO. 

B. Diakinesis squashed preparation showing condensed chromosomes 
paired as bivalents, many in crossover configurations includ
ing ring-shapes (~) and horseshoe-shapes (~). x1000. 

C. Another squashed preparation of a diakinesis. Approximately 
52 bivalents were discerned. For the diagrammatic inter
pretation see Fig.26. x1250. 

D-G. A unique diakinesis preparation consisting of clear, banded 
bivalents. 

D. The entire chromosome complement consisting of approximately 
49 bivalents, many in bivalent complexes. For the diagram
matic interpretation see Fig.27. x1250. 

E. Part of the chromosome complement showing two clear ring bi
valents with small tails (bivalents 30 and 12, Fig.27) and a 
bivalent with no apparent crossovers (bivalent 13, Fig.27). 
x1950. 

F. A small group of bivalents after further squashing. 
diagrammatic interpretation see Fig.28A. x1950. 

For the 

G. Another small group of chromosomes after further squashing. 
Clear banding was observed in one bivalent (arrowed). For 
the diagrammatic interpretation see Fig.28B. x1950. 
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FIGURE 26 

(LG.A2xLG.A3) 

Interpretation of Fig.2SC. 

Diakinesis, squashed preparation in which approximately 52 bivalents 

were distinguished, many in crossover configurations. For example, 

bivalents 8 and 10 appeared to have a single crossover, while bi

valent 49 showed evidence of several crossovers. 

• 

• 



FIGURE 26 

--I 
I 1 O)Jm 



FIGURE 27 

(LG.A2xLG.A3) 

Interpretation of Fig. 250 and including Fig. 2SE. 

Diakinesis preparation consisting of approximately 49 bivalents, 

many with clear chiasmata. 
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FIGURE 28 

(LG.A2xLG.A3) 

Interpretation of small groups of bivalents from the diakinesis 

preparation depicted in Fig.25D and interpreted in Fig.27, after 

further squashing. 

in Fig.27. 

All bivalent numbers refer to numbering used 

A. Interpretation of Fig.25F showing the complexity of the 

bivalent associations, often in the form of chains, e.g. 

bivalents 42,43 and 44. 

B. Interpretation of Fig.25G showing clear banding on bivalent 

30 and differential staining of bivalents 28 and 29. 

• 
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FIGURE 29 

Meiosis in M. mahabuZeshwarensis (LG.A2xLG.A3) II. 
1st and 2nd division meiosis and atypical divisions. 

A. Part of a pre-metaphase I preparation in which approximately 
64 bivalents were counted despite chromatin stickiness and 
overlappin·g of bivalents. Repulsion of half-bivalents had 
resulted in terminalized crossovers. For the diagrammatic 
interpretation of the entire complement see Fig.30. xl250. 

B. Squashed vesicle showing two clear metaphase II chromosome 
groups. x520. 

C. One of the metaphase II chromosome groups from Fig. 298; con
sisting of more than 40 chromosomes, each made up of two 
chromatids lying side by side with little evidence of centro
meres. For the diagrammatic interpretation see Fig.31A. 
x1250. 

D. The other metaphase II chromosome group from Fig.29B in which 
38 chromosomes were counted. For the diagrammatic inter
pretation see Fig.31B. xl250. 

E; Telophase II, squashed ves ic 1 e showing 4 chromosome groups 
(arrowed). x520. 

F. An apparently. abnormal meiosis consisting of a single flat 
plate of dot- and rod-like structures similar to metaphase II 
chromosomes. Over 90 chromosomes were counted. See Fig.32 
for the diagrammatic interpretation. xl600. 

G. Germination vesicle containing a single flat chromosome group. 
x520. 

H. Squashed preparation of the group of chromosomes shown in 
Fig.29G. The chromosomes were of paired formation, diffuse 
in the centre of the preparation and clear near the edges. 
The preparation resembled a late diakinesis or pre-metaphase 
I. A haploid chromosome number of approximately 60 was 
counted. For the diagrammatic interpretation see Fig.33. 
x1250. 
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/ FIGURE 30 
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(LG .A2xLG. A3) 

Interpretation of Fig.29A. Pre-metaphase I squashed preparation 
showing approximately 64 bivalents with considerable chromatin 
stickiness and overlapping of bivalents. 



FIGURE 31 

(LG.A2xLG.A3) 

Interpretation of the two halves of metaphase II preparation shown 

in Fig.29C,D. 

A. Interpretation of Fig.29C. 

Approximately 40 half-bivalents consisting of two chromatids 

lying side by side were distinguished. Chromosome 31 was 

large and apparently metacentric, with a lightly stained 

median region: 

B. Interpretation of Fig.29D. 

Approximately 38 chromosomes consisting of two chromatids 

were discern~ with chromosome 7 being longer than average 

and with a lightly stained median region. 

t 
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FIGURE 32 

( LG .A2xLG .A3) 

Interpretation of Fig.29F. A single chromosome group found within 
a vesicle, consisting of· over 90 chromosomes similar to metaphase 
II chromosomes, i.e. consisting of two chromatids. 



FIGURE 33 

(LG.A2xLG.A3) 

Interpretation of Fig.29H. 

A probable diakinesis or pre-metaphase I preparation consisting of 

approximately 60 bivalents, many of which did not exhibit crossover 

configurations, and were very diffuse. 



FIGURE 34 

Meiosis in M. mahabuleshwarensis (LG.A2xLG.A3) III. 
Atypical divisions. 

A-C. Metaphase I with very high proportion of ring bivalents. 

A. Germination vesicle showing the intensely stained flat chromo
some plate alongside one of the two chromatophores. x520. 

B. Squashed preparation of the chromosome plate showing a large 
proportion of diffuse, ring bivalents. xl250. 

C. After further squashing the chromosomes were more diffuse but 
33 bivalents were discerned aiong with two chromosome groups 
for which the details could not be differentiated. For the 
diagrammatic interpretation see Fig.35. x1250. 

D-F. Atypical Metaphase I. 

D. Squashed germination vesicle showing two distinct chromosome 
groups. x520. 

E. One of the chromosome groups, consisting of approximately 28 
bivalents, many of them in ring-shaped crossover configura
tions. For the diagrammatic interpretation see Fig. 36A. 
x1250. 

·F. The other chromosome group, consisting of approximately 34 
bivalents. See Fig.36B for the diagrammatic interpretation. 
x1250. 
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FIGURE 35 

(LG.A2xLG .A3) 

Interpretation of Fig.34C. 

Metaphase I preparation in which 33 bivalents were discerned along 

with two groups of bivalents (a and b), with an indefinite chromo-

some 1u.unber. This metaphase I preparation was unusual because of 

the high proportion of ring bivalents. 



FIGURE 36 

(LG.A2xLG.A3) 

Interpretation of the atypical metaphase I preparation shown in 

Fig.34D,E,F. 

A. Interpretation of Fig.34E. 

One of the two chromosome groups present in the vesicle, con

sisting of approximately 28 bivalents, many of them ring

shaped. 

B. Interpretation of Fig.34F. 

The other chromosome group present in the vesicle, consisting 

of approximately 34 bivalents either in crossover configura

tions or simple pairs. 
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FIGURE 37 

Pleurotaenium wild cell morphology and alpha taxonomy • 

. A. Macquarie Island (MI.A) P. trabecula (Ehrenb.) N~g. var. 
mediolaeve (Playf.) Krieger cell apex showing corona of 11-16 
round to conical, non-divergent, small tubercles. x210. 

B. (MI.A) wild semicell. 

C. Upper Gunbower, Victoria (UGL2) wild cells from Fig.l07, 
Ling, 1977, possibly belonging to P. t~beaula var. mediolaeve. 

D. Little Pine Lagoon, Tasmania (LP.A) wild cell wi~h a corona of 
6-8 small apical beads just discernible; probably a form of 
P. trabecula. x210. 

E. Great Lake, Tasmania (GL.C) wild cell with undulate walls and 
a corona of 8 apical beads identifiable as P. ehrenbergii 
(Breb.) de Bary. x210. 

F. Yan Yean Reservoir, Victoria (YY.A) wild cell with an undulate 
cell wall and 7-10 strongly divergent apical tubercles as is 
typical of P. ehrenbeTgii. x210. 

G. Arthurs Lake, Tasmania (Art.A) wild cell with an apical corona 
of 7-10 strongly divergent apical tubercles and identifiable 
as P. ehrenbergii. x210. 

H. Lake Sorell, Tasmania (Sor.A) wild cell with an.undulate cell 
wall and 7-10 mammillate tubercles as is typical of P. 
mamillatum G.S. West. x210. 

• 

• 
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FIGURE 38 

Pleurotaenium cultured cell morphology and alpha taxonomy. 

A. (Col.B). Colorado, U.S.A. cultured P. trabecula cell with 
smooth apex. 

B. (KW.E), Lake King William, Tasmania cultured P. trabecula cell 
with just distinguishable ridges at the apex. 

C. (Day.B), Daylesford, Victoria cultured cell of a form of 
P. trabecula with an apical corona of 6-8 minute beads. 

D. (PSU12), Portland, Oregon, U.S .A. cultured P. trabecula with 
an apical corona of almost indistinguishable beads. 

E. (MI.A), Nuggets Creek, Macquarie Island cultured P. trabecula 
var. mediolaeve cell with an apex ornamented by 11-16 round to 
conical, non-divergent tubercles. 

F. (Dor.B), Dorset Mine, Tasmania cultured cell of a form of P. 
trabecula with 8-12 small beads forming an apical corona. 

G. (LP.A), Little Pine Lagoon, Tasmania cultured cell of a form 
of P. trabecula with ari apical corona of 6-8 small beads. 

H-K. Strains designated by Ling (1977) as T3 strains, but probably 
appropriate examples of P. trabecula var. mediolaeve with 8-
12 apical beads. 

H. (UGL2), Upper Gunbower Lagoon, Victoria. 

I. (GMl), Lake Glenmaggie, Victoria. 

· J. (WKl), Wartook Reservoir, ·Victoria. 

K. (YY2), Yan Yean Reservoir, Victoria. 

L. (GL.C), Great Lake, Tasmania cultured P. ehrenbergii cell with 
an undulate cell wall and apical corona of 8 apical, divergent 
tubercles. 

M. (YY.A), Yan Yean Reservoir, Victoria cultured P. ehrenbergii 
cell adorned with 7-10 apical tubercles. 

N. (Art.A), Arthurs Lake, Tasmania cultured P. ehrenbergii cell 
adorned by 7-10 apical tubercles. 

0. (Sor .A), Lake Sorell, Tasmania cultured P. mamillatum cell 
with strongly undulate cell wall and an apical corona of 7-10 
mammillate tubercles. 

• 
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FIGURE 39 

Sexual reproduction in Pleurotaenium. 

A-I. Amphithallism in (Day.Bl). 

A-D. Homothallic sexual reproduction by (Day.Bl). x210. 

A. Typical (Day.Bl) cultured cell. 

B. Daughter semicells joined to form a V-shaped cell pair follow
ing cell division. Ultimately these cells will separate and 
pair as gametes. 

c. Monstrous cell formed by fusion of daughter semicells follow
ing cell division . 

. D. (Day.Bl) selfcross zygospore, a typical Pleurotaenium zygo
spore. 

E-I. Heterothallic sexual reproduction by (Day.Bl). 

E. 

F. 

G. 

H. 

I. 

J. 

Multiple groupings of cells observed in ·crosses between 
(Day.Bl) and each of (Col.Bl), (WKl) and (LP.Al). xl30. 

(Day.BlxCol.Bl) cross, conjugation attempt between three 
cells. x130. 

(Day.BlxCol.Bl) cross, cell triplet in which two cells con
jugated to fo~. a zygospore, the other cell not participating 
in the conjugation. x130. 

(Day. BlxCol.Bl) zygospore, probably a result of heterothallic 
conjugation because of the size differential between the two 
gametes. x210. 

(Day.BlxCol.Bl) attempted p~rthenospore, su~gesting a more 
complex sexual response than solely (Day.Bl) homothallism. 
x210. · 

(Col.BlxWKl) possible successful parthenospore in a cross 
which exhibited many attempted parthenospores. x210. 

• 
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FIGURE 40 

PZeurotaenium nuclear cytology I. (GMl). 

A. Interphase nucleus with intensely stained, irregular chromo
centres, and a single large nucleolus. xl250. 

B. Interphase nucleus with intensely staine~, irregular chromo
centres. xl250. 

C. Interphase nucleus containing irregular chromocentres as well 
as some ordered chromocentres consisting of paired rod- or dot
like structures. xl250. 

D. Interphase nucleus in which all the chromocentres were regular 
paired units. xl250. 

E. Metaphase, showing distinctive hi-layered chromosome plate, 
with the chromatids of each chromosome lying at right angles 
to the orientation of the spindle fibres. xl250. 

F. Early anaphase, marked by the separation of chromatids in the 
form of two flat anaphase plates along a truncate spindle. 
xl250. 

G. Anaphase, with the two chromosome plates separating. x1250. 

H. Telophase to interphase involved a flattening of the anaphase 
plates to form two, near spherical, daughter nuclei. xl250. 

I. Interphase nucleus containing ordered chromocentres consisting 
of both single and pair~d units. For the diagrammatic inter
pretation see Fig.41A. x1250. 

J,K. Metaphase showing strongly adherent nature. of the metaphase 
chromosomes. Repeated squashing (Fig.40K) did not succeed in 
separation of the chromosomes. For the diagrammatic inter
pretation at a greater degree of squashing thari Fig.40K see 
Fig.41B. Approximately 149-156 rod- and dot-like and hi-lobed 
chromosomes were counted. xl250. 

L. Metaphase, squashed preparation. Only 77 presumed chromosomes 
were counted. For the diagrammatic interpretation see Fig. 
41C. x820. 

M,N. Two focal planes of a squashed metaphase preparation in which 
149-155 units, many of which were rod-shaped with a lightly 
stained median region, were discerned. For the diagrammatic 
interpretation see Fig.42. xl250. 

0. Monstrous cell with two nuclei, the result of lack of cyto-
kinesis. x520. · 

P,Q.R. Anaphase preparation. 

P. The anaphase plates after only slight squashing within the 
intact cell. x1250. 

Q,R. Two focal planes of the anaphase plates after further squash
ing. 160 dot-like or hi-lobed chromosomes were counted for 
the complete anaphase. For the diagrammatic interpretation 
see'Fig.43. x1950. 

• 
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FIGURE 41 

(GMl) 

A 

A. Interpretation of Fig.40I. 

Interphase nucleus consisting of paired and single unit chromo

centres. 

/ 

8 

B. Interpretation of Fig.40J,K, after further squashing. 

Metaphase preparation consisting of 149-156 rod- and dot-like 

and bi-lobed chromosomes. 
i 



FIGURE 42 

(GMl) 

Interpretation of Fig.40M,N at a slightly greater degree of squash

ing. Metaphase preparation consisting of 149-155 units, which were 

possibly individual chromatids. Many were rod-shaped with a light

ly stained median region. 
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FIGURE 43 

(GMl) 

Interpretation of Fig.40Q,R. Squashed anaphase preparation show
ing the two twisted and flattened anaphase plates consisting in 
total of approximately 160 dot-like and.bi-lobed chromosomes. 



FIGURE 44 

Pleurotaenium nuclear cytology II. (YY2). 

A. Interphase nucleus, squashed preparation showing 97 discrete, 
paired chromocentres. For the diagrammatic interpretation 
see Fig.45A. xlOOO. 

B. Interphase nucleus, squashed preparation showing 84 clear 
chromocentres, many of paired construction. For the dia
grammatic interpretation see Fig. 45B. xl600. 

C. Interphase nucleus, squashed preparation showing intensely 
stained single or paired chromocentres. x820! 

D. Several chromocentres squashed from an interphase nucleus 
showing their apparently discrete nature and paired rod-like 
construction. x1250. 

E,F. Interphase nuclei containing clear nucleoli. 

E. Squashed interphase nucleus with one large nucleolus amidst 
apparently discrete chromocentres. x640. 

F. Squashed interphase nucleus containing two clear nucleoli. 
x520. 

G. 

H. 

Intact metaphase plate showing ventical banding due to sister 
chromatids lined up as a hi-layered plate. x1250. 

Metaphase hi-layered plate midway along a truncate spindle. 
x1600. 

I ,J. Two focal planes of a metaphase preparation in which the 
plate split into two half discs on squashing, each group of 
chromosomes forming a strongly adherent. n~twork. x1600. 

K. Part of a metaphase chromosome complement showing the paired 
nature of the chromosomes, which were either small (approx. 
1 ~) dot-like chromatid pairs (~) or larger (approx. 2 ~m) 
rod-like chromatid pairs often with a lightly stained median 
region indicative of a centromere (++). xl600. 

L-N. Metaphase preparation. 

L. 

M,N. 

0. 

Intact cell showing irregular metaphase plate. x520. 

Different parts of the chromosome complement after squashing, 
consisting of between 77-811 chromosomes many of obvious paired 
units almost cross-shaped in appearance. For the diagram
matic interpretation see Fig.46A. x820. 

Anaphase, squashed preparation showing the two anaphase plates 
composed of closely adhering chromosomes. xl250. 

P,Q. Preparations showing the progression from telophase to inter
phase which was marked by the flattening of the two chromo
some plates in the longitudinal plane of the celL xl600. 

R. Metaphase: part of the same preparation depicted in Fig.44L
N but squashed with a steel needle while viewing at low 
magnification, resulting in lack of definition of the chromo
somes. x810. 

s. Binucleate cell joined to an enucleate cell, the result of 
displacement of the metotic spindle or daughter nuclei prior 
to cytokinesis. x210. 

• 
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FIGURE 45 

(YY2) . 

A. Interpretation of Fig.44A. 

Squashed preparation of an interphase nucleus containing 97 

discrete, paired chromocentres .• 

B. Interpretation of Fig.44B. 

Squashed preparation of an interphase nucleus, in which 84 

chromocentres were discerned. 

• 

I 

• 



FIGURE 45 

8 



FIGURE 46 

A. 

B. 

(YY2). Interpretation of Fig.44M,N. 

Squashed metaphase preparation consisting of approximately 

77-81 chromosomes, many of which were of double unit con

struction or almost cross-shaped as if the chromatids of 

each chromosome were held together by a median centromere. 

(Day.Bl). Interpretation of Fig.47C,D. 

A squashed metaphase preparation consisting of a disc of 

65-74 chromosomes. Some chromosomes were almost four-

lobed while most were simple dots or rods partially divided 

into two chromatids. 
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'FIGURE 47 

Pleurotaenium nuclear cytology III. (Day.Bl). 

A. Interphase nucleus containing intensely stained chromocentres, 
often of paired construction, and a large, single nucleolus. 
xl250. 

B. Intact metaphase consisting of a closely-knit, hi-layered 
plate lying at the equator of a truncate spindle. xl250. 

C,D. Two focal planes of the metaphase depicted in Fig.47B after 
squashing, showing a disc of strongly adherent chromosomes. 
Approximately 65 to 74 chromosomes were differentiated. For 
the diagrammatic interpretation see Fig.46B. xl250. 

E,F,G. Metaphase, squashed preparation shown as two focal planes 
of one chromosome group (E,F) and a separate small chromosome 
group (G). Individual chromosomes could be seen, in some 
instances, to consist of two chromatids many of which had a 
median constriction (arrowed). For the diagrammatic inter
pretation of some of the chromosomes see Fig.48A. xl250. 

H,I. Metaphase preparation. 

H. Irregular metaphase plate prior to squashing. x820. 

I. After squashing ~pproximately 71 chromosomes were distinguished, 
many of which obviously consisted of 2 chromatids. For the 
diagrammatic interpretation see Fig.48B. xl250. 

J, K. Two focal planes through a squashed metaphase preparation show
ing stickiness between chromosomes making differentiation of 
chromosomes extremely difficult. xl250. 

L,M. Two focal planes through an intact metaphase preparation con
sisting of an irregular plate suggesting partial asynchrony of 
chromosome movement at metaphase. · xl250. 

N,O. The metaphase depicted in Fig .47L,M after squashing. The two 
focal levels show groups of chromosomes of characteristic pair
ed structure. xl250. ' 

P. Squashed metaphase plate consisting of closely adhering disc of 
chromosomes. An estimate of 109 chromosomes was made. For 
the diagrammatic interpetation see Fig.49A. xl250. 

Q. Early anaphase, with the two flat anaphase plates parting by 
apparent parallel disjunction. xl250. 

R. Late anaphase consisting of the parted anaphase plates within 
the truncate spindle. xl250. · 

S·. The late anaphase depicted in Fig. 4 7R after squashing, the two 
anaphase plates spread out in a wavy fashion with the chromo
somes remaining tightly linked together. xl250. 
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FIGURE 48 

(Day.Bl) 

A. Interpretation of some of the chromosomes in the squashed meta-

phase preparation shown in Fig.47E,F,G. The clear division of 

chromosomes into two chromatids was obvious in most cases. 

B. Interpretation of Fig.47I. 

Squashed metaphase preparation consisting of 71 chromosomes, 

many of which obviously consisted of two chromatids. 
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FIGURE 49 

(Day. 81) 

A. Interpretation of Fig.47P. 

Squashed metaphase preparation consisting of a flat disc of 

approximately 109 closely adhering chromosomes. 

B. Interpretation of Fig.SOF,G. 

One half of a squashed anaphase preparation consisting of 

between 95 and 128 chromosomes, depending whether a chromo-

some was considered one or two stained units. Many of the 

presumed chromosomes were similar to the paralle 1, paired 

units characteristic of chromocentres in interphase nuclei. 
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FIGURE SO 

PZeu:rotaeniwn nuclear cytology IV. 

(Day.Bl) cont. and (MI.A2). 

A-G. (Day. Bl) . 

A-D. An anaphase series at increasing degrees of squashing, most 
chromosomes adhering together despite intense squashing. 
xl2SO. 

E. Anaphase plates squashed to reveal many small, presumed chromo
somes. x820. 

F,G. Two focal planes through one of the anaphase plates depicted 
in Fig. SOE to show the presumed chromosomes, many of which 
consisted of distinct paired units similar to chromocentres 
in interphase nuclei. For the diagrammatic interpretation 
see Fig.49B. xl2SO. 

H-Q. (MI.A2). 

H. Interphase nucleus with darkly stained chromocentres often of 
paired construction and a single large nucleolus. x640. 

I. Squashed interphase nucleus with intensely stained chromo
centres and a single nucleolus. x640. 

'J. Part of a squashed interphase nucleus containing thread-like, 
diffuse heterochromatin. x820. 

K. Part of a possible late prophase stage, with double-unit 
"chromosomes" which were larger than chromocentres and with 
diffuse perimeters. For the diagrammatic interpretation see 
Fig.SlA. x630. 

L. Metaphase plate consisting of two distinct layers of parallel 
rod- or dot-like chromatids, their longitudinal axes lying in 
parallel with the longitudinal axis of the plate in end view. 
For the diagrammatic interpretation of some of these chromo
somes see Fig.SlB. x12SO. 

M. Metaphase plate in face view, squashed preparation containing 
part of the complement 'of 48-49 large (2-3 ~) chromosomes. 
For the diagrammatic interpretation see Fig.SlC. x820. 

N. Metaphas~, squashed preparation consisting of closely adherent 
intensely stained chromosomes. x640. 

0. Intact metaphase showing hi-layered plate. xS20. 
i 

P,Q. Two focal planes through the metaphase preparation shown in 
Fig. SO 0 aft_er squashing. 4S very clear chromosomes, many 
obviously consisting of two chromatids, were discerned. For 
the diagrammatic interpretation see Fig.S2A. xlSOO. 
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FIGURE 51 

(MI .A2) 

A. Interpretation of Fig.SOK. 

Part of a possible late prophase, squashed preparation con

sisting of 28 double unit "chromosomes" which were larger 

than chromocentres. The two shaded chromosomes had very 

diffuse edges. 

B. Interpretation of the positioning of chromosomes on the meta

phase plate as shown by Fig.SOL. The two chromosome types, 

either double unit dots or double unit rods with a lightly 

stained, slight median constriction lined up with the chroma

tids of each chromosome in parallel with the spindle equator. 

C. Interpretation of Fig.SOM. 

Squashed metaphase preparation consisting of 48-49 large 

(2-3 ~m) chromosomes. 

• 
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FIGURE 52 

(MI. A2) 

A 

A. Interpretation of Fig.SOP,Q. 

Squashed metaphase preparation consisting of 45 very clear 

chromosomes many obviously consisting of two chromatids. 

B 

B. Interpretation of Fig.54B,C. 

Squashed metaphase preparation consisting of a flat disc of 

approximately 50 chromosomes. 
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Interpretation of Fig.54E. Squashed anaphase preparation showing 
90-100 chromosomes in -total, many of which were of double unit con
struction. 
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FIGURE 54 

PZeurotaenium nuclear cytology V. 

(MI.A2) cont. and (Col.Bl). 

A-F. (MI.A2). 

A. Metaphase plate across the truncate spindle. x820. 

B,C. Two focal planes through the metaphase preparation shown in 
Fig.54A after squashing. Approximately 50 chromosomes were 
discerned. For the diagrammatic interpretation see Fig.52B. 
x820. 

D. Anaphase showing the two anaphase plates parting by parallel 
disjunction. x820. 

E. The anaphase shown in Fig.54D after squashing. 90-100 
chromosomes were distinguished, many of double unit construc
tion. For the diagrammatic interpetation see Fig.53. x640. 

F. Daughter nuclei with cytokinesis taking place between them. 
x820. 

G-Q. (Col.·Bl). 

G,H. Two focal planes through a slightly squashed metaphase plate 
showing strongly adherent chromosomes. xl250. 

I,J. Two focal levels through a squashed metaphase preparation. 
Between 76 and 85 chromosomes were present, many clearly di
vided into two chromatids as parallel rods or dots. For the 
diagrammatic interpretation see Fig.55A. xl250. 

K,L,M. An anaphase preparation at different degrees of squashing. 
xl250. 

K. Only slightly squashed, the two anaphase plates viewed almost 
end on. 

L,M. Two focal levels through the anaphase preparation after further 
squashing, the two chromosome plates forming strongly adherent 
discs.· · 

N. Part of the metaphase chromosome complement depicted in Fig. 
54I,J viewed at low magnification while squashing with a steel 
needle, showing pairs of presumed chromatids (arrowed). x810. 

O,P. Two micrographs of a squashed anaphase preparation showing the 
small chromosomes some of which appeared to be double unit 

Q. 

structures. xl250. · 

Anaphase, unsquashed preparation showing the two clear chromo
some plates parting by apparent parallel disjunction. xl250. • 
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FIGURE 55 

A. (Col. Bl). Interpretation of Fig.54I,J. 

Squashed metaphase preparation consisting of 76-85 chromosomes, 

many clearly divided into chromatids. 

B. (Dor.Bl). Interpretation after squashing of interphase or 

possible prophase nucleus shown in Fig.56B,C,D. Between 53 

and 55 paired or four-lobed structures were discerned. 

were chromocentres or possible chromosomes. 

These 

• 

• 

• 

•• 

• 



~I 

!(j. :_v 

FIGURE 55 

() 
0 

I~ 

I 

I 

: \)~ 

A 

B 

10,um 



FIGURE 56 

PZeuPotaenium nuclear cytology VI. 

(Dor.Bl) and (Sor.Al). 

A-D. (Dor:Bl). 

A. Interphase nucleus in which a single, round nucleolus and dot
like, irregular and faintly stained heterochromatin could be 
discerned. xl250. 

B. Interphase or prophase nucleus containing small groups of 
chromocentres or chromosomes. x820. 

C. The same nucleus as shown in Fig.56B at higher magnification. 
showing the heterochromatic regions to be either four-lobed 
structures or.paired rods. For the diagrammatic interpreta-
tion see Fig.55B. x1250. · 

D. After squashing the apparently· discrete nature and large size 
(1-3 ~m) of the chromocentres or chromosomes was obvious. 
x1250. 

F·T. (Sor.Al). 

E-H. Metaphase preparation. x1250. 

E. The metaphase after initial squashing with the chromosome plate 
and spindle still intact. 

F-H. The metaphase chromosome complement after further squashing re
vealing cross-shaped chromosomes of approximately 2 ~m with a 
lightly stained median region c~). and smaller chromosomes 
(approx. 1 ~) composed of two stained dots linked by a light
ly stained region (~). For the diagrammatic interpretation 
of some of the chromosomes see Fig.57. 

I-L. Metaphase preparation. x1250. 

I; The metaphase preparation after initial squashing with the 
chomosomes adhering closely together. 

J-L. The metaphase chromosome complement after further squashing. 
48 chromosomes were differentiated. For the diagrammatic 
interpretation see Fig.58A. 

M,N. Metaphase, squashed preparation containing 51 chromosomes. 
For the diagrammatic interpretation see Fig. 588. xl250 .. · 

O,P. Two focal planes through a squashed anaphase preparation show
ing the two flat discs of chromosomes. x1250. 

Q. Anaphase preparation, the two plates of which remained intact 
after squashing. xl250. 

R. Anaphase preparation with the chromatids having separated at 
one side of the plate but not at the other. x1250. 

S. Presumed anaphase shown in its displaced position partway along 
one semicell. x520. 

T. The prestimed anaphase depicted in Fig.56S at high magnification 
showing the presumed spindle with intensely stained hetero
chromatin. xl250. 
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FIGURE 57 
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Interpretation of some of the metaphase chromosomes shown in Fig.S6 

F,G,H. The largest chromosomes (2 ~m) were almost cross-shaped 

with a lightly stained median region, while the smaller chromosomes 

(1 ~m) were typically two dots linked by a light'ly stained region. 



FIGURE 58 

(Sor.Al) 

A. Interpretation of Fig.56J-L. 

Squashed ,metaphase preparation consisting of 48 chromosomes, 

the chromatids of which could be distinguished in most cases. 

B. Interpretation of Fig.56M,N. 

Squashed metaphase preparation consisting of 51 chromosomes, 

many of hi-lobed appearance because of the two chromatids per 

chromosome. 
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FIGURE 59 

Northern Territory desmids. 

A. (Man), Manton Dam PZeurotaenium nodoswn (Bail.) Lund zygospore. 
x130. 

B. (Man) P. kayei (Arch.) Rabenhorst zygospore. x130. 

c. (Man) P. kayei zygospore with an uneven exospore, probably a 
result of its formation partially within the pores of gamete 
emergence. x130. 

D. (Fog), Fogg Dam PZeurotaenium 1, probably a form of P. ehren
bergii (Breb.) de Bary with 2-3 basal undulations and 8-10 
round to conical apical tubercles; ex culture. 

E. (Fog) PZeurotaenium 2, identifiabl~ as P. trabeauZa (Ehrenb.) 
N~g. with straight cells ornamented only by apical ridges or 
striations; ex culture. 

F. (Isl), Island Water-hole PZeurotaenium 2, comparable with P. 
bacuZoides (Roy and Biss.) Playfair because of the long, thin 
cell with a single basal inflation and a ring of small ripples 
at the apex. 

0 

G~ Backflow \~ter-hole P. subcoronuZatum (Turn.) West and West 
zygospore. x80. 

H. . (Cor), Corndorl Water-hole P. austro.Zianum (Borge) Scott 
zygospore. x210. 

I.. (Cor) Micrasterias aZata Wall. zygospore. x130. 

J. (Cor) Euastrum moebii (Borge) Scott and Presc. var. tetroch
astY'iforme West and West forma zygospore. x210. 

K. Backflow Water-hole Cosma:t'ium sp. zygospore. x210. 

L-N. Ironstone Water-hole P. ovatum Nordst. parthenospores. x210. 

L. Emergent parthenospore. 

M,N. Non-emergent parthenospores. 
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APPENDIX 1 

SEXUAL REPRODUCTION IN DESMIDS \VITH 
SPECIAL REFERENCE TO kfJCRASTER!AS 
THOMAS/ANA VAJ~. NOTATA (NORDST.) 

GRONBLAD 

Bv SusAN I. BLACKBURN and PETER A. TYLER 

Department of llotany, University of Tasmania, Box 252C. G.P.O., llobart, 
Tas91ania, 7001, Australia · 

Strains of several f,mns of ,\-tirraslcrias thomasicma. isolotcd in Tasmar.ia and Victoria. 
conjugated when mixed in all combinations. !-fomothaliism was not detected and rarely w.;re 

· both mating strains rn:sent in one locality. Conjugation. preceded by an initial pairing and 
subsequent ceiJ division. takes place between offspring of this division. either within or he tween 
parental groups. Conjugants, invested by a mucilage envelope, secrete a pinkish mucilage 
medially, in which a conjugati~n cylinder diffGentiatcs. hs relationship to conjugation struc-
tures in other species is discussed. . 

Conjugation is anisogamous. The spiny zygospore has at least three walls and an undiff-.:r
entiated opc.:rculum of the exospore facilitates germination. Only one gone is produced. 

Meiosis occurs at or immcdiatdy preceding germination. Most chromo,o:nes arc too small 
to reveal details of centromeric organisation but two longer chrumo•:omes arc apparently 
sub-tc.:lcccntrk. [vfciosis is at least partially asynchronous. A presumably haploid comrlement 
of about 40 chrorr.o:;om.:s is likely. The suitability of sexual procedures for taxonomic criteria 
!s explored. 

Micrastcrias tlwmasiana Arch. is a cosmopolitan desmid characterized by 
large ( > 170 I'm) disc-shaped cells which are almost circular in front view. 
Krieger (1939) typifies At. thomasiana by its large frontal processes. The varidy 
notata NordsL was transferred from M. dcntiwlata Brl:b. to kf. thomasiana by 
Gronblad ( 1920) who pointed out that this variety was intermediate between 
il.f. tlwmasimw and M. tknticulata but more closely resemb!cJ the former. The 
prominent frontal prt1ccsscs of M. thomasiana are usually reduced to one to 

. three basal swellings in M. tho1na.~iana var. notata (Nordst.) Gronblad. · 
Though zygosporcs of M. tlwmasiana var. notata have been reported pre

viously (Krieger, 1939), and a few observations made on zygote formation 
(Saraswat hi, 1946), no detailed account of its sexual reproduction has been 
published. In this paper, ·conjugation, gcrminatinn and meiosis are described 
and the various processes of sexual reproduction in dcsmids, and particularly in 
Micrasterias, arc discussed. 

METHODS 

Sample~ were collected frL'tn lakes, lagoons and ponds with a 25 I'm plankton r::.t, or fr~,m 
squcezings of moss or oth~·r hcnthic vegetation. Cells were isob(ed ;md cultured to establish 
clones, and conjugation wa~ induc•:d acwrding to the mcthmis of Ling & Tyler (I<J72a). 
Obscryations and phoh)graphy of conjugation were madt: frvm p:1ircd cells pipcHed into a 
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cavity slide. Bright lie!<.! and phase contrast microscopy were employed with Ilford FP4 film 
for photography. 

Germination of zygospprcs was initiated by rcwetting with fresh soil water medium zygo
spores which had been kept dry for 2-3 months. 

Meiosis_ was studied using germination vesicles fixed in a 3: I mixture of 95% alcohol and 
glacial acetic acid. The iron alum accto-carminc technique for staining chromosomes (God
ward, 1948) was-employed. 

OBSERVATIONS 

Strains isolated from diverse areas of Tasmania and Victoria included mor
phological forms ranging from a reduced M. thomasiana var. notata-lvl. denti
culata intermediate, through typical .fl.l. thomgsiana var. norata forms, to an 
ornamented form, M. thomasiana var. pulcherrima G. S. West. Sexual com
patibility was independent of this morphological variation as will be di~cussed 
elsewhere. Since most strains were morphologically "true·· M. tl10111asiana var. 
notata, the processes described arc taken as typical of that form. Strains were 
mh.ed in all possible combinations of locality. Conjugation took place in many 
of these crosse~. No cases ofhomothall!sm wcr~ found and in only two instances 
were plus and minus heterothallic strains found in a single lake. The processes 
of conjugation and germination were the same in all cases. 

Initial pairing of cells usually took plJcc 3-4 weeks after mixing; sometimes 
it took 2 months. This initial pairing did not lead directly to conjugation and 
no common enveloping mucilage was produced. fnstead, usually within 43 h 
of pairing, each cell of the pair divided vegetatively resulting in a total of four 
daughter cells in which younger semicells were always smaller and of simpler 
morphology than their older parent semicells (Fig. 10). These heteromorphic 
individuals then paired sexually (sexual pairing) and conjugated. 'This pairing 
was random between opposite mating types \vithin or outside the group of four 
cells. If sexual pairing was not wholly within a group of four, one or more 
prospective conjugant moved to an adjacent group and paired with one of its 
cells. As pairing proceeded, copious mucilage was produced around each pair 
of cells. 

Occasionally. a different pattern of pairing was observed. Many cells would 
cluster concentrically around a central point. (Fig. 11). bound in a group by 
coherent mucilage. These groups would often remain inactive for some time 
before, if at all, sexual reproduction took place between one or a few pairs of 
cells. This behaviour possibly results from many cells of one mating type 
attempting initial pairing with one or a few of the other type and is regarded as 
anomolous. 

Once sexual pairing had taken place, the conjugants lay with their isthmuses 
in juxtaposition at 90' to each other and a transparent mucilage envelope, 
totally surrounding the conjugants, was secreted. When stained with methylene 
blue this delicate em·clope displayed a granular surface (Fig. 12). From the 
isthmal area dense, granular, pinkish mucilage was secreted (Fig. 12), pushing 
the paired cells slightly apart. 

The paired cells remained at this stage for two to eight days. New cell wall 
material laid down at the isthmus marked the onset of conjugation (Fig. 13). 
By partial dissolution of the cell wall, a sma1Icytop1asmic papilla then developed 
at each isthmus but their development halted when approximately 12 J.Lm in 
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length and a quiescent period of between 2 and 9 h follo-.v~d. During this 
period there was considerable cytoplasmic streaming in the isthmus region. Just 
prior to conjug:~tion a long, clear, cylindrical region appeared within the pinkish 
mucilage, endosing the two papillae (Fig. I). This conjugation cylinder had 
distinct boundaries but, as obvious from bter stages of conjugation, they were 
flexible and easily pi~rced by the spines of the zygospore. 

Gamete fusion took ~)lace rapidly. One papilla enlarged before the other, 
indicating physiologically anisogamous mating (Fig. 2). Within 2 min the 
papillae met and became appressed along their midline (Fig. 3), follo•.ved by 
breakdown of the aprt)Sition surface and completion of extrusi,)n of the pr'Jto
plasts to form a spherical fusion vesicle (Figs 4-7). Th~ cell whid1 initiated 
fusion was not necessarily the one to complete extrusion first (compare Figs 
3 and 6). After fusion the zygote shrank rapidly, presumably by the action of 
contractile vacuotcs around its periphery, and the distended conjugation 
cylinder surrounding the zygote became evident (Fig. 7). 

Within 18 h of conjugation a hyaline exospore \Vas laid down and spine 
initials dcvelc·pecl (Fig. 8). The movement of numerous vesicles from the bases 
to the formiPg tips accompanied spine formation (Fig. 9). The conjugation 
cylinder was pierced by the mature bi- or tri-furcated spi1:cs but otherwise 
remained intact (Fig. 14). This and the enveloping mucilages kept the empty 
conjugant __ cells closely adhcrrent to the zygospore. like transparent wings 
(Fig. 15). 

Over the next 2-3 days a dark brown, smooth mesosporc was laid down 
masking endospore deveiopment and cytoplasmic reorganiz::ltion. The meso
spore was usually smooth and spherical but occasionally finger-like protrusions 
extended part way or fully up the spines (Fig. lo) as if the mesospore was 
limited by ihe exospore t(lpograpl1y. Dimensions of mature zyg()Spores fr•Jill 
various crosses were: diamete1' without spines 83-94 ttm, spine length 29-38 111n 
The zygospore measurements forM. mahabulcslnl'arensis in 131ackburn & Tyler 
( 1980) were erroneous. The correct measurements were: diameter without 
spines 60-75 f11l1, spine length 29-39 i.LITI. Occasionally zygospores formed with 
reduced spines (Fig. 17). 

For 3 months after formation zygospores were kept in replenished aossing 
medium which was then allowed to evaporate. Zygospores dried for I to 9 
months germinated approximately I week after rewctting with fresh medium. 
Under a 16:8 h light-dark regime germination usually comrne::ced I h after 
the onset of the light period and then continued spasmodically through the 
remainder of the light period. This pattern was repeated for several days. 

Germination was signalle-d by rupture of the mesospore and flipping back of 
an undif1"crentiated, round to triangular operculum (Fig. 18) in the c)(ospore. 
Opercula bore 2--J spines (Fig. 19). The germination vesicle. or zygospore 
protoplast, still surrounded by the transparent endospore. escaped through 
the opercula opening, apparently by swelling from imhibition of water. Con-

. sequently, it was initially much larger than the zygospore wails from which it 
came· but it r~pidly shrank. presum:.1bly by the action of peripheral contractile 
vacuoles. It was yellowish-grey, with a single, large, dark chromatophore 
(Fig. IS). Within 6 h. the chloropbst material was reorganized from t!H' (;hroma
tophore and the protopla:\t shrank from the thick endospore (Fig. 20). The 
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chloroplast divided and the pmtoplasL became constricted, forming a single 
Cosnwriunt-like gone (Figs 21, 22) while the endospore broke down. The p;onc 
then divided vcgl:tativcly (Fig. 23), the daughter semicclls being rounded b~lt of 
definitely thomasiana-like morph~)logy (Fig. 24). Norma! /1.f. thnmasiana var. 
nntata cclis wnc formed by vegetative division of these hetero:norphs. The 
prcgcny contained both mating types in approximately equal J!uinhers. Tri
radiate hctercmorphs were prod uccd frbllJ germination of several crosses 
(Fig. 25). 

Observations of meiosis were not complete. A II were of squashed preparations. · 
The zygote protoplast apparently commences meiotic nuclear division just 

prior to germination. Three focal levels of late Anaphase l arc shown in Figs 
26-28. In each haploid group there arc two long differentially-stained chro
mosomes (approximately 7 /tm) trailing out behind tightly knit groups of smaller 
chromosomes. In another Ana~1hase I preparation (Fig. 29), it is obvious that 
the two tails of these chromosomes arc splayed OL!t chromatids of sub-tcloce11tric 
chromosomes. 

The other chromosomes arc sr.crt (about 1·5 /Lm) with, usually, centromeric 
organization not c.bvious. However, the half-bivalent in Fig. 29 (arrowed) ap
pears to be mctaccntric. Other chromosomes, with no apparent constriction, 
are small and rod-like in appearance. 

Some asynchrony was evident in that in a Metaphase I preparation some 
bivalents with chiasmata not fully terminalized occurred together with already 
separated half-bivalents (Figs 30, 31). Of the four daughi:er nuclei resulting from 
meiosis three aborted leaving a single viable nucleus. The chromosome com-
plement was hard to assess but a tentative haploid number of around forty 
seems likely. 

DISCUSSION 

Sexual reproduction by conjugation to form a resistant zygospore which 
subsequently germinates, while considered characteristic of dcsmids, has been 
observed only rarely under natural conditions (e.g. Klcbahn, I 891; Nicuwland, 
1909; Homfeld, 1929; Starr, 1~55a; de Bary, 1958; Cocsel, 1974), and its 
details in many species arc unknown or very sketchy. The development of 
techniques to culture and study desmids under bboratory conditions has 
allowed clucidatiOIJ of sexual reproduction of more desmids (e.g. Starr, l954a, b, 
l955a,b, 1958, 1959; Gronblad, 1957: Biebel. !958, 1964: Drandham & God
ward, 1963, 1964, 1965a,h; Kics, 1964, 1968; Brandham, 1965, 1967a,b; 
Lippert, 1967, 1973; Winter & Biebel, 1967; Lenzcnweger, 1968a,b,c: Ichimura, 
1971: Tassigny, 1971; Ling & Tyler, 1972a,b; Ichimura & Watanabe, 1974; 
Muller, 1974), revealing wnsiderable morphological and physiological differ
ences of method. f n a group in which taxonomy is based on a variable mor
phology of vegetative cells, these diflcrcnces may well be important taxcmomically 
and several authors have explored this possibility (Stan, 1959; Cook, 1963; 
Ichimura & Watanabe, 1974; Ling & Tyler, 1964). 

It appears that there arc distinct differences in the method of sexual repro
duction, even within the genus Micrasterias. In M. papillifaa (Kics, 1968) and 
M. thomasicma var. notata sexual pairing and conjugation is preceded by initial 
pairing and cell division. This docs not happen in itt. rotata (Lenzenweger, 
l968a), M. mahahulcslnmrnisis (Blackburn & Tyler, 1980) or AI. laticcrs and 
M. hard.ri (Ling, 1977). Some members of other des mid genera, both homo
thallic and hctcrotlwlli.::, also exhibit this pre-conjugation vegetative division, 
such as Nctrium digitus ( Bichel, 1964), Clostcrium strigosum (lchimura, 1971 ). 
and C. monilifl:rum and C. ehrcnbcrgii (Lippert, 1967). fn all cases the daughter 
semicclls arc smaller than the parent semicells. 

The degree of prot.ection for escaping gamete protopfasts varies considerably 
(Fig. 32). All species so far studieJ secrete a mucilage envelope, investing the 
conjugants, which may be granular or smooth. In 19.1. mahabuleshwarcnsis 
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FtG. 32. Diagram of conjt•g~tion structures. of various desmids. A. In Afirmstcrias 
malwhulcshll'arcnsis (after Diackhum & Tyler, 1%0} and Af. rota/a (Lenzcnwegcr, 
1968a) the only proh.'ction for escaping gametes. is the overall mucilage envelope 
investing conjugants. B. In Cfostcrium moni/iferum (B, after Lippert, 1967), Cosmarium 
tt:rpiuii (B 2 afte; Starr, l954a, 1959), Plcurotaenium spp. (Ling & Tyler, 1972a), several 
Cosmarium spp. (Starr, 1959l and sevcrai C/osterium spp. (Cook, 1963_;_ Lippert, 1967) 
conjugation tal.:es place \Vithin an undifferentiated mucilaginous conjugation vesicle 
secreted centrally. between conjug:mts. C. In Microsterias laticeps (C, after Ling, 1977), 
M. lum/Fi (Ling, 1977), M. tlwmusiana var. notata (C 2 , after this parer), M. papillifera 
(Kics, I'J6R: :\'liillcr. 1974) and Stourudesmus orbicu/:1re var. ral/sii (Ling, 1977) 
g:1mctcs fuse in a definite cor.jug:ttion cylinder \.·hich may be robust and surrounded 
with granular rnucil:~g·: (M. tltomasiona V:Jr. nota/a and M. papi!lifcra) or more dclic<~te 
and lacking the granular mucilage(,\/. hnrdyi, M. lariceps and S. orbimlarc var. ral/;·ii). 
0. In C!osteriumlittorde Iafler Pickett-Heaps & Fowkc, 1971 }, several other Clostail'lll 
spp. (Cook, 1963). Netrium dfr.itus (Gri\nblad, 1957; Biebel, 1964), Mcsntaenium kramstai 
(~t;trr & Rayburn, I <JM). and some mcmhcrs IJf the Zygncrr.accac (Fowkc & Pickett-
1-kaps, 1971) a rohusll conjugation tube. in C. fill orale, at least, containing celluklsc 
fibrils is produced as an outgrowth of conjugant cells. m.e., mucilage envelope; c.v., 
conjugation vesicle.: c.c., conjugation cylinder; c.t., conjugation tube. 

09 

(Diackburn & Tyler, 1980) ·and !If. rotata (Lenzenweger, 1968a), this is the 
extent of protection fllr emerging gametes (Fig. 32A). ln other desmids (Fig. 
3281, B~) an undiO\?rentiated, mucilaginous conjugation vesicle is secreted 
between the conjugants, within the envelope, to be penetrated by emerging 
papillae. In others (Fig. 32C~o C2), a defmite conjugation cylinder is produced. 
which may be delicate or robust. In both cases it has flexible boundaries and is 
easily pierced or distended by developing spines of the zygospore. It may or 
may not be surrounded by mucilage (Fig. 32C1, C~)- Yet again. some species 
produce a rigid conjugation tube (Fig. 320) resembling a cell wall, and in at 
least one case the presence of cellulose microfibrils has been demonstrated 
(Picketi-Heaps & Fowke, 1971). 

While cc;tain apparent homologies may be postulatct:!-betwcen the conjuga
tion tube of som~ dcsmids and those of the Zygnemaceae, between the mucil:l
ginous conji1gation ve~idc of Clustf.'rium monilifcrum (f7ig. 32131) and the muci
lage surrounding tire ctmjugation cylinder of M. thomasiana var. nota/a (Fig. 
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32C2)-phylog~nc!ic implication is not intendt:d. Indeed, it would be hard to 
substantiate inasmuch <!Sa number of dissimilar genera possess the same method 
of conjugation while obviously related species of a single genus may display any 
.one of the vario11s methods. The ditTerences are ones of degree, rather than 
kind. Nor;e the less, since for a number of species conjugation method remains 
constant under a variety of conditions (Ling & Tyler, 1972a, Blackburn & 
Tyler, 1980), then it seems to be a specific character of considerable diagnostic 
precision. 

The manner. in which gametic protoplasts escape from parent cells also varies 
amongst the desmids. In Micrasterias elongation of the isthmus by deposition 
of new wall material and protrusion of papillas through pores in t_he new walls, 
are uniwrsal, as is anisogamous mating. However, another mechanism of 
protoplast escape, in which the cell wall separates on one side at the isthmus 
in a neat break, has been observed in Cosmarium botrytis var. tumidum and in 
Cosmari11111 botrytis var. botrytis (Brandham, 1967a), Staurastrum gladiosum 
(Winter & 13iebcl, 1967) and S. orbiculare var. ralfsii (Ling, 1977). 

Cook ( i 963), studying sexual morphology in many species of the Closterium 
l'enus-clianac -complex. found zygospore morphology to be more stable than 
vegetative cell morphology-; and within the genus /v/icrasterias there is uni
formity to the extent that all species have zygospores with well developed 
spines. The degree of subdivision of the spine tips varies between species but 
this has been found to be partially dependent on turgor pressure (Coesel & 
Teixiera, 1974; Ichimura & Watanabe, 1974; Kies, t96S, 1970a). It would be 
instructive to compare the formation of zygospores of many Aficrasterias 
species under identical culture conditions. 

The numher and type of zygospore walls may also prove to be a useful 
taxonomic characteristic (Gcrrath, 1973). Af. papillifera has a four-walled 
zygospore (K ie~. 1968, 1970a, b) consisting of a single endospore, a dense 
mesospore and two cxosporcs, the outer of which is shed 2-3 days after zygo• 
spore formation. All other !1-ficrastcrias species studied, including M. thomasiana 
var. notata, h:J\'e three-walled zygospores. However, in the latter species at 
least, the only zygo~porcs observed were m:1ture so that an outer or primary 
exospore, if one were rresent, would already have been shed. A fourth wall is 
therefore a possibility. All Pleurvtaeilium zygospores (Ling, 1972a) and Cylindro
cystis hrcbissonii (Gerrath, 1973) have five-walled zygospores. 

The manner in which the germination vesicle escapes from the zygospore 
varies among desmid species. In some, for example Cosmarium turpinii (Starr, 
1955b) and Staurastrum orbicularc var. ra/f1·ii (Ling. 1977), the mesospor,e and 
exospore simply rupture, while in others definite opercula, or escape hatches 
in the exospore, hinge back to allow the exodus of the vesicle through the 
ruptured mcsospore. First described for Pleurotacnium (Ling & Tyler, 1972a), 
opercula have ~ince hcen found in /'.-f. mrihabulcslllrarct'tSis (Blackburn & Tyler, 
1980), M. laticcps and M. iwrdyi (Ling, 1977). However. Plcurotacnium opercula 
possess a definite rim whereas all Aficrastcrias opercula appear to be undifferen
tiated portions of the exospore. M. /aticcps opercula are unusual in that both 
the mesospore and exospore lli p back irl~tead of the mcsosporc simply rupturing. 
It is possible that presence or absence of opercula may prove to be a delinitive 
characteristic of sori1c genera or species. 
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The uumber of gones produ(·ed may vary both within and between species. 
In M. thomasiana var. notata only one gone is formed. Two gones are prodUl:ed 
from each vesicle in M. hardyi ar.d M. /aticcps (Ling, 1977), and M. rotata 
(Lenzenweger, 19G8b,c), but two, three or four goncs may occur in M. malwlw!e
shwarcnsis (Blackburn & Tyler, 1930). Ling ( 1977) found a strong correlation 
between the number of chromatophores in the germination vesicle and the 
number of genes in Staurastrum orbicu!are var. ralfsii and Blackburn & Tyler 
(1980) observed production of two, three or four chromatophorcs just prior to 
germination in some zygospores of Af. mahabu/eslMarcnsis. 

The limited observations of meiosis, suggesting a presumably haploid com
plement of about 40 chromosomes, arc ir1tcrcsting when compared with mitosis 
in Micrastcrias thomasiana var. notata. Waris (1950) observed 34-c-37 mitotic 
chromosomes, two of which were much longer than the rest and had a long, 
thin sub-terminal constriction. This agrees well with the presumably sub
telocentric chromosomes observed at Anaphase I in meiosis. These, and the 
fe\v other chromosomes with a single centromere, indicate that the "diffuse" 
centromeric org::111ization claimed fer other desmicts (King, 1953; Brand ham & 
Godward, 1965b), or the polycentric organization of son1e chromosomes of 
M. americana (Ucda. 1972), is not present in at least some chromosomes. of 
M. tlzomasiana var. nota/a. Most of its chromosomes are small and rod-like, 
and, because of their squat flmn, would not be expected to re\'eal clear details 
of their centromeric organization. Some other dcsmids, for example P!eurotac
nium species (Ling & Tyler, 1975), also have only a single centromere per 
chromosome. Thus, a range of centromeric organization exists within the desmids. 

s~raswathi ( 1946) and Kasprik (197 J) also looked at the mitotic chromosomes 
of M. t/wm,1siana var. notata. S<Jraswathi observed 35--40 "small, spherical and 
rod-like" chromosomes but maJc no mention of any long chromosomes. 
Kasprik examined mitotic metaphase plates of ftvc strains of M. tltomasiana 
and one strain of ·M. tlzomasiana var. niJtata from Germ«ny, Finland and 
Norway. In all cases he made counts of 39 chromosomes of which some were 
very long. At this early stage it seems possible that /vf. tlzonwsiana, including 
its variety notata, might have a stable karyotype in strains throughout the world. 
This would be in contrast to some other dc.m1ids, for example M. anzericmw 
(Kasprik, 1973) and Cosmariwn botrytis (King, 1960; Brandham, 1965), where 
it has been postulated that fragmentation of chro:nosomes may occur without 
loss of total genetic content because of either polycentric chromosomes or 
"diffuse" centromeric organization. Further investigations of meiosis in lvficra
sterias tlwmasiana var. nota/a arc underway and will hopefully elucidate more 
fully its cytology. 

ACKNOWLEDGEMENTS 

We thank Miss I. J. Powlin:;. State Rivers and Water Supply Commission, Vict?ria, for 
sending live dcsmids from Victoria, and the Austmlian ~cscarch Grants Comnuttee for 
f.nancial support. 

REFERENCES 

RtEREL, P., 19.58. Conjugatil11l in sac.:odcnn desmids. News Ruff. ph,·co/. ,','oc. Am., II: 62. 
DtEBF.L, P., 1964. The sexual cydc of N:'tri:mr digitus. Am. J. Rot., 51: 6<)7-704. 



012 S. I. BLACKBURN AND P. A. TYLER 

RLAC!;!ltiK~:. S. r. & TYLER, P. /\., 1980. Conjugatio:1. germination and meiosis in Micrasterias 
mahabu/es/nmrcusis Hobt,on ( Dcsmid ia-::cac). Br. ph_,·co/. J., 15: R3--<_l 3. 

UKAND!IA.\f, P. E .. 1965. Formation, division and conjl;g:ltion of multinucleate cell~ of dcsmids. 
Phyca!ogh1, 5: 45-52. 

lhANDIIAM, 1'. E .. l'l67a. Time-larsc swdics of eonjugatic'n in Cosn:arium batrytis. £.Gamet~ 
fusion and spine formation. Rel'lte tll,;o/. N.5i., 4: 312--316. 

TIRM:n!IM~f. r. E., l'l67b. Time-lapse studies of CO!ljugation in \o.tmarimnl>atrytis. H. Pscudo
conjug~tion and an anisogamous mating behaviour involving chemotaxis. Ca11. J. Bot., 
45: •!H-493. 

BRANDIIAM, P. E. & GoowARfl, M. B. E., 1963 .. Mating types and meiosis in desmids. Rr. 
p/wcol. Bull., 2: 280-28 I. 

BRAND.!Ii\M, I'. E. & GornVA(;.D, M. n. E., 1964. The production and inheritance of the haploid 
triradiatc form in Cosmari11111 l>otrytis. Phyco/ogia. 4: 75-83. 

BRANDHAM. J>. E. & GoowARIJ, 1\·1. B. E., 1965a. The inheritance: of mating type in dcsmids. 
New Phyt(1/., 64: 428-435. 

BRANDllA~f. P. E. & GODWARD. M. n. E., 1965b. Meiosis in Cosmarium hoTryTis. 'Call. J. Bnt., 
43: 13 79-13llG. 

CoESEL, P. F. M., 1974. Notes on se);ual reproduction in clcsmid:s. I. Zygospore formation in 
nature (with special rcf..:rcm:c to some unusual records of zygotes I. Acta: bot. nccrl., 23: 
361-3611. 

Cor.sEL, P. F. ·1\l. & TEIXEIRA, R. M. Y., 1974. Notes on sexual reproduction in dcsmids. H. 
Experiments with cor.jugation cxp~rimcnts in unialg:ll cultures. Acta. hnt. necrl .• 23: 
603-i>ll. 

CooK, P. W., 1963. Variation in vegetative and sexual morphology among the small curves 
species of C/ostr:rium. Phyco/ngia, 3: 1-18. 

DE BARY, A., 1858. UntersurhziJigen die Faniilie dcr Cvnjugatcn Zygncmecn wul Dc.smideen. 
Leipzig. 

FowKE, L. C. & PI<:KETI-HL\PS, J.D .. 1971. Conjugation in Spimgyra. J. Phyrnl., 7: 285-29-+. 
GERRATII, J. F., 1973. ~otcs on de~mid ultrastructure!. Cell Wall m:d zygote wall of Cylindro

cysri.s brehi.1.w>nii M,·ncghini. I!. Tho.: replicate division septum of L!ambusina brchis.sunii 
Kiitzing. /Jci/;. ,'\'ora lf<·d\<'igiu. 42: 103-113. 

GoDWARIJ. t-.·1. Il. E .• 1948. The iron alum acetocarmine method for algae: Nature, Lnnd., 161: 
203. 

GRON!lLAD, R .• 1920. Finnlandischc Dcsmidiacccn aus Keuru. Acta Soc. Fauna Florafenn., 
47: 1-98. 

GRi'jNBLAD. R., 1957. Observations on the conjugation in Netriunz digiTus; Bot. Nmi~cr. 110: 
468--472. 

Ho~FEI.D, H., 192'>. Beitrag zur Kcnntnis der Dcsmidiacccn Nordwestdeutschlands, bcsondcrs 
ihrer Zygoten. J'f/r;u:;en/(Jrsc!wng, 12: 1-96. 

IcHIMliRA, T., 1971. Sexual cell division and conjugation--papi!h foni1ation in sexual repro-
duction of C/ustcrium srrigosum. Prnr. Int. S<'ll~<"l'cd Symp •• 7:: 208-214. . 

lcmMURA, T. & WATAN.-\IlF., M., 1974. The C/osterium ra/ospm-r.mz complex from the Ryuku 
Islands---variation and ta:-;otll)lilic problems. /Hem. train. Sci. Mus. Tokyo, 7: 89-102. 

KAsrRIK, W., 1973. Bcitriige zur Karyologie dcr Desmidiaecen-Guttung Micrasrcrias Ag. 
Beih . .'\'t•1·a lkdwigia, 42: 115-137. 

K1ES, L., 196-l. Obcr. die cxpcrimcntelle Auslosung von Fortp!!lanzungsvorgtingcn und die 
Zygotcnh·imung bei Clostcrium acerosum (Shrank.) Ehrcn!bg. Arch. Prolisrcuk., 107: 
331-350. . -

KrES, L., I 9U8. Obcr die Zygotrnbildung bci Micrasrerias papillifora. Flora, lana, Abt. B, 157: 
301-313; 

KlES, L., 1970a. Elcktroncnmikroskopische Untersuchungen uber Bildung und Struktur der 
Zygotcnwand bd 1\Iicrastcrias papi/lifcra (Dcsmidiaccac). I. Das Exospor. Prowplasma, 
70: .:!1-4 7. 

Krs, L., 1970b.· Elcktrcnenmikroskopische Untersuchungen iiba Hildung und Struktur dcr 
Zygotenwand bei Micrastcrias pa,~il/({cra (Desmidiaceae). U. •Die Struktur von i\!c:sospor 
und Enclo~por. Prorop/asmu, 71: 139-146. · . 

Krr-:G, G. C., 1953. "Diifuse" ccntwmcre and other cytological obscn·ations on two dcsmtds. 
Nature, Land., 171: 181. · 

KING, G. C., 1960. The cytology or the dcsmids: the chromosomes. New Phytol., 59: 65:-72. 
KLEllAI!N, H., 1891. Studicn Uber Zvgotcn. I. Die Kcimung von.Clc•.Hcrium und Cosmarwnr. 

Jh. wiu. Bot .. 22: 415-·HJ. . 
KREIGER, W., 1939. Die Dc~midiaccen. Rabcnlwrsts' Kr.lptogal'!l'-'.n-Fiora, X//1, 1: 2. 
LENZENWEGER, R., 1968a. Zygotcnbildung bt~i dcr Zicrah:e ~flicraSTcrias. Mikrokowws, 1: 

10-13. • 
UNZENWFGER, R .• 196!\b. Ocr Vcrlauf dcr Zygotcnkc:imung hci 'Micrasterias rotata (Grcv.) 

Ralfs. Arch. l'rotistenk., 111: 1-11. · 



Sexual reproduction in dcsmids 013 

LF.NZENWEGER, R., 1968c. Lchcnszyklus und Zygotenkeimung IY.:i der Zicrlagc Micrastcrias. 
Mikrokosmos, 9: ~70-275. · 

LING, H. U., 1977. Polymorphism, sexunl reproduction, meiosis and polyploidy and their 
impl;cations for dcsmid taxonomy. Ph.D. Thesis, l!niversity of Tasmania. 

LING, II. U. & TYLER, P. A., 1972a. The process and morphology of conju!!ation in dcsmids, 
espccinlly the genus P!curotaenium. !Jr. phyco/. J., 7: 65-7':}. 

LING, H. U. & TYLER, P. A., I ')72h. Zygospore germination in Plcmrotaenium. Arch. Protistenk, 
114: 251·-255. 

LING, H. U. & TYLER, P._A., 1974. Interspecific hybridity in the desmid genus Plcurotaenium. 
J .. £'hyco/., 10: 225-230. 

LING, H. U. & TYLER, P. A .. 1976. Meiosis, polyploidy and taxonomy of the Pleurvtaenium 
mamil!atum complex (Dcsmidiaccae). Br. phyco/. J., 11: 315-330. 

LIPPERT, B. E., 1967. Sexual reproduction in C/osterium moni/ifcrum and Closterium ehrenhergii. 
J. Phyco/., 3: 182-198. 

LIPPF.RT, B. E., 1973. Some factors affecting conjugation in Clos:erium (Desmidiace:1e). Beifr. 
Nom fledwigia, 42: 171-177. · 

MULLER, W., 1974. Kopulation und Zygotenkeimung bei der Zicralge ,\licrasterias papillifera. 
Mikrokosmos, 9: 283-285. . 

NIF.WI.AND, J. A., 1909. Resting spores of Cosmariunz bioculatum. A mer. Mid. Nat., l: 4-8. 
PICKETT-HEAl'S, J. C. & FowKr:, L. C., 1971. Conjugation in the dcsmid C!osterium littorale. 

J. f'lryco/., 7: 37-50. · 
SARASWATHI, M. R., 1946. Nuclear division, cell division and zygote formation in Micrasterias 

denticulata IJrcb. var. iwtara Nordst. indian Bot. Soc., ,\J,O.P. Iyengar commemoration 
volume: 276-288. · 

STARR, R. C., 1954a. Hcterothallism in Cosmarium hatrytis var. suhtumidum. A. J. Bot., 41: 
601-607. 

STARR, R. C.. 19541:1. Inheritance of mating typ~ and a lethal irictor in Cosmarium botrytis var. 
suhwmiclum Wittr. Proc. 1wtn. Acad. Sci., U.S.A., 40: 1060-1063. 

STARR, R. C., 1955a. Isolation of sexual strains of Placoderm desmids. Bull. Torrey bot. Club, 
82: 261-265. 

STARR, R. C., "1955b. Zygospore germination in Cosmarium botrytis var. subtumidum. Am. J. 
Bot., 42: 577-581. 

STARR, R. C., 1958. The production and inheritance of the triradiatc form in Cosmarium 
turpinii. Am. J. Bor., 45: 243-248. 

STARR, R. C., 1959. Sexual r.:production in certain species of Cosmarium. Arch. Protistenk., 
104: 155-164. 

STARR, R. C. & RAYilURN; W. R:, 1964. Sexual reproduction in Mesotaenium kramstai. 
PlrycvloF;io, 4: 23-26. · 

TASSICiNY, J'vl., 1971. La sexualitc des desmidiccs. Annce. bioi. tO: 403-429. 
TASSIGNY, M ., I 974. Fact..:urs inductcurs de Ia scxualite chez ll.fesotacnium kra,;rstai Lem. et. 

Cosmarimn formosu!um 1-!otT. (Chlorophycees, Zygophycet:s}: Bull. Soc. phycoi. Fr., 19: 
183-190. . 

UEDA, K., 1972. Electron micro>~copical observations on nuclear division in Micrasterios 
americana. Bot. mag. Tokyo, !!5: 263-271. 

WARIS, H., 1950. Cytuphysiological studies on Micrasterias. I. Nuclear and cell division. 
Physio/vgia Pl., 3(1): 1-16. . 

WII'..TER,' P. A. & BIEOEL, P., i 967. Conjugation in a heterothallic Staurastrum. Proc. Pa A cad. 
Sci., 40: 76-79. .. 

(Accepted 29 July 1980) 



APPENDIX 1 
FIGURES 

FIGS 1-9. Conjugation in M. tlwnwsicma var. notata. x 180. Fig. I. 0 h, 0·00 min. The 
conjugation cylinder rapidly appears between thc·raircd cells at the isthmus and within 
the dcn<>c granular mucilage. Fig. 2. 2 h, 30·00 min. One papilla rapidly enlarges. 
Fig. 3. 2 h, 30·15 min./'.<; the lirst papilla continues enlarging th.:: second papilla increases 
in size until they meet [!l,,ng :heir n'idlinc. Fig. 4. 2 h, 32-lJO min. Partial extrusion of 
protoplasts begins. l:ig. 5. 2 h. 34-00 min. The papillar apposition surf:~ce breaks clown 
and tile protoplasts partially fuse. Fig. 6. 3 h, 36·00 min. One protoplast is completely 
extruded. Fig. 7. 4 h. 30·00 min. Complete fusion of the protop!asts and shrinJ.:agc of 
th_e 7.ygotc has occurred. Fig. H. 16 h, 0·00 min. A hyaline exo<;pore with spine initial_s is 
latd down. Fig. 9. Spines develop, mediated by vesicles moving to the tips of the spme 
initials. 

FIGS 10-17. Zygospore formatk'n in llficrastcrias tl:oma:Siana var. notata. Fig. 10. Small 
young semicells of simple morphoh1gy resulting from a pre-sexual pairing vegetative 
division. x 140. Fig. 11. Anomalous cunccntric clustering around a central point. x60. 
Fig. 12. Dense 'granular pinkish mucilage (arrowed) within granular mucilage envelope 
(double arrowed). Stained with methylene blue. :-< 140. Fig. 13. Lengthening of the isth
mus by cell wall deposition prior to conjugation. x 150. Fig. 14. Zygospore with the robust 
conjugation cylinder pierced by th.: mature spines. x 180. Fig. 15. 1\-lature zygospore with 
closely adherent empty conjupnt cells. x 170. Fig. 16. Unusual zygospore with finger
like proj.:ctions of the meso spore extending up the spines. x 170. Fig. 17. Zygospore with 
reduced spines. >: 170. 

FIGS 18-25. Zygospore germination in Af. thomasiana var. nota/a. Fig. 18. Escape of 
the germinatiqn vesicle. with a single prominent chromatophore. by rupture of the 
mesospore and !lipping back of the operculum. x 175. Fig. 19A. Detached opercuhlm 
bearing two spines. Tl. Operculum hearing three spines. x 350. Fig. 20. Germination 
vesicle with the chloroplast reorganised and the protoplast shrunk away from the 
endospore wall. ~~ 200. Fig_ 21. Constriction of the protoplast still within the endospore. 
x200. Fig. 22. Cosmarium-like gone. the product of.one vesicle, unevenly divided by 
the sin us. x210. Fig. 23. Gone undergoing a vegetative division_ x 200. Fig. 24. Hetcro
morph with the younger semiccll being of rlwmasiana-like morphology. x 190. Fig. 25A. 
Frontal view of a tri-radiate heteromorph. B. End view of a tri-radiate heteromorph. 
X 190. . 

FrGs 26--30. Meiosis rn /\1. 1/wmasiana var. nutala. Figs 26-28. Three· focal planes of a 
late Ar.apha~e I shov:ing two long chromosomes in each haploid group ami a large 
numbe:r of small chromosomes. >~ 1.250. Fig. 29. A siilgle-Anapha;e I chromosome group . 
showing apparent m.:taccntric organi7ation of one small chromosome (arrowed) and a 
sub-teloccntri,; constriction on one of the long chromosomes (double arrowed). x 1,400. 
Figs 30-31. Two focal levels of a 1\-!ctaphase I showing asynchrony of division with 
cross-shaped bivalent (Fig. 30 arrowed) arid already separated half-bivalents (fig. 31 
arrowed). x 1,000. 
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