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ABSTRACT 

The paucity of cultural studies on the filamentous 

green alga Mougeotia prompted a series of investigations on 

two species, Mougeotia transeaui Collins and Mougeotia sp. 

(LB 75 8) from the Culture Collection of Algae at Indiana 

University. These investigations were primarily concerned 

with the biology of M. transeaui, but included a limited 

number of physiological experiments on Mougeotia sp. (LB 

758). Investigations were conducted on unialgal or axenic 

cultures. 

Mougeotia transeaui is of special interest because 

it is morphologically isogamous, but physiologically anisog-

amous. Vegetative and reproductive morphology, asexual and 

sexual cycles, and the cytology of vegetative cell division 

were studied in unialgal culture. Unialgal cultures were 

grown in soil-water medium at a light intensity of 2500-3000 

lux on a 12 hr light:12 hr dark cycle or a 16 hr light:8 hr 

dark cycle at 22° + 2°C. 

Reproduction in M. transeaui was predominantly 

asexual by aplanospore formation which began prior to sexual 

reproduction (zygospore formation) and continued over a 

longer period of time. Sexual reproduction is homothallic 

and of special interest because only three of the 108 de

scribed species of Mougeotia are physiologically anisogamous. 

xiii 
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Various stages in the formation and maturation of aplano-

spores and zygospores were observed with light and scanning 

electron microscopy. From these observations the complete 

morphology of asexual and sexual cycles of M. transeaui were 

recorded. 

Vegetative cell division occurred 2-6 hr after the 

onset of the dark portion of a 12 hr light:12 hr dark cycle. 

From filaments sampled during this period 27+2 minute dot 

chromosomes were counted. During mitosis the nucleolus 

disappeared by metaphase and was evident again as three or 

four micronucleoli in late telophase. At interphase micro-

nucleoli fused to form a single nucleolus or occasionally 

two nucleoli. Nucleolar substance reported to surround the 

chromosomes of other zygnematacean species during mitosis 

was not observed in M. transeaui. 

Investigations on the physiology in M. transeaui and 

in Mougeotia sp. (LB 758) utilized axenic cultures. These 

cultures were grown in liquid defined media with a light 

intensity of approximately 2500 lux on a 12 hr light:12 hr 

dark cycle at 22° + 1°C. Growth of filaments in eight 

sources of nitrogen showed differences in amount of total 

growth, with maximum growth in medium containing urea. 

While medium with urea as its nitrogen source yielded 

greatest filament growth, aplanospores and zygospores were 

frequently atypical. 



XV 

Filament growth was influenced by pH, and culture 

medium adjusted to pH values above 7.0 supported greatest 

growth. Sodium nitrate and urea supported approximately 

equal filament growth at pH 7.5. Aplanospores and zygo

spores developing in media with sodium nitrate were typical 

for M. transeaui. For this reason sodium nitrate was used 

routinely in media for physiological experiments, except in 

those experiments designed to show differences of filament 

growth in media with different sources of nitrogen. 

The interaction of light and temperature on growth 

was studied in M. transeaui. These studies utilized axenic 

cultures grown in petri dishes on a cross-gradient plate. 

Maximum filament growth of morphologically typical cells 

occurred at light intensities between 2700-4100 lux at 

temperatures between 18° and 22°C. 

Axenic cultures of Mougeotia sp. (LB 758) grew 

slowly or not at all in defined medium. Addition of sterile 

soil-water extract to the medium promoted growth. A vitamin 

requirement was suspected so vitamin B^2 and Eagle's vitamin 

mix were added separately to the medium used for axenic 

cultures. Medium with vitamin B^ supported good filament 

growth, but Eagle's vitamin mix failed to promote growth. 

Therefore, vitamin B^ appears to be a growth factor for 

Mougeotia sp. (LB 758). 



Therefore, vitamin B12 appears to be a growth factor for 

Mougeotia sp. (LB 758) . 



INTRODUCTION 

The paucity of cultural studies on the filamentous, 

green alga Mougeotia prompted the series of investigations 

reported here. While these investigations are primarily 

concerned with the biology of Mougeotia transeaui Collins, 

they have involved a limited number of physiological experi

ments on a second species, Mougeotia sp. (LB 758) from the 

Culture Collection of Algae at Indiana University (Starr, 

1964). Aside from the taxonomic descriptions, species of 

Mougeotia have been little studied with most investigations 

conducted on cultures of unidentified species. 

Mougeotia transeaui is of special interest because 

it is one of only three species of Mougeotia that is 

morphologically isogamous and physiologically anisogamous 

with zygospores produced in receptive gametangia and all or 

most of conjugation tubes. The remaining 105 species de

scribed for the genus (Randhawa, 1959) all exhibit isogamous 

reproduction with zygospores produced in both receptive and 

donor gametangia and the conjugation tube or solely in the 

conjugation tube between the conjugating filaments. 

The first objective of the present investigations 

has been to elucidate the vegetative and reproductive 

morphology of M. transeaui, and the transition from the 

vegetative phase to the reproductive phases of this alga. 

1 



This is especially interesting because M. transeaui is a 

unique species of Mougeotia with regard to sexual repro

duction. Further, while Geitler (1959) has described 

asexual reproduction by aplanospores in M. transeaui, the 

author is not aware of any cultural study of sexual repro

duction for this species. The investigations have included 

descriptions of cytological features of vegetative cell 

division as part of vegetative morphology. 

The second objective of the present investigations 

has been to determine whether axenic cultures of M. transeaui 

could be established and maintained on defined media under 

laboratory conditions. According to three investigators 

(Chamberlain, 1932; Johansen, 1940; Bold, 1942), the 

establishment of unialgal and axenic cultures of zygnemata-

cean algae is a difficult task. However, since the intro

duction of soil-water medium by Pringsheim (1946), it has 

become easier to establish unialgal cultures. Once these 

are established, a supply of algae is available for attempts 

at obtaining axenic cultures. Yet, the establishment of 

axenic cultures of zygnematacean algae has been difficult to 

accomplish, and especially for species lacking a mucilag

inous sheath. Species of Mougeotia lack a mucilaginous 

sheath around their filaments. 

If filaments are obtained in the bacteria-free con

dition for axenic culture, the problem remains of selecting 

a defined medium in which these filaments will grow. All 



the aforementioned conditions for growth and maintenance 

were defined for M. transeaui, and it was possible to design 

physiological experiments dealing with light, temperature, 

certain nutritional requirements, and pH. Few physiological 

experiments have been reported for species of Mougeotia, al

though Neuscheler-Wirth (1970a, 1970b) in Germany has 

reported the use of axenic cultures of an unidentified 

species of Moucreotia to study morphogenetic and phototropic 

responses. Even though she grew cultures in defined medium 

for short periods, she found that long-term maintenance of 

cultures required the addition of soil-water extract to the 

medium. Her investigations have provided useful information 

for the design of certain physiological experiments on M. 

transeaui, and to a lesser degree on Mougeotia sp. (LB 758). 

Few investigations of zygnematacean algae have been 

concerned with physiological prohlems as compared to the 

numerous investigations on the physiology of unicellular 

algae. In addition to the investigations of Neuscheler-

Wirth mentioned above, two older investigations have been 

reported on the effects of nitrogen source on growth of 

Zygnema peliosporum Wittr., Zygnema sp., and Spirogyra 

varians (Hass.) Klitz. by Czurda (1926) and on Zygnema 

circumcarinatum Czurda by Jost (1953). 

The third objective of the present investigations 

has been to determine the interaction of light and tempera

ture on the growth of M. transeaui. A cross-gradient plate 



similar to the one used by Edwards (1969) to study growth in 

selected marine algae, was used for these studies. 

The fourth objective of the present investigations 

has been to determine the nitrogen source preference for two 

species of Mougeotia. This objective is broad enough to 

include the interaction of nitrogen source preference with 

vitamin additions and pH. Preferential absorption of 

specific forms of nitrogen (i.e., nitrate utilized in pref

erence to ammonium or vice versa) has been studied exten

sively on unicellular algae. A summary of data on nitrogen 

metabolism in freshwater algae has been reported by Krauss 

(195 8). More recent reviews on the subject have been 

presented by Syrett (1962) in Physiology and Biochemistry of 

Algae, and by Morris (1974) in Algal Physiology and Bio

chemistry . While the accumulated data relate only to uni

cellular and small colonial algae, these data have been 

useful in the design of nitrogen preference experiments on 

M. transeaui and Mougeotia sp. (LB 758). 



REVIEW OF LITERATURE 

In The Structure and Reproduction of the Algae (Vol. 

1) Fritsch (1935) has included an extensive reference list 

of early work on the Conjugales (Zygnematales). Recently, 

Hoshaw (1968) has updated this reference list in his review 

of the mostly experimental investigations on the Zygnemata-

ceae. The earliest work on the Zygnemataceae noted in 

Fritsch (1935) is an article written in 1852 by N. 

Pringsheim concerning the nucleus of the resting spore in 

Spirogyra. Much definitive work, both descriptive and 

experimental, has been published since then, with Spirogyra 

the most widely investigated genus of this family. Two 

European workers who focused much of their attention on 

zygnematacean species are Czurda (1926, 1929, 1930, 1931a, 

1931b) in Czechoslovakia and Geitler (193.0, 1949, 1958a, 

1958b, 1958c, 1959, 1970) in Austria. Their investigations 

have provided the basis for modern investigations of the 

Zygnemataceae. 

Much of the earlier work has been based on observa

tions of natural collections. Pascher (1907) discussed the 

formation of rhizoids and branches in Mougeotia collected in 

the forest of southern Bohemia. Brown (1908) studied algal 

periodicity of Mougeotia in selected ponds and streams. He 

was concerned with the abundance and occurrence of various 

5 
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algal species, including Mesocarpus radicans, Mougeotia 

scalaris, M. parvula, and M. genuflexa. Peterschilka (1922) 

has described nuclear division and pyrenoid increase in 

Mougeotia. In a study of apomixis Geitler (1930) has 

reported on an unidentified Mougeotia in which the filaments 

were geniculate and appeared to be in the conjugative condi

tion, but no sexual union occurred. 

Several additional reports on the morphology, 

systematics, and ecology of the Zygnemataceae should be 

mentioned. Czurda (19 31a) has reviewed the morphology and 

systematics of the Zygnematales, including Mougeotia. He 

concluded that aplanospores were not asexual reproductive 

structures, but were actually zygospores produced by lateral 

conjugation. Several investigations have been conducted by 

Geitler (1949, 1958a, 1958b, 1958c) on certain aspects of 

conjugation in Mougeotia, although he did not report on a 

complete sexual cycle. In his description of aplanospore 

formation in M. transeaui, Geitler (1959) referred to the 

process as azygote formation. Recently, Geitler (1970) has 

discussed the property of geniculation in a population of M. 

genuflexa. Lastly, Godward (1937) has included Mougeotia in 

her description of ecologic and taxonomic characters for 

zygnematacean species in the littoral flora of Lake 

Windermere in England. 

In 1917 Cunningham studied sexuality in a species of 

Spirogyra and discussed whether a filament was unisexual or 
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bisexual (exhibited cross conjugation). He has stated that 

meiosis might occur in the zygote of some species and 

precede zygote formation in others. In 19 61 Godward ob

served meiosis in Spirogyra crassa beginning immediately 

after karyogamy. She stated that three of the nuclei 

generally abort, but occasionally a zygote is found with 2-4 

fully developed nuclei. However, germinating zygotes of S^ 

crassa never produced more than one germling per spore. 

More recently asexual reproduction by aplanospores in a 

species of Spirogyra has been reported by Cocke and Wooding 

(1970). 

Cytological investigations of the Zygnemataceae have 

been increasing. Chadefaud (1945) has reported on several 

cytological characteristics of a species of Spirogyra. 

Cytological features of a number of species of Spirogyra 

has been discussed by Godward (1950a, 1950b, 1953, 1954) and 

she has suggested the use of cytological characteristics as 

another taxonomic criterion (Godward, 1956). The cytology 

of a species of Mougeotia from the Sahara Desert was studied 

by light and electron microscopy (Puiseux-Dao and Levain, 

1963). Prasad (1958) and Prasad and Godward (1962, 1966, 

196 8) have added to our knowledge on the cytology of both 

Zygnema and Mougeotia. Their interests have focused mainly 

on nuclear cytology, including movement of chromosomes fol

lowing irradiation. Godward and Jordan (1965) studied the 



nucleolus of Spirogyra britannica and Spirogyra ellipsospora 

by electron microscopy. 

Godward's (1966) chapter on the Chlorophyceae in her 

volume on The Chromosomes of the Algae contains a table of 

chromosome counts for eight strains of Mougeotia. According 

to this table the chromosome numbers vary from 32 to 

approximately 94. Chromosome counts have been made and 

chromosome morphology has been studied in Sirogonium (Wells 

and Hoshaw, 1971), a seldom studied genus of the Zygnemata-

ceae. Additional studies on the morphology and cytology of 

Sirogonium have been conducted by Hoshaw (1965) and his 

students (Crow, 1964; Dennis, 1965; Waer, 1966; Wells, 1969; 

Scalione, 1974). 

Two monographs dealing with the systematics of the 

Zygnemataceae have been published. Transeau's monograph in 

1951 described 535 species included in thirteen genera. He 

describes 99 species of Mougeotia. Randhawa's monograph, 

published in 1959, describes 580 species in the same 

thirteen genera, with an increase in Mougeotia species to 108. 

A light and electron microscope study of mitosis in 

a species of Mougeotia has been reported by Bech-Hansen and 

Fowke (19 72) . They report chromosomes of an unidentified 

species of Mougeotia to possess distinct kinetochores. How

ever, Fowke and Pickett-Heaps (1969), using a species of 

Spirogyra, and Pickett-Heaps and Fowke (1970), using a 

species of Closterium, were not able to discern kinetochores 
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in either of these zygnematalean algae. Mughal and Godward 

(1973) have described a stratified kinetochore structure for 

species of Cladophora and Spirogyra. They observed a kineto

chore on each end of long chromosomes with median kinetochores 

lacking. Prasad and Godward (1962) have suggested that 

nucleolar substance surrounds the chromosomes of Mougeotia, 

obscuring any kinetochore organization. The observations of 

Bech-Hansen and Fowke (1972) indicate that the nucleolus of 

Mougeotia disappears at prophase and reappears again at 

telophase. 

Several researchers have used cultures of Mougeotia 

in a variety of physiological studies. Bock and Haupt 

(1961) have investigated the rotation of the platelike 

chloroplast in an attempt to localize the pigment system 

responsible. In 1962 Haupt and Bock also determined the 

orientation of the phytochrome molecule within the cytoplasm. 

Later Haupt and Schonfeld (1963) studied the effect of 

ultraviolet radiation on the red-far-red induction of 

chloroplast movement, and Haupt and Fetzer (1964) have in

vestigated the energetics of chloroplast movement in 

Mougeotia. Haupt and Wirth (1967) reported a screwlike 

structure in the chloroplast of a Mougeotia cell. Recently 

Sundberg, Doskocil, and Lembi (1973) have used plasma 

membranes of Mougeotia to determine phytochrome content and 

Weisenseel and Smeibidl (1973) have concluded that phyto

chrome controls water permeability in Mougeotia. Final 
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examples of physiological investigations are those of 

Neuscheler-Wirth (1970a, 1970b) who has used a strain of 

Mougeotia in her studies of phototropism, photomorpho-

genesis, growth rate, and rhythmicity. 

In the Zygnemataceae the delimitation of species is 

based on morphological characteristics, and more specific

ally on the structure of the zygospore coupled with cell 

measurements. Identification of species is usually impos

sible without zygospores. Godward (1956) has proposed the 

use of cytological characteristics as well as zygospore 

characteristics as an aid to identifying species, especially 

in cases where reproductive structures are absent. With the 

increasing facility for growing and maintaining filamentous 

algae on defined media in axenic culture, it may be possible 

to develop physiological tests to use in combination with 

cytological and morphological observations to facilitate 

the identification of species. Such physiological tests 

have been developed for the unicellular algae Tetracytis 

(Brown and Bold, 1964) and Chlorococcum (Archibald and Bold, 

1970) . 

Very few investigators have been concerned with the 

question of nitrogen metabolism as it relates to growth in 

zygnematacean species. Czurda (1926) has described dif

ferences in growth of Zyqnema and Spirogyra in three in

organic sources of nitrogen and three organic sources. Jost 

(1953) used three inorganic sources of nitrogen plus urea in 



his studies on Zygnema circumcarinatum, and Pessoney (1968) 

used a number of inorganic and organic sources of nitrogen 

in his studies on Zygnema and Spirogyra. No studies on the 

effects of various sources of nitrogen on the growth and 

morphology of Mougeotia are known to the author. 



MATERIALS AND METHODS 

Organisms 

The principal organism for this study was a species 

of Mougeotia isolated from a mud sample collected near 

Toluca, Mexico, in 1962 by Mr. Arthur E. Dennis, University 

of Arizona. After the isolation of clonal cultures, a 

strain of the alga has been maintained in unialgal culture 

in steamed soil-water medium at The University of Arizona as 

strain M-300. When the present study began, this strain was 

known to produce aplanospores, but no zygospores had been 

observed. During the course of this investigation, conjuga

tion was observed and the organism has been identified as 

Mougeotia transeaui Collins. 

Filaments grown in soil-water culture in the 

unialgal condition were considered as having a typical 

morphology for the species for two reasons. First, it was 

felt that soil-water culture most closely approximates con

ditions occurring in nature. Secondly, in soil-water 

culture vegetative and reproductive cell measurements, 

nuclear position, and number of pyrenoids corresponded to 

criteria set forth in Transeau's (1951) description of the 

species. 

A second species of Mougeotia, LB 758, obtained from 

the Culture Collection of Algae at Indiana University 

12 
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(Starr, 1964) was also used in certain experiments. Conju

gation was not observed in this culture, hence identifica

tion has not been possible. 

Preparation of Axenic Cultures 

Two methods were used in attempts to obtain axenic 

cultures. Ultrasonic treatment-potassium tellurite treat

ment (Hoshaw and Rosowski, 1973) was attempted without 

success. A second method, employed by Pessoney (1968) for 

purifying isolates of Spirogyra and Zygnema from Texas water 

samples, was successful and involved the following steps: 

1. Transfer a mass of filaments to a sterile glass 

slide. 

2. Chop fine (1-5 cells long) with a sterile razor 

blade in a minimal amount of liquid. 

3. Add sufficient sterile glass-distilled water to 

allow the chopped filaments to be drawn up into a 

sterile Pasteur-type pipette. 

4. Transfer chopped filament pieces to a glass Milli-

pore filtration device fitted with a Millipore 

filter of 8ym pore size. 

5. Wash with approximately 1500 ml of sterile distilled 

water. 

6. Transfer approximately 30 ml of washed algal suspen

sion to 100 ml of 2% cooled liquid Bacto Difco 

nutrient agar. 
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7. Swirl flask to disperse algal suspension and pour a 

thin layer into sterile 100 mm diameter petri dishes. 

8. Incubate dishes at a light intensity of 2500 lux 

supplied by 40-watt cool-white fluorescent tubes in 

a 12 hr light:12 hr dark light regime at 22° + 1°C. 

9. Isolate filament pieces after 72 hr incubation. 

This allows any slow-growing bacteria time to 

develop so that only bacteria-free filaments will 

be isolated. 

Filament pieces apparently free of bacteria were 

transferred by means of a micropipette (Hoshaw and Rosowski, 

1973) to sterile liquid Bold's Basal Medium (Nichols and 

Bold, 1965; Nichols, 1973) in either 10 x 75 mm Pyrex test 

tubes plugged with cotton or 5 0 ml Erlenmyer flasks plugged 

with cotton. 

These isolates were incubated under a light inten

sity of approximately 2500 lux supplied by 40 watt cool-

white fluorescent tubes and a 12 hr light:12 hr dark light 

regime at 22° + 1°C. They were observed frequently with a 

hand lens for signs of growth. When sufficient growth was 

noted a portion of the culture was withdrawn and checked 

for purity. 

Cultures were tested for purity using nutrient agar 

(Difco), nutrient broth (Difco), and a "complete test 

medium" (Lee, 1974). They were considered bacteria-free if 
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liquid media did not become cloudy and no bacterial colonies 

were observed on agar slants. A routine microscopic check 

of experimental inocula was also conducted. Purification 

procedures described above were carried out in a sterile 

transfer room illuminated continuously with an ultraviolet 

lamp except when in use. 

Axenic stock cultures were maintained in 150 x 18 mm 

Pyrex culture tubes of Bold's Basal Medium supplemented with 

50 yg vitamin and solidified with 1.5% Bacto Difco 

agar. Illumination for these cultures was approximately 

1500 lux provided by 40 watt cool-white fluorescent tubes on 

an alternating 12 hr light:12 hr dark cycle at a temperature 

of 22° + 1°C. 

Culture Media 

Formulae for the media used are given in Appendix A. 

Unialgal cultures were maintained and studied in soil-water 

medium as described by Starr (1964), or with slight modi

fication. On occasion soil-water medium was prepared by 

autoclaving rather than steaming. Whenever autoclaved 

soil-water medium was used, its use will be specifically 

noted. 

Preliminary growth rate experiments with axenic 

cultures of M. transeaui and Mougeotia sp. (LB 75 8) 

utilized either Shen's medium (Shen, 1966) or Bold's Basal 

Medium. Mougeotia sp. (LB 758) required a vitamin B12 
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supplement when grown in defined media. After the prelimi

nary growth experiments, Bold1s Basal Medium was used 

exclusively as a matter of convenience. 

Since previous investigators have demonstrated the 

importance of nitrogen for the growth of certain algae, 

eight sources of nitrogen were added individually to media 

to determine the best source of nitrogen for growth of the 

two species. Criteria used to assay growth were general 

morphology of cells, morphology of reproductive structures, 

and the amount of filament growth attained by the organisms. 

Bold's Basal Medium (BBM) contains 0.003M nitrogen as 

NaNO^. Seven other sources of nitrogen were prepared to 

contain 0.003M nitrogen when added to BBM as a substitute for 

the NaNOg- These seven sources were: potassium nitrate, 

ammonium nitrate, ammonium chloride, sodium nitrate, urea, 

uracil, and casamino acids. The Merck Index of Chemicals 

and Drugs (1960) was used as the reference to determine 

percentage of nitrogen in each of the above nitrogen sources. 

Experiments were conducted to determine whether 

cultures of Mougeotia utilize glucose, fructose, ribose, or 

xylose as sources of organic carbon. These sugars were 

added to Bold's Basal Medium containing vitamin B^2 (BBMB^) 

as per cent by volume: 1% for 6-carbon sugars and 1.2% for 

5-carbon sugars. The BBMB^'Sugar solutions were steamed 

for 1 hr on each of three successive days prior to use. 
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Culture Conditions 

Unialgal cultures in soil-water medium were grown 

and maintained in Percival Model 1-36L growth cabinets. 

These chambers provided overhead lighting. Culture vessels 

were 1/2-pint glass milk bottles covered with 6 0 mm petri 

dish tops. An illumination of approximately 2500-3000 lux, 

provided by 2 0 watt cool-white fluorescent tubes on either a 

12 hr light:12 hr dark or 16 hr light:8 hr dark cycle was 

used. Temperature was maintained at either 20° + 2°C or 

22° + 2 °C. 

Unialgal cultures which were used for morphological 

and cytological investigations were prepared by transferring 

a mass of filaments from a stock soil-water culture to 

bottles of fresh soil-water medium. Transfer was accom

plished by using a Pasteur-type pipette fitted with a small 

rubber bulb to withdraw filaments from a culture. The 

tangled mass of filaments was usually partially broken up 

by moving the pipette rapidly back and forth in the bottle 

several times. No standardization of inoculum was achieved 

with this method. 

Axenic cultures were grown in defined media and 

maintained in a culture room. Culture vessels were 50 ml 

Erlenmyer flasks plugged with cotton. A light intensity of 

approximately 2 500 lux supplied by 4 0-watt cool-white 

fluorescent tubes on an illumination cycle of 12 hr light: 

12 hr dark was provided. Lights were attached to one side 
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of the culture shelves. Temperature was maintained at 22° 

+ 1°C. 

Axenic cultures which were used for physiological in

vestigations were prepared as follows: 

1. Wash filaments from an agar slant with a: minimal 

amount of sterile medium. 

2. Chop filaments into 1-5 cell fragments with sterile 

razor blade. 

3. Add 4-5 ml of sterile medium to the chopped mass of 

cells. 

4. Add 3 drops of inoculum to each 50 ml flask 

(containing 30 ml medium). 

This method of preparing culture inoculum produced 

an approximately uniform inoculum for the flasks in any 

single experiment. Filaments to be used as experimental 

inocula were grown on BBMB^ agar slants for one month under 

standard conditions of light and temperature. 

Cytological Techniques 

Samples of filaments for studies of nuclear cytology 

were withdrawn from cultures and fixed with Bischoff and 

Bold's fixative (Bischoff, 1963) or with Freytag's fixative 

(Freytag, 1964). Bischoff and Bold's fixative was used when 

cells were stained with propiocarmine. This fixative 

eliminates the need for mordanting prior to staining. Fila

ments were fixed for 3-16 hr. Prior to staining, filaments 
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were removed from fixative, placed on a glass slide, and 

allowed to dry partially. Filaments were teased apart with 

a rusty needle in a drop of propiocarmine. The slide was 

then heated over an alcohol flame to enhance the stain. 

Each slide, was sealed with petrolatum and viewed after 5-10 

min which allowed sufficient time for the stain to intensify. 

With this procedure both the nucleolus and mitotic figures 

stain intensely and appear dark red. 

Freytag's fixative was employed if cells were 

stained by the Feulgen technique or if they were stained 

with Sudan Black "B." When using the Feulgen technique, 

cells were fixed in Freytag's fixative for 3-5 min, then 

cleared of chlorophyll in 95% ethanol. Filaments were then 

washed in distilled water and placed in 5N HC1 for 20-30 

min, wherepuon they were removed from the acid and washed in 

distilled water. Filaments were then placed in Schiff's 

reagent for 20-30 min, rinsed twice with tap water, mounted 

in 45% propionic acid, covered with a cover glass, and 

flattened with a hammer prior to observation (Wells, 1969) . 

When cells were stained with Sudan Black "B," fila

ments were fixed in Freytag's fixative for 1 hr, cleared 

with 95% ethanol, and mounted in Sudan Black "B" by the 

method described by Wells (1969). All of these staining 

techniques were carried out at room temperature. 

Material prepared for scanning electron microscopy 

was fixed in 2% glutaraldehyde for 2 hr with one change of 
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glutaraldehyde after the first hour. Filaments were then 

suspended in soil-water medium for approximately 30 min, 

prior to staining in 2% osmium tetroxide for 2 hr. After 

staining, the material was rinsed twice with distilled water 

and dehydrated in acidified 2,2-dimethoxypropane (DMP) for 

1 hr according to the method described by Muller and Jacks 

(1975). Then filaments were placed in fresh DMP and 

allowed to remain in this solution overnight. Prior to 

critical point drying the DMP was replaced with 100% acetone 

in three consecutive rinses. Critical point drying of 

samples was accomplished in liquid CC^ in a Pelco Model "H" 

Critical Point Dryer. Dried samples were mounted on metal 

stubs with Scotch brand double stick tape and were coated 

with carbon and gold in a Varian Vacuum Evaporator Model 

VE 10. Samples were then ready for viewing by the scanning 

electron microscope. 

An ETEC Autoscan Model U-l scanning electron micro

scope was employed to produce scanning electron micrographs 

for surface views of aplanospores, stages of conjugation, 

and zygospores. The microscope was equipped with a Polaroid 

camera back and photographs were taken with Polaroid black 

and white, positive/negative Type 55 film. This film 

yielded both a positive print for immediate viewing and a 

negative from which additional prints were made. 
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Light-Temperature Gradient Plate 

Experiments on the effect of light-temperature 

interaction on the growth of M. transeaui were conducted on 

a light-temperature gradient plate (Van Baalen and Edwards, 

1973) . This plate was constructed by drilling a hole on two 

opposing sides of a square aluminum plate. Cold water was 

pumped through one side, and warm water was pumped through 

the opposite side. The conductive quality of the aluminum 

created a temperature gradient across the plate. A bank of 

lights was fitted above the plate at one end which produced 

a light intensity gradient at an angle of 90° to the 

temperature gradient. A timer attached to the light bank 

controlled the light-dark cycle. 

Experiments on M. transeaui with the light-

temperature gradient plate were conducted with filaments 

placed in sterile 60-mm petri dishes. Inoculum was chopped 

in the manner described above and added to 10 ml of medium 

in 150 x 18 mm test tubes. Tubes were swirled to distribute 

cells before the suspension was decanted into the sterile 

petri dishes. The gradient plate accomodated a maximum of 

36 petri dishes for any experiment. 

Chlorophyll Determination 

Chlorophyll was used as an indirect measurement of 

the effect of pH on the growth of M. transeaui. Total 

chlorophyll of extracted filaments vjas measured in a Beckman 



DU-2 Spectrophotometer using the wavelengths 645 run and 663 

nm according to the method of Arnon (1949) . Filaments for 

chlorophyll extraction were placed in 80% acetone in 

stoppered tubes and allowed to extract overnight in the 

dark. The material used for extraction was centrifuged to 

separate filaments from the liquid. The supernatant was 

drawn off with a Pa.steur-type capillary pipette and placed 

in quartz cuvettes prior to reading against an 80% acetone 

blank. 

Photographic Equipment 

Photographs of experimental flasks and petri dishes 

were taken with an Asahi Pentax single lens reflex camera 

equipped with a 35 mm wide angle lens mounted on a tripod. 

Photomicrographs were taken with either a Zeiss "Ikon" 

camera attached to a Bausch and Lomb monocular microscope 

equipped with apochromatic objectives and a Zeiss-Winkel 

photometer, or with a Leitz Ortholux microscope equipped 

with a Leitz Orthomat automatic camera. 



INVESTIGATIONS 

All investigations on the vegetative and repro

ductive morphology of the two species of Mougeotia were con

ducted on unialgal cultures grown, maintained, and manipu

lated in soil-water medium. The vegetative cytology of M. 

transeaui was also studied using unialgal cultures. Axenic 

cultures of both species were used for certain physiological 

investigations. Parameters such as pH and source of nitro

gen were investigated with M. transeaui and Mougeotia sp. 

(LB 758) in attempts to elucidate their effects on the 

growth and morphology of these organisms. The interaction 

of light intensity and temperature was only investigated 

with M. transeaui. 

General Morphology of Mougeotia 

Vegetative Morphology of Mougeotia transeaui 

The normal growth habit for cultures of M. transeaui 

is a tangled mass of filaments, which in some instances 

resembles a green coaxial cable because of the intense 

intertwining of a number of filaments. At other times, the 

filaments intertwine in such a way that they form cottony 

tufts on the soil in the bottom of culture bottles. Inter

calary cell divisions occur at random along the filaments. 

As filaments lengthen and entangle, they appear under 
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physical tension along their lengths. This condition 

eventually results in the separation of adjacent cells at 

the cross walls, producing two filament pieces. This mode 

of reproduction is termed fragmentation which provides for 

the multiplication of filaments from which a culture develops. 

Filaments of Mougeotia are unbranched; occasionally 

a cell may develop a short branch, rarely more than 1-3 

cells long. Cylindrical cells 5-15 times longer than they 

are wide make up the filament length. Filaments are not 

surrounded by a mucilaginous sheath. Both Transeau (1951) 

and Randhawa (1959) describe cells of Mougeotia as having 

only planar end walls. End walls are easily seen in most 

filaments, and they are planar with a small invagination 

near the center (Fig. I)."*" This central area is the 

thinnest and is the last portion laid down during cell-wall 

formation. When cells break apart, the end wall previously 

concave assumes a convex position, resulting in an end wall 

that is slightly rounded (Fig. 2). Scanning electron micro

graphs in Figs. 3 and 4 show end walls in surface view. 

A single axial, platelike chloroplast extends the 

entire length and width of each cell. In a recently divided 

cell, the chloroplast is uninterrupted along its entire 

length. As the cell matures an indentation develops on both 

sides of the chloroplast in the area where the nucleus is 

1. All figures in this dissertation are located at 
the end of the text. 



situated (Figs. 1 and 2). This indentation deepens as the 

cell ages until chloroplast division is complete and two 

chloroplasts have been formed. After the chloroplast has 

divided, the cell is capable of undergoing nuclear division. 

The nucleus is located near the center of the cell 

where it is usually adjacent to a pyrenoid (Figs. 1 and 2). 

It appresses to the broad surface of the chloroplast. This 

contrasts with other zygnematacean species which have 

multiple chloroplasts and a nucleus suspended by cytoplasmic 

strands in the center of a cell. Nuclear shape varies from 

spherical to ovoid and measures 7.0-8.0 ym x 7.5-10.0 ym. A 

single prominent nucleolus is usually observed in nuclei of 

living material. During interphase, this nucleolus stains 

darkly with propiocarmine after fixation in Bischoff and 

Bold's fixative (Bischoff, 1963). Occasionally two nucleoli 

are observed within an interphase nucleus. Nucleoli are 

mostly spherical and range from 3.0-5.0 ym in diameter. 

The number of pyrenoids present in a cell varies 

from as few as two immediately after cell division to eight 

in a mature cell. Occasionally as many as twelve to sixteen 

pyrenoids have been observed in cells of older cultures. 

This is in contrast to Transeau's (1951) observation of four 

to eight pyrenoids, but chloroplasts of cells in vigorously 

growing cultures may have two to eight pyrenoids. Pyrenoids 

are aligned in a single row along the length of the chloro

plast and divide during cell elongation and maturation. An 
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approximately equal number of pyrenoids occur in the chloro-

plast portions on either side of the centrally located 

nucleus. 

Starch granules accumulate around pyrenoids and 

readily stain bluish-black with iodine. In older cells this 

starch accumulation may be extensive and may partially 

obscure the chloroplast. Occasionally cells were observed 

with very little starch accumulation around the pyrenoid. 

These cells are generally rather long and may occur in 

cultures of all ages. The reason for this lack of starch 

is unknown. 

Chloroplast lamellae have been reported to traverse 

the pyrenoid in electron micrographs of certain species of 

Mougeotia (Puiseux-Dao and Levain, 1963; Bech-Hansen and 

Fowke, 1972). When observed with the light microscope, 

chloroplast lamellae in M. transeaui may sometimes be seen 

traversing the pyrenoid where they appear as dark lines, 

especially in stained preparations (Fig. 5). This traversing 

of the pyrenoid by chloroplast lamellae has also been 

described in other Zygnematales (Gibbs, 1962; Dawes, 1965; 

Rosowski, 1969). 

Morphological Plasticity of Cell 
Width in Mougeotia transeaui 

Transeau (1951) lists three species of Mougeotia 

which possess well-defined receptive and donor gametangia. 

The shape and placement of the zygospores is identical in 
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all three species, where they are positioned in receptive 

gametangia and part or all of conjugation tubes. Delimita

tion of species is based on cell size, pyrenoid number, and 

the size of zygospores and aplanospores as illustrated in 

Table 1, which has been compiled from the descriptions 

given in Transeau (1951). Transeau states: "In Florida the 

three foregoing species were all found in the same pond. In 

none of the specimens studied was interspecific conjugation 

observed" (p. 105). 

Table 1. Delimitation of three species of Mougeotia 

Species 

Cell 
Width 
ym 

Cell 
Length 
ym 

Pyrenoid 
Number 

Zygospore 
Size ym 

Aplanospore 
Size ym 

M. transeaui 9-13 50-150 4-8 12-30 x 
26-36 

12-20 x 
20-32 

M. floridana 14-20 60-200 6-8 30-40 x 
36-48 

18-24 x 
30-45 

M. poinciana 21-25 100-200 6-10 36-44 x 
35-51 

24-30 x 
32-48 
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A six-month-old culture of strain M-300R growing in 

alga-gro/soil-water medium received from Dr. J. R. Rosowski 

(University of Nebraska, Lincoln) contained filaments with 

cell widths ranging from 10.0-17.5 ym. Fifteen clones were 

established from this culture by isolating filament pieces 

of various widths in test tubes of soil-water medium 

(Table 2). 

Cultures were grown at 2500-3000 lux on either a 

12 hr light:12 hr dark regime or a 16 hr light:8 hr dark 

regime at 22° + 2°C. These cultures were allowed to grow 

for one month without transfer. Measurements of average 

cell width of the cultures were performed weekly on 50 

cells/culture; each cell measured was in a different fila

ment. Filaments were transferred to fresh soil-water 

bottles on a monthly basis. A decrease in the average cell 

width was noted in clones which were transferred monthly 

over a period of four months, except in one culture (Table 

2). This decrease ranged from 0.86-3.53 ym. However, in 

one clone an increase of 0.56 ym in the average cell width 

occurred. 

The range in the average cell width of these 15 

clones encompassed cell-width measurements for two different 

species of Mougeotia (M. transeaui and M. floridana), in 

which cell width is a delimiting factor for species identi

fication. Measurements taken when the clones were trans

ferred to soil-water bottles from test tube cultures placed 
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Table 2. Cell-width measurements of fifteen clones of 
Mougeotia transeaui Collins. 

Clone 
Initial Filament 

Width Cpm) 
Filament Width 
(pm) 4 Months x-x 

M300-1 14.70 13.59 1.11 

M300-2 14. 65 15.31 -0. 66 

M300-3 14. 94 12. 95 1. 99 

M300-4 14. 60 13. 05 1.55 

M300-5 13. 86 12.85 1. 01 

M300-6 16. 36 12.83 3.53 

M300-7 14. 70 12.40 2.30 

M300-8 16.20 13.70 2.50 

M300-9 12. 50 10.59 1.91 

M3 00-10 12. 50 10.49 2. 01 

M300-11 12.30 9.98 2. 32 

M300-12 14.50 13.64 0.86 

M300-13 13.70 12.44 1.26 

M300-14 14. 66 13.91 0.75 

M300-15 14. 90 14.07 0.83 



30 

3 clones in the cell-width range for classification as M. 

transeaui and 10 clones had average cell-width measurements 

for the species M. floridana. Two clones each had an 

average cell-width measurement intermediate between the 

limits of the aforementioned species. The cell-width 

averages of clones maintained and transferred monthly for 4 

months showed a shift in the clone measurements so that 8 

clones were within the cell width range for M. transeaui, 2 

clones were of the M. floridana cell-width range, and 5 

clones had average cell-width measurements intermediate 

between the limits for M. transeaui and M. floridana. 

A variation was also observed in the general growth 

habit from clone to clone. In some clones the filaments 

were short, tufty masses, in some they were long and inter

twined, while in others they gave the appearance of 

compacted coils upon the soil surface. 

In contrast to the plasticity observed in the M. 

transeaui strain maintained in the laboratory for fourteen 

years is the lack of variation in cell width of strains of 

M. transeaui reisolated from the original mud sample and 

maintained in soil-water medium. In the reisolated strains 

the average cell width was 11.5 ym, with measurements 

ranging between 10.0-13.0 ym. 
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The Vegetative Morphology of 
Mouqeotia sp. (LB 758) 

A second species of Mouqeotia was also studied in 

conjunction with M. transeaui during a portion of the in

vestigations. This is a species obtained from the Culture 

Collection of Algae at Indiana University. Its filaments 

measure 18.0-20.0 ym in width which is approximately twice 

that of M. transeaui. Vegetative cells have a single axial, 

platelike chloroplast with 2-6 pyrenoids in a single row. 

In this species the nucleus also is appressed to the flat 

surface of the chloroplast. 

At times an interesting condition of the chloroplast 

developed in certain cultures. Cells were observed with two 

parallel chloroplasts and the nucleus suspended in between. 

Figure 6 illustrates the two-plastid condition while the 

usual condition of the axial, platelike chloroplast is shown 

in surface and lateral views in Figs. 7 and 8. Cells with 

this two-plastid condition were contained in the same fila

ment where single plastid cells were present as well. This 

eliminates the possibility of the two-plastid condition 

resulting from contamination of the culture by another 

strain. Cells with two plastids were noted in cultures 

grown in soil-water medium, Shen's medium, and Bold's Basal 

Medium with vitamin B-^2* 
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Formation and Maturation of Aplanospores 
in Mougeotia transeaui 

Aplanospores may form anywhere along the length of a 

cell, but they are most often found near the middle (Fig. 9) . 

Occasionally a spore forms near an end wall (Fig. 10). The 

aplanosporic portion of a filament usually manifests a some

what zig-zag configuration (Fig. 9) because of a bending of 

cells in the area where the spores form. Geitler (1959) 

referred to the region of bending as the "knee." "Knees" 

apparently are due to an unequal expansion of the cell wall 

in the vicinity of the developing aplanospore. 

Early indication of aplanospore formation is usually 

a slight swelling in the central portion of a cell (Fig. 9). 

This is followed by an alteration in the morphology of the 

chloroplast which becomes granular in appearance prior to 

extensive fragmentation during spore formation (Fig. 11). 

As these changes occur, swelling of the cell wall becomes 

more prominent, and the chloroplast condenses moving into 

the swollen portion of the cell. After condensation of the 

chloroplast is complete, new cell wall material is laid down 

on either side of the swollen portion of the cell (Fig. 11). 

The lateral wall of the developing aplanosporangium in

corporates the old wall of the vegetative cell. The new 

cross-walls formed on either side of the aplanosporangium 

continue to develop as the spore ages. The cross-walls of 
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the aplanosporangium become conspicuously thickened while 

its lateral walls thicken only slightly or not at all. By 

the time the new cross-walls have formed the chloroplast has 

no recognizable organization, but is a dark green granular 

mass within the young aplanospore (Fig. 11). Not all cyto

plasm of a developing aplanosporangium is incorporated into 

the aplanospore. Remnants of the cytoplasm are observed in 

portions of the original vegetative cell which remain 

attached to either end of the aplanosporangium. This 

residue probably remains because of a difference in the rate 

of condensation of the chloroplast and cytoplasm. Eventu

ally residual material may disappear, or if end walls of the 

original vegetative cell rupture, residual material may 

escape into the culture medium. 

Maturation of aplanospores involves a thickening of 

spore walls, especially in the region of the new cross 

walls. This thickening is evident in photomicrographs and 

in scanning electron micrographs (Figs. 12, 13-16) and 

resembles a collar on either end of the spore. Maturation 

of the spores is accompanied by a gradual bleaching and by 

apparent disappearance of the chloroplast. Numerous oil 

droplets become apparent. Walls of aplanosporangia are 

clear to yellow and smooth when viewed with the light 

microscope (Fig. 12). 

Figure 13 is a scanning electron micrograph which 

shows a filament mass containing numerous aplanosporangia in 
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various stages of development. Swelling of the original 

vegetative cell walls to accomodate the developing spores is 

evident in these filaments. Figure 14 shows two aplano-

spores in adjacent cells. The larger of the two spores has 

not reached maturity as evidenced by the lack of undulations 

in the spore wall. Also a thickening of the new cross-walls 

such as seen in Figs. 15 and 16 is not evident. Repeated 

attempts to remove the spores from the old cell walls has 

met with failure. This failure is probably due to the in

corporation of the old vegetative cell wall as part of the 

aplanospore wall. Views of scanning electron micrographs 

strongly support this possibility (Figs. 13-16). Aplano-

spores are surrounded by two spore-wall layers. These 

include an outer thick wall and an inner transparent wall. 

This transparent wall becomes the cell wall of the first 

cell of a young germling (Fig. 17). 

Germination of Aplanospores in 
Mougeotia transeaui 

Germination of aplanospores occurs spontaneously and 

has been observed in filaments removed from soil-water 

bottles (Fig. 17). Prior to germination, the spore wall 

swells slightly along the thin side wall; the inner trans

parent wall separates from the thickened aplanosporangial 

wall and two "balls" of chloroplast material are visible in 

the aplanospore (Figs. 18 and 19). The disorganized chloro

plast material in a maturing aplanospore and the 
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reappearance of the chloroplast in germinating spores is 

sometimes difficult to distinguish. The onset of aplano-

spore germination is most easily recognized by the separa

tion of the two spore walls and by the swelling along one 

side of the spore where the germling will emerge. The re

organization of the chloroplast is evident early in germina

tion, and by the two-celled stage the characteristic plate

like chloroplast is present in the germling (Fig. 17). 

Germinating aplanospores were observed from cultures 

maintained in growth chambers for two months at a light 

intensity of 2500-3000 lux under a light regime of 16 hr 

light:8 hr dark at 22° + 2°C. In an attempt to induce 

germination of the aplanospores, filaments with spores were 

removed from cultures and placed in petri dishes on 1% water 

agar and were allowed to air dry for two weeks in the 

culture chambers. Dishes with the dried filaments were then 

flooded with soil-water medium and observed daily for 

germination. One aplanospore germinated after being rewet 

for two weeks. Approximately 20% of the spores seemed to 

undergo the initial germination stages of chloroplast 

greening, separation of the inner spore wall from the outer 

sporangium wall, and a slight swelling of the aplano-

sporangium, but no germlings ever emerged. No evidence was 

obtained that drying and rewetting of aplanospores enhance 

germination. 
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Formation of Parthenospores in 
Mougeotia transeaui 

Parthenospores were observed in soil-water cultures 

of M. transeaui, but these occurred infrequently. These 

spores develop when zygote formation is incomplete. Two 

gametangial cells produce papillae which grow toward each 

other. These papillae may actually touch tip to tip, or 

they may touch each other along their sides, but the cell 

wall at the region of contact fails to dissolve. 

Gametes become parthenospores when there is no dis

solution of wall material to form a conjugation tube. The 

spores are similar in size and shape to aplanospores and 

form in the undifferentiated receptive gametangia which fail 

to inflate even though papillae form (Fig. 20). On rare 

occasions both the receptive and donor gametangia produce 

parthenospores. Usually, the gamete of the donor game-

tangium disorganizes and partially disintegrates. Germina

tion of parthenospores has not been observed. 

Formation of Akinetes in 
Mougeotia sp. (LB 75 8) 

Cultures of Mougeotia sp. (LB 758) did not produce 

aplanospores or zygospores in either soil-water or defined 

media, but akinetes were produced in older cultures grown in 

both of these media (Figs. 21 and 22). The occurrence of 

akinetes in the Zygnemataceae has been reported previously 

in species of Zygnema and Spirogyra (Transeau, 1951; 



Pessoney, 1968; McLean and Pessoney, 1971). Fritsch (1935) 

stated that "structures which are probably best regarded as 

akinetes are formed in some species of Mouqeotia and 

especially in Zygnema" (p. 336). 

Akinetes are similar in size to vegetative cells, 

but may be distinguished from them by the presence of thick 

cell walls and an accumulation of storage products (Figs. 

21 and 22). The chloroplast undergoes extensive fragmenta

tion and eventually loses pigmentation. The new wall 

material is apparently deposited against the inner surface 

of the cell wall of the original vegetative cell. This 

material is distributed equally along the length and width 

as the akinete develops, giving rise to a uniformly thick 

cell wall. Germination of akinetes has not been observed. 

Sexual Reproduction in Mouqeotia transeaui 

Conj ugation 

In addition to forming asexual spores M. transeaui 

reproduces sexually by scalariform conjugation resulting in 

the production of zygospores. Transeau (1951) stated: 

"almost all the species are isogamous; only 3 species are 

strictly anisogamous, and 2 others somewhat variable even in 

the same paired filaments" (p. 80). M. transeaui is one of 

these anisogamous species. It exhibits physiological anis-

ogamy with the gametangia in vegetative filaments morpho

logically similar prior to conjugation. This species is 
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homothallic and zygospores are produced in clonal cultures. 

Lateral conjugation has been described for some species of 

Mouqeotia, but has not been observed in M. transeaui 

cultures. 

The first indication of the onset of conjugation is 

a swelling along one side of a cell to form a papilla. 

Papillar formation usually occurs in cells with filaments in 

close proximity and two cells opposite each other usually 

develop papillae simultaneously (Fig. 23). In some 

instances, the receptive gametangium is distinguishable soon 

after the initiation of the conjugation process (Fig. 24). 

In other cells, the swelling or inflation of the receptive 

gametangium is not evident until after the conjugation tube 

has been formed (Figs. 2 3 and 24). The swollen receptive 

gametangium accomodates the loosely organized gametic 

material from both receptive and donor gametangia as this 

material fuses to form a zygote. However, not all of the 

gametangial cytoplasm is incorporated into the zygote. 

Small amounts of cytoplasm are excluded from the zygote and 

are contained in the original vegetative cell walls which 

remain attached to the zygosporangium (Fig. 25). 

Between the onset of papillar formation and the 

completion of the swelling of the receptive gametangium, the 

chloroplast undergoes certain developmental changes. These 

include a certain amount of starch accumulation and convolu

tions of the chloroplast. These convolutions differ from 
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the twisting seen in vegetative cells as a response to a 

light reaction. There is a gradual fragmentation of the 

normally platelike plastid into large granular pieces 

(Fig. 26) . 

Organized, spherical gametes are not formed in 

either gametangium. Instead, an infolding of the plastid 

occurs, usually commencing near the area of the nucleus. 

The material from the donor gametangium moves into the con

jugation tube toward the receptive gametangium, which has 

swollen somewhat. Fusion of the two gametes usually occurs 

in the swollen portion of the conjugation tube and the fused 

isogametes continue to condense until the gametic material 

is contained in the swollen receptive gametangium. A por

tion of the conjugation tube may also serve as part of the 

zygosporangium, and thus contain a portion of the zygote. 

The chloroplast of the receptive gametangium also develops 

an infolding near the area of the nucleus and condenses 

(Fig. 26). A newly formed zygote occupies the swollen area 

of the receptive cell and also a portion of the conjugation 

tube (Fig. 25). 

No means of controlling the initiation of conjuga

tion in M. transeaui has been found for filaments grown in 

soil-water culture. In the strain of M. transeaui in con

tinuous culture since 1962, initiation of conjugation has 

ranged from 11-30 days or more after filaments have been 

transferred to fresh soil-water medium. A M. transeaui 
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strain reisolated from the original mud sample began forming 

aplanospores within a month after the culture was estab

lished; the zygospores formed about one week later. In 

transfers made from this original culture both aplanospores 

and zygospores were present within a week. 

Axenic cultures of M. transeaui grown on a light-

temperature gradient plate in petri dishes of Bold's Basal 

Medium exhibited a certain amount of synchrony in conjuga

tion when grown at a light intensity of approximately 900 

lux on a 12 hr light:12 hr dark regime at 15-18 C. These 

conditions do not produce the most favorable growth 

response. In dishes of filaments where conditions of light 

intensity and temperature favored a good growth response, 

there was a definite loss of synchrony in conjugation. 

Zygospore Formation 

Unlike most species of Mougeotia/ the zygospore in 

M. transeaui forms mostly in a receptive gametangium rather 

than exclusively in the conjugation tube. The swollen 

portion of the receptive gametangium accomodates the gametic 

material (fused isogametes) which becomes a zygospore. 

Three new cross-walls are laid down, one on either side of 

the swollen area of the receptive gametangium and the third 

one across the conjugation tube (Fig. 27). The young thin-

walled zygospore is dark green and very granular. Starch 

granules are often present in the young zygospore. As the 



spore matures, its wall thickens and lipid droplets appear. 

These are often visible as a single large, pale yellow 

globule or as several smaller drops. The chloroplast 

bleaches and seems to disappear and the color of the spore 

wall varies from colorless to yellow. Remnants of the 

gametangial cell walls are persistent and remain attached to 

the thick-walled zygospores (Fig. 28). End walls of these 

remnant cells may rupture, releasing cytoplasmic residue 

into the medium. 

In addition to the description of zygospore forma

tion from photomicrographs in the preceding paragraph it was 

possible to follow the formation of the zygospore with the 

aid of the scanning electron microscope. Figures 29-36 

illustrate an ordered sequence of zygospore development. 

Since M. transeaui is homothallic, one might expect 

to find cells along a length of a single filament acting as 

either a donor gametangium or as a receptive gametangium in 

a random pattern. This does not appear to be the case, how

ever, as shown in Figs. 2 6 and 37. Only occasionally has a 

cell in a receptive filament acted as a donor gametangium, 

or vice versa. An accurate estimate of the bisexuality of 

a conjugating filament is difficult to establish because of 

the low incidence of cross-conjugation and because of fila

ment fragmentation during conjugation. It is not unusual 

for donor cells in one filament to conjugate with receptive 

gametangia from two or more filaments (Fig. 37). 
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One of the characteristics of M. transeaui is a 

twisting of the cells around a central axis along the length 

of the filament. Conjugating filaments are no exception, 

and Fig. 26, a photomicrograph of cells conjugating along 

two adjacent filaments, shows a change in the plane of 

orientation occurring in three adjacent conjugating cells. 

This intertwining of filaments contributes to the cottony 

appearance of filament masses in soil-water cultures. 

Zygospore Germination 

Zygospores have been observed germinating sponta

neously in axenic cultures of Bold's Basal Medium containing 

1/10 the normal amount of nitrogen. This germination was 

observed in cultures grown for 4 weeks under a light inten

sity of 4100-5550 lux and an illumination cycle of 12 hr 

light:12 hr dark at 28° + 1°C. 

Figure 3 8 shows a one-celled germling emerging from 

a zygospore. It is evident that the zygospore wall is com

posed of two layers, the outer wall layer, which thickens 

in the regions of the new cross-walls (Fig. 38) as the spore 

matures; and an inner transparent wall layer which becomes 

the cell wall of the emerging germling (Fig. 39) . At the 

one-celled stage, there are four cloroplast fragments in the 

emerging cell. The portion of the cell which is contained 

in the spore wall has a somewhat bulbous appearance and is 

devoid of chloroplast material (Figs. 38 and 39). The 
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nucleus is situated between the second and third chloroplast 

fragments. Even though the chloroplast is in four segments 

it should be noted that these fragments already have some

thing of the shape of the axial, platelike chloroplast 

present in the typical vegetative cells. Only a few germi

nating zygospores have been observed and no detailed de

scription on the further development of germlings was 

possible. 

Figure 40 gives a diagrammatic summation of both 

asexual reproduction (aplanospore formation and germination) 

and sexual reproduction in M. transeaui. 

Cytology of Mougeotia transeaui 

Cell Division 

Culture Conditions. Prior to cytological observa

tion filaments were transferred to fresh soil-water medium 

where they were grown for two weeks at 2500-3000 lux under a 

12 hr light:12 hr dark illumination cycle and temperature of 

22° + 2°C. Filaments used for studies on the mitotic cycle 

were removed to fixative at regular intervals during the 

daily diurnal cycle in order to determine when mitosis 

occurs. The greatest number of mitotic divisions occurred 

2-6 hr after the onset of the dark period; cells were 

quiescent during the light period. 
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Chloroplast. In M. transeaui the chloroplast 

divides prior to nuclear division. The invagination of 

either side of the axial, plate-like chloroplast in the area 

of the nucleus is indicative of chloroplast division (Figs. 

1 and 2). The isthmus formed becomes more pronounced until 

the chloroplast divides, becoming two chloroplasts. These 
1 

new chloroplasts are connected by a strand of cytoplasm. 

Because of a slight movement of the chloroplasts away from 

each other, the nucleus occupies a space between the two 

chloroplasts. 

Since chloroplast division is completed prior to 

nuclear division, cells which contain the nucleus in a more 

or less clear area between two plastids were observed for 

nuclear division. 

Mitosis. Mitosis was timed in vivo at between 20-30 

min. The variation in timing for different cells occurs at 

prophase and metaphase. Anaphase lasts 1-2 min and telo

phase is completed in approximately 5 min. Initiation of 

prophase is often difficult to discern with precision. 

Figure 41 is a diagrammatic representation of mitosis and 

cytokinesis in M. transeaui. The interphase nucleus when 

stained with propiocarmine is granular in appearance because 

of the many (> 100) darkly stained chromocenters. The 

nucleolus assumes a heterogenous appearance at the onset of 

prophase and chromatin material which stained only lightly 
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during interphase becomes more obvious. As mitosis proceeds 

toward late prophase, the nucleolus becomes more loosely 

organized and is only lightly stained with propiocarmine. 

By metaphase no indication of the nucleolus is discernible. 

During metaphase the nuclear area assumes a charac

teristic spindle shape, and the chromosomes, now greatly 

condensed, become arranged along the metaphase plate. At 

this stage the dotlike appearance of the chromosomes is 

evident. A chromosome count was difficult because polar 

views of metaphase plates were difficult to find and chromo

somes did not spread easily in squash preparations. A 

tentative count of 27 + 2 minute, dot chromosomes measuring 

1.0 pm or less was obtained (Fig. 42). 

At late metaphase or early anaphase the spindle area 

appears somewhat elongated and is oriented at an angle of 

30-45° to the long axis of the cell so that the separation 

of chromosomes at anaphase occurs obliquely to the trans

verse axis of the cell. In living material movement of the 

chromosomes away from the metaphase plate was rapid when 

once begun, with anaphase completed in 1-2 min. 

During late anaphase and on into telophase distinct 

chromosomes are not visible and appear collectively as a 

small, darkly staining sphere. This darkly stained sphere 

continues to move along the chloroplast away from the region 

of the metaphase plate, generally ceasing movement about 

midway along the chloroplast near a pyrenoid. Then general 
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dispersion of chromatin material occurs. Reforming 

nucleolar material is evident in an otherwise unstained 

nucleus. Three to four micro-nucleoli are present, but fuse 

to form a single nucleolus; occasionally two nucleoli are 

formed. 

Cytokinesis. Unidentified minute spherical 

organelles (probably vesicles derived from dictyosomes) tend 

to congregate in the area of new wall formation prior to and 

during cytokinesis. The new wall develops as an annular 

ingrowth during cytokinesis. The central portion of the 

new cross wall is generally thinner than the more peripheral 

region because it is the last portion formed. Strands of 

cytoplasm remain attached temporarily to either side of the 

newly formed cell wall (Fig. 43). The center of the cross 

wall tends to become concave. This results from the tension 

on the cross wall as the cytoplasm retracts from the cross 

wall as the cell elongates. 

Physiological Investigations of 
Mougeotia 

Effect of Light-Temperature Interaction 
on Growth in M. transeaui 

Macroscopic Observation. Light intensity and 

temperature are two important factors in the growth of algae. 

One method of determining light intensity and temperature 

preferences of an alga is a cross-gradient plate, with 
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temperature changes along the x-axis and light intensity 

.changes along the y-axis (Fig. 44). This apparatus has been 

described by Van Baalen and Edwards (1973). 

M. transeaui cultures were grown on a cross-gradient 

plate in soil-water extract, Bold's Basal Medium, and Bold's 

Basal Medium containing 1/10 the normal nitrogen. In both 

soil-water extract and Bold's Basal Medium maximum growth 

occurred between 18° and 25°C, although there was some 

growth in all 36 plates. Figure 44 illustrates the amount 

of growth in each plate after three weeks in Bold's Basal 

Medium. Maximum growth occurred in plates illuminated at 

4100 lux. Cultures grew well under 5550 lux illumination, 

but the cells appeared to age more quickly and they were 

sensitive to temperature change. In any one temperature 

series the total amount of growth was significantly less in 

cultures grown below 2700 lux. At temperatures of 18° and 

22°C, cultures were best able to tolerate the lowest light 

intensities, although even at these temperatures there was 

sharp curtailment of growth below 1000 lux. The lowest 

temperature employed during these experiments was 15°C. At 

this temperature the cells were in a healthy morphological 

condition which was not true at 31°C, the highest growth 

temperature employed. Culture growth was retarded by both 

the highest and the lowest temperatures on the gradient, but 

at 31°C morphological abnormalities were observed in cells 

as well. 
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Filaments present in the culture dishes at 15°C were 

healthy based on the criteria of chloroplast color and 

morphology (discreet plastids as opposed to fragmented 

plastids), the relative accumulation of storage products, 

and the shape and position of the zygospores and aplano-

spores. 

Microscopic Observations. During microscopic exam

ination of cultures differences in the filament morphology 

became apparent (Figs. 45, 46). In cultures grown at the 

three lower temperatures (15°, 18°, and 22°C), at a light 

intensity below 1700 lux there was a significant increase in 

the number of short filament segments; these segments were 

one to four cells per filament. The chloroplasts in these 

segments were green and without an accumulation of storage 

products and the cells looked healthy. This dissociation of 

the filaments appears to be a direct response to the lowest 

light intensity employed at these lower temperatures. This 

direct light response was less prevalent as the temperature 

of the cultures increased above 22°C. 

The morphological manifestation of fewer cells per 

filament length did occur at the higher temperatures, but 

occurred at somewhat higher light intensities as well. 

Fragmentation was not so complete at higher light intensi

ties with both long and short filaments present in the 

culture. Above 22°C the fragmentation of filaments appeared 
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to be related to the temperature of the culture as well as 

to light intensity. 

Temperatures above 25°C produced cultures which con

tained a greater percentage of cells with fragmenting 

chloroplasts, an accumulation of storage products, and a 

change in chloroplast color. These changes in the vegeta

tive characteristics of cells gave the cultures the appear

ance of being older or under more physiological stress than 

cultures inoculated at the same time, but grown at lower 

temperatures. 

Effect of Nitrogen Source on 
Growth in Mougeotia 

In view of earlier findings (Syrett, 1962; Cain, 

1965; Ellis and Machlis, 1968) several sources of nitrogen 

were tested with M. transeaui and Mougeotia sp. (LB 758) to 

determine: (1) whether ammonium or nitrate was preferen

tially absorbed by these two species of Mougeotia, (2) 

whether an organic source of nitrogen could be assimilated, 

and (3) whether nitrite could serve as the sole source of 

nitrogen. 

Initially, experiments on nitrogen sources were 

carried out in Shen's medium (Shen, 1966), a modification of 

Chu No. 10 medium. Axenic cultures of both Mougeotia sp. 

(LB 758) and M. transeaui were used for these experiments. 

Growth was measured qualitatively by observing the flasks 

and recording the relative amount of filament growth present. 



These first experiments utilized eight sources of 

nitrogen: sodium nitrite, sodium nitrate, potassium 

nitrate, ammonium nitrate, ammonium chloride, uracil (a 

nitrogenous base), urea (an amide), and casamino acids. 

Table 3 presents qualitative data for the growth of 

M. transeaui in eight sources of nitrogen in Shen's medium. 

This medium was buffered with TRIS, and although TRIS con

tains nitrogen, it was not considered to affect critically 

the results of the nitrogen experiments because the amount 

present was constant from one source to another. The un

adjusted pH of the medium was approximately 8.3 so IN HC1 

was used to adjust the pH to 7.5 prior to autoclaving. 

Final pH after autoclaving was approximately 7.2. The TRIS 

buffering system was very effective as reflected by the 

relatively small pH change which occurred from time of 

inoculation to termination of the experiments (see Table 3). 

In cultures which showed no significant drop in pH 

during the growth period, NH^NO^ promoted filament growth 

similar in amount to that for NaNO^• There was somewhat 

less filament growth in NH^Cl. Judging by the amount of 

filament growth in the culture with the nitrite source, 

nitrite was assimilated with approximately the same 

facility as the two nitrate sources used, and nitrite showed 

no toxicity. 

Mouqeotia transeaui was also capable of using urea 

as a nitrogen source. Approximately one month after 
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Table 3. Growth of Mougeotia transeaui Collins (M-300) in 
eight sources of nitrogen in Shen's medium. 

Nitrogen 
Source 

Growth Period for Cultures pH of Medium 
Nitrogen 
Source 2 Weeks 3 Weeks 5 Weeks 6 Weeks Initial Final 

urea 3a 3 4 4 7. 20 7.30 

casamino 
acids 1 2 2 3 7.70 7.45 

NaN02 2 5 5 5 7.25 7.20 

uracil 0 0 1 1 7. 25 7.10 

NH4CI 2 3 4 5 7.35 7.00 

NH4NO3 3 4 5 5 7. 25 7. 00 

NaN03 3 4 5 5 7. 20 7.05 

KN°3 3 4 5 5 7. 35 7.25 

0 = no growth 
1 = trace (visible growth of only a few filaments on bottom 

of flask) 
2 = poor (filaments cover less than 25% of bottom of flask) 
3 = fair (filaments cover 25%-50% of bottom of flask) 
4 = good (filaments cover 51%-75% of bottom of flask) 
5 = excellent (filaments cover more than 7 5% of bottom of 

flask) 
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cultures were started, the color of the filament mass in the 

culture with urea was more yellow-green than other cultures. 

The general form of the filament mass showed short "tufty" 

filament masses not long tangled filaments like those in the 

inorganic nitrogen sources. These macroscopic observations 

of growth differences were confirmed by microscopic 

observations. 

Cultures grown in media prepared with uracil and 

casamino acids showed poor growth, although some growth did 

take place, with uracil supporting the least growth of the 

eight nitrogen sources. 

Filaments of Mougeotia sp. (LB 758) and M. transeaui 

were inoculated into Shen's medium prepared with the eight 

sources of nitrogen. It was obvious that Mougeotia sp. 

(LB 758) required a growth substance not supplied by this 

medium, irrespective of the source of nitrogen. Since a 

number of algae are known to have a requirement for one or 

more vitamins (Trainor, 1958; Ellis and Machlis, 1968) , a 

mixture of Eagle's vitamin mix and vitamin B^ was added to 

one flask of each duplicate set of Mougeotia sp. (LB 75 8) 

cultures. Growth was noted in all flasks following the 

addition of vitamins. Cultures growing in five of eight 

sources of nitrogen showed at least a partial recovery when 

vitamins were added as late as four weeks after inoculation 

(Table 4, Fig. 47). Data on this vitamin requirement are 

presented elsewhere on page 62. 
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Table 4. Growth of Mougeotia sp. (LB 758) in eight sources 
of nitrogen in Shen's medium. 

Growth Period for Cultures 

• be Nitrogen Source 2 Weeks 3 Weeks 6 Weeks 7 Weeks 

urea la 1 3 2 

casamino acids 1 1 2 2 

NaN02 1 1 1 1 

uracil 1 1 3d 3 

NH4CI 1 1 3 2 

NH4NO3 1 1 0 2 

NaN03 1 1 4 3 

KNO3 1 1 4 3 

0 = no growth 
1 = trace (visible growth of only a few filaments on bottom 

of flask) 
2 = poor (filaments cover less than 25% of bottom of flask) 
3 = fair (filaments cover 25%-50% of bottom of flask) 
4 = good (filaments cover 51%-75% of bottom of flask) 

yitamin B.^ an^ Eagle's vitamin mix added after 3 weeks 
growth. 

CVitamin B^ anc^ Eagle's vitamin mix added after 4 weeks 
growth. 

Pale brown filament mass. 
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The eight nitrogen sources were also added to Bold's 

medium supplemented with vitamin This medium was 

buffered with EDTA and KOH; the pH of the medium prior to 

inoculation with filaments was approximately 6.1-6.3. Fila

ment growth over a six-week period was less than with Shen1s 

medium (Table 5). Microscopic observations indicated that 

although the total amount of growth in Bold's medium was not 

as great as in Shen1s medium, the cells were greener and 

were of a normal vegetative morphology six to eight weeks 

after inoculation. 

Effect of Nitrogen Source on Vegetative 
Morphology in Mougeotia 

Cell morphology in Mougeotia sp. (LB 758) was 

affected by the eight nitrogen sources. One characteristic 

of the genus is that vegetative filaments are unbranched. 

This characteristic of unbranched filaments was altered, 

depending on the source of nitrogen in which filaments were 

growing, and filament branching was sometimes observed. The 

manner in which filaments branched and the amount of 

branching which occurred seemed dependent on the source of 

nitrogen present in the growth medium. Empty vase-like 

structures were seen on the side of some cells grown in the 

various nitrogen sources. Also "bridges," which resembled 

conjugation tubes, and adhesions between filaments without 

any further evidence of conjugation, were observed in 

cultures. 



Table 5. Growth of Mougeotia transeaui Collins (M-300) and Mougeotia sp. (LB 758) 
in Bold's Basal Medium plus vitamin B^* 

Growth Period for Cultures 

Mougeotia transeaui Mougeotia sp. (LB 758) 

Nitrogen Source Weeks 2h Weeks 6 Weeks lh Weeks 2h Weeks 6 Weeks 

urea 4a 4 4 1 1 4 
casamino acids 4 4 3 3 3 3 
NaN02 4 4 5b 3 4 5 
uracil 3 1 0 1 1 1 
NH4CI 4 4 3 3 3 1 
NH4NO3 4 5 3 3 4 3 
NaN03 3 3 4 3 4 5 
KNO3 3 3 4 3 4 5 

0 = no growth 
1 = trace (visible growth of only a few filaments on bottom of flask) 
3 = fair (filaments cover 25%-50% of bottom of flask) 
4 = good (filaments cover 51%-75% of bottom of flask) 
5 = excellent (filaments cover more than 75% of bottom of flask) 

Filaments were dead. 



56 

Eight-week-old cultures of Mougeotia sp. (LB 758) 

were healthiest when grown in the presence of nitrate (Fig. 

46). Filaments were generally long, tangled, and green and 

very few cells had become akinetes. Cultures grown in 

ammonium nitrogen or urea (Fig. 48) appeared older with more 

granular plastids and with more cells that were obviously 

dead. Filaments grown in medium with casamino acids or 

uracil (Fig. 49) contained cells with fragmented chloro-

plasts and these were yellow or yellow-green. Some 

branching of filaments was observed in all cultures. 

Mougeotia sp. (LB 758) exhibited greater vegetative 

modification than M. transeaui in the eight nitrogen sources 

used. Modifications for M. transeaui generally occurred in 

the formation of the zygospores or aplanospores. Figures 27 

and 28 show zygospores that are typical for M. transeaui. 

Zygospore formation occurred in most cultures, but in some 

sources of nitrogen the zygospores formed were not always of 

a shape characteristic for M. transeaui (Fig. 50). 

Figure 12 illustrates a typical thick-walled aplano-

spore in M. transeaui, while a variant which occurred in a 

urea culture is illustrated in Fig. 51. 

Effects of pH on Growth in Mougeotia 

The effect of pH of the medium on total algal growth 

in the various media was investigated. Initial growth 

experiments were conducted in two media, Shen's medium at an 



initial pH 7.2 and Bold's Basal Medium at an initial pH 6.3. 

When growth experiments were terminated, a decrease in pH 

of 0.1 units or more was noted in six of eight sources of 

nitrogen in Shen's medium, and a decrease of 0.3 units or 

more was noted in two of four sources of nitrogen in Bold's 

Basal Medium. Total growth was greater in Shen's medium 

than in Bold's Basal Medium, but filaments appeared to be 

healthier judging by chloroplast morphology and color when 

grown in Bold's Basal Medium. 

A decision was made to reduce the number of nitrogen 

sources from eight to four and use Bold's Basal Medium 

rather than Shen's medium because of the healthier condition 

of filaments grown in Bold's Basal Medium. Thus potassium 

nitrate, uracil, casamino acids, and sodium nitrite were no 

longer added to media. Although media with casamino acids 

and uracil support some growth, they were poor sources of 

nitrogen for both species of Mougeotia. Media with 

potassium nitrate, sodium nitrite, and sodium nitrate pro

moted similar growth of cultures. Sodium nitrate was the 

one source of nitrogen retained for further studies because 

it is the standard source of nitrogen in Bold's Basal Medium. 

Conjugation of M. transeaui in sodium nitrate was observed 

to be characteristic for the species. 

The pH of the medium was thought to affect the 

amount of growth of cultures. Shen's medium had a higher 

initial pH than Bold's Basal Medium and promoted greater 
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growth of cultures. In order to compare the effects of pH 

on algal growth, Bold's medium was made up at pH 6.3 and 

also adjusted to pH 7.5. Four sources of nitrogen were 

compared for algal growth at these two pH values. Table 6 

presents the initial and final pH values of sodium nitrate, 

ammonium nitrate, ammonium chloride, and urea as the nitro

gen sources in Bold's Basal Medium. 

Table 6. Initial and final pH values for four sources of 
nitrogen in Bold's Basal Medium. 

Final pH in 

Initial pH NaN03 NH4NO3 NH4CI urea 

6.30 6. 60 6.00 5.95 6. 80 

7.50 7. 50 6.70 6.70 7.20 

Figure 52 illustrates the dramatic differences of 

culture growth in the four nitrogen media where an initial 

pH difference of approximately one pH unit existed. With

out exception, growth of filaments was enhanced when pH 

was between 6.7 and 7.5. In this series of pH experiments 

the urea source elicited the most consistent growth, but 

even in this case a difference in growth was noted between 

the two sets of pH values. 
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In addition to the qualitative assessment of growth 

with different sources of nitrogen, total chlorophyll con

tent of filaments from four-week-old cultures grown in 

standard Bold's Basal Medium was measured using the method 

of Arnon (1949). Tables 7 and 8 show total chlorophyll 

values when cultures were grown in four nitrogen sources at 

the pH values of 6.3 and 7.5. The results are for three 

separate experiments and the average of these experiments. 

These data show that at pH 7.5 urea and sodium nitrate are 

utilized with equal facility, while at pH 6.3 the urea 

source clearly showed greater clorophyll content at the end 

of 4 weeks. Looking at the final pH values when urea was 

used, it is apparent that pH increased from 6.3 to approxi

mately 7.0 during the 4-week growth period. Medium with 

sodium nitrate under these same conditions exhibited only a 

small rise in pH to 6.6. Growth of cultures was consist

ently less with ammonium nitrate as the nitrogen source in 

Bold's Basal Medium even when the initial pH of the medium 

was 7.5. 

Since the pH of the medium strongly influences the 

growth of M. transeaui, experiments were conducted with pH 

of Bold's Basal Medium adjusted to 0.5 unit intervals 

between 4.5 and 10.0. In preliminary experiments, no growth 

occurred in medium of pH 4.0, while at pH 6.4 cultures pro

duced a fair growth response. Good growth of cultures 

occurred when the medium was adjusted to pH 8.9. 
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Table 7. Total chlorophyll content (yg/ml) of Mougeotia 
transeaui Collins cultures grown in four nitrogen 
sources for one month at pH 6.3. 

Nitrogen Source 

urea NaN03 NH4N03 NH4CI 

0.749 0. 490 0.470 0.419 

0. 872 0. 588 0. 636 0. 374 

1. 469 0. 433 0. 272 0.426 

average 1.02 9 0. 502 0.456 0. 406 

Table 8. Total chlorophyll content (yg/ml) of Mougeotia 
transeaui Collins cultures grown in four nitrogen 
sources for one month at pH 7.5. 

Nitrogen Source 

urea NaN03 NH4NO3 NH4CI 

1. 460 1.449 0. 825 0.506 

1. 583 1. 439 0. 893 0.636 

1.763 1. 787 1. 063 0. 745 

average 1.602 1. 557 0. 907 0. 627 
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The original experiments designed to conpare growth 

of cultures at different pH values utilized cultures of M. 

transeaui and Mougeotia sp. (LB 758). These species had 

similar growth responses to changes in pH of the medium, 

and thereafter only M. transeaui was considered. This 

species was studied more extensively because it was the 

species of original interest, and was known to conjugate in 

laboratory cultures. 

Figure 53 illustrates the growth response of 

Mougeotia sp. (LB 75 8) through a range of pH values. The 

experiment on pH range involved cultures of M. transeaui in 

duplicate in Bold's Basal Medium, and was repeated twice. 

Figure 5 4 shows the chlorophyll content for the averaged 

yg/ml values measured at each pH increment for three experi

ments . 

A significant change in growth was observed between 

pH 6.5 and 7.0. At pH 7.0 the filament mass was dense with 

deep green color and long tangled filaments. Filaments were 

obviously shorter at pH 6.5. In cultures at 8.5, the fila

ment mass was slightly lighter green with obviously shorter 

filament pieces. For some unknown reason it was difficult 

to spin down the filament mass after acetone extraction in 

cultures grown at pH 8.5; therefore, the chlorophyll content 

recorded at pH 8.5 is probably somewhat higher than its 

true value. 
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Effect of Vitamins on Growth 
in Mougeotia 

Mougeotia sp. (LB 758) grew well in unialgal cul

tures. When the cultures were rendered axenic, there was a 

marked difference in growth habit. The axenic cultures were 

very slow growing in Bold's Basal Medium, and it was diffi

cult to obtain enough filament growth to use as inoculum for 

studies on sources of nitrogen. 

During the course of the first experiments on nitro

gen sources it was obvious that a growth substance of some 

kind was required by Mougeotia sp. (LB 758). Culture 

flasks, inoculated a week apart, comprised two experiments 

designed to study the effects of the eight sources of 

nitrogen on growth. These experiments were in progress for 

three weeks and four weeks, respectively, when a mixture of 

Eagle's vitamin mix and vitamin B^ was added to one flask 

of each duplicate set for these two experiments. The flasks 

receiving the vitamin mixture in each experiment showed an 

increase in growth over the flasks which did not receive the 

vitamin supplement. Table 4 summarizes the amount of growth 

which occurred in a 3-week period following addition of 

vitamins. Figure 47 illustrates growth of Mougeotia sp. 

(LB 758) after three weeks without added vitamins and growth 

after the addition of vitamins to one of the duplicate flasks. 

In additional experiments, filaments were inoculated 

into Shen's medium, Shen1s medium supplemented with vitamin 
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B^2, and Shen's medium supplemented with Eagle's vitamin 

mix. From the results presented in Table 9 it is evident 

that Mougeotia sp. (LB 758) required vitamin f°r growth. 

Figure 55 illustrates the vitamin B-^ dependence of this 

species. 

Table 9. Growth of Mougeotia sp. (LB 758) in Shen's medium, 
medium supplemented with vitamin B-j^f and Shen's 
medium supplemented with Eagle's vitamin mix. 

Nitrogen Source 
Without 
Vitamins 

Vitamin 
B12 

Eagle's 
Vitamin Mix 

urea la 5 2 

casamino acids 0 4 1 

NaN02 0 1 3 

uracil 1 3 2 

NH4CI 2 4 1 

NH4NO3 1 5 3 

NaN03 2 5 1 

KNO3 1 5 2 

0 = no growth 
1 = trace (visible growth of only a few filaments on bottom 

of flask) 
2 = poor (filaments cover less than 25% of bottom of flask) 
3 = fair (filaments cover 25%-50% of bottom of flask) 
4 = good (filaments cover 51%-75% of bottom of flask) 
5 = excellent (filaments cover more than 75% of bottom of 

flask) 
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Mougeotia transeaui was cultured in Bold's Basal 

Medium, Bold's Basal Medium plus vitamin B^ / an(^ Bold's 

Basal Medium plus Eagle's vitamin mix. No significant 

differences were observed in either the amount of filament 

growth or the manner of growth in these three media. 

Because of the vitamin requirement of Mougeotia sp. 

(LB 758), vitamin B^2 was routinely added to the medium. 

Although the addition of vitamin B.^ allowed Mougeotia sp. 

(LB 758) to be grown and maintained on a synthetic medium, 

this should not be considered an ideal medium because addi

tion of soil-extract to the medium produced a more luxuriant 

filament mass than Bold's Basal Medium plus vitamin 

Additional investigations of nutritional requirements of 

Mougeotia sp. (LB 75 8) are obviously necessary. 

Effect of Carbon Source on 
Growth in Mougeotia , 

Cultures of M. transeaui and Mougeotia sp. (LB 758) 

were used to test the possibility that these organisms might 

be facultative heterotrophs capable of utilizing organic 

sources of carbon. Two 6-carbon sugars and two 5-carbon 

sugars were investigated. 

Bold's Basal Medium was prepared and glucose, 

fructose, ribose, or xylose was added to this medium. Fila

ments of the two species were inoculated into each source of 

organic carbon in quadruplicate and incubated at approxi

mately 2500 lux on a 12 hr light:12 hr dark cycle at 22° + 
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1°C. Duplicate flasks of each carbon source were inoculated 

and placed in total darkness for a period of one month. 

A small amount of growth was apparent in glucose 

(Table 10), but no growth was apparent in the other carbon 

sources. No growth occurred in any cultures in the dark. 

In view of the negative results this line of investigation 

was discontinued. 

Table 10. Growth of M. transeaui and Mougeotia sp. (LB 758) 
in four carbon sources supplied in Bold's Basal 
Medium plus vitamin Bj^ grown at 22° + 1°C, 12 hr 
light: 12 hr dark cycle 

Growth Period for Cultures 

Carbon 
Source 

M. transeaui Mougeotia sp. (LB 758) 
Carbon 
Source 5 days 10 days 20 days 5 days 10 days 20 days 

glucose 2 a 2 3 1 1 2 

fructose 0 0 0 0 0 0 

ribose 0 0 0 0 0 0 

xylose 0 0 0 0 0 0 

a0 = no growth 
1 = trace (visible growth of only a few filaments on bottom 

of flask) 
2 = poor (filaments cover less than 25% of bottom of flask) 
3 = fair (filaments cover 25%-50% of bottom of flask) 



DISCUSSION 

Vegetative Morphology 

Mougeotia transeaui was originally selected for in

vestigation because it is one of three physiologically 

anisogamous species known for the genus. A clonal culture 

of this species, maintained in soil-water medium, was 

characterized and conformed to the species description of 

M. transeaui in Transeau (1951). Filaments of M. transeaui 

grown in soil-water medium consistently measured 10.0-12.5 

ym in width. However, a culture grown for six months in 

alga-gro/soil-water medium contained filaments measuring as 

wide as 17.5 ym. Fifteen clones were established from this 

six-month-old culture and these were measured periodically 

for cell width stability. A certain plasticity of cell 

width was noted in these clones and all but one showed a 

decrease in average cell width. The average width of cells 

in this one clone was stable, but was outside the cell-

width limits given in the species description for M. 

transeaui. A clone of M. transeaui recently isolated from 

the original mud sample and grown in soil-water bottles for 

five months maintained a stable filament width. 

The findings described above lead one to ask 

whether natural variation of filament width occurs within a 

species, or whether cell width variation is strictly an 

66 
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inducible, reversible occurrence caused by some physio

logical or environmental parameter. 

Previously, Allen (1958) observed variation in cell 

width of a clone of Spirogyra isolated from a quarry in 

Indiana. She isolated three cell-width groups from the 

original clone and these new clones were studied morpho

logically and cytologically. Chromosome studies strongly 

suggested that this Spirogyra was actually a "species 

complex" composed of haploid, diploid, and tetraploid fila

ments. If taxonomic characters were considered for the 

three width groups, she could identify them as three species 

of Spirogyra. Such species identifications seem unjustified 

since filaments all arose from a single clonal culture. 

Miller and Hoshaw (1974) have questioned the 

validity of cell width as a taxonomic character in Zygnema 

circumcarinatum. They studied cell width in 63 clones 

obtained by germinating zygospores of known parentage. 

Sixty of the clones had cell widths distributed around the 

parental means, but three of the clones constituted two new 

width groups. They stated that polyploidy in these clones 

was a plausible explanation of the greatly increased cell 

width. 

Specifically, the clones of M. transeaui under in

vestigation here are of interest because various widths of 

filaments observed place these clones in two species of 

Mougeotia. Transeau (1951) has described three species of 
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Mougeotia as strictly anisogamous. As outlined in Table 1, 

the cell length and width, the size of reproductive struc

tures, and number of pyrenoids are the bases for separation 

of these anisogamous species into three species. It is 

possible that this is an example of a "species complex" in 

Mougeotia similar to the one in Spirogyra described by 

Allen (1958). Three explanations for variation in filament 

width of M. transeaui are: 

1. Culture medium may have affected certain morpho

logical parameters. 

2. Chromosome number may have increased by the process 

of euploidy or aneuploidy which has resulted in an 

alteration of certain physical parameters of the 

cell (e.g., cell width, number of pyrenoids, size 

and shape of the chloroplast). 

3. Physiological parameters of the filaments may have 

been altered, after continuous culture (for more 

than 10 years), without the environmental stresses 

such as periodic drying and great fluctuation in 

temperature present in nature. 

The accuracy of these explanations can be determined 

only by continuing investigations on M. transeaui. The ob

servations presented here are preliminary, and the long-term 

study required is beyond the scope of the present investiga

tions. It does seem that a reassessment of the validity of 
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cell-width measurement as a taxonomic criterion is necessary 

as suggested earlier by Miller and Hoshaw (1974). 

Morphological variability other than filament width 

occurred in Mougeotia sp. (LB 758). Cells were observed 

with two chloroplasts instead of the usual one. These 

chloroplasts were parallel to each other along the length of 

the cell with the nucleus suspended between them and 

attached to the broad surface of each chloroplast. This 

two-chloroplast condition was observed in a number of 

adjacent cells in the same filament, and these cells were 

followed by several cells exhibiting only a single chloro

plast. 

Neuscheler-Wirth (1970a) demonstrated morphological 

variability of the chloroplast in an unidentified species of 

Mougeotia of a so-called "Tubingen" strain, and ascribed 

chloroplast variability to conditions such as temperature, 

nutrition, and light intensity, quality and duration. The 

chloroplasts in this Mougeotia assumed a variety of dif

ferent configurations, including longitudinal division into 

two bands. Her results were based on a study of responses 

of individual cells and single filaments to different en

vironmental (light, temperature, pH) and nutritional con

ditions . 

Chloroplast variability in Mougeotia sp. (LB 758) 

may be due to the influence of light and nutrition, as with 

the strain studied by Neuscheler-Wirth (1970a), or it may be 
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a natural variability inherent in the organism. The shape 

of cells in Mougeotia sp. (LB 758) was also variable, but 

this variability is discussed later under the section on the 

effects of various sources of nitrogen on the species. 

Reproduction 

There are few distinguishing vegetative character

istics in Mougeotia, so algal taxonomists have based identi

fication of species on the reproductive structures, with 

emphasis on zygospore structure. In addition to sexual 

reproduction by zygospores various means of asexual repro

duction also occur in the Zygnemataceae. Asexual reproduc

tion involves the production of akinetes (considered the 

most primitive means), aplanospores or parthenospores (which 

form when zygote formation fails). Although no akinetes 

were observed in cultures of M. transeaui, aplanospores and 

parthenospores were observed. In fact, the predominant 

means of reproduction in M. transeaui is by aplanospores. 

The physiologically anisogamous mode of sexual 

reproduction is intriguing because it rarely occurs in the 

genus Mougeotia. Another interesting feature is the devel

opment of distinct zygosporangia in Mougeotia, which is 

unique. The zygospores of Spirogyra, Zygnema, and 

Sirogonium are located in undeveloped receptive gametangia. 

In Sirogonium, zygospores have been removed from gametangia 

for detailed study by mechanical manipulation (Crow, 1964; 
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Dennis, 1965). Attempts to remove zygospores of M. 

transeaui from the zygosporangium were not successful. 

There are indications that the thick-walled zygosporangium 

in Mougeotia is important in the overwintering capacity 

of the zygospore. 

Zygospores of M. transeaui have only two spore 

walls, while zygospores of Spirogyra, Zygnema, and 

Sirogonium usually possess three walls. The median wall of 

the zygospores of Spirogyra, Zygnema, and Sirogonium is 

thickened and variously ornamented. Thickening in M. 

transeaui is restricted primarily to the newly formed cross-

walls of zygosporangia. The thickened zygosporangium of 

M. transeaui and the thickened median wall of zygospores of 

Spirogyra, Zygnema, and Sirogonium most likely serve a 

similar purpose, the resistance of zygospores to desiccation. 

Another interesting feature of the sexual and 

asexual sporangia of M. transeaui is the persistent remnants 

of the original vegetative cells. Scanning electron micro

scopy (Figs. 13-16, 29-36) provides strong evidence that the 

original vegetative cell wall is incorporated into the 

sporangial wall. If this is indeed the case, this con

tinuity of original vegetative cell wall explains the per

sistent remnants of the original vegetative cells found 

attached to the sporangia. 

A line of dehiscence has been observed in germi

nating spores of Spirogyra (Allen, 1958) , and although no 
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line of dehiscence was observed in zygospores of Sirogonium 

melanosporum prior to splitting, dehiscence occurred in a 

regular fashion (Hoshaw, 1965). Germination of the zygo

spore in M. transeaui occurred in the thin-walled area of 

the zygosporangium. The zygosporangium and its vegetative 

remnant pieces resemble the letter "H," and germination 

occurred in the area of the cross-piece of the "H." No 

distinct line of dehiscence was observed in this area prior 

to germination. 

One-celled germlings of M. transeaui were observed 

to contain four chloroplast fragments. Although this 

observation was difficult to interpret, the presence of four 

chloroplast fragments may be evidence that all original 

chloroplast material was retained. By contrast in Spiro-

gyra (Allen, 1958) and in Sirogonium (Dennis, 1965) the male 

chloroplasts disintegrate and are observed in the germling 

as carotenoid granules. 

Although zygospores occurred frequently in cultures 

of M. transeaui, aplanospore formation was the predominant 

method of reproduction. Aplanospores formed first in 

cultures, and they formed over a longer period than did 

zygospores. 

Precocious germination of aplanospores in soil-water 

bottles was indicated by the reappearance of green filaments 

among old green-brown filaments forming a mat. Microscopic 

observation of these cultures has confirmed that germination 
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of spores was responsible for the "regreening" of the 

cultures. 

Akinetes are thought to be the most primitive means 

of reproduction in the algae and are thought to occur in all 

genera of Zygnemataceae (Transeau, 1951), but no akinetes 

were observed in M. transeaui• However, they were the only 

means of reproduction observed in Mougeotia sp. (LB 758). 

Pessoney (1968) studied several species of Spirogyra and 

Zygnema in which he found similar preferences for mode of 

reproduction. His clones of Spirogyra reproduced by means 

of zygospores and parthenospores, and the clones of Zygnema 

formed akinetes which were known to be viable (Pessoney, 

1968; McLean and Pessoney, 1971). It may well be that not 

all the possible methods of reproduction are operative in an 

alga at the same time. Environmental conditions coupled 

with the internal physiology of the filament may exert some 

control over what types of reproductive structures form in 

a culture at any one time. 

Cytology 

Mitosis in M. transeaui is similar to the mitosis 

described by Bech-Hansen and Fowke (1972) in an unidentified 

species of Mougeotia. However, chloroplast division differs, 

with the chloroplast of this unidentified species dividing 

in late telophase while in M. transeaui chloroplast division 

precedes nuclear division. In another species of Mougeotia 
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collected in the Sahara Desert and studied by Puiseux-Dao 

and Levain (1963), a division of the chloroplast was seen in 

the region of the nucleus prior to the beginning of cell 

division. They interpreted chloroplast division as a 

prelude to nuclear division. 

In most zygnematacean species for which nuclear 

division has been recorded, the nucleolus has formed a 

"cloud" which surrounds and obscures the chromosomes during 

metaphase and anaphase (Godward and Newnham, 1964; Jordan 

and Godward, 1969; Fowke and Pickett-Heaps, 1969; Wells, 

1969; Wells and Hoshaw, 1971). This "cloud" has been 

reported in four species of Mougeotia by Prasad and Godward 

(1962), but it was not observed during mitosis in M. 

transeaui. Bech-Hansen and Fowke (1972) have noted the 

disappearance of the nucleolus at prophase and its reappear

ance at telophase in an unidentified Mougeotia from 

Australia. They did not mention the presence of nucleolar 

substance. 

Cells undergoing cell division were characterized by 

an accumulation of minute, spherical particles in the area 

of new cell wall formation prior to and during cytokinesis. 

Similar spherical organelles have been reported in Siro-

gonium by Wells (1969) where they formed a ring in the area 

of the new cross-wall just prior to cytokinesis. Electron 

micrographs of a species of Mougeotia studied by Puiseux-

Dao and Levain (196 3) show dicytosomes arranged along the 



surface of the chloroplast. These dictysomes were 

especially numerous in the region of the nucleus. Lacalli 

(1974) has described three types of vesicles which may 

develop from dictyosomes in the Conjugales (Zygnematales) 

and he discusses their possible function in cell wall 

formation. It seems reasonable to infer that the spherical 

organelles in the vicinity of new cell wall formation in M. 

transeaui are vesicles derived from dictyosomes. They 

probably participate in the formation of the new cell wall 

at cytokinesis. 

The chromosomes of M. transeaui were difficult to 

count and characterize because of their minute size and the 

difficulty encountered in obtaining good squash prepara

tions. In her chapter on the Chlorophyceae in The Chromo

somes of the Algae, Godward (19 66) has tabulated the chromo

some numbers for eight species of Mougeotia. These numbers 

vary from a low of 32 chromosomes in M. nummuloides to a 

high of approximately 94 chromosomes in Mougeotia MVI 

(Dytchleys). The 27+2 chromosomes counted for M. 

transeaui seems low, but the number compares favorably with 

M. nummuloides which is a species of similar filament 

width (8-16 ym). 
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Physiological Investigations 

In addition to the investigations of the morpho

logical and cytological features of M. transeaui, certain 

physiological investigations were conducted. 

The effects of light and temperature on growth and 

reproduction in the algae have been of continuing concern to 

phycologists. A general review of light and temperature 

requirements of fresh-water algae in lakes was presented by 

Tailing (1962) in a chapter in Physiology and Biochemistry 

of Algae. The effects of light and temperature on spore 

formation and liberation were discussed in a chapter by 
t 

Dring (1974) in Algal Physiology and Biochemistry. These 

parameters of light and temperature were generally studied 

individually so that the interaction of various combinations 

of light intensity and temperature involved collating the 

results of many separate experiments, testing a single 

variable in each experiment. 

A method whereby algal growth could be studied in 

crossed gradients of light and temperature was described by 

Halldal and French (1958) and later modified by Van Baalen 

and Edwards (1973) . A cross-gradient plate constructed 

according to the method of Van Baalen and Edwards (19 73) was 

used to study the interaction of light and temperature on 

growth in M. transeaui. 

Although no sharply defined growth pattern emerged 

for M. transeaui, growth preferences were evident. Cultures 
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grown at light intensities below approximately 1200 lux were 

inhibited in their growth. At temperatures above 25°C slow 

growth of filaments was evident in cultures grown at 

approximately 1750 lux. Cultures grown at 31°C developed 

fewer filaments regardless of the light intensity under 

which cultures were grown. Although cultures grew well at 

55 00 lux at lower temperatures, maximum growth response of 

cultures was between 2700 and 4100 lux. 

When macroscopic growth responses were coupled with 

cell morphology at the different light-temperature combina

tions, light intensities between 1750 and 4100 lux and 

temperatures between 18° and 22°C resulted in the develop

ment of healthy filaments. 

Microscopic examination of cultures revealed that a 

specific minimum quantity of light is apparently necessary 

for the adherence of cells to form filaments. At 900 lux, 

the lowest light intensity employed, cultures grown at 15°-

22°C were mostly unicellular. Higher growth temperatures 

seemed to partially compensate for the low light intensity, 

since in these cultures both long and short filament pieces 

were present at temperatures above 22°C. Cultures grown at 

light intensities above 27 00 lux and at temperatures between 

19° and 22°C contained only long filaments. Growth patterns 

in cultures grown at temperatures above 22°C were more 

variable, and cells often appeared to be older than cells in 

cultures growing at the lower temperatures. Although these 
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cultures grown at higher temperatures showed a good growth 

response macroscopically, microscopic evidence indicated 

that cells seemed to be under more stress than in cultures 

grown at the lower temperatures. There were more partheno-

spores and aborted conjugations in cultures grown at the 

higher temperatures at all light intensities. 

At light intensities below 2700 lux and at approxi

mately 19°C there was an apparent synchrony in the conjuga

tion process, but the formation of zygospores proceeded 

more slowly than at higher light and temperature conditions. 

Neuscheler-Wirth (1970b) studied an unidentified 

Mougeotia on a cross-gradient plate, and she found that 

temperatures below 15°C limited growth and light intensity 

between 250 and 700 lux had no modifying effect. At 

temperatures above 15°C she found that higher light inten

sity lowered the temperature optimum; in other words optimum 

temperature was a light dependent response. 

In addition to the effects of light and temperature 

on growth, the effects of eight sources of nitrogen and the 

influence of pH of the medium on growth were studied. 

Nitrogen preference in zygnematacean species has been 

studied by several investigators. Czurda (1926) studied the 

growth response of two desmids (Mesotaenium caldariorum and 

Cosmarium botrytis), two species of Zygnema, and Spiroqyra 

varians grown in potassium nitrate, calcium nitrate, and 

ammonium sulfate. He found that all cultures grew well in 



potassium nitrate, but that only Mesotaenium caldariorum and 

the Zygnema species grew well in ammonium sulfate. His 

results were expressed in qualitative terms of relative 

growth. Jost (1953) used Zygnema circumcarinatum to study 

the effects of ammonium chloride, urea, and sodium nitrate 

in Czurda's medium as well as potassium nitrate which is the 

usual source of nitrogen in Czurda's medium. He found that 

Zygnema circumcarinatum (strain A) grew best in sodium 

nitrate, but the results for strain B were difficult to 

interpret. Cultures with urea had the slowest rate of 

growth. Jost's (1953) experiments were conducted with short 

filament pieces grown on agar slides for one week or less. 

His results were quantitative because he measured the 

average increase of cell length per hour in several concen

trations of the four nitrogen sources tested. 

Most investigations on nitrogen preference have used 

unicellular algae because they are relatively easy to obtain 

in axenic culture and quantitative results of cell counts 

can be easily obtained. While methods have been developed 

to prepare axenic cultures of filamentous algae, most 

quantitative methods to record growth of unicells are of 

little use on filamentous algae. Jost's (1953) method of 

measuring the average increase of cell length per hour was 

time-consuming and tedious. In addition, he grew filaments 

on agar under a cover slip, a method which may result in a 
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different growth rate of the filaments when compared to 

growth of filaments in liquid culture. 

For the most part, the methods used in the investi

gations of growth reported here are qualitative. However, 

total chlorophyll determinations for the nitrogen-pH experi

ments and the pH range experiments are quantitative. 

Results on the effects of growth in eight sources of 

nitrogen were compared and several findings are evident: 

1. Maximum growth was reached most quickly in media 

with urea as the nitrogen source. 

2. Total growth in media with urea and nitrate was 

approximately equal at pH above 7.0 in Bold's Basal 

Medium when measured both qualitatively and quanti

tatively. 

3. Ammonium was absorbed in preference to nitrate when 

both were present in the medium as evidence by a 

decrease in pH. 

4. Greater growth occurred in media with nitrate rather 

than ammonium sources. 

5. Equal total filament growth occurred in media with 

either nitrate or nitrite sources. 

6. Equal total filament growth occurred in media with 

sodium nitrate and potassium nitrate. 

7. Casamino acids and uracil were poor sources of 

nitrogen for Mougeotia cultures. 
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Although item 6 seems to state a logical observation, 

Czurda (19 26) found that cultures of Zygnema and Spirogyra 

varians grown in calcium nitrate had less total filament 

growth than the same species grown in potassium nitrate. 

Cain (1965) studied nitrogen utilization in 36 

chlamydomonad algae. He found that most of these algae 

absorbed ammonium in preference to nitrate, but greater 

total growth occurred in cultures with nitrate. He also 

found that these algae absorbed nitrate and nitrite with 

equal facility. The author's results (items 3, 4, and 5 

above) for two species of Mougeotia are similar to the 

results of Cain (1965). 

Cain (1965) reported that maximum growth was reached 

in 2-4 weeks with growth declining by the 8-week reading. 

He ascribed this decline to low pH and exhaustion of the 

medium for cultures grown in media containing ammonium salts. 

In cultures of M. transeaui and Mougeotia sp. (LB 758) grown 

in ammonium nitrate and sodium nitrate at pH 7.5 there was 

a less obvious difference in total filament growth observed 

as compared to cultures grown in the same sources at pH 6.4. 

Use of ammonium chloride did not produce such an obvious 

change in growth pattern. This may result because of the 

presence of chloride in the medium as sodium chloride and 

calcium chloride as well as ammonium chloride. Since 

ammonium sulfate was the only other source of ammonium 

tested, it is difficult to interpret whether growth response 
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observed with these cultures is valid because the choice of 

ammonium salt may have been unfortunate. 

From the results of experiments with the eight 

nitrogen sources it is concluded that: 

1. pH of the medium is important to total growth of 

M. transeaui in any single source of nitrogen 

(cf., Fig. .52). 

2. Optimum growth of M. transeaui and Mougeotia sp. 

(LB 758) occurs above pH 7.0. 

Cultures of Mougeotia sp. (LB 758) were difficult to 

grow and maintain in axenic culture when first isolated. 

Since a number of algae are reported to have a vitamin 

requirement for growth (Trainor, 1958; Provasoli and 

Carlucci, 19 74), a mixture of vitamins was added to cultures 

of Mougeotia sp. (LB 758). Growth occurred in cultures to 

which vitamins were added; cultures without vitamins failed 

to grow. Vitamin is required by a number of algae, so 

this vitamin was tested separately. The addition of vitamin 

B12 to t^ie mec^um Promoted growth, and the author concludes 

that Mougeotia sp. (LB 758) requires vitamin B^ as a growth 

supplement. Fogg (1965) has stated that perhaps as many as 

70% of the algae may require vitamins, so it was not too 

surprising to find that a vitamin was required by Mougeotia 

sp. (LB 758). This may account for past failures to 

isolate Mougeotia into axenic culture. 
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In addition to affecting the macroscopic growth 

habit of Mougeotia, the eight sources of nitrogen also 

affected cell morphology. Although addition of urea sup

ports rapid growth, older cultures show evidence of rhizoid 

development. Reproductive structures produced in urea and 

uracil also exhibited abnormal morphology. In nitrogen 

sources other than nitrate or nitrite, cultures seemed to 

age more quickly. Chloroplasts were often very granular 

and full of storage products or fragmented and the cells 

were dying. In view of the cellular variations and 

anomalies when compared with cultures grown in sodium 

nitrate, sodium nitrate was used routinely in media for all 

growth experiments not specifically designed to study the 

difference between the various sources of nitrogen. 

The research reported here has suggested additional 

problems for future investigations of M. transeaui. These 

include: 

1. Cell-width variability. Since cell-width is used as 

a criterion for identification of zygnematacean 

species, it should be determined whether variability 

in cell-width is environmentally induced or is 

caused by change in ploidy or both. 

2. Control of reproduction. Since reproductive struc

tures, especially zygospores, are required for 

identification of zygnematacean species, it should 

be determined how the interaction of light, 
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temperature, and nutrient levels control conjugation 

and aplanospore formation. 

3. Interaction of pH and light on growth. Since the 

importance of pH on total growth has been demon

strated at one light intensity only, additional 

studies on the interaction of pH and light intensity 

on total growth should be conducted using a series 

of light intensities from 500 to 7500 lux. 

4. Nutritional studies of growth. Since the quantity 

of nitrogen in the medium for maximum growth has 

not been determined, additional studies on growth 

using 0.01 to 100 times the quantity of nitrogen 

in Bold's Basal Medium should be conducted. 



Fig. 1. Photomicrograph of vegetative and conjugating 
filaments in Mougeotia transeaui Collins — Note 
the small invagination in the center of a cell end 
wall (wi) and the indentation (ci) of the chloro-
plast (c) in the area of the nucleus (n). Magnifi
cation x 385. 

Fig. 2. Photomicrograph showing slightly rounded end walls 
of cells which have separated from the filament in 
M. transeaui — Note the deep indentation (ci) of 
the dividing chloroplast. Magnification x 385. 

Fig. 3. SEM of the convex end wall in M. transeaui — 
Magnification x 1000. 

Fig. 4. SEM showing an end wall in surface view in M. 
transeaui — Note invagination (wi) in the center 
of an end wall. Magnification x 900. 

Fig. 5. Photomicrograph of a vegetative cell in M. transeaui 
with chloroplast (c) in surface view — Note the 
chloroplast lamellae (cl) traversing the pyrenoid 
(p) which is surrounded by a starch sheath (ss). 
Magnification x 845. 

Fig. 6. Vegetative cell in Mougeotia sp. (LB 758) illus
trating the two-plastid [cl condition with the 
nucleus (n) suspended between the plastids — 
Magnification ca. x 300. 

Fig. 7. Vegetative cell in Mougeotia sp. (LB 758) with 
platelike chloroplast (c) in surface view --
Magnification ca. x 300. 

Fig. 8. Vegetative cell in Mougeotia sp. (LB 758) with 
platelike chloroplast (cl Tn lateral view along most 
of the cell length — Magnification ca. x 300. 
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Fig. 9. Cells in various stages of aplanospore formation in 
Mougeotia transeaui Collins — Note the zig-zag 
pattern of some adjacent cells; the swelling 
(arrow) in the central portion of the cell and the 
forming aplanospores (ap). Magnification ca. x 230. 

Fig. 10. Two aplanospores in M. transeaui — (a) chloroplast 
is condensing into the swollen area of the cell, 
(b) aplanospore (ap) near the end wall of the cell. 
Magnification ca. x 425. 

Fig. 11. Cell with slight swelling (arrow) indicative of 
incipient aplanospore formation in M. transeaui; 
chloroplast has begun fragmentation with accumula
tion of starch — New cell wall (cw) is evident on 
either side of a newly formed aplanospore. 
Magnification ca. x 385. 

Fig. 12. Photomicrograph of a mature aplanospore in M. 
transeaui — Note thickening of aplanosporangium 
wall, loss of color of the chloroplast and an 
accumualtion of oil droplets (o). Cytoplasmic 
residue (cr) is visible in the remnants of the 
original vegetative cell. Magnification ca. x 500. 

Fig. 13. SEM showing a filament mass containing numerous 
aplanosporangia (apm) in various stages of 
development in M. transeaui — Magnification x 220. 

Fig. 14. SEM showing two adjacent aplanosporangia (apm) in 
M. transeaui, the larger of the two is younger 
and lacks thickened cross-walls and undulations 
in the lateral wall of the spore — Magnification 
x 1125. 
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Fig. 15. SEM showing mature aplanosporangium (apm) of 
Mougeotia transeaui Collins — Note undulations 
in the lateral wall, the thickened cross-wall 
(arrow), and the persistent remnants of the 
original vegetative cell (vc), Magnification 
x 2135. 

Fig. 16. SEM showing aplanosporangium (apm) of M. transeaui 
showing the thickened cross-wall (arrow) — Note 
the attachment of the remnant of the original 
vegetative cell (vc). Magnification x 3715. 

Fig, 17. Germinating aplanospore of M. transeaui — New 
germling is two-celled. Note the bulbous portion 
of the basal cell (be) still contained in the 
aplanosporangium (apm). Magnification ca. x 475. 

Fig. 18. Mougeotia transeaui aplanospore in an early stage 
of germination — Note two "balls" of dark 
chloroplast material. Magnification ca. x 655. 

Fig. 19. Germinating aplanospore (ap) of M. transeaui 
which has swollen on the side where the germling 
will emerge — Note the mass of dark-green dis
organized chloroplast material. Magnification 
ca. x 460. 

Fig. 20. A parthenospore (ps) of M. transeaui in receptive 
gametangium — Note papillae (pa) which failed to 
form a conjugation tube and the disorganized 
chloroplast (c) of the donor cell. Magnification 
ca. x 385. 





Fig. 21. Akinete of Mougeotia sp. (LB 758) — Note thickened 
lateral and end walls (arrow) of the adjacent cells. 
Magnification ca. 550. 

Fig. 22. Akinete of Mougeotia sp. (LB 7 58) with thickened 
wall (arrow), an accumulation of storage products 
(sp) and a disorganized chloroplast (c) — 
Magnification ca. x 525. 

Fig. 23. Adjacent pairs of conjugating cells in Mougeotia 
transeaui Collins — The lower pair of cells have 
papillae (pa) touching, but cell wall material has 
not yet dissolved to form a conjugation tube. 
The upper pair of cells has the conjugation tube 
(ct) already formed. Magnification ca. x 520. 

Fig. 24. Adjacent pairs of conjugating cells in M. 
transeaui; swelling of the receptive gametangium 
(rgm) has already begun in the upper pair of 
cells -- Compare with Fig. 23. Magnification ca. 
x 460. 

Fig. 25. Young zygotes (z) in M. transeaui forming in 
adjacent receptive gametangia (rgm) — Note 
cytoplasmic residue (cr) in the original vegeta
tive cells. Magnification ca. x 385. 

Fig. 26. Conjugating cells in M. transeaui in which the 
chloroplasts (c) are convoluted and fragmentation 
of the chloroplast has just begun — Magnification 
ca. x 385. 

Fig. 27. Young thin-walled zygospore (zs) in M. transeaui 
with disorganized chloroplast and an accumulation 
of starch and oil — Note the three new cross-
walls (arrows), two in the receptive gametangium 
(rgm) and the third across the conjugation tube 
(ct). Magnification ca. x 325. 

Fig. 28. Mature zygospore (zs) in M. transeaui — Note lack 
of color and the thickened wall, especially in the 
area of the new cross-walls (arrows). Magnifica
tion ca. x 385. 
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Fig. 29. SEM of conjugating cells showing the union (arrows) 
of the two papillae in Mougeotia transeaui Collins 
— The receptive gametangium is on the left. 
Magnification x 940. 

Fig. 30. SEM of conjugation tube (ct) is formed in M. 
transeaui — The receptive gametangium is on the 
left. Magnification x 900. 

Fig. 31. SEM of a pair of conjugating filaments in M. 
transeaui showing the typical ladder formation of 
scalariform conjugation (sc) — The receptive 
gametangia are on the left. Magnification x 400. 

Fig. 32. SEM of young zygosporangium in M. transeaui with 
two of the three cross-walls (arrows) formed — 
Magnification x 1075. 
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Fig. 33. SEM of young zygosporangium (zgm) in Mougeotia 
transeaui Collins with three new cross-walls 
formed (arrows) — Magnification x 610. 

Fig. 34. SEM of enlarged view of zygosporangium (zgm) in 
M. transeaui — Magnification x 2625. 

Fig. 35. SEM of mature zygosporangium (zgm) in M. transeaui 
with thickened cross-walls resembling collars 
(arrows) — Magnification x 800. 

Fig. 36. SEM of enlarged view of a thickened cross-wall 
(arrow) of a zygosporangium (zgm) in M. transeaui 
-- Note the persistent original vegetative cell 
(vc) and its continuity with the zygosporangium. 
Refer to Fig. 16 to compare a similar observation 
of the continuity of the original vegetative cell 
with an aplanosporangium. Magnification x 6000. 
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Fig. 37. Three conjugating filaments of Mougeotia transeaui 
Collins — One donor filament (df) is conjugating 
with two filaments containing receptive gametangia 
(rgm). Magnification ca. x 310. 

Fig. 38. A germinating zygospore of M. transeaui — Note 
four chloroplast fragments Tn the one-celled 
germling. Magnification ca. x 385. 

Fig. 3 9. Enlarged view of a germinating zygospore of M. 
transeaui — Note bulbous basal cell (be). 
Magnification ca. x 555. 





Fig. 40. A diagrammatic summation of asexual cycle (a-g) 
and sexual cycle (aa-hh) for Mougeotia transeaui 
Collins observed in soil-water culture. 

Asexual cycle: 
a. vegetative filament 
b. swelling of cell indicative of incipient 

aplanospore formation 
c. fragmentation of chloroplast prior to 

condensation into swollen area of forming 
aplanospore 

d. young aplanospore containing dark-green 
disorganized chloroplast 

e. mature aplanospore, no chloroplast material 
visible 

f. reappearance of green chloroplast material 
indicative of aplanospore germination 

g. young germling emerging from aplanospore 

Sexual cycle: 
aa. paired vegetative filaments 
bb. papillar formation in two opposing cells 
cc. receptive gametangium joined by conjugation 

tube to donor cell 
dd. young zygote formed in receptive gametangium 

and conjugation tube. Note cytoplasmic 
residue 

ee. young zygospore in thin-walled zygosporangium 
containing disorganized chloroplasts and 
storage products 

ff. mature zygospore in thick-walled zygosporangium, 
no chloroplast material visible 

gg. reappearance of green chloroplast material 
indicative of zygospore germination 

hh. young germling emerging from zygospore. 



ASEXUAL CYCLE 

SEXUAL CYCLE 

J"ig. 40. A diagrammatic summation of asexual cycle and 
sexual cycle in Mougeotia transeaui Collins. 



Fig. 41. A diagrammatic summation of mitosis in Mougeotia 
transeaui Collins. 

a. nucleus is in interphase in a recently divided 
cell 

b. nucleus is in interphase; slight indentation 
of chloroplast indicative of incipient 
chloroplast division 

c. nucleus is in interphase; chloroplast 
division completed, two chloroplasts present 

d. nucleus is in early prophase; nucleolus 
fragmenting 

e. nucleus is in mid-prophase; nucleolus stains 
only lightly 

f. nucleus is in metaphase; nucleolus has dis
appeared 

g. nucleus is in anaphase; nucleolus not apparent 
h. nucleus is in telophase; reforming micro-

nucleoli present; cytokinesis commencing as 
evidenced by presence of many vesicles 

i. nucleus is in late telophase; new cross-wall 
evident, still thin. 
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Pig. 41. A diagrammatic summation of mitosis in Mougeotia 
transeaui Collins. 



Fig. 42. Chromosomes of Mougeotia transeaui Collins in 
polar view at metaphase, drawn free-hand. 

Fig. 43. Vegetative cells of M. transeaui with strands of 
cytoplasm (arrows) attached to the newly formed 
end wall — Magnification ca. x 540. 

Fig. 44. Mougeotia transeaui grown for three weeks in 
Bold's Basal Medium on a light-temperature 
gradient plate — Temperature changes occur along 
the x-axis and light intensity changes occur 
along the y-axis. 
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• AT̂ ĉi-..in 

. / 
*r • v v. 
< \/c;. 

>. V.,/K 

f" 'J_ '~'/4» -;«*??' 

ofefe-a 

900 

_ 1150 
X 
3 

£ 1750 
CO 

UJ 
H 

X 
CD 

2700 

4100 

5500 

25 

® 
15 19 22 25 28 

TEMPERATURE (°C) 

31 



Fig. 45. Filaments of Mouqeotia transeaui Collins grown 
for three weeks in Bold's Medium at 900 lux and 
18°C — Inoculum had been chopped into pieces 
1-4 cells long. Magnification ca. x 75. 

Fig. 46. Filaments of M. transeaui grown for three weeks 
in Bold's Basal Medium at 4100 lux and 18°C — 
Inoculum had been chopped into pieces 1-4 cells 
long. Magnification ca. x 75. 

Fig. 47. Mouqeotia sp. (LB 7 58) grown for six weeks in 
eight sources of nitrogen — A mixture of vitamins 
was added to the flasks on the right in each pair 
of flasks three weeks after the flasks were 
inoculated. At least a partial recovery was 
noted in five of the eight sources. The flask of 
filaments grown in ammonium nitrate to which the 
vitamin mixture was added became contaminated and 
is not illustrated here. Poor filament growth was 
noted in both flasks of sodium nitrite. Arrows 
indicate flasks in which growth occurred. 





Fig. 48. Mougeotia sp. (LB 758) grown in medium containing 
urea — Note the formation of rhizoids on an end 
cell (arrow). Magnification ca. x 90. 

Fig. 49. Filament of Mougeotia sp. (LB 758) grown in medium 
containing uracil — Note the fragmented 
chloroplast (c) and the abnormal shape of a second 
cell. Magnification ca. x 290. 

Fig. 50. Atypical zygospore (zs) of Mougeotia transeaui 
Collins which formed in medium containing urea — 
Magnification ca. x 230. 

Fig. 51. Atypical aplanospore of M. transeaui formed in a 
culture grown in medium containing urea — 
Magnification ca. x 385. 
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Fig. 52. Cultures of Mougeotia transeaui Collins grown in 
Bold's Basal Medium containing from left to right, 
urea, ammonium nitrate, ammonium chloride, and 
sodium nitrate The upper set of flasks contains 
cultures grown at pH 6.4 and the lower set of 
flasks contains cultures grown at pH 7.5. Cultures 
grown at pH 7.5 show greater total filament 
growth. 
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Fig. 53. Mougeotia sp. (LB 758) grown four weeks in Bold's 
Basal Medium plus vitamin B^2 '— T^e cultures 
were grown over a range of pH values from 4.5-
10,0 at 0.5 unit intervals. Greatest total 
filament growth occurred at pH values above 7.0. 
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Fig. 54. The chlorophyll content (ng/ml) of M. transeaui 
cultures grown for 4 weeks at a range of pH values 
between pH 4.5-10.0 — Cultures were grown in 
Bold's Basal Medium. 



Potassium 
Nitrate 

Urea 

• Mougeotia sp. (LB 758) grown in Shen's medium containing potassium 
nitrate (a) without vitamins, (b) with vitamin B12 and (c) with Eagle's 
vitamin mix added to the medium; grown in Shen's medium containing urea 
Ca) without vitamins, (b) with vitamin B12 and (c) with Eagle's vitamin 
mix added to the medium — Growth occurred only in media containina 
vitamin Bj2 (arrows). 



APPENDIX A 

MEDIA, STAINS, AND FIXATIVES 

Media 

Soil-Water Medium (Starr, 1964) 

One-half to one cm of garden soil was placed in the 

bottom of a 1/2-pint glass milk bottle. Distilled water was 

added to fill each bottle 3/4 full. Bottles were covered 

with the top portion of a 6 0-mm petri dish prior to steaming 

for 10-12 hr on two consecutive days (this is a modification 

of the method as set forth by Starr). 

Soil-Water Extract 

Two hundred grams of soil was added to 1 liter of 

distilled water and autoclaved. The soil was allowed to 

settle after autoclaving, and the supernatant was decanted 

off. This supernatant was filtered through Whatman No. 1 

filter paper and autoclaved to obtain a sterile medium. 

Bold's Basal Medium (Nichols and Bold, 
1965; Nichols, 1973) 

Six stock solutions of 400 ml volume: 

NaN03 10.Og K2HP04 3-0g 

CaCl2*2H20 l.Og KH2P04 7'0g 

MgS04-7H20 3.0g NaCl l.Og 
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Ten ml of each stock solution were added to 940 ml 

of distilled water. One ml of each of the following four 

stock, trace-element solutions were also added: 

1. 50g EDTA and 31g KOH dissolved in 1 liter H20. 

2. 4.98g FeS04*7H20 dissolved in 1 liter acidified P^O 

(acidified £^0:1 ml concentrated H^SO^ added to 999 

ml distilled water). 

3. 11.42g H^BO-j dissolved in 1 liter 1^0. 

4. The following, in amounts indicated, all dissolved 

in 1 liter distilled water: 

ZnS04-7H20 8.82g CuS04•5H20 1.57g 

MnCl2-4H20 1.44g Co(N03)2•6H20 0.49g 

MoO^ 0.71g 

The unadjusted pH of the medium is 6.3. 

Bold's Basal Medium was also modified by the addi

tion of vitamin B^2 in the amount of 50 yg/liter (BBMB^2). 

The level of nitrogen as NaNO^ was occasionally varied by 

diluting 10-fold (1/10N) or raising it to three times the 

normal level supplied (3N). 

Shen's Medium (Shen, 1966) 

Eight stock solutions of 500 ml each: 

TRIS 25.Og Na2C03 2.Og 

C0(NH2)2 2.Og Na2Si03 l.Og 

CaCl2-2H20 10.Og K2HP04 0.55g 

MgS04-7H20 5.0g KC1 5.Og 



103 

Ten ml of each stock added to approximately 900 ml 

distilled water to make a liter. 

The pH was adjusted to 7.5 by adding IN HC1, then 

1 ml of each of the four Bold's Basal Medium trace element 

solutions was added. Volume was brought to 1000 ml with 

distilled water and autoclaved at 15 lbs pressure for 15-20 

minutes. The final pH was 7.2. 

Shen's medium was occasionally supplemented with 

either Eagle's vitamin mix at 5 ml/liter, vitamin at 50 

yg/liter, or a mixture of both Eagle's vitamin mix and 

vitamin 

Eagle's Vitamin Mix (5ml/liter): 

Biotin 0.5 mg/liter Pantothenic acid 0.5 mg/liter 
Choline 0.5 mg/liter Pyridoxal 0.5 mg/liter 
Folic Acid 0.5 mg/liter Thiamine 0.5 mg/liter 
Nicotinamide 0.5 mg/liter Inositol-2H„0 0.9 mg/liter 
Riboflavin 0.5 mg/liter 

"Complete Test Medium" 
(Lee, 1974) 

Sucrose 5 g 
Nutrient broth 5 g 
Yeast extract 1 g 

The above were added to Bold's Basal Medium made up 

with three times the normal amount of nitrogen (up to 1 

liter). This medium was used either as a broth or solidi

fied with 1.5% agar. 
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Fixatives 

Bischoff and Bold 
(Bischoff, 1963) 

Iodine 0.25 g Formalin 24.0 ml 
Potassium iodide 1.00 g Distilled water 400 ml 
Acetic acid, glacial 4.00 ml 

Freytag's Fixative 
(Freytag, 1964) 

Volume 
HC1, concentrated 2 
Ethanol, 50% 2 
Clorox, commercial 1 

Stains 

Propiocarmine Stain 

50% propionic acid 200 ml 
carmine (alum lake) 1 g 

Bring propionic acid to the boil, add carmine, cool, and 

filter. 

Feulgen Technique 

Schiff's Reagent (Leuco-basic fuchsin): 

Dissolve 1 g basic fuchsin by pouring 200 cc boiling 
water over it. 

Shake well and cool to 50°C. 
Filter. 
Add 30 cc IN HC1 to filtrate. 
Add 3 g K2S2OC. (or Ua2S20^) . 

Allow solution to bleach 24 hours in a tightly 
stoppered bottle in the dark. 

Add 0.5 g decolorizing carbon. 
Shake well about one minute and filter rapidly 

through coarse filter paper. 
Store in a tightly-stoppered bottle in the dark 

at 4 °C. 
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