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ABSTRACT 

The purpose of this investigation was to examine 

the range of developmental and physiological variation 

among eight clones of Sirogonium sticticum (Engl. Bot.) 

Kutz. established from natural collections. These collec

tions were made from the United States, Mexico, and Denmark. 

The morphological variation of cell width, and the physio

logical variations in growth rates, conjugation dynamics, 

zygospore germination, and sexual isolation were compared. 

The growth rates of the clones varied widely. The 

fast-growth-rate clones (705 and 711) reached the end of 

log-phase growth in 2 weeks, the moderate-growth-rate clones 

(706, 707, 712, and 714) required 3 weeks, and the slow-

growth-rate clones (703 and 708) reached the end of log-

phase growth after 4-5 weeks. All the clones achieved 

maximum growth when cultured at 20 C. 

The time in weeks to mating competency for the 

clones was directly correlated with the end of the log-

phase of growth, with the first zygospores appearing about 

1 week after the log-phase of growth was attained. This 

resulted in mating competency being reached in as short a 

period as 3 weeks for the fast-growth-rate clones or re

quiring as long as 6 weeks for the slow-growth-rate clones, 
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with the moderate-growth-rate groups falling somewhere in 

between. 

There was a range of variation in conjugation in

tensity among the clones; less them 0.1% of the cells were 

sexual in Clone 714 ranging to more than 5% in Clones 706 

and 707, The intensity of conjugation for a clone was 

related to the duration of the conjugation response. The 

conjugation response could be completed in a period as 

short as 2 weeks (Clone 714) producing few zygospores, or 

range up to as long as 7 weeks (Clones 706 and 707) re

sulting in the highest conjugation intensities. 

A reliable technique for zygospore germination was 

developed only for Clone 711, and in two clones (703 and 

712) zygospore germination was never obtained. In the other 

five clones, some germlings were observed, but germination 

was unpredictable. When zygospores of Clone 711 are dried 

after maturation, they will germinate consistently at about 

26 weeks of age after rewetting. Heat and cold treatments 

did not reduce the dormancy period of the zygospores nor 

increase the percentage of zygospore germination. 

The variation in cell diameters among the clones 

provided a stable morphological marker for matings in these 

homothallic clones. Variations in light intensity or light-

dark period did not affect the cell diameters of the clones. 
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Variation in cell diameter was not correlated with either 

growth rate or conjugation intensity. 

Interclonal matings showed that the clones were 

not sexually isolated. However, positive evidence of 

sexual compatibility would require germination of the hybrid 

zygospores which was not attempted in this investigation. 

With the exception of the 703 X 706 cross, the mating 

response between clones was very weak, as only about 0,1% 

of the zygospores were hybrids with the remainder repre

senting the two parental types. 

Clone 705, tentatively identified as Sirogonium 

tenuis, was sexually compatible with three clones of S. 

sticticum. Since these two species differ only in the 

ranges of their cell diameters, they may in fact be a single 

species. 



INTRODUCTION AND LITERATURE REVIEW 

Introduction 

The green algal species of the genus Sirogonium 

are lesser known members of the family Zygnemataceae. 

Members of this genus have filaments and cells superficially 

resembling those of Spirogyra, with unbranched filaments and 

with cells containing ribbon-like chloroplasts. However, the 

chloroplasts of Sirogonium rarely make more than half a turn 

in extending from one end of the cell to the other. Further

more, Sirogonium does not possess an external pectic sheath 

as do all other genera of the family. During growth there 

is a pronounced genuflexion of the filaments so that cells 

are brought into contact intermittently along filaments. It 

is at these points of contact that fertile cells develop 

into gametangia. Therefore, relatively few cells along a 

filament become sexual. 

Sirogonium is much rarer than Spirogyra, but is 

widely distributed. When encountered, Sirogonium typically 

inhabits small, quiet ponds or moist areas which are often 

temporary in nature. So far 16 species have been described, 

and they are separated taxonomically on the basis of the 

median zygospore wall ornamentation, size of the vegetative 

1 



2 

cells, and the size of the zygospores, Sirogonium sticticum 

(Engl, Bot.) Kutz, appears to be the most commonly en

countered species of the genus. To illustrate this point, 

of the 12 collections of Sirogonium maintained at The Uni

versity of Arizona, nine clones belong to this species. 

Sirogonium sticticum is characterized by zygospores with 

smooth median walls and 40-67 y wide and by vegetative cells 

36-56 n wide (Transeau, 1951). 

The following sections of this introduction and 

literature review include discussions of culture methods, 

growth rates, conjugation, zygospore germination, and sexual 

and geographical isolation. All of these discussions pro

vide background relative to the investigations to be de

scribed later. 

Culture Methods 

Before any serious physiological or biochemical 

studies of an alga can be attempted, it is necessary to 

develop techniques to grow axenic cultures in defined 

media. The species of the family Zygnemataceae have proven 

difficult to grow in defined media, and are routinely grown 

in steamed soil-water media (Allen, 1958; Rickert, 1963). 

However, there are three species of Zygnema now available 

in axenic culture on defined media from the Culture Collec

tion of Algae at Indiana University (Starr, 1964). Also, 
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Pessoney (1968) was able to grow several species of 

Spirogyra axenically on defined media. 

All investigations of Sirogonium to date have been 

of a morphological or cytological nature (Crow, 1964; 

Dennis, 1965; Hoshaw, 1965; Wells and Hoshawf 1971). Such 

studies did not require the growth of the algae axenically 

on defined media. Dennis (1965) attempted to grow £. 

melanosporum in Czurda's and Godward's media, and found 

growth was slow and conjugation failed to occur. Crow 

(1964) reported lack of success in growing S. pseudo-

floridanum (referred to as S. sticticum by Crow) in Bristol's 

and Czurda*s media, both in liquid and agarized form. 

In the present investigation, no attempts were made 

to obtain axenic cultures. Since Sirogonium has no external 

pectic sheath, this would be more difficult to accomplish 

than would be true in Spirogyra or Zygnema. The presence 

of a pectic sheath acts as a deterrent to the firm attach

ment of bacteria and epiphytes to the cell walls. However, 

attempts were made to culture all clones in Bristol's 

medium (Starr, 1964) and Godward's medium (Godward, 1942). 

Since this investigation involved a comparative study of 

eight clones of S. sticticum, either of these media would 

have to be rejected in favor of soil-water medium if they 

failed to support growth of all clones. Soil-water medium 

by its composition varies in uniformity of dissolved 
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nutrients, and the ability to grow unialgal cultures in a 

defined medium would eliminate this source of variability. 

Growth Rates 

There have been several methods used in the algae 

to measure growth. In determining growth rates for uni

cellular organisms, growth is usually defined as an increase 

in cell number. Samples can be taken from a culture and 

direct cell counts made. For filamentous algae this tech

nique would obviously not apply. Jost (1953) measured 

growth rates in Zygnema by growing individual filaments on 

slide cultures and determining the rate of filament elonga

tion. This method appears to possess an inherent amount of 

error, as there is undoubtedly a variation in the physio

logical condition of filaments from a given culture, and the 

measurements of a few filaments would not necessarily be a 

valid measurement of the growth rate of an entire culture. 

Staker (1970) used increase in dry weight in Zygnema grown 

on agar. This method of growth rate determination could not 

be used in the present investigation since the mass of 

filaments grown in soil-water cultures was relatively 

small. 

In the present investigation the increase in chloro

phyll content was used as an indirect measurement of growth. 

It is well-documented that environmental parameters can 

influence the amount of chlorophyll within the cells of 
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autotrophs, Beale and Appleman (19711 found in Chlorella 

that chlorophyll content of cells increases when light is 

limiting for growth, and it decreases when light is not 

limiting for growth. They used chlorophyll content as an 

indicator of growth rate, and reported that the initial 

lag in the rate of chlorophyll synthesis is a freshly 

inoculated culture can be attributed to light at first not 

being limiting for growth and then becoming growth limiting 

as the cell suspension becomes denser. Sorokin and Krauss 

(1958) used optical density to measure growth in Chlamy-

domonas, Chlorella, and Scenedesmus culture suspensions. 

Inasmuch as they measured optical density at 600 my, they 

were essentially measuring chlorophyll content. They made 

the important assumption that as long as the culture was 

in the exponential phase of growth under steady state con

ditions, the proportionality between optical density and the 

density of the algal population remained constant. 

Similarly, the above assumption was also made in the present 

study of growth rates in Sirogonium sticticum clones. An 

additional advantage of using this technique is that it 

gives an indication of the physiological age of the cells 

in culture, since chlorophyll content is likely to de

crease as cells become scenescent and die. In addition, 

wet weight determinations were made prior to chlorophyll 
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extraction to check the relationship between wet weight 

and chlorophyll content. 

The purposes of this investigation, related to 

growth rates were: to measure the variability in chlorophyll 

content among the clones of S. sticticum; to determine the 

growth rates at temperatures of 15 C, 20 C, and 25 C, and 

to test the hypothesis that clones isolated from colder 

climatic regions have greater growth rates at 15 C than 

clones isolated from wanner regions, and conversely that 

clones from warmer regions show a greater growth rate at 

25 C than the clones from colder regions. 

Conjugation 

From a taxonomic standpoint, the ability to obtain 

conjugation and zygospore formation from vegetative material 

is essential in the Zygnematales. Species of the genus 

cannot be identified with certainty from their vegetative 

appearance, but only by the manner in which they produce 

zygospores and the markings of their zygospore walls. 

Starr (1955a) developed a method to routinely in

duce conjugation in Cosmarium by suspending cells in a 

shallow chemical watch glass in old culture medium, and by 

placing the watch glass in a petri dish surrounded by a 

freshly prepared 5% solution of NaHCO^ to provide a COj'-

enriched atmosphere. This technique has proven successful 
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in inducing conjugation in certain other desmids: in 

Netrium (Biebel, 1964), in Closterium (Cook, 1963), in 

Spirotaenia (Hoshaw and Hilton, 1966), and in Mesotaenium 

(Starr and Rayburn, 1964). However, this induction tech

nique has proven unsuccessful in members of the Zygnema-

taceae: in Spirogyra (Rickert, 1963), in Sirogonium 

(Crow, 1964), and in Zygnema (Prasad and Godward, 1963). 

Allen (1958) reported the sexual phase of Spirogyra 

was most successfully obtained when 2-4 week-old cultures 

were plated on 1% water agar. Zygotes were observed in 

3-4 days, Rickert (1963) also working with Spirogyra, 

achieved limited success with this method, but reported 

some strains could be induced to conjugate more easily 

than others. Miller (1973) obtained conjugation in Zygnema 

circumcarinatum by mixing the two mating types in a 0.1 

dilute medium prepared by mixing nine parts sterile distilled 

water to one part Godward's medium. Conjugation routinely 

occurred within 48 hr after the mating types were mixed. 

Crow (1964) failed to induce conjugation in Sirogonium 

pseudofloridanum by plating filaments on either water agar 

or Bristol's agar. She did achieve some success by placing 

healthy nets of filaments in deep petri dishes and covering 

them with fresh soil-water supernatant. Hoshaw (1965) 

attained an enhancement of the sexual response in Sirogonium 

melanosporum with the same method. He obtained numerous 
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sexual stages within 5-7 days following such a transfer. 

From the above reports, it appears that nutrient depletion 

does not initiate the sexual response in all members of the 

Zygnematales. 

In the present investigation, the author used no 

induction techniques to initiate or enhance the sexual 

response. The clones were allowed to conjugate voluntarily 

in the culture vessels in which they were grown. A pre

liminary study revealed neither a shortening of time to 

conjugation nor an enhancement of the conjugation response 

was accomplished by plating the filaments on agar or trans

ferring the filaments to deep petri dishes in fresh medium. 

The technique of spreading the filaments on agar produced 

a large amount of zygote abortion. This phenomenon can best 

be explained by the mechanical disruption of the net associ

ated with the spreading of the filaments of agar. 

Coleman (1961) reviewing culture methods in the 

study of algal life cycles, defines mating competence as 

the metabolic state in which a cell can respond to the 

presence of another mating type. With algae lacking ob

vious sexual differentiation, mating competence can be 

tested by watching for the production of zygotes in the 

selfing strains. Coleman * s data indicated that in most 

algae mating competence is usually associated with the end 

of log-phase of growth. 
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Transeau (1916), studying Spirogyra in the field 

for many years, found the normal length of the vegetative 

cycle was inversely correlated to the "specific surface" 

of the cells. He defined "specific surface" as the surface 

area of the cell divided by the volume. He reasoned that 

this might be explainable on the basis that the processes 

of absorption, photosynthesis, protein synthesis, and 

assimilation are limited by cell surface, while the capacity 

for accumulation is limited by volume. Hence, the cells 

with the largest "specific surfaces" might be expected to 

approach sexual maturity first. 

The present investigation tested the hypothesis 

that mating competency is correlated with the end of log-

phase growth in all of the clones of Sirogonium sticticum 

studied. Furthermore, the hypothesis was tested that any 

variation in age to mating competency among the clones is 

inversely correlated with the "specific surfaces" of the 

cells. Finally, comparisons were made among the clones to 

determine if there are any differences in the intensity of 

the sexual response. 

Zygospore Germination 

The inability of most investigators, until fairly 

recently, to induce the germination of zygospores of most 

Chlorophyceae in culture, has prevented the study of complete 

life cycles under laboratory conditions. Starr (1949) 
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stated that there are few reports in the literature in 

which successful methods are reported for the germination 

of chlorophycean zygospores. Smith (1950) commenting on 

the Zygnemataceae, was of the opinion that studies of 

life cycles and differentiation should start with the 

germinating zygote, but lamented that techniques had not 

yet been developed to a stage where the zygote could be 

induced to germinate. 

Starr (1949) was able to obtain as high as 70% 

zygospore germination in a "Chlorococcum-like organism" 

with zygospores as young as 15 days by transferring them to 

Bristol's agar and by incubating them at 37 C for 48 hr. 

Following the above treatment, zygospore germination 

occurred within 2-3 days. By the same method, he attained 

up to 90% zygospore germination in Chiamydomonas chlamy-

dogama. 

Lewin (1949) achieved nearly 100% zygospore ger

mination in Chlamydomonas spp. by transferring zygospores 

to darkness 24 hr after they had been formed. The zygo

spore wall remained thin and green, and after 5-6 days the 

contents began to divide, and after an additional 5-6 days 

almost all the zygospores had produced 4-8 products. With 

this method the light period was critical; no zygospores 

were formed if the light period was less than 14-18 hr; 
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thick-walled resting spores resulted if the light period 

exceeded 26-30 hr. It appears that starvation of the 

zygote during the formation period following syngamy re

duces the amount of stored metabolites and/or the thick

ness of the wall, and thus shortens the dormancy period. 

This method also proved effective in inducing the germina

tion of zygospores in other members of the Volvocales: in 

Gonium (Stein, 1958), in Pandorina (Coleman, 1959), in 

Eudorina (Goldstein, 1964), in Astrephomene (Brooks, 1966), 

and in Platydorina (Harris and Starr, 1969). However, 

Darden (1966) working with Volvox aureus found that no 

special treatment was necessary to induce zygote germina

tion, which occurred directly in the culture flasks within 

2-3 weeks after initial zygote formation. 

Cook (1962) found oospores of Bulbochaete hiloensis 

would germinate after a 10-day heat treatment at 38 C, but 

without the treatment he was unable to obtain any oospore 

germination even in oospores 1-yr old. With the heat 

treatment he attained germination in material as young as 

2-3 weeks old. Hoffman (1965) found in Oedogonium the age 

of the oospores was the critical factor in obtaining ger

mination . He attained 50-60% germination in oospores that 

were at least 1-yr old by transferring them to fresh medium. 

He stated that freezing and heat treatments were ineffec

tive in promoting germination in oospores less than 1 yr old, 



and that drying actually appeared to slightly decrease 

germination. 

Starr (1955b) elicited zygospore germination in 

Cosmarium botrytis only after a 2-3 month maturation period, 

regardless of whether the zygospores were in a liquid or 

dried condition, by immersion into fresh medium. Gemina

tion resulted within 2-3 days. Heat and cold manipulations 

did not significantly decrease the dormancy period nor 

increase the percent of zygospore germination. Brandham 

and Godward (1965) induced zygospore germination in 6-

month-old Cosmarium zygospores by repeatedly drying and 

rewetting with fresh medium, but again the age of the 

zygospores appeared to be the critical factor. Biebel 

(1964) found zygospores of Netrium germinated voluntarily 

in the medium in which they were formed about 2 months 

after conjugation. He observed no decrease in dormancy 

with the employment of a wide variety of media and treat

ments. Hoshaw and Hilton (1966) found zygospores of 

Spirotaenia condensata will germinate spontaneously as early 

as 26 days after the mating types are mixed when newly 

formed zygospores are left in the mating medium, 

Gauch (1966) described a technique for the germina

tion of Zygnema circumcarinatum zygospores in minimum time. 

Zygospores were left on agar for 2 weeks following con

jugation, dried for 1 week at 20 C, and then transferred 
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to fresh agar. Germination began within 10 days, and within 

1 month 5-10% of the zygospores had germinated. Rickert 

(1963) attained zygospore germination in Spirogyra spp. by 

allowing the zygospores to age 2 weeks following conjugation; 

then they were dried and rewetted. Germination of 1-5% 

was achieved by this method. Allen (1958) reported a similar 

procedure for germinating zygospores of Spirogyra pratensis. 

Hoshaw (1965) attained less than 5% zygospore ger

mination in Sirogonium melanosporum with zygospores that 

were from 6-8 weeks old by drying them 4 weeks and re-

wetting them in the light at 26 C. Germination occurred 

within 2-3 days. Dennis (1965), also working with S. 

melanosporum, found a cold treatment of 5 C inhibited 

germination, and a heat treatment of 40 C for 1 day did not 

enhance germination. Furthermore, he stated that zygo

spore germination was erratic and unpredictable since often 

not a single spore in a net of filaments would germinate 

regardless of the treatment administered. Crow (1964) was 

unable to obtain zygospore germination in Sirogonium 

pseudofloridanum when spores were formed in culture. She 

obtained some zygospore germination from spores in a natural 

collection which had been kept wet in a refrigerator at 

6 C. 

Up to the present time, there has been no attempt 

to study the dynamics of zygospore germination in Sirogonium 
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sticticum. In the few attempts to study zygospore ger

mination in other species of Sirogonium (Crow, 1964; 

Dennis, 1965; Hoshaw, 1965) a reliable method to effect 

zygospore germination was not achieved. Starr (1949) 

stated that in most haplontic green algae, the zygote 

enters a dormant state often lasting for months, which is 

broken only after a series of environmental changes that 

would be fatal to the species in its vegetative state. 

Most investigators, who have achieved success in initiating 

zygospore germination, have done so by simulating in culture 

the environmental conditions algal zygospores normally 

encounter in nature. It is interesting to note in the 

limited studies of zygospore germination in Sirogonium 

this appears to be partially true. Dennis (1965) found in 

the S. melanosporum, collected from Guaymas, Mexico, a 

warmer region of the world, zygospores when subjected to 

a heat treatment germinated, whereas those subjected to a 

cold treatment did not. It is reasonable to assume a heat 

treatment simulates the environmental conditions in which 

these zygospores would be subjected to whereas the cold 

treatment would not. Conversely, Crow (1964) was able to 

germinate zygospores from a collection of S. pseudoflori-

danum from Montana, a colder region of the world, with the 

use of a cold treatment. 
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In the portion of the investigation on zygospore 

germination in eight clones of £>. sticticum, the parameters 

of zygospore age, drying, drying combined with a cold 

treatment, a drying combined with a heat treatment were 

studied to determine their effect on zygospore germination. 

The range of variability within the species was elucidated. 

Experiments were designed to: 

1. obtain a reliable method of germination for the 

maximum number of clones. 

2. determine the variability in the intensity of 

zygospore germination among the clones, 

3. determine the variability in the minimum age 

of zygospores for gemination. 

4. test the hypothesis that clones collected from 

colder climatic regions respond to cold treatment to break 

dormancy, while clones collected from warmer regions re

spond to heat treatment to break dormancy. 

Sexual and Geographic Isolation 

Very little work has been done with algae on sexual 

isolation between members of different species of the same 

genus or on sexual isolation among members of the same 

morphological species. Consequently, little is known about 

any correlation between sexual isolation and geographic 

separation, Coleman (1959) suggests that data from the 

Volvocaceae studied so far indicate that there is no 
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uniform relationship between the sexual compatibility of 

strains and their recognition as members of the same mor

phological species, and reproductive isolation within the 

species seems to be the rule. She found in Pandorina that 

sexual isolation existed between clones of a single species 

collected from the same pond. Barriers to crossing in 

Pandorina appear to act at the stage of gamete production 

as incompatible mating types produce no gametes when mixed 

together. Stein (1966) in Gonium found temperature to be a 

factor influencing sexual isolation in some cases, and 

suggested that temperature directly effects the rate of 

growth of the mating types, and hence their time of matura

tion, In Astrephomene Brooks (1966) reported that sexually 

isolated groups of clones often had different chromosome 

numbers. This might be a factor contributing to the iso

lation since gene flow seems unlikely because of anomalies 

expected in meiosis. Goldstein (1964) observed sexual 

compatibility among several species of Eudorina. However, 

gene flow was absent among the species as indicated by the 

high rate of mortality of the hybrid genes and the forma

tion of polyploid and aneuploid offspring. He cautioned 

that sexual compatibility alone cannot be used as a cri

terion to determine strains which share a potentially 

common gene pool. 



17 

The only reported study of sexual and geographical 

isolation in the Zygnematales was by Lippert (1967) on 

Closterium roonilifermum and C. ehrenbergii. The majority 

of intraspecific crosses in heterothallic pairs isolated 

from the United States were successful. Attempts to 

achieve crossing between the two species was never success

ful. Using cell size as a suitable marker, he found crosses 

between homothallic and heterothallic clones were also 

unsuccessful. He reported successful matings between clones 

whose cells had obvious size differences. However, the 

number of zygospores produced in these crosses was con

sistently only about 0.1% as much as between matings of 

clones with similar cell size. Zygospore germination con

sistently resulted in cell sizes intermediate between the 

cell sizes of the parents. He also found some evidence 

that sexual isolation may be correlated with geographic 

distribution. Two strains isolated from England were com

pletely isolated from the United States populations. Clones 

from Oregon and Texas were also incompatible. 

The fact that there are no reported studies on 

sexual and geographical isolation in the filamentous 

members of the Zygnematales may be due to the fact that the 

vast majority of these algae are homothallic. In hetero

thallic clones, matings can be scored successful or un

successful by noting the presence or absence of zygospores. 
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In roatings between homothallic clones, hybrid zygospores 

would have to be detected in the presence of sexual products 

of the parental types, Transeau (1919) recorded probable 

interspecific hybridization in field collections of Spiro-

gyra. The phenomenon of hybridization in the genus appears 

to be quite rare since of his 854 records of conjugation, 

only five were between different species. He noted that 

zygospores formed in interspecific crosses always corres-

pond to the spore type of the female filament, and that 

differences in cell size, number of chromatophores, and 

shape of the zygospore were not impediments to crossing. 

He recorded what appeared to be progeny of these crosses; 

these were filaments that possessed various characteristics 

of both species, and which could not be satisfactorily 

placed in either species. Since he could not cultivate 

them in the laboratory, there is no experimental proof of 

their origin. 

The objective of this portion of the present study 

dealing with intraspecific crosses among clones of £. 

sticticum isolated from the United States, Mexico, and 

Denmark was to test the degree of mating compatibility 

among members of this species, using cell width as the 

morphological marker. Of the 28 crosses possible, the 

success of 17 of them were distinguishable based on cell 

width. The other 11 were not attempted because there was 
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no way to distinguish between these clones when they were 

cultured together. Preliminary results indicated that even 

when the crosses were successful, the percentage of hybrid 

zygospores was very small. This corresponds to the results 

obtained by Lippert (1967) in Closterium when cells of 

obvious size differences were mated. Therefore, due to the 

scarcity of hybrid zygospores, no attempts were made to 

germinate them. It will not be possible to assess gene flow 

among the clones of successful crosses unless zygospore 

germination resulted in viable, fertile germlings. 

The hypothesis was tested that there is a relationship 

between sexual compatibility and geographical distribution. 

The purposes of the experiments in this investiga

tion was to examine the developmental and physiological 

variation among eight clones of S. sticticum from the 

United States, Mexico, and Denmark. Experiments were 

conducted on growth rates, conjugation, and zygospore 

germination. Interclonal variations in cell width were 

established as stable morphological markers, and were the 

basis for differentiating between clones in experiments 

on interclonal matings. 



METHODS AND MATERIALS 

Eight clones of Sirogonium sticticum were studied 

in this investigation. These were obtained from five loca

tions in the United States, two in Mexico, and one in 

Denmark. Collections were made by faculty and students 

at The University of Arizona and by investigators at other 

institutions (Table 1). All clones of Sirogonium are 

maintained in culture at The University of Arizona where 

they are assigned numbers beginning with 700. In this 

investigation, only clones of S. sticticum were utilized, 

and their assigned numbers are 703, 705, 706, 707, 708, 

711, 712, and 714, One remaining clone of S. sticticum 

in culture, 715 from Flagstaff, Arizona, was not included 

in the investigation because it could not be cultured 

successfully at temperatures above 15 C. 

Isolation of the Clones 

The clones have been maintained as unialgal cul

tures in soil-water medium for periods ranging from 5-10 

yr, depending upon when they were collected. They were 

initially used by Wells and Hoshaw (1971), along with other 

clones of Sirogonium in an investigation on nuclear cytology. 

Cultures have been maintained in a viable condition by 
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Table 1. Sources of eight clones of Siro^onium sticticum maintained at The 
University of Arizona and used xn the present study. 

Strain Collection Site 
Collection 
Date 

Collector 
Isolator 

Material Used for 
Isolating Strain 

703 Haslev, Sealand, 
Denmark 

9/64 T. 
R. 

Christensen 
W. Hoshaw 

Natural collection 

705 Toluca, Mexico 6/64 A. 
R. 

E. 
L. 

Dennis 
Hilton 

Soil sample (64-20) 

706 Toluca, Mexico 6/64 A. 
R. 

E. 
D. 

Dennis 
Waer 

Soil sample (64-20) 

707 Ellettsville, 
Indiana 

7/63 R. 
R. 

W. 
D. 

Hoshaw 
Waer 

Natural collection 

708 Enchanted Rock, 
Texas 

— P. 
F. 

Walne 
Ott 

Strain received 
from F. Ott 

711 Weatherford, Texas 6/65 H. 
R. 

P. 
L. 

Hostetter 
Hilton 

Soil sample (65-94) 

712 Norton, Mississippi 6/65 H. 
R. 

P. 
L. 

Hostetter 
Hilton 

Soil sample (65-98) 

714 Louisville, 
Nebraska 

9/66 D. 
C. 

Harrington 
V. Wells 

Natural collection 
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transferring small tufts of filaments periodically to fresh 

soil-water medium. The original cultures were established 

from two sources: natural collections and soil samples. 

Isolations from natural collections were accomplished by 

cutting and transferring a piece of contaminant-free fila

ment to a tube of soil-water medium. When uncontaminated 

cultures were obtained, they were transferred into one-

half pint bottles of soil-water medium. 

Isolation of clones from dried soil samples was 

accomplished by transferring a small portion of the dried 

soil to a petri dish prior to flooding with soil-water 

medium. If germlings of £. sticticum appeared, they were 

transferred through several washings of sterile distilled 

water into soil-water tubes. It is interesting to note that 

two of the clones (705, 706) used in the present investiga

tion were isolated from the same mud sample. 

Culture Media 

Although several different soils were tested, only 

one was found to support luxuriant growth of all eight 

clones. This soil was collected from a small stream bank 

near Blue, Arizona. It was ground in a meat chopper to 

produce a uniform particle size prior to preparing soil-

water bottles with 7 g of soil placed into one-half pint 

soft-glass dairy bottles filled with 140 ml of distilled 
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water. The bottles were capped with 60 mm petri dish lids 

and steamed for 90 min at 100 C on two consecutive days, 

cooled, and stored in a cold room at 4 C until needed. 

Since much of the work in this investigation was physio

logical in nature, care was taken to prepare the soil-

water bottles as uniformly as possible. 

Attempts were made to grow the clones in a defined 

medium, using the formulae of Bristol (Starr, 1964) and 

Godward (1942), Neither of these media supported luxuriant 

growth of all clones as did soil-water medium. However, 

clone 707 grew just as well in Bristol's and Godward*s 

media as it did in soil-water medium, and clone 712 grew 

well in Bristol's medium. Inasmuch as defined physiological 

and biochemical studies will not be feasible with £. 

sticticum until axenic cultures are grown on defined media, 

clones 707 and 712 would provide the best experimental 

material among the clones used in this investigation. 

Whether they will grow suitably in axenic culture and 

defined media remains to be seen. 

Inoculation and Culture Conditions 

Since all the experiments carried out in this in

vestigation required the standardization of the initial 

inoculum, the following procedure was utilized. Masses 

of filaments were removed from 3-week<-old cultures and 
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placed on a sterile piece of 5 y pore-size Nitex filter 

over a Buchner flask. Laboratory vacuum was applied for 

10 sec to remove water; each net of filaments was then 

weighed on a Mettler balance. Nets were then ground in 

15 ml fresh soil-water supernatant in a Waring blender for 

10 sec to produce a uniform suspension of short filaments 

ranging in length from 3-10 cells. Fresh soil-water bottles 

were then inoculated with an aliquot of the suspension 

which contained 350 mg wet weight of filaments. 

Cultures were then grown and maintained in Percival 

Model 1-36 L controlled environment chambers. The light 

regime was programmed for a 16:8 hr light-dark cycle. 

Light intensity was uniformly adjusted to 3500-4500 lux 

with a General Electric Type 213 light meter. The tem

perature was held constant at 20 1 1 C except where other

wise noted. In subsequent experiments these growth condi

tions are referred to as "standard conditions." 

Chlorophyll Determination and 
Variability of the Media 

Any attempt to study growth rates necessitates using 

a medium of uniform consistency, and occurs when defined 

media are utilized. This phase of the investigation 

studies the variability of the growth response among the 

soil-water bottles. If the growth response of a clone is 

more a function of the environment of the soil-water 
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culture than of the physiological conditions of the cells, 

then growth rate determinations using soil-water medium 

are not possible. 

Seven soil-water bottles were inoculated with a 

350 mg suspension of inoculum for each clone, and the ma

terial was cultured under standard conditions. After one 

month the cultures were harvested, with growth quanti

tatively determined by total chlorophyll content in mg/ 

liter. Pigments were extracted by grinding filaments in 

80% acetone using a mortar and pestle, then filtered through 

Whatman #1 filter paper followed by the measurement of 

optical density at wavelengths of 645 nm and 663 nm. 

Chlorophyll concentration was calculated by the method of 

Arnon (1949). An analysis of variance was performed, and 

the range of the mean for chlorophyll content for the eight 

clones was calculated at 95% confidence limits. 

Variation in Chlorophyll 
Content Among the Clones 

An attempt was made to measure the variability in 

chlorophyll content among the clones in mg chlorophyll/g 

wet weight. Mats of filaments were harvested on a Nitex 

filter in a Buchner flask using 5 sec vacuum prior to 

weighing on a Mettler balance. Although the chlorophyll 

content of all cultures of a clone at the same age was 

consistent within a small range of variability, the 
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variations in wet weight were great. Undoubtedly there is 

a correlation between growth, chlorophyll content, and wet 

weight, but a difficulty occurs in extracting the same 

percentage of water from each net prior to weighing. In 

light of these difficulties, this phase of the investiga

tion was abandoned. 

Growth Rate Determinations 

To provide the necessary material for growth rate 

determinations, one soil-water bottle of each clone was 

harvested at weekly intervals, following inoculation, for 

ten consecutive weeks, and chlorophyll determinations were 

made as a measurement of growth. These soil-water bottles 

were prepared by inoculating them each with 350 mg wet 

weight of filaments. One set of ten soil-water bottles 

was cultured under standard condition, another set under 

standard condition but at 15 C, and a third set at 25 C. 

To determine the amount of chlorophyll present in the 

inoculum, 350 mg of inoculum was ground in a mortar and 

pestle in 80% acetone, filtered through Whatman #1 filter 

paper, and optical density determinations were made at 645 

nm and 663 nm. A similar procedure was followed for ex

tracting and determining chlorophyll for the nets of fila

ments harvested at weekly intervals. 
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Conjugation 

Five soil-water bottles were inoculated with a 350 

mg suspension for each of the clones. Samples of the cul

tures were removed weekly and examined under the compound 

microscope. The following data were recorded: age to 

mating competency, percent zygotes, and age to the comple

tion of conjugation. The results from the five soil-water 

bottles for each of the clones were averaged. Following 

the completion of conjugation, each of the cultures was 

ground in a Waring blender for 10 sec to yield a uniform 

suspension of short filaments for determining the intensity 

of conjugation. One theasand cells from each culture were 

counted at random and scored as sexual or non sexual. 

The results were averaged for each clone. 

Definition of terms: 

1. Age to Mating Competency is defined as the time 

in weeks for the first zygotes to appear in culture. It 

was possible to discriminate between zygotes formed in 

culture and those present in the inoculum. Recently formed 

zygotes are green and lack the yellow-brown zygospore wall 

which develops as the zygotes mature into zygospores. 

2. Percent Zygotes is defined as the percent of 

zygotes and zygospores in a population of zygotes, zygo

spores, and gametangia based on 100 counts/culture. As 

the cultures age, it becomes impossible to distinguish 

1 



between zygospores formed in the present cultures from 

those in the inoculum. Since the number of zygospores 

present in the inoculum is insignificant in comparison 

to those formed in the cultures, the error introduced is 

negligible. 

3. Age to Completion of Conjugation is defined as 

the average time in weeks for all viable gametangial pairs 

to form zygotes. Inasmuch as there is always a certain 

amount of gamete abortion in all of the clones, nonviable 

gametes are recognizable by the disorganization of the game

tangial contents which often turn black in color. In 

practice there is no problem determining when conjugation 

of viable gametes is completed. 

4. Intensity of Conjugation is defined as the 

average percentage of cells in a clone that have developed 

into gametangia based on 1000 cell counts/culture. No 

distinction is made here between gamete pairs that have 

fused and those that have aborted. 

Zygospore Germination 

During the course of the investigation routine 

transfers of material from all clones into fresh soil-water 

bottles were made at monthly intervals. Cultures were grown 

under standard conditions for 10 weeks and then placed on 

a dimly lit shelf for storage. Therefore, cultures con

taining zygospores were available ranging in age from 2-9 
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months. From each of the cultures a small tuft of the 

filamentous net was removed and spread on 1% water agar 

in petri dishes. The filamentous material was allowed to 

dry for a period of 1 week under the following conditions: 

one plate in a dark cabinet at room temperature, another 

in a refrigerator at 5 C, and the third in an oven at 100 C. 

This 1 week period of dessication resulted in the death of 

all vegetative cells. The plates were then rewet with fresh 

soil-water supernatant and placed in the light under stan

dard conditions. All plates were routinely examined weekly 

with a stereomicroscope for eight consecutive weeks, and 

the following data recorded: minimum age of cultures for 

zygospore germination, time to zygospore germination after 

rewetting, and intensity of the germination response. It 

was impossible to measure the intensity of the germination 

response as the percent of zygospores on a plate that 

germinated. Because of the length of the observation period, 

some germlings developed into filaments and it was soon 

impossible to discern the number of germlings present. 

Therefore the germination intensity was scored in the fol

lowing categories: (+) 1-3 germlings, (++) 4-10 germlings, 

and (+++) more than 10 germlings. 

Variation and Stability of Cell Width 

The final phase of this investigation involved 

intercrossing among the clones. First it was necessary to 
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find a reliable morphological marker by which the filaments 

of different clones grown together could be distinguished 

from one another. Preliminary observations suggested a 

marked difference in cell width among some of the clones. 

Thus, it was the aim of this phase of the investigation 

to establish the range of cell widths for the clones, and 

to test the stability of cell widths under different cul

ture conditions to determine whether cell width could be 

used as a reliable marker. 

Three soil-water bottles were inoculated for each 

of the clones. One set was grown under standard conditions, 

another under standard conditions but with a light intensity 

of 10,000 lux, and the third under standard conditions with 

four alternating periods of light-dark of 6 hr duration each 

day (6 light; 6 dark; 6 light; 6 dark). The cultures were 

examined after 3 weeks of growth, and the cell widths for 

200 cells in each culture measured at random. Cultures of 

2 and 3 months in age were also examined to check that 

ranges in cell width were not influenced by age. 

Sexual and Geographical Isolation 

To date there have been no laboratory investigations 

into interspecific or intraspecific crossing among genera 

and species of the Zygnexnataceae. This is undoubtedly due 

to the homothallic nature of the vast majority of organisms 

in the family, which makes it difficult if not impossible 



to distinguish between hybrid and parental products of 

conjugation. In the present investigation, it was found 

that there was a stable variation in range of cell widths 

among the clones. Therefore, based upon these differences 

it was possible to attempt 17 of 28 possible crosses. 

Crosses were attempted for all combinations of clones whose 

range of cell widths overlapped 5 p or less. In practice, 

it was found that if the range of overlap of cell widths 

was more than 5 y it was difficult to differentiate between 

them when they were observed at 100 X magnification. Of 

the 17 crosses attempted, 11 pairs had some cell width 

overlap and 6 had none. 

Inoculations were made for the 17 crosses by 

pipetting 350 mg of chopped filaments of the two parental 

types into soil-water bottles. The cultures were grown 

under standard conditions for 10 weeks, by which time all 

sexual activity was completed. Samples from each of the 

crosses were then examined under a compound microscope to 

determine the sexual response, if any, between all pairs 

of clones tested. The sexual response was scored as to 

degree; gametangia or zygospores. 

Quantitative estimates of hybridity were carried 

out for the six crosses in which there was no overlap in 

cell width between the clones. Percent hybrid zygospores 

was determined as the number of hybrid zygospores in the 
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total population of zygospores, based on a count of 1000 

zygospores. Only qualitative determinations of hybridity 

for the other 11 crosses could be made since, based on 

cell width, not all filaments could be assigned to one 

clone or the other. Consequently, the parentage of zygo

spores contained within old female gametangia along these 

filaments was impossible to determine. 
* 

No attempt was made to isolate or germinate hy

brid zygospores due to the paucity of the hybrid spores and 

the length of time typically required to age zygospores 

prior to germination attempts. 



OBSERVATIONS AND RESULTS 

Variability of the Media 

An analysis of variance was carried out on the total 

chlorophyll data from the seven replicates of the eight 

clones harvested after 1 month of growth. The null hy

pothesis that was tested at the 5% confidence limits was 

that there is no significant difference in chlorophyll 

content after 1 month's growth among the clones. The 

hypothesis was rejected. The total chlorophyll measured 

in mg/liter ranged from an average of 26 mg/liter to 32.5 

mg/liter among the different clones. No values are presented, 

since the average amount of chlorophyll present in a clone 

after 1 month's growth is a product of a combination of 

several factors including chlorophyll content per cell, 

growth rate, and experimental error. A more important con

sideration is an estimate of how much of the differences in 

growth among the 56 samples is due to total experimental 

error and how much is due to interclonal physiological 

differences. A least significant difference test was per

formed on the data at the 95% level. It was found that the 

true mean of the samples was within the limits of 1.82 mg/ 

liter of chlorophyll on either side of the calculated mean 
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values. This means that about 12% of the difference in 

growth rates is due to error and about 88% is due to inter-

clonal physiological differences. The possible sources 

of experimental error include variation in the soil-water 

bottles, variation in light intensity over the growth 

period, variation in the amount of chlorophyll extracted, 

and error in optical density readings. Because the total 

cumulative error is less than 12%, it was feasible to make 

growth rate determinations of the clones using soil-water 

medium. 

Growth Rate Determinations 

The data on growth rates, based on total chlorophyll 

determinations, is presented in Figures 1 and 2 and in 

Table 2. The results from Table 2 indicate that the clones 

fall into three distinct groups with regard to growth rates 

under standard conditions (20 C). The fast-growth-rate 

group (705 and 711) reached the end of log-phase growth in 

2 weeks, the moderate-growth-rate group (706, 707, 712, 

and 714) in 3 weeks, and the slow-growth-rate group (703 

and 708) in 4 and 5 weeks respectively. 

Growth rates at 25 C increased for all the clones. 

The time to the end of log-phase growth remained at 2 weeks 

for the fast-growth-rate group, and decreased from 3 weeks 

to 2 weeks for the moderate-growth-rate group. The most 
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Figure 1. Growth curves at three temperatures for 
sticticum. — A: Clone 703; B: Clone 705; C: Clone 
7^ Clone 707. 
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Figure 2. Growth curves at 15, 20, and 25 C for 
S. sticticum. — A: Clone 708; B: Clone 711; C: Clone 
7l27~D! Clone 714. 
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Table 2. Growth rate comparisons for eight 
sticticum at 15, 20, and 25 C. 

clones of S. 

Time in Weeks to the End 
of Loq-Phase Growth 

Temperature 
for Maximum 

Clone 15 C 20 C 25 C Biomass 

703 5 4 3 20 

705 2 2 2 20 

706 6 3 2 25 

707 5 3 2 20 and 25 

708 6 5 2 20 

711 2 2 2 25 

712 6 3 2 25 

714 4 3 2 25 

pronounced effect, for the increase in temperature from 

20 C to 25 C, was recorded by Clone 708. Time to the end 

of the log-phase of growth was reduced from 5 weeks to 

2 weeks. 

Growth rates at 15 C were practically the same for 

the fast-growth-rate group, and log-phase growth was com

pleted again in 2 weeks. For the moderate-growth-rate group 

the results are mixed. In general, there was an increase 

in the time to end of log-phase growth of from 1-3 weeks. 



For the slow-growth-rate group, the decrease in temperature 

had a slightly retarding effect, and the time to the end of 

log-phase growth was increased by 1 week. The biomass, 

however, was decreased significantly at 15 C. The only 

exception to this was clone 703, where biomass attained at 

15 C nearly equalled that of the 20 C. The assumption 

must be made that variation in temperature does not effect 

chlorophyll content per cell. Because chlorophyll content 

per cell probably varies, it is not possible to make any 

interclonal comparisons regarding biomass. 

At the end of 8-weeks growth, chlorophyll content 

was the least in cultures grown at 25 C. The chlorophyll 

content was the greatest in cultures grown at 20 C with two 

exceptions (703 and 711). After 8-weeks growth, the 

chlorophyll concentration of Clone 703 was markedly higher 

in the culture grown at 15 C than in the culture grown 

at 20 C. 

Mating Competency and Conjugation 

The results for mating competency and the conjuga

tion response are presented in Table 3. In four of the 

clones (705, 706, 707, and 711) zygote formation was ob

served 3 weeks following the date of inoculation. In 

clones 703 and 708, zygote formation was not observed until 

the 6th week. Clones 712 and 714 have mating competency 

times of 4 and 5 weeks, respectively. The clones fall into 
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Table 3. Mating competency and the conjugation response 
of eight clones of S. sticticum cultured tinder 
standard conditions. 

Time in Duration of 
Weeks to Percent Zygotes Conjugation Conjugation 
Mating at Mating Response in Intensity 

Clone Competency Competency Weeks (per 1000) 

703 6 1 4 11 

705 3 2 4 19 

706 3 3 7 53 

707 3 1 7 46 

708 6 2 4 4 

711 3 81 4 6 

712 4 90 4 4 

714 5 37 (?) 2 0 

two groups with regard to the percent of zygotes present in 

the week of mating competency. In Clones 703, 705, 706, 

707, and 708, between 1-3% of the gametangial contents had 

fused to form zygotes in the same week that they became 

competent to conjugate. In Clones 711 and 712 most of the 

conjugation response had occurred in the short period of 

1 week so that 81% and 91%, respectively of the contents of 

the gametangial pairs had fused within the same week that 
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they became competent to conjugate. Because of the ex

tremely weak conjugation response in Clone 714, only a 

very few gametangial pairs and zygotes were observed in any 

culture. Therefore, the value of 37% zygotes in the week 

of mating competency may not be representative for the clone 

because of the small sample of sexual cells available as 

was the case compared to the other clones. However, the 

data for Clone 714 on time to mating competency and weeks 

to completion of conjugation should be considered reliable 

since this is qualitative data based on observations of all 

the filaments in a culture, and not dependent upon sample 

sizes. In five of the Clones (703, 705, 711, and 712) the 

conjugation response, from time the first zygotes were 

observed, was completed within 4 weeks. The data shows the 

conjugation intensity of these clones to range from 4-19 

sexual cells/1000. In clones 706 and 707, the length of the 

conjugation response was 7 weeks in duration. This extended 

time span for conjugation corresponds to a much greater con

jugation intensity, 53 sexual cells/1000 in clone 706 and 

46 sexual cells/1000 in clone 707. The sexual response for 

Clone 714 lasted only 2 weeks and the conjugation intensity 

was extremely low. Of the 5000 cells scored in five cul

tures of Clone 714 no sexual cells were found. The filaments 

in culture did contain a few zygotes, but they were so few 

in numbers that none of them appeared in the samples. 
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Zygospore Germination 

The data for zygospore germination, following three 

temperature treatments, are presented below in Table 4. 

The zygospores, if they germinated, were observed within 

3 weeks after rewetting. However, germination of zygospores 

from all of the clones except Clone 711 is unpredictable 

and often not reproducible even with zygospores from the 

same cultures. The data presented in Table 4 represents 

results that occurred at least once; and positive results 

should not be interpreted as consistent. No germlings from 

Clones 703 and 712 were observed in any of the experimental 

runs. Only one germling was observed from zygospores of 

Clone 705, and that zygospore was 15 weeks old at the time 

of germination. This 15-week period of minimum age to 

germination exhibits the shortest dormancy period within 

the clones. But since only one zygospore was induced to 

germinate, a 15-week period of minimum age to germination 

should not be regarded as representative for zygospores of 

this clone. Two germlings from zygospores of Clone 706 

germinated following the heat treatment, but again these 

were the only germlings obtained. By far the greatest 

number of germlings and the most reliable results were ob

tained with zygospores of Clone 711. In all attempts to 

germinate zygospores of minimum germination age, germlings 



Table 4, The germination response of zygospores of eight 
clones of S^. sticticum subjected to three tem
perature treatments. 

Minimum Age in Weeks Intensity of 
to Germination Germination Response 

Clone Hota Normal Coldc Hot Normal Cold 

703 • • « • • • •' • • • • • • • • • • • 

705 • • • 15 • • • • • • • • • 

706 28 • « • • • • + • • • • • • 

707 • • « 24 24 • • • + + 

708 34 • • • • • • ++e • • § •«• 

711 24 26 28 +++f +++ +++ 

712 • • • • • • • • « • • • «• • • • • 

714 21 18 21 + + + 

aZygospores dried at 100 C for 1 week prior to 
rewetting. 

^Zygospores dried at 25 C for 1 week prior to 
rewetting. 

cZygospores dried at 5 C for 1 week prior to 
rewetting. 

^One to three germling per plate. 

eFour to 10 gerrolings per plate. 

fMore than 10 germlings per plate. 
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appeared, and the intensity of the germination response was 

estimated to be in the 20-50% range. 

It should be pointed out that absolute number of 

zygospores available on the plates to germinate varied 

greatly. Clones 706 and 707 exhibit a high conjugation 

intensity, and for an equal mass of filaments there would 

be perhaps at least a hundredfold difference in the number 

of zygospores present between these clones and Clone 714, 

for which the conjugation response is very weak. 

Variation and Stability of Cell Width 

The data for range of cell widths is presented in 

Table 5. It can be seen that the range in cell widths for 

3 week cultures does not change in response to increased 

light intensity or length of the light-dark periods. Older 

cultures of all the clones were also sampled (2 and 3 

months) and the cell widths of all the clones fell within 

the ranges given in Table 5. Even in cases where the cellu

lar contents were in a state of disorganization, the width 

of the cell did not change. 

The stability of cell widths for all the clones in 

this investigation establishes the fact that cell width is 

a reliable morphological marker. Cell width is a heritable 

interclonal variation not influenced by the two environ

mental parameters tested here, light intensity and light-

dark photoperiod. In the following section of this 
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Table 5, Range of cell widths for eight clones of S. 
sticticum after 3 weeks under different growth 
conditions. 

Clone 

Range of Cell 
Standard 
Conditions 

Widths in Microns 
10,000 Lux 
Light Intensity 

Four Light-Dark 
Periods of 6 hr 
Duration/Day 

703 35-40 35-40 35-40 

705 28-37 28-37 28-37 

706 42-52 42-52 42-52 

707 42-50 42-50 42-50 

708 38-42 38-42 38-42 

711 35-40 35-40 35-40 

712 42-48 42-48 42-48 

714 30-42 30-42 30-42 

investigation cell-width differences will be utilized as 

the morphological marker to distinguish among the clones 

in interclonal matings. 

Sexual and Geographical Isolation 

The results of the attempted intercrossings among 

the clones are presented in Tables 6 and 7. Only 17 of the 

possible 28 crosses were attempted because it was impossible 

to distinguish between the clones based on cell widths in 
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Table 6. Intercrossing among eight clones of S. sticticma. 

Clone 

703 703 

705 + 705 

706 + - 706 

707 + 707 

708 - 708 

711 + + 711 

712 + + - 712 

714 - - 714 
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Table 7. Number of parental and hybrid zygospores in a 
count of 1000 from matings of clones with non-
overlapping cell widths. 

Number of Zygospores 

Cross 
1st 
Clone 

2nd 
Clone Hybrids 

Female Clone 
in Hybrids 

705 X 706 855 145 0 -

705 X 707 853 143 4 705 (2); 707 (2) 

706 X 711 584 404 12 711 

705 X 712 976 16 8 712 

707 X 711 72 916 12 711 

711 X 712 0 0 0 -

11 of the possible crosses. Seven of the crosses produced 

some hybrid products. In only one case was the mating 

response exceptionally marked (703 X 706); it was estimated 

that nearly 20% of the zygospores were hybrids. In all the 

other matings, the sexual response was very weak. Typically, 

there was about 0.1% hybrid zygospores and the remainder 

were parental types. In three of the matings that produced 

negative results (711 X 712, 707 X 708, and 708 X 712) no 

zygospores were formed in these cultures even though suf

ficient time elapsed for the sexual response from the paren

tal types. Table 7 shows quantitative results from six 
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crosses in which parental-type cell widths did not over

lap; therefore it was possible to determine parentage of 

all zygospores in the cultures. The data show in four of 

the six matings that one of the parental types produced the 

preponderance of zygospores. It was observed that in most 

cases where two clones were grown together that there was 

a marked difference in their growth rates resulting in a 

large differential in the relative proportion of filaments 

of the two clones. This occurrence is probably at least in 

part responsible for the disparity in the numbers of 

parental-type products, 

The number of matings that could be attempted for 

any clone varied between three and five matings. Clones 

708 and 714 did not show any positive mating response to 

any of the other clones. All the other clones produced 

hybrid products with at least two other clones. 



DISCUSSION AND CONCLUSIONS 

The growth rate study of the eight clones of S. 

sticticum indicates that the clones of the species in this 

investigation can clearly be separated into fast, moderate, 

and slow-growth-rate types. There does not appear to be 

any correlation between growth rate and cell size. In

creasing the temperature from 20 C to 25 C results in an 

increased growth rate for the first 2 weeks probably due to 

the increased metabolic activity correlated with temperature. 

Staker (1970) reported the optimum temperature for growth 

in Zygnema circumcarinatum to be 20 C. His data, collected 

after 7 days of growth, showed maximum biomass in dry weight 

was attained at 20 C when cultures were grown at tempera

tures ranging between 15-25 C. The results of the present 

investigation indicate that growth is greatest at 25 C for 

the first 2 weeks. However, the physiological conditions 

of all the clones deteriorates more rapidly at the 25 C 

regime probably as a result of more rapid breakdown of 

chlorophyll accelerated by the higher temperature, The 

duration of log-phase growth appears to be correlated with 

temperature in the moderate and slow-growth-rate groups 

but not in the fast-growth-rate group (705 and 711). In 

these clones duration of log-phase growth appears to be 
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relatively temperature independent, and this could well be 

due to transition from vegetative to reproductive activity. 

There does not appear to be any discernable dif

ference between optimum temperature for growth and climatic 

region in which the clone was collected. The only rela

tionship which is significant in this respect is that 

Clone 703, from Denmark, is sustained in a healthy physio

logical condition longer at 15 C than at the other tem

peratures. All the other clones showed a long-term physio

logical preference for 20 C. Inasmuch as all of the clones 

have been under cultivation in the laboratory for 7-10 

years, it is impossible to establish whether there was 

initially any temperature preference of the clones based 

upon temperature range of the collection sites. If there 

were initial differences in optimum growth temperatures for 

the clones, they appear to have disappeared because of 

acclimation over many years of cultivation. It would be of 

interest in future studies of these clones to isolate 

germlings from original soil samples and compare growth 

rates for the newly established clones to those presented 

here. 

In comparing the data in Tables 2 and 3 on growth 

rates and mating competency, it can be seen that the time 

in weeks to mating competency is closely related to the time 

in weeks to the end of the log-phase of growth in all the 
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clones. Gametangia begin t.o form at the end of log-phase 

growth, and the first zygotes appear about 1 week later. 

This contrast is especially significant in explaining the 

time differential in age to mating competency between the 

fast-growth-rate group (705 and 711) and the slow-growth-

rate group (703 and 708). It can be seen that in the former 

group the end of log-phase growth occurred after 2 weeks 

and in the latter group after 4 or 5 weeks. But in both 

cases zygotes appeared in culture 1 week following the end 

of log-phase growth. These results support the observations 

by Coleman (1961) in Pandorina that mating competency is 

most often correlated with the end of log-phase growth. 

She suggests that cells become competent to form gametangia 

when some critical nutrient becomes limiting. She indicates 

that in most cases the change from vegetative to reproductive 

activity is attributed to low nitrogen in the medium. The 

present investigator, observing Clones 707 and 712 grown 

in defined media, found that the time to mating competency 

was increased by several weeks. Since the concentration of 

available nutrients is probably greater in these defined 

media than in soil-water cultures, a possible explanation 

for the delay in conjugation is that in defined media a 

longer time was required for some critical nutrient to 

become limiting. 
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The results of the present investigation do not 

support the theory of Transeau (1916) that the length of the 

vegetative cycle is inversely correlated with "specific 

surface" of the cells. In the eight clones of £. sticticum 

there is no relationship between these two parameters. 

Clones 703 and 705 possess relatively small-diameter cells 

in comparison to the other clones in the investigation, 

and yet their ages to mating competency fall at the opposite 

extremes of the range obtained, at 6 and 3 weeks respec

tively. 

Since two of the clones used in this investigation 

(707 and 712) grow well in defined media, a future study 

might profitably investigate the effect of varying the 

concentrations of the nutrients in defined media to determine 

the effect on age to mating competency, and perhaps to 

determine the exact nutrient that must be limiting before 

the sexual response is initiated. 

During the preliminary stages of the present in

vestigation, it was observed that there was a wide range of 

variability among the clones in the intensity of conjugation. 

It ranged from about 50 sexual cells/1000 in Clones 706 and 

707 down to less than 1 sexual cell/1000 in Clone 714. Ex

amination of Table 3 indicates that there is a relationship 

between the percent of cells that will become sexual and the 

duration of the conjugation response in weeks. The high 
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conjugation intensity Clones 706 and 707 produced zygotes 

over a period of 7 weeks, while Clone 714 exhibited a con

jugation response for only 2 weeks, which resulted in an 

almost undetectable amount of zygote production. The re

mainder of the clones conjugated for 4 weeks and sexual cell 

production ranged between 4-19 cells/1000. It is also 

evident for Clones 711 and 712 that most of the conjugation 

is completed during a 1-week period as indicated by the 

high percentage of zygotes in the population of gametangia 

and zygotes counted in the week of mating competency. This 

corresponds with a low conjugation intensity of 6 and 4 

sexual cells/1000 respectively for these clones. By 

contrast, Clones 703 and 705 show only 1 and 2% zygotes at 

mating competency, respectively, but show a much higher 

total sexual response when the sexual response was ter

minated after 4 weeks. The data collected weekly indicated 

that conjugation continued at a steady rate during that 

entire 4-week period, explaining the subsequent higher 

zygote production. 

Evidently what determines the intensity of the 

sexual response is not a difference in the amount of con

jugation taking place at one time, but the length of time 

during which the cells of a clone are physiologically 

capable to engage in the sexual response. It has already 

been established that the initiation of conjugation is 



53 

closely correlated with the end of the log-phase of growth. 

One might expect that the variation in the length of the 

sexual response among the clones to be related to time at 

which the senescent phase of the growth curve begins, re

flecting a deterioration of chlorophyll. The inference 

could be constructed that clones with a short period of 

conjugation degenerate more rapidly following the end of 

the log-phase of growth than do clones who conjugate for a 

longer period. This inference is not supported by the data 

on clonal growth rates in Figures 1 and 2. However, it is 

possible that the rate of chlorophyll breakdown may not be 

indicative of the physiological condition of the cells, and 

hence their ability to continue the sexual response. 

A successful method for germinating zygospores was 

developed only for Clone 711. Some zygospore germination 

was attained in Clones 705, 706, 707, 708 and 714r but the 

number of germlings produced was small and positive results 

were unpredictable. No germlings were obtained from 

zygospores of Clones 703 and 712 during the investigation. 

Reliable methods for routinely germinating zygospores for 

species of the Zygnemataceae have, for the most part, not 

been developed. Gauch (1966) developed reliable techniques 

to germinate zygospores in Zygnema circumcarinatum, but 

success in attaining zygospore germination in other members 

of the family has been unpredictable, unrepeatable, and in 
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many instances completely unsuccessful (Allen, 1958; Crow, 

1964; and Rickert, 1963). In order to routinely obtain 

between 25-50% zygospore germination in Clone 711 zygospores, 

it is necessary to allow the zygospores to age 5 months 

after their formation, dry them for 1 week at room tem

perature, and rewet. Germlings appear within 1 week after 

rewetting. The data in Table 4 shows that heat and cold 

treatments did not significantly influence the number of 

zygospores that germinated or decrease the minimum age of 

zygospores to germination. 

Few genetic studies have been attempted with mem

bers of the Zygnemataceae because of the length of time 

required from one sexual generation to the next, and because 

of the unpredictability of zygospore germination. The 

life cycle of Clone 711 can be completed, with experimental 

procedures used in the present study, in about 6 months. 

About 90% of this time period is required to age zygospores. 

This clone possesses the qualities of rapid growth rate, 

short time to mating competency, and prolific zygospore 

germination. If a method could be developed to reduce the 

dormancy period of the zygospores, this organism would make 

an excellent subject for genetic study. The nuclear 

cytology of Clone 711 has been studied by Wells and 

Hoshaw (1971), 

i 
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An analysis of the results shown in Table 6 indi

cates that there is no sexual isolation among six of the 

eight clones (703, 705, 706, 711, and 712), and that clones 

708 and 714 are isolated from the former group and from 

each other. Sexual compatibility must be qualified, under 

the scope of the present investigation, as the ability of 

two clones to conjugate and form zygospores. 

The results indicate that there is no correlation 

between geographic distribution and sexual compatibility. 

This interpretation is strongly supported because the 

strongest mating response occurred between clones 703 X 

706, which are from Denmark and Mexico, respectively. 

The intensity of the mating response among the clones 

was extremely weak. The number of hybrid zygospores was 

estimated to be about 0.1% as numerous as the two parental 

types in any mating. These results are similar to those 

obtained by Lippert (1967) in intraspecific crosses of 

Closterium. However, the difficulty in detecting hybrid 

zygospores in intraspecific crosses of the homothallic S. 

sticticum is considerable, because parental-type zygospores 

are present in the cultures, and they are about 1000 times 

more numerous than the hybrid zygospores. 

If the author's interpretation, that the clones sure 

not sexually isolated, is to be accepted, it is necessary 

to explain the negative results obtained in matings between 
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clones 705 X 706, 703 X 707, and 711 X 712. If there is 

sexual compatibility among the six clones previously men

tioned, hybrid zygospores should have been scored in the 

705 X 706, 703 X 707, and 711 X 712 matings. Because the 

intercrossing response is only about one hybrid zygospore 

per 1000 zygospores, it is very possible that hybrid zygo

spores may have been present in these three crosses, but 

escaped detection. 

It is the author's opinion that all eight clones 

are potentially capable of sexual compatibility, even though 

Clones 708 and 714 did not mate with any of the other 

clones or with each other. The growth-rate characteristics 

and time in weeks to mating competency for Clone 708 show 

a much slower growth rate and a longer time to reach mating 

competency than the clones to which it was mated. My 

observations during the investigation indicated that cells 

of the faster growing clones had ceased to conjugate before 

cells of Clone 708 started to conjugate. Stein (1966) 

reported for Gonium that apparent sexual isolation was 

related to differences in growth rates, which she referred 

to as "temporal isolation." The apparent sexual isolation 

between Clone 714 and the other seven clones probably has 

a different cause. The sexual response of Clone 714 is 

low in comparison to the sexual response of all the other 

clones. Only one cell in several thousand ever became 
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sexual, and the typical frequency of hybrid zygospores pro

duced in successful roatings was about 0.1%. Thus, the 

probability of finding hybrid products in matings with 

Clone 714 would be small. 

The results presented in Table 7 on the differential 

in percentages of the two parental-type zygospores in the 

matings is clearly related to variations in the growth rate 

and the intensity of sexuality between mated clones. The 

clone which grows more rapidly will be represented by more 

cells than the slower growing clone when growth ceases. 

Hence, there are more cells of the faster growing clone 

available to conjugate. 

The differential in sexual intensity between two 

clones would also contribute to differences in the relative 

proportion of parental-type zygospores present when con

jugation is completed. Clones with high conjugation 

intensities would tend to be represented by more zygospores 

than clones with low conjugation intensities. These two 

parameters act together. The 705 X 712 mating produced 

98% zygospores of parental-type 705 and 2% zygospores of 

parental-type 712. This can be explained by the fact that 

Clone 705 has a more rapid growth rate and about a five

fold greater conjugation intensity than does Clone 712. 

In contrast, in the 706 X 711 mating, the higher growth 
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rate of Clone 711 is partially offset by the higher con

jugation intensity of Clone 706. 

No explanation will be attempted for the results of 

the 711 X 712 mating where no zygospores were produced. 

This cross was attempted twice. 

Included among the eight clones of S, sticticum 

in the investigation was one clone (705) that could not be 

satisfactorily placed in either S. sticticum or £3. tenuis 

based upon the available keys and descriptions for the genus 

Sirogonium. Transeau (1951), in his monograph on the 

Zygnemataceae, separates S. sticticum from £. tenuis on 

the basis of differences in the range of cell widths; 

S. tenuis is characterized by cell widths of less than 

36 y, and S. sticticum by vegetative cells widths of 

between 36-56 jj. In all other respects the two species 

are similar, and so are their ranges of geographical dis

tribution, The range of cell widths for Clone 705 is 

28-37 y, so based upon morphological features, a definitive 

species determination was impossible. 

Results from the mating experiments indicate that 

Clone 705 is £. sticticum, since hybrid zygospores were 

formed in matings involving Clone 705 and three of the 

S. sticticum clones. It appears that S. sticticum and IS. 

tenuis are a single species. This hypothesis could be 

further supported if "good" S. tenuis clones were found to 
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be sexually compatible with clones of S. sticticum. The 

presence or absence of sexual isolation between two organisms 

seems to be a much more valid indication of their taxonomic 

affinity than arbitrarily determined morphological dif

ferences such as cell diameter. 
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SUMMARY 

1. Growth rates of the clones varied widely. The 

fast-growth-rate clones (705 and 711) reached the end of 

log-phase growth in 2 weeks, the moderate-growth-rate clones 

(706, 707, 712, and 714) required 3 weeks, and the slow-

growth-rate clones (703 and 708) reached the end of the log-

phase of growth after 4-5 weeks. All the clones achieved 

maximum growth when cultured at 20 C. 

2. The time in weeks to mating competency for the 

clones was directly correlated with the end of the log-

phase of growth, with the first zygospores appearing about 

1 week after the log-phase of growth was reached. This 

resulted in mating competency being reached in as short a 

period as 3 weeks for the fast-growth-rate clones or re

quiring as long as 6 weeks for the slow-growth-rate clones, 

with the moderate-growth-rate clones falling in between. 

3. The range of variation in conjugation inten

sities among the clones varied from less than 0.1% of the 

cells becoming sexual in Clone 714 to more than 5% of the 

cells becoming sexual in Clone 707. 

4. A reliable technique for germinating zygospores 

was developed only for Clone 711. Zygospores were aged in 

the cultures in which they were formed for a minimum of 
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23 weeks; they were then transferred to water agar petri 

dishes and allowed to dry at room temperature for 1 week. 

The petri dishes were then flooded with fresh soil-water 

supernatant, and incubated under standard condition. From 

20-50% of the zygospores germinated within 2 weeks after 

rewetting. 

5. The variation in cell diameter among the clones 

provided a stable morphological marker for matings of these 

homothallic clones. Variations in light intensity or 

light-dark period did not affect the clonal cell diameters. 

Variation in cell diameter was found not to be correlated 

with either growth rate or conjugation intensity. 

6. Interclonal matings indicated that the clones 

were not sexually isolated from one another. However, 

positive evidence of sexual compatibility would require 

germination of hybrid zygospores which was not attempted in 

the present investigation due to the long period typically 

required to age zygospores prior to germination. With the 

exception of the 703 X 706 cross, the mating response 

between clones was very weak. Only about 0.1% of the 

zygospores produced were hybrids, with the remainder repre

senting the two parental types. It was estimated that about 

10% of the zygospores produced in the 703 X 706 mating were 

hybrids. 



7. Clone 705, tentatively identified as S. tenuis 

was sexually compatible with three clones of £3. sticticum. 

Since these two species differ only in the ranges of their 

cell diameters, they may be a single species. 
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