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ABSTRACT 

Lichens are unique organisms composed of an alga 

(phycosymbiont) and a fungus (mycosyni'biont) which live 

together in a mutually beneficial association, a symbiosis. 

Thus, any given lichen presents a taxonoinic problem since 

each of the symbionts belongs to a different group. There 

are four major types of growth forms in lichen thalli: 

fruticose, squamulose, foliose, and crustose. 

The crustose lichen genus Acarospora, in the family 

Acarosporaceae, is divided into two easily distinguished 

subgenera, Xanthothal11a, those with a yellow thallus, and 

Phaeothallia, those with a brown thallus. Within each of 

the subgenera, however, species of Acarospora eire not 

always distinguishable morphologically. In such instances, 

color reaction tests, crystal tests, or a combination of 

the two tests may be used to aid in detection of lichen 

acids and identification of the lichen species, since a 

given lichen generally produces certain lichen acids. 

Research indicates that phy cosynibionts could 

possibly be used to aid in identification of the lichen 

species. The phycosymbionts of Acarospora schleicherl 

(Ach.) Mass., A^. badiof us ca (Nyl.) Th. Fr. , A_. f uscata 

(Schrad.) Arn., A. smaragdula (Wahlemb. ex Ach.) 

Mass., and A_. veronensis Magn. were successfully isolated 

xvii 



xviii 

and cultured in liquid and on agar using Trebouxia organic 

nutrient medium. These isolates ivere used for stock 

cultures and morphological studies for descriptive 

taxonomy. Acarospora novomexicana Magn. and A_. oxytona 

(Ach.) Mass. were also studied, but no successful 

isolations were made from these species. 

The phycosymbionts were also cultured (l) in 

Trebouxia organic liquid medium in shaker and stationary 

culture; (2) in Bold's mineral medium with biotin added at 

the rates of 0.05, 0.1, 0.2, and 0.4 [i.g/ml ; (3) in 

Trebouxia organic liquid medium at 500, 1,500, 2,500, 

3,500, and 4,500 lux; and (4) on Trebouxia organic agar 

plates with antibiotic discs added to study the effects of 

growth, the effects of varying light intensities on growth, 

and sensitivity to antibiotics. The phycosymbionts grew 

best: in shaker cultures; at 0.05 and 0.1 (j,g biotin/ml ; 

at 500 and 4,500 lux, and were sensitive mainly to 

Polymixin B and Colistin sulfate. 

Ahmadjian has described two groups of Trebouxia 

species: (group I), those with ellipsoidal or oval cells, 

with a deeply incised or lobed chloroplast which cleaves 

successfully into equal segments which then assume parietal 

positions and (group II), spherical cells with a slightly 

incised or lobed chloroplast which has fragments that 

remain in the center of the cell during successive biparti-

tion. Trebouxia cells isolated from Acarospora species in 
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this study have some characteristics in common with group I 

and other characteristics in common with group II: the 

cells are mainly ellipsoidal with a slightly incised or 

lobed chloroplast with chloroplast fragments that remain 

in the center of the cells during successive bipartition. 

Thus, group III is proposed for the Trebouxia species 

described in this study. 

Three new species, based chiefly on morphological 

characteristics of the cells and secondarily on the 

colonies were described, Trebouxia arizonica, T. montana, 

and T. dura. 

Evidence is given in support of the theory that 

lichen fungi are not highly specific with regard to their 

algal partners. All three newly described species of 

Trebouxia were isolated from both Acarospora schleicheri 

and A_. smaragdula. In addition, Trebouxia dura and T. 

arizonica were isolated from Acarospora fuscata and A_. 

badiofusca. 



INTRODUCTION 

General Background-

A lichen is a composite organism consisting of an 

alga (phycosymbiont) and a fungus (mycosyrabiont), which 

grow together symbiotically to form a new plant body, a 

thallus. Thus, a lichen is basically different from all 

other kinds of symbioses because the thallus bears no 

resemblance at all to either the fungus or alga if they are 

grown separately (Hale, 1969)* Thus, any given lichen 

presents a unique taxonomic problem since each of the 

symbionts belongs to different classes or divisions within 

its respective group. Yet, the combination of the 

phycosymbiont and mycosymbiont as a lichen behaves inde

pendently and has a unique morphology, as well as a vegeta

tive repi-oductive capacity. Thus, a given lichen is not 

continually reestablished by fortuitous meetings of the 

available fungi and algae; it can, and does, reproduce 

itself vegetatively as a lichen (Weber, 1962). 

The thallus of lichens contains certain chemical 

substances (lichen acids) which are unique to lichens, with 

only a few exceptions. Particular lichens tend to have 

characteristic kinds of lichen acids and this is often 

useful in identification (Alvin and Kershaw,. 1963).- A more 
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detailed discussion of this subject is presented in the 

section dealing with lichen chemistry. 

There are four types of growth forms of the lichen 

thallus (Alvin and Kershaw, 19&3; Hale, 1 9 6 ] . ,  1967, 1969) :  

fruticose, foliose, squamulose, and crustose. The lichen 

species reported on here have a crustose thallus and grow 

in sunny, exposed localities on bare rocks or soil. 

The lichen genus Acarospora Mass. is divided into 

two readily distinguished subgenera: Xanthothallia, those 

with a yellow thallus, and Phaeothallia, those with a brown 

thallus (Magnusson, 1929a). Each of the subgenera is 

further subdivided into two sections: those species with 

an effuse thallus and those species with an effigurate 

thallus. Within each subgenus it is not always easy to 

separate species since some phenotypic convergence of 

specimens exists between effuse and effigurate thalli 

(Weber, 1 9 6 8 ) .  

In his monograph of the genus Acarospora, Magnusson 

(1929a) very meticulously, and in gi~eat detail, describes 

species of Acarospora with a rather narrow species concept. 

Weber (1962, 1963, 1968), on the other hand, has a rather 

broad species concept of the genus Acarospora and he has 

reduced the more than 80 taxa of Acarospora, subgenus 

Xanthothallia to two species. Weber (1963) also has a 

broad species concept of the brown series of Acarospora, in 



that he lumps three species into A_. fuscata and four 

species into .A. smaragdula. 

Statement of the Problem 

The primary purpose of this study is to distinguish 

species of Acarospora and their phycosymbionts taxonom-

ically• 

Various techniques from botanical disciplines have 

been used herein to solve the taxonomic problem: morphol

ogy, chemistry, and physiology. The morphology of both the 

lichen species and their isolated phycosymbionts have been 

studied in an attempt to elucidate the species problem. 

Chemical studies, which included color reaction tests and 

inicrocrystallography, were made on the lichen thallus . 

Physiological studies of the isolated phycosymbionts, 

including the use of various vitamin concentrations and 

antibiotic discs, were made to aid in identification of the 

algae. In addition, an attempt was made to determine the 

relationship of the phycosymbiont with the particular 

Acarospora species from which the alga had been isolated. 

That is, the specificity of the phycosymbiont was investi

gated . 



MATERIALS AND METHODS 

Collection Sites and Lichen Species Investigated 

The three major collecting areas wei-e located in 

three mountain ranges in Southeastern Arizona: the Chirica-

hua Mountains (Figure 5), Rincon Mountains, and Santa Cata-

lina Mountains (Figures 6-7). (For convenience, Figur-es 

1-80 and 86-93 are grouped following text on pages 91-110.) 

The first four sites are located in the Chiricahua Mountains, 

Cochise County, and range in elevation from '±,000 feet above 

mean sea level at their bases to approximately 9,800 feet at 

their summits• The vegetation changes gradually from 

Arizona chapparal, oak, manzanita, and madrone through 

pinon pine, scrub oak, and juniper to ponderosa pine, 

Douglas fir, white fir, and aspen at the highest elevations. 

The latter two collection areas, the Rincon and 

Santa Catalina Mountains, are in Pima County and include 

the last four sites. The Rincon Mountains also extend into 

Cochise County, are oriented north-south, and are approxi

mately 15 miles directly east of Tucson, Arizona. The 

Santa Catalina Mountains, oriented northwest to southeast, 

are about 10 miles north of Tucson, Arizona. Both of these 

mountain ranges are characterized by Sonoran Desert type 

vegetation at their bases, including desert shrub, oak 

woodland and pinon-juniper, then a transition zone of 



Pirius ponderosa and, as one ascends their heights, the 

Douglas fir zone at the summits. 

The collection sites within these three mountain 

ranges are as follows: 

Area I, Site 1 

South slope of Silver Peak, 5,300 to 5,600 feet, 

across the road from the Southwestern Reseax~ch Station 

headquarters on the north side of Cave Creek, in the mouth 

of Headquarters Gulch and upstream one-half the distance 

to the head-wall, about three miles west of Poi~tal, 

Arizona. Large boulders, cliffs, potholes, and ledges 

provided a variety of saxicolous substrates, mainly 

rhyolite (Figure 5)« 

Sources of the materials used in color reaction and 

ci-ystal tests , and morphological and physiological studies 

of the algae were from the lichens col3.ected at sites 3.-8. 

Collections at Area I, site 1 included Acarospora 

schleicheri , 72'i , A_. smaragdula, 750, and A_. veronensis , 

751, April 11, 1968. 

Area I, Site 2 

Top of the hill east of Silver" Peak, 5,600 to 

5,700 feet, across the road from the Southwestern Research 

Station headquarters, on the north side of Cave Creek, 

three miles west of Portal, Arizona. Numerous large and 



small boulders and rocky soil provided various habitats for 

saxicolous species, in full sun. 

Collections included Acarospora schloicheri, 753, 

754, A.* smaragdula, 756, 763b, and A_. fuscata, 763a, 

April 11, 1 9 6 8 .  

Area I, Site 3 

Relatively level area next to hill east of Silver 

Peak, 5,700 to 5,800 fee t, across the road from the South-

western Research Station headquartei-s 011 the north side of 

Cave Creek, three miles west of Portal, Arizona. Small 

pebbles and small boulders provided saxicolous substrates. 

Partial shade was provided by scattered pinon and juniper 

trees. 

Acarospora smaragdula, 7 8 1 ,  7 8 6  and A_. badiofusca, 

782 were among collections made at Site 3 on April 11, 

1968 .  

Area I, Site 4 

Along the road to Rustler's Park, about 1-1/2 miles 

from Onion Saddle, 8,200 to 8,300 feet, saxicolous sub

strates on rocks and pebbles in Douglas fir-ponderosa pine 

forest. 

Collections included Acarospora schleicheri, 84l , 

848, A. smaragdula. 850, and A. fuscata, 843 , 849, April 

1 2 ,  1 9 6 8 .  



Area II, Site 5 

Eastern slope of the Rincon Mountains, 4,250 to 

4,300 feet, l'l. 5 miles north of Mescal, Arizona, in Miller 

Canyon, Happy Valley area, 110°30' W. longitude, 32°10' N. 

latitude, Sec. 3, 15 S, R. 18 E, on well-weathered 

granite outcropping with Arizona chapparal type vegetation 

Lichens collected on April 12, 1 9 6 8  included 

Acarospora schlcicheri, 874 and A. fuscata, 875* 

Area II, Site 6 

Eastern slope of the Rincon Mountains, 4, 300 to 

4,350 feet, 14.5 miles north of Mescal, Arizona in Miller 

Canyon, Happy Valley, approximately 110°30' W. longitude, 

32°10 ' N. latitude, Sec. 3, T. 15 S, R. 18 E, on a 

weathered granite outcropping aniid Arizona chapparal type 

vegetation near the splash zone of an intermittent water

fall (present only during the rainy seasons). 

The lichens were collected April 12, 1968 and 

included Acarospora schleicheri, 879, A.* smarmgdula, 880, 

and A_. veronensis . 880a. 

Area III, Site 7 

South-facing slope of bajada at the junction of 

Soldier's Trail and Mt. Leminon Road, 2,870 to 3,200 feet, 

approximately 15 miles northeast of Tucson, Arizona. Well 

weathered granitic schist boulders provided saxicolous 

substrates. 
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Acarospora species collected July 24, 1 9 6 8  at this 

site included A_. schleicheri. 8 8 9  and A_. smaragdula, 8 9 0 .  

No isolations were attempted from these lichens. 

Area III, Site 8 

At Windy Point, Santa Catalina Mountains, 6,500 to 

6,600 feet, approximately 35 miles northeast of Tucson, 

Arizona, on the General Ilitchcock Highway to Mt. Lemmon. 

Lichens were growing on vertical faces and under overhang

ing ledges of large boulders and chimney rocks (Figures 6-

7) amid oak woodland vegetation. 

Collections of the following Acarospora species 

were made August 27, 1968 and May 15, 1969: A.* schleicheri, 

8 9 7 ,  900, 902, 920, 925, and 949 , A_. novoinexicana, 8 9 8 ,  

900a, 908, 947, A. fuscata, 904, 910, A_. oxytona, 947a, and 

A_. smaragdula, 921 and 950. 

All collections were made by Elizabeth A. and 

Raymond G. Duewer, except at sites 7 and 8. At the latter 

two sites, only the author collected lichens. Voucher 

specimens have been deposited in The University of Arizona 

Herbarium, Depax-tment of Biological Sciences, Tucson, 

Arizona and in the University of Wisconsin Herbarium, 

Department of Botany, Madison, Wisconsin. All lichen 

determinations were verified by Dr. John W. Thomson, 

University of Wisconsin, Department of Botany, Madison, 

Wisconsin. 
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Isolation of Trebouxia 

Several attempts at isolation of species of 

Trebouxia de Puymaly from the Acarospora lichen thalli 

collected were made before the following method was found 

successful: 

1. All lichens from which isolations were attempted, 

while still attached to their substrates, were 

placed in the bottom portion of a Petri plate. The 

plate was then placed in running tap water for 10 

to 30 minutes to remove as many surface contaminants 

as possible, such as free-living algae, fungal 

spores, and soil particles. The lichens from 

collection numbers 72'l , 750, 753, 75^, and 7^2 were 

not washed, but were simply brushed. 

2. After the lichens had been washed or brushed, the 

upper cortex was excised with a sterile razor blade 

and discarded. The algal layer was then excised 

with a sterile razor blade and the lichen fragments 

(similar to those in Figure l) were placed in a 

drop of sterile distilled water on a sterile 

microscope slide. The microscope slides and cover 

slips had been sterilized by wrapping together in 

sets of one of each in aluminum foil and auto-

claving for 15 minutes at 120° C with 17 pounds 

pressure. They were unwrapped when needed.. All 

isolations were performed in an isolation chamber.-
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3. The algal layer was crushed by pressure on the 

cover slip to further divide the fragments. While 

observing through a binocular, compound microscope 

(low power, 100X), the algae from a given lichen 

with pieces of hyphae attached to them were removed 

by a micropipette. The microscopic pieces of 

hyphae and algae were transferred through three 

successive rinses of sterile water, then blown out 

onto the surface of Trebouxia Agar slants (Appen

dix B) . 

Numerous algal colls were isolated from all of the 

lichens within 28 days after collection. Four to eight 

Trebouxia Agar slants were used for each lichen from which 

an isolation was attempted. The slants were placed in 

three different regimes, as described in the section 

dealing with culture of the phycosymbionts. Although the 

slants with isolates from .A. schleicheri, 724, and A_. 

fuse at a. 849, were kept for two months under three growth 

regimes no algal growth appeared. Within one month after 

isolation, algal growth appeared on the agar surface of at 

least two test tubes from all of the remaining lichen 

specimens from which isolations were attempted. One to six 

clones of algae isolated were saved for use in experiments 

and morphological studies. 
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All transfers of algae were performed in an isola

tion chamber which had been •washed with a 1:4 solution of 

Roccal:distilled water. The air both inside and outside 

the isolation chamber was sprayed with "Ozium." 

Staining Technique 

Heidenhain's iron hematoxylin, solution I (Appendix 

A), was used in a two per cent solution in this study. 

Heidenhain's iron hematoxylin, solution II diluted to 0.5 

per cent (Appendix A), was used to stain the cells for the 

morphological study of the isolated algae. According to 

Johansen (l9'±0), Heidenhain's iron hematoxylin, combined 

with a suitable counterstain, is the best stain for the 

Chlorophyta. He also states that Delafield's or Hai'ris ' 

iron hematoxylin can be combined with iron hematoxylin (for 

nuclei and pyrenoids) and fast green (for chloroplasts). 

The staining schedule, option 1 (Appendix A, Figure 94) was 

used for the algae isolated from Acarospora schleicheri, 

753j the staining schedule, option 2 (Appendix A, Figure 

94) was used for the remaining algae because the addition 

of Delafield's iron hematoxylin did not distinguish cell 

components any better than Heidenhain's iron hematoxylin 

alone. 

The solutions tried for use as adhesives were 

Haupt's and Mayer's Adhesives (Appendix A). It was found 

that Haupt's adhesive absorbed Heidenhain's iron 
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hematoxylin, but failed to release the stain when the 

slides were washed in four per cent iron alum. On the 

other hand, Mayer's adhesive released the stain and 

revealed the cell contents more clearly. 

The fixative used in this procedure was Schaudinn's 

fluid (Appendix A) . The cells had to remain for 6 to 1̂ . 

days in the fixative because the chlorophyll failed to 

diffuse out of the cells in any less time. The formula 

for the original solution was 2:1 corrosive sublimate: 

absolute ethyl alcohol. The original formulation would 

probably have been more suitable because twice as much 

alcohol was used. The increased alcohol content would 

probably permit chlorophyll diffusion in less than 6 to 

l4 days. 

Culture of the Phycosymbionts 

Media 

The isolated algal cells and attached hyphae were 

placed on Trebouxia oi-ganic nutrient agar-I (Appendix B) . 

This medium has been found to be most effective for growing 

algae isolated from lichens (Ahmadjian, 1959a)• Lewin 

(1959) suggested that tests be performed to prove that the 

cultures were pure. But such tests were unnecessary in 

this instance because the presence of glucose in the medium 

pei*mitted rapid growth of contaminants; thus, fungi or 



bacteria were readily observed if present. If contamina

tion was present, the algal cells were transferred to 

slants containing Soil-Extract Medium (Bristol's solution 

as modified by Bold, Appendix B) plus potassium tellurite 

(K TeO„) in the following concentrations: 2, 5, 10, and 20 

mg/liter. Duclcer and Willoughby (19640 found that potas

sium tellurite in minute quantities is useful in killing 

bacteria without harming algal cells. 

All media were autoclaved for 20 minutes at 15 

pounds pressure at 120° C. The pH of the Trebouxia medium 

was recorded with a Beclcman Zeroinatic pH meter as follows: 

before autoclaving, 6.8, after autoclaving, 6 .'l; Bold's 

Soil-Extract Medium (Starr, i960) with potassium tellurite 

added was 6.75 before autoclaving and 6.6 after auto

claving . 

Light 

The stock cultures of algae isolated from 

Acarospora lichen thalli were grown under 40-watt, cool-

white, fluorescent lights, with a 12-12 hour, light-dark 

cycle. Light meter readings were taken once per week with 

a Weston Model 603 light meter, Weston Electric Instrument 

Corporation, Newark, New Jersey. Readings ranged from 

1,000 to 1,600 lux during the time stock cultures or 

experiments were kept in the growth chamber at 10.0 

0 . 3 7 0  c .  



Temperature 

The agar slants containing the isolated lichen 

algae and their accompanying fungal hyphae were placed in 

three growth areas with the following temperature regimes: 

22.7 + 1° C., 17-9 +. 0.97° C., and 10° C. It was found 

that the algae in the slants placed in the 10° C. growth 

area grew the fastest with the least amount of contamina

tion. The slants placed in the 17«9° C. growth area had 

the greatest amount of contamination due to a blower which 

lacked a filter and circulated the air in that chamber 

rapidly. Properly stoppered slants with pure cultures were 

placed in the growth area with the blower. Although the 

cultures had been pure for more than one month they, too, 

became contaminated within one week when placed in the 

chamber* with the rapidly moving-air. Control cultures kept 

at a similar temperature in an area where the air did not 

circulate so freely and where a filter was present did not 

become contaminated during the same length of time. 

The 22.7° C. growth area was eliminated because it 

was too warm for the isolated algae. Initially, the 

cultures were green then started to change to yellow-green 

after four to five months. When the slants were transferred 

from the 22.7° C. growth area to the growth chamber main

tained at 10.0° C., the margins of algal growth changed to 

green within one week. This suggests that the yellow-green 

color was not due to a lack of nutrients in the agar* 
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Therefore, the 10.0° C. growth area was chosen for the 

growth of the stock cultures because: (l) there was no 

contamination caused by non-filtered, freely circulating 

air, (2) the temperature was cool enough to keep the algae 

from becoming yellow-green, (3) the slow growth at this low 

temperature made it possible to transfer the clones only 

once every six months, and ('A) there was less fluctuation 

in air temperature in this growth chamber. 

Photography 

Photomicrographs were taken of lichen acid crystals, 

Acarospora species, and Trebouxla species with a Zeiss 

camera attached to a Bausch and Lonib compound microscope or 

a Zeiss phase contrast compound microscope. Light expo

sures on the compound microscopes were measured with a 

Weston light meter. 

Photographs were taken of Acarospora species and 

Petri plates with or without antibiotic discs, with an 

Argus C-'i camera that had a Kodak Portra 3+ lens and hood 

attached. Photoflood lamps were used with the Argus C-k 

camera, and light exposures were measured with a Gossen 

Luna-Pro Electronic System Exposure Meter. 

The black and white film used was fine grain 

Panatoinic X, and the color film was either Kodachroine II, 

Type A or high speed Ektachroine, Type 5258. Unless the 

color temperature of the light source is correct,, the 
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Ektachrome 5258 film will not produce acceptable colors. 

Therefore, Kodaclirome II, Type A film is more flexible in 

its use. The black and white film was developed in D-76 or 

Microdol X. Both kinds of color film were developed 

commercially. 



TAXONOMY AND MORPHOLOGY OF ACAROSPORA 

Taxonomy of Acarospora 

Zahlbruckner (1926, 1922-19^0), an Austrian 

lichenologist, classified lichens as a group distinct from 

the fungi and originated the subclass names Ascolichenes 

and Ilymenolichenes . According to Zahlbruckner 1 s system, 

the genus Acarospora would be classified as follows: 

Subclass Ascolichenes 

Series Gymnocarpeae 

Subseries Cyclocarpineae 

Family Acarosporaceae 

Genus Acarospora 

It is generally agreed, however, that lichens 

should be classified among nonlichenized fungi. Therefore, 

the present lichen families have been integrated loosely 

into a system of classification proposed by Luttrell (1955) 

for the fungi and modified for the lichens by R. Santesson 

(1953)* Hence, the classification of the genus Acarospora 

under Luttrell's modified system is as follows: 

Class Ascomycetes 

Subclass Ascomycetes 

Order Lecanorales 

17 
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Family Acarosporaceae 

Genus Acarospora 

According to Magnusson (1929a), the species of the 

genus Acarospora have been brought into many different 

genera in the course of time. Magnusson (1929a) gives a 

brief history of these genera as follows: 

The oldest name Lichen was used by Wahlenberg 
as late as 1826 arid the comprehensive name 
P arm el i a as late as l8'i0. Owing to his leading 
principles of classification Acharius arranged the 
species, known to him, of the genus, under four 
different genera, Endocarpon, Sagedia, Lecanora, 
and Urceolaria .... The placodioid yellow 
species have been detached several times under 
different names: Squamninrla , Placodium , Gussonea , 
and Pleopsidium• 

Massalongo was the first to . . . stress 
. . . the leading chai'acter of the small (and 
numerous) spores (from Greek acares) and this 
opinion by degrees, has been generally accepted, 
gradually replacing the long-used name Lecanora, 
which was still applied as recently as 1908 by 
Crozals and 1910 by Lang. 

Description of the Genus 

The genus Acarospora has been characterized by 

Magnusson (1929a) as follows: 

Thallus crustaceous, squamulose, areolate or 
stellate-radiate, both sides corticated or only 
the upper layer corticated with a more or less 
thick cortex, always paraplectenchymatous with 
mostly small lumina, varying little in size in 
the same species. Gonidia [algae] protococcoid. 
Apothecia immersed, placed upon the gonidial 
[algal] layer. Spores simple, colorless, 
numerous or very numerous, minute or very 
minute. Pycnoconidia oblong or broadly ellip
soidal .... The genus Acarospora is very 
homogeneous, because all species agree in the 
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lecanorine structure of the apothecia, the 
numerous spores in the asci, and the uniform 
pycnidia and pycnoconidia. Also in their 
habitat there is a certain uniformity, as most 
species grow in places rich in nitrogen or 
under overhanging rocks. 

Description of the Species 

The genus Acarospora is readily divisible into two 

subgenera on the basis of the thallus color, subgenus 

Xanthothallia and subgenus Phaeothallia» The former 

subgenus has yellow granules in the cortex and often in the 

hymenium, while the latter subgenus has a broim pigment in 

the walls of the upper cortical hyphae or at the tips of 

the paraphyses (Magnusson, 1929a)• 

The species of Acarospora, subgenus Xanthothallia, 

investigated in this study were A_. schleicheri , A_. 

novomexicana, and A_. oxytona and they are characterized by 

Magnusson (1929a) as follows: 

Acarospora schleicheri 

Thallus squamulose, dark or pale greenish 
yellow, indeterminate, squamules 1 to 2 (to 5) 
mm large, 0.2 to 0.4 inm thick, at first small, 
discrete and round, then more or less contiguous 
and often angular, all alike or those at the 
circumference crenate or sublobate, all opaque 
with the surface very slightly rough, plane or 
somewhat convex, widely attached to the earth, 
below usually brownish red. No reaction with 
KOH or CaCl202« Upper cortex ko to 70 microns 
thick or occasionally very thin, exterior half 
greenish yellow inspersed, opaque, amorphous 
stratum up to 10 microns thick. Gonidia [algae] 
7 to 10 microns (Hue: 10 to 25 microns), forming 
a dense continuous, 70 to 150 microns thick 
stratum or occupying most part of the sections 
but absent below the older apothecia. Lower 



cortex at least sometimes developed, 15 to 25 
microns thick, dark yellowish brown . . . or, 
the under surface is a mixture of hyphae and 
more or less dark particles from the sub
stratum . 

Apothecia mostly solitary or occasionally 
two or three in the areola, rarely up to 15, 
immersed. Disc 0.5 to 1 mm across, more or less 
dark reddish brown, at first sometimes slightly 
pruinose, then naked, plane or often convex, 
level with the thallus or slightly prominent 
without thallus margin. Spores about 100, 3 to 
4 X 2 to 2-5 microns, broadly ellipsoid or sub-
g l o b o s e  . . . .  

Habitat on earth, mainly calcareous, or on 
other lichens, especially Pipioschistes 
bryophilus, often on the shore. 

Acarospora novoincxicana 

Thallus .1 to 2 cm in diameter, but several 
thalli often confluent and covering areas at 
least up to 4 or 6 cm wide, marginal lobes 
usually distinct, ... plane or slightly 
convex, . . . central areolae 0.7 to 1.2 mm 
large, . . . separated by distinct cracks, 
. . . irregulai" in shape. No reaction with KOH 
or CaCl202« Upper and lateral cortex (20 to) 
30 to 35 (to 45) microns thick, . . . surface 
uneven. Gonidia [algae] 10 to 17 (to 23) 
microns in diameter, in a continuous stratum 
with rather even surface, (50 to) 100 to 300 
m i c r o n s  t h i c k  . . . .  

Apothecia usually not numerous, in the 
central areolae, immersed, solitary or occa
sionally 2 to 3 in one areola, disc impressed 
below thallus surface .... Spores about 200, 
. . . variously ellipsoid, often more or less 
broadly (ellipsoid). 

Habitat on hard, close-grained sandstone. 

Acarospora oxytona 

Thallus determinate, bright yellow or greenish 
yellow forming continuous often circular areas, 
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several centimeters broad or by confluent thalli 
covering large areas, at the circumference dis
tinctly radiate with 1.5 to 2 mm long and about 
0.5 mm broad, subconvex or more or less flattened 
often scabrid (rough) lobes, usually contiguous 
. . . . No reaction with KOII or CaCI^C^' Upper 
cortex kO to 70 microns thick, . . . most part 
or at least the upper half greenish yellow 
inspersed, opaque. Gonidia [algae] 6 to I'l 
microns in diameter, forming a ^0 to 90 micron 
thick, continuous or irregularly interrupted 
stratum with uneven surface. No lower cortex. 

Apothecia numerous, often covering the 
central part, immersed in the areolae, solitary. 
. . . Spores about 100, k to 5 x 1-7 to 2 microns, 
rather narrowly ellipsoid, light spots sometimes 
observed at the ends. 

Habitat is on granitic, perpendicular rocks 
perhaps always under ovex-hanging parts of it . . . 
mainly in alpine situations. 

The taxonomic characteristics of the species of 

Acarospora, subgenus Phaeothallia t studied herein are given 

by Magnusson (1929a) as follows: 

Acai-ospora badiofusca 

Areolae 0.5 to 1.5 (to 3 )  nun broad, 0.3 to 
0.75 mm thick, more or less round, . . . discrete 
or more or less contiguous or rarely almost 
coherent, . . . the margin and lower side pale 
brown or partly dark. No reaction with KOH or 
CaCl202« Upper cortex 25 to 35 microns thick, 
transparent, with exterior 5 to 8 microns dark 
reddish brown .... Gonidia [algae] 8 to 15 
microns in diameter, forming a stratum, mostly 
continuous, 60 to 100 microns thick, upper 
surface very even and distinct. 

Apothecia rather sparse or seldom numerous, 
beginning as a slight depression at the top of 
the convex areola, sometimes two or a few 
together, then concave with steep margins, 
finally superficial or elevated, round or by 
mutual pressure angular, (0.4 to) 1 to 1.5 mm 
broad, disc pale reddish-brown, blackish-red or 
black, ... plane or finally convex and rough.. 
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The propex" margin usually distinct, blackish, 
thick or thin or sometimes disappearing. • • . 
Spores 3 to 4 x 1.5 to 2 microns. 

Pycnidia 75 x 75 microns large, immersed, 
without externally visible mouth, inner wall 
infolded. 

Habitat, according to Magnusson (.1929a), is always 

on granitic stone, rather than on a chalky substratum. He 

also states that it seems to be a nitrophilous species. 

Acarospora fus cata 

Thallus indeterminate, very rarely sub-
determinate, squamulose, squamulose-areolate or 
areolate, lighter or darker brown, reddish brown 
or even pale brownish yellow, squamules (0.5 to) 
1 to 1.5 (to 3) "i"i large, 0.3 to 0.7 mm thick, 
mostly contiguous and often covering large areas, 
or more or less dispersed or arranged along the 
fissures of the stone, irregular 2. y shaped, either 
small, angular or rounded forming an even crust, 
. . . upper surface smooth, opaque or somewhat 
shiny, lower surface dark brown or blackish, 
mostly narrowly attached to the substratum and 
more or less distinctly gomphate. Upper cortex 
CaClgC^.). red, no reaction with KOII. 

Upper cortex 25 to 35 (to 50) microns thick, 
lower half transparent, upper half opaque, . . . 
C+ red, exterior k to 8 microns reddish brown, 
amorphous stratum poorly developed, 6 to 10 
microns thick .... Gonidia [algae] 6 to 12 
microns in diameter, forming a rather dense 
continuous stratum, 60 to 90 microns thick, 
thinner below the hymenium, surface even .... 
Lower cortex 10 to 20 microns thick, dark brown 
or blackish, mostly visible far in towards the 
center. 

Apothecia usually numerous, sometimes almost 
covering parts of the thallus, as a rule solitary 
but sometimes several in one areola, immersed; 
disc at first punct if orni, impressed then concave 
or plane, 0.2 to 0.6 (to l) nun in diameter, 
usually angular or irregularly round, reddish 
brown to blackish, somewhat darker than the 
thallus, smooth or slightly rough, level with the 



thallus or impressed. . . . Spores 100 to 200, 
4 to 5.5 (to 6) X 1.5 to 1.8 microns, narrowly 
ellipsoid or subcylindric. 

Pycnidia ampullaceous, about 100 microns 
deep, and 65 microns broad, mouth not darker 
but prominent . ... 

Habitat on perpendicular or slightly over-
handing rocks, granitic rocks where there is a 
g o o d  n i t r o g e n  s u p p l y  . . . .  

Acarospora smaragdula 

Thallus indeterminate, squamulose or occa
sionally subareolate, yellowish- or pale-brown, 
sometimes almost yellowish white, rarely dark 
reddish brown. Squamules (0.6 to) 1 to 2 mm 
large, 0.3 to 0. 4 min thick, dispersed oi~ usually 
a few grouped, rarely subcontiguous and angular, 
mostly rounded or subcrenate, when dark more or 
less shiny, otherwise opaque, plane and smooth 
or slightly uneven, closely attached to the stone 
with the pale lower surface. No reaction with 
CaCl202, but in K0II generally rusty red. Upper 
cortex (25 to) 35 to 50 (to 70) microns thick, 
lower half or one third uncolored , upper part 
grayish yellow, or rarely brownish, opaque, in 
KOIi colorless. Gonidia [algae] 5 to 12 microns 
in diameter-, forming a dense 75 to 100 (to 2 5 0 )  
microns thick stratum, mostly regularly inter
rupted by 5 to 10 (to 25) microns broad strands 
of hyphae, surface of gonidial algal layer there
fore uneven. . . . Lower side pale noncorticate. 

Apothecia rarely 3. to 2, generally 3 to 7 in 
one areola—all areolae f ertile--iminci"sed, disc 
0.2 to 0.3 (to 0.4) 111111 across, dark brown 01" 
blackish, plane, slightly though distinctly rough, 
level with the thallus or subdepressed, with a 
more oi" less conspicuous, dark proper margin. 
. . . Spores several hundred , 3 to 4 (to 4.5) 
x 1 to 1.5 microns, narrowly ellipsoid or sub
cylindric. Pycnidia not found. 

Habitat on schistose rocks partly under over
hanging layers of it, on perpendicular rocks, on 
stones by the shore or near roads. It seems 
therefore to be a species claiming a rich supply 
of nitrogen. 
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Acarospora veronensis 

Thallus indeterminate, squamulose or occa
sionally squamulose-areolate, dark reddish 
broirn, • • . rarely pale brown. Squamules 0.5 to 
1 (to 1«5) mm broad, 0.3 to 0.5 mm thick, more or 
less widely dispersed or approximate, occa
sionally grouped or even contiguous in small 
patches, more or less regularly round or when 
crowded, irregular, angular, convex 01" often 
turgid, rai-ely thin and flattened, unaltei-ed by 
KOH and CaCl202, widely attached with the medulla 
to the substratum, under side of the squainule 
near the edge pale brown or rarely dark brown. 
Upper cortex (10 to) 15 to 25 (to 35) microns 
thick, transparent, exterior 5 to 8 microns dark 
yellowish broim or dark brown, amorphous stratum 
generally absent or up to 12 microns thick. 
Gonidia [algae] 8 to 12 (to 18) microns in 
diameter, forming a generally continuous stratum, 
50 to 70 (to 120) microns thick or rarely up to 
250 microns and then occupying most part of the 
thallus section, upper surface rather distinct 
and even. . . . Marginal cortex dark brown, not 
or only very narrowly visible on under surface. 

Apothecia numerous, present in each areola, 
solitary or equally often 2 to 4 (to 7), immersed 
disc generally 0.15 to 0.2, rarely 0.4 to 0.5 mm 
broad, round or occasionally irregular, almost 
concolorous with the thallus, smooth, often 
shining, deeply impressed with sloping sides 
without a prominent thalline margin. . . . Spores 
100 to 200, 3.5 to 6 x 1.7 to 1.9 microns. 
Pycnidia immersed, simple, about 6 0  x 6 0  microns 
in size. 

According to Magnusson, the substrate is most often 

on granitic or volcanic rocks , exceedingly rare on a 

calcareous substratum, it prefers places with a good supply 

of nitrogen, and occasionally it is found on wood or on the 

soil. 
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Discussion 

As previously noted in the generic description, the 

lichen genus Acarospora is characterized by the presence of 

hundreds of ascospores within a single ascus (Figure 2). 

A section of the thallus of A_. schleicheri illustrates the 

type of thallus found in all species of Acarospora studied 

(Figure 3)* In some species, both the upper and lower 

layers of the thallus are corticated; in other species, 

only the upper layer is corticated. A distinct algal layer 

(Figure k) was present in all species studied, thus 

Acarospora species have a heteromerous structure (Hale, 

196l; Alvin and Kershaw, 1963). 

According to Magnusson (1929a), there is a certain 

uniformity in the habitat, as most species of Acarospora 

grow in places rich in nitrogen or under overhanging 

rocks (Figures 5-7) • Weber (1963) noted that _A. schleicheri 

usually grows on horizontal rock faces or soil, whereas A_. 

flava (Bell.) Trev. , a synonym of A^. clilorophana (Wahlemb. 

ex Ach.) Mass. (Hale and Culberson, 1970), usually grows on 

vertical rock surfaces. 

The thallus of the yellow species of Acarospora 

varies from scattered areoles to squamulose to a thallus of 

compact areoles with an effigurate margin or effuse margin 

(Figures 8-12). Apothecia are either immersed in the 

central and marginal areoles of scattered to compact thalli 

or are present in the central areolae but absent in the 



actively growing lobes on the periphery of thalli with 

effigurate margins (Weber, 1 9 6 2 ) .  

Magnusson ( 1 9 2'la, 1924 b, 1 9 2 6 a ,  1 9 2 6 b ,  1929a, 

1929b, 1929c, 1933a, 1933b, 1937, 19'J7, 1956) recognized 

more than 80 species of Acarospora, subgenus Xanthothal1ia 

and more than l8o species of Acarospora„ subgenus Phaeo-

thallia. Weber (1962, 3.963, 1968), through a study of 

field and herbarium material, has reduced the more than 80 

taxa in the subgenus Xanthothallia to two species : A_. 

schleicheri and A_. chlorophana (Wahlemb. ex Ach.) Mass. 

Thus , Weber would include A. no vom exi c an a and A_. oxytona 

as synonyms of the species A_. chlorophana. According to 

Magnusson (1929a, 1929b), although all three species have 

ellipsoidal spores , the apothecia of A_. oxytona and A. 

chlorophana are dilated whereas the apothecia of A_. 

novom exi c ana are punctiform. In addition, the marginal 

lobes of A_. oxytona are more or less roughened whereas A_. 

chlorophana has smooth marginal lobes. According to Weber 

(1962), this latter difference can be correlated with 

exposure to the wind. However, the specimens of A_. oxytona 

9'±7a and A. novomexicana 9^7 (both of which Weber, 1 9 6 8 ,  

includes in A_. chlorophana) , were found growing only 1 to 2 

inches apart under an overhanging rock in a northwest 

exposure so wind probably would not be a factor determining 

presence or absence of roughened marginal lobes in this 

instance. On the other hand, Magnusson's philosophy was to 
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create new species if the slightest difference existed in 

the size of the areoles, dimension of the spores, height of 

the hymenium, diameter of the apothecial disc, cortical 

thickness, and other minor characteristics as well 

(Thomson, personal communication). 

Herre (19*±2) states that ci-ustose lichens are a 

fluid group and Weber (1962) suggests that their environ

mental plasticity may lie at the root of the species 

problem in all crustose lichens. Weber ( 1 9 6 2 ,  1 9 6 8 )  

believes that most of the non-effigurate taxa of the 

yellow series of Acarospora belong to the species A_. 

schleicheri and the effigurate taxa of the yellow series 

of Acarospora belong to the species A_. chlorophana« 

The author agrees that the environment is definitely 

important in the "formation of species," but she does not 

agree entirely with the reduction of more than 80 taxa of 

Acarospora, subgenus Xanthothallia, to only two taxa 

(Weber, 1 9 6 8 ) .  

The genus Acarospora, subgenus Phaeothallla, has 

two sections similar to the subgenus Xanthothallia. The 

first consists of species with effuse thalli and the second 

consists of species with effigurate thalli (Weber, 1 9 6 2 ) .  

As a rule, these two forms of growth are easily dis

tinguished from each other, but intergrading growth 

patterns exist due to environmental modification. 
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Weber (1962) states that Acarospora fuscata and A_. 

sniaragdula (in the broad sense including J\. americana Magn. 

and A_. verononsis) produce almost identical luxuriant forms 

in a dripping cliff habitat, which are distinguishable only 

by the CaClgC^ reaction in the cortex. In a desert 

habitat, A_. fuscata (Figures 22-2'i) and /V. srnaragdula 

(Figures 14-20) can occasionally appear almost identical 

also . 

In Table 1, the chemical reactions of CaCl^O^ and 

KOH are given for the brown series of Acarospora species 

studied in this investigation. 

Table 1. Chemical reactions of CaC^C^ and KOII on the 
upper cortex and medulla, respectively, of 
species of Acarospora, subgenus Phacothallia. 

Acarospora species CaCl^Og KOH 

A_. fuscata +, fleeting red + red 

A^ sinaragdula - + red 

•A. veronensis - -

A. badiofusca - -

Although A_. veronensis (Figure 13) and A^. badio

fusca (Figure 21) both produce negative reactions to 

CaCl^Og (C test) and KOH (IC test), they are different 

morphologically so no confusion exists between these two 
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species. Acarospora fuscata is readily distinguished from 

the other brown acarosporas by a- positive C test on the 

upper cortex (see the section dealing with lichen chemistry 

for a description of the test). Although Weber (1962, 

1963) includes A_. veroncnsis as a synonym of A^. smaragdula 

(both of which are very similar morphologically), these 

two species can be distinguished chemically by adding K to 

the medulla. Not all taxonoraists agi-ee, however, that 

morphologically identical but chemically different lichens 

should be classified as the same species. 

Wetmore (1968) does not include veronensis as a 

synonym of A^. smar agdul a, as does Weber (1963) • According 

to W. L. Culberson (1969b), there are three combinations of 

chemical and morphological variations in lichens: (l) 

those in which two species of a given genus are both 

morphologically and chemically different, (2) those in 

which two species of a given genus are morphologically 

different, but produce the same medullary constituents, and 

(3) those in which two species of a given genus are 

morphologically identical, but are chemically different. 

It is not difficult for taxonomists to agree that two 

species exist when there are morphological differences 

between them, regardless of the chemical substances present. 

The difficulty arises when the lichen specimens are 

morphologically similar but chemically dissimilar. 
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In the Ramalina siliquosa complex (C. F. Culberson, 

1965, 1969, 1970; W. L. Culberson, 1967, 1969a, 1969b) in 

which there is morphoJ.ogical plasticity, there are six 

different chemical races that have been designated as 

species. Although their overall ranges are differeiit, the 

fact that these chemically distinct lichens maintain 

complete integrity in places where they are sympatric in 

spite of apparent sexual reproduction precludes considering 

them as subspecies. 

Although A_. smaragdula and A_. veronensis are 

morphologically similar, the author believes that they 

should be maintained as separate species due to their 

chemical difference. Acarospora f us cat a , A_. veronensis , 

and A_. smara,gdula often occur side by side or intermixed in 

the same microhabitats . Acarospora schleicheri , A_. fuscata , 

and A. sinaragdula were all found within millimeters of each 

other (Figures 25-26). 



LICHEN CHEMISTRY 

Color Reaction Tests 

Nylander (l866a, l866b, l866c) introduced the use 

of chemical tests for lichen acids with the chemicals 

potassium hydroxide, KOH, and calcium hypochlorite, 

CaCl 0_. However, it was not until after Asahina's series 
<-* tit 

of papers from 193^ to 19'iO that the use of microchemical 

testing procedures became widespread. Asahina (1936-19^0) 

added paraphenylenediainine CgH^ (NH ) (abbreviated P or PD) 

to the chemicals useful for color reaction tests. Sodium 

hypochlorite NaCIO (common household bleach) may be substi

tuted for calcium hypochlorite (Thomson, 1968; Ilale, 1969) 

in color reaction tests. Both K and C are used in con

centrated aqueous solutions, whereas P is used at a 

concentration of five per cent Pin 95 per cent ethanol. 

Potassium hydroxide will last indefinitely, but C and P 

must be dissolved in their respective solvents with each 

use. 

Materials and Methods 

Acarospora species in southeastern Arizona are 

rather difficult to distinguish morphologically. There

fore, color reaction tests were employed for that purpose 

as follows: 

31 
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1. The upper cortex was shaved off with a razor blade 

while observing under a binocular, compound micro

scope . 

2. The shavings were deposited on a clean, sterile 

microscope slide, then C was added to the shavings 

with a micropipette made by flaming a pipette, then 

pulling it out until the diameter of the opening 

was approximately 0.5 nun. If the shavings of the 

upper cortex turned red at the same time that C was 

added, the reaction was recorded as a positive one. 

If there was no color change, it was recorded as a 

negative reaction. All observations were made with 

a dissecting microscope at the time the chemical 

was added. 

3• In order to test with K, the upper cortex was 

removed with a razor blade to expose the medulla. 

A micropipette containing K was then touched to the 

medulla while the observer was looking through a 

binocular dissecting microscope. If the white 

medulla turned red at that spot, the reaction was 

recorded as positive; no color change denoted a 

negative reaction. 

Results and Discussion 

All of the lichen species belonging to Acarospora, 

subgenus Phaeothallia, which reacted C+ red on the cortex 



were classified as Acai-ospora fuscat a. Without exception, 

all of those lichens which had a C+ red reaction on the 

cortex also had a K- reaction in the medulla. In the group 

of lichens which had a C- reaction on the cortex, there 

were two types of reactions to K: either K+ or K~. Those 

lichens which gave a C-, K+ red reaction were identified as 

A^. smaragdula, whereas the ones which gave a C-, IC- reac

tion were identified as A_. veronens is and A_. badlof use a. 

If color reaction tests were not used, A_. sinaragdula 

and A_. veronensis could not be distinguished morpholog

ically. Some lichenologists, including Weber ( 1 9 6 2 ) ,  

prefer to label these two species as only one since they 

are not distinguishable morphologically. In that case, the 

binomial A_. smaragdula is retained and A. veronensis is 

reduced to synonymy. On the other hand, other lichenolo

gists including Magnusson (1929a) prefer to indicate two 

separate species and have retained both binomials. 

Crystal Tests 

When a color reaction test such as C+ red results, 

this indicates that erythrin, lecanoric, gyroplioric , 

olivetoric, or anziaic acids could be present (Asahina and 

Shibata, 1957*; Hale, 1961). A K + red reaction indicates 

that stictic, salacinic, or norstictic acids could be 

present (Asahina and Shibata, 195; Hale, 1961). In order 



to resolve the question of which acid is present, a crystal 

test is necessary. 

Materials and Methods 

Lichen acids can be extracted from the lichen 

thallus with acetone, benzene, or ether, then recrystal-

lized from the crude residue in various reagents. The 

procedure used was as follows: 

1. The lichens were excised from the rock substrate 

with a razor blade, sterilized to avoid contamina

tion. Excision of the lichens was accomplished 

while observing them through a dissecting micro

scope in order to ensure that all pieces in one 

vial were from the same lichen thallus. At times, 

it was impossible to separate the lichen from its 

substrate. Therefore, the substrate was also 

included in the vial for extraction. 

2. The excised portions and those with minute pieces 

of rock still attached were placed in a 'iO x 15 mm 

vial until the vial was approximately one-third 

full. 

3. The vial was then filled with acetone to cover the 

lichen fragments. 

k, A plastic cap was placed on the vial and the vial 

was shaken to facilitate extraction of the lichen 

acids. 



5« The acetone was then decanted onto eight micro

scope slides and allowed.to evaporate. The slides 

were held over an alcohol lamp to speed evapora

tion . 

6. The reagents (Table 2) were then applied singly 

(one reagent per slide) to the residue on each 

slide. One drop of a given reagent was added to 

a cover slip, then the cover slip was gently 

lowered onto the dried acetone extract. .If needed, 

additional reagent was placed at the edge of the 

cover slip with a micropipette until a thin film of 

reagent was present. 

Table 2. Reagents used for testing lichen acids from 
thalli of Acarospora species (after Asahina and 
Shibata, 195*1) . 

Abbreviation Components Ratio 

GAW glycerin:ethanol:water 1: 1:1 

GE glycerin:glacial acetic acid 1: 3 

GWPy glycerin:water:pyridine 1: 3:1 

GAQ glycerin:ethanol:quinoline 2: 2:1 

GA-An glycerin:ethanol:aniline 2: 2:1 

GAo-T glycei"in: ethanol: ortho-toluidine 2: 2:1 

GAo-Anis glycerin:ethanol:ortho-anisidine 9-5:9-5:1 

K2C°3 potassium carbonate:water 1:: 10 



7. The slide was then warmed gently over an alcohol 

lamp and observed with a binocular compound micro

scope. Care was taken during heating to avoid 

boiling. 

Results and Discussion 

All of the crystals formed by the addition of the 

reagents (Table 2) to the acetone extract of the species of 

Acarospora, subgenus Xanthothallia, were yellow (Table 3 

and Figui-es 27, 28, 3i , 32, and 35~50) except when K^CO^ 

was added. The crystals in Figures kO-k"} are similar to 

crystals formed by extracting Rhizocarpon geographicum (L.) 

DC. (from which rhizocarpic acid was first extracted) with 

acetone and adding GAo-T (John W. Thomson, personal 

communication) . Rhizocarpic acid has been found in _A. 

schleicheri (Harper and Letcher, 1966) and A_. chlorophana 

and, in addition, acaranoic and acarenoic acids have been 

reported in A_. chlorophana (J. Santesson, 1967)* However, 

no crystals were described or pictured for the latter two 

acids so no photographic comparisons could be made. The 

remaining photographs of yellow crystals are of unknown 

lichen acids (Figures 27, 28, 31, 32, 35-39, kk-ky). 

Figures 48-50 represent the crude crystals formed by the 

dried acetone extract. Figures 27 and 28 resemble usnic 

acid, but this lichen acid has been reported previously 

only once in the family Acarosporaceae, from A^. smaragdula 
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Table 3« Results of the addition of various chemical 
reagents to the acetone residue of Acarospora 
species. 

Subgenus 
Xanthothallia 

Chemical 
Reagent A. schleicher.i 

Subgenus 
Phaeothallia 

fuscata A_. smaragdula 

GAW 

GE 

GWPy 

GAQ 

GAo-T 

Yellow, needle
like crystals 
in clusters 
(Figs. 27-28) 

Yellow, needle
like crystals 
in clusters and 
end-to-end 
(Figs. 31-32) 

Colorless 
needlelike 
crystals and 
warty granules 
(Fig. 29) 

Long, slender 
needlelike 
crystals in 
clusters and 
small, color
less spheres 
(Fig. 33) 

Yellow, hatchet- No crystals 
shaped crystals 
(Fig. 35), 
single and 
clustered poly
g o n s  ( F i g .  3 6 ) ,  
and single, 
needlelike 
crystals (Fig. 
37) 

Yellow, rectan- No crystals 
gular or needle-
like crystals, 
single or in 
clusters (Figs. 
38-39) 

Yellow, fan- No crystals 
shaped crystals, 
single or in 
clusters (Figs. 
40-4-3) 

Colorless 
needlelike 
crystals and 
granules (Fig. 
30) 

Long, slender, 
00101"! ess 
needlelike 
crystals in 
clusters (Fig. 
34) 

No crystals 

No crystals 

No crystals 
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GA-An Yellow, rectan- No crystals 
gular or 
hexagonal, 
large or small 
crystals (Figs, 
kk-k7) 

No crystals 

GAo-Anis No crystals No crystals No crystals 

K2C03 
Colorless, 
needlelike 
crystals 

Colorless, 
needlelike 
crystals 

Colorless, 
needlelike 
crystals 

Crude Yellow, rectan-
acetone gular, in dense 
extract clusters (Figs. 

48-50 

Colorless, 
small, single, 
needlelike 
crystals 

Colorless, 
small, single, 
needlelike 
crystals 
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(Mitchell, 1965) and not from any of the yellow species of 

Acarospora. Much of the chemistry of the genus Acarospora 

is still unknown (C. F. Culberson, 1969)* 

In order to distinguish the lichen acid present in 

the brown species of Acarospora which showed a C+ red 

reaction in the upper cortex, the acetone-extracted residue 

was treated with GE and GAW. According to Ilale (1961) , 

with these reagents lec.anoric acid yields colorless 

fascicles of needles, olivetoric acid produces long, color

less, curved needles, and gyrophoric acid produces warty 

granules. A comparison was made between the photographs of 

the aforementioned crystals and those found in .A. fuscata 

and .A. smaragdula (Figures 29, 30, 33, and 3'±) • The 

crystals in Figure 29 resemble the photograph of gyrophoric 

acid as pictured by Ilale (1961), but not lecanoric or 

olivetoric acids. However, Figure 29 is in GAW and the 

gyrophoric acid crystals pictured in Hale's book were in 

GE. Gyrophoric acid has been previously found in A_. 

fuscata by Huneck (1962). The crystals in Figures 30, 33, 

and jk are unknown. 

The lichens which showed a K+ red color reaction 

A^ere tested with GAo-T in order to reveal whether stictic 

acid (which produces colorless hexagons), salacinic acid 

(which yields yellow, boat-shaped plates), or norstictic 

acid (which produces yellow plates) was present. The 

crystals illustrated in Figure 53 resemble those of 



salacinic acid, except that they were colorless instead of 

yellow. The other photographs (Figures 51 and 52) are also 

of unknown, colorless crystals formed in GAo-T from 

acetone-extracted A_. f uscata . 

It was found that GAo-T crystallizes when the 

solution is one year old or older. In order to avoid 

confusion of lichen acid crystals with those of GAo-T, 

photographs are included (Figures 5^ and 55)* 

Mitchell (1965) reported finding usnic acid in A_. 

smaragdula. a lichen which produces a K- color reaction. 

However, no usnic acid was found from A_. smaragdula in this 

study. 

The addition of either GA-An or GAo-Anis produced 

no lichen acid crystals in Acarospora (Phaeothallia). Mien 

K CO was added to the acetone extract, colorless crystals 
2. 3 

were produced (Table J). It was also noted that relatively 

few reagents produced crystals in Acarospora, subgenus 

Phaeothallia. This could be due to the small amount of 

material available fox" extraction or to the solvent used 

for extraction. Another possibility is that the materials 

present do not react with those organic bases to give 

precipitable units. 



TAXONOMY AND MORPHOLOGY OF TREBOUXT.A 

Taxonomy of Trebouxia 

Protococcus, Pleurococcus, Cystococcus, and 

Chlorococcutn are generic names originally associated with 

lichen gonidia [algae]. In 182*1, Agardh created the genus 

Protococcus with .P. viridis as the type species (Moreau, 

1927). However, his description was very short and not 

very well explained, so many algae would fit this binomial. 

Therefore, in l8'i2, Meneghini created the genus Pleurococ

cus with J? . vulgaris Meneghini as the type species . 

According to Meneghini 's description this alga lias a 

pyrenoid, but Naegeli did not observe"a pyrenoid when he 

named a different alga Pleurococcus vulgaris Naegeli. The 

former binomial, Pleurococcus vulgaris Meneghini corre

sponds to Cystococcus humicola Naegeli, which is often also 

designated with the binomial Chlorococcuin humicola (Naeg.) 

Rabenhorst (Moreau, 1927)* 

Although Fries had originated the genus Chlorococ

cuin in 1825, he failed to give any important distinguishing 

characteristics which would restrict it from any other 

similar unicellular, green algae (de Puyinaly, 1924). 

Meneghini (l842) described and figured Chlorococcutn 

inf us ion uni (Schrank) Mengh. and established as a charac

teristic of this genus the parietal chromatophore. On a 

kl 
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proposal by Silva and Starr (1953), Chlorococcum Meneghini 

has been conserved over Chlorococcum Fries (Lanjouw and 

Stafleu, 1966 ) . 

Naegeli (1849) established the genus Cystococcus 

for a unicellular, green alga that he had collected on damp 

soil. Cystococcus humlcola was characterized by spherical 

cells with a thin membrane, a parietal chromatopliore with a 

prominent pyrenoid, no zoospores or gametes, and no vege

tative cell division (only a partitioning of the cell 

contents into numerous, round, nonniotile spores). In 

general, taxonomists agree that Naegeli's Cystococcus based 

on the type species C^. humicola, belongs to the genus 

Chlorococcum (Starr, 1955) • 

Unfortunately, authors such as Famintzin and 

Baranetzky (1867a, 1867b, 1867c), and others, continued to 

use the binomial Cystococcus humicola for describing algae 

from lichens such as Xanthoria parietina L. Artari (1902a, 

1902b) isolated algae from both Xanthoria par.ietlna and 

Caloplaca (Gasparrinia) muroruin but described them as 

belonging to the species Chlorococcum infusionum. To add 

to this confusion, Beijerinck (1890) described an alga that 

he isolated from Physcia (Xanthoria) parietina as having a 

centrally located, rather than a parietal chromatophore, 

but he did not separate it from Naegeli's Cystococcus 

humicola. 
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The first investigator of lichen "gonidial" algae 

to clearly distinguish between the "gonidia" and Cystococ-

cus humicola Naegeli was Treboux (1912), who relegated the 

latter species to the genus Chlorococcuin Fries. According 

to Treboux, Naegeli described the vegetative cells of 

Cystococcus humicola as having a hollow, inner space (an 

important characteristic of the genus Chlorococcuin) . 

Treboux stated that the "gonidial" algae from Xanthoria 

parietina contained a massive chromatophore which occupied 

the middle of the cell whereas in Chlorococcuin the chromato

phore was straight. He also noted that there was an 

eccentric nucleus located between two lobes of the 

chromatophore, a centrally located pyrenoid, and that the 

zoospores lacked a stigma. lie considered the free-living 

forms growing on the bark of trees to be comparable to the 

"gonidial" algae. He showed that these "gonidial" and 

free-living forms of algae were to be classified as an 

independent group, not simply Cystococcus stages of other 

algae (Chodat, 1902). Unfortunately, Treboux wished to 

conserve Naegeli's Cystococcus humicola and apply it to his 

"gonidial" algae, but that was taxonomically impossible. 

It remained for de Puymaly (192'i) to straighten out 

the taxonomic confusion surrounding the phycosymbiont of 

Xanthoria parietina. He proposed the new name Trebouxia 

arboricola de Puymaly for the phycosymbiont, maintaining 

the generic characteristics which Treboux had outlined 
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(Scott, 1957). Puyinaly thought it was illogical to main

tain the specific epithet humicola for algae that grew on 

the bark and even the tops of trees. 

Phycologists such as Smith (1933, 1950), Fritsch 

(1935), and Starr (1955) have accepted the generic name 

Trebouxia. Unfortunately, several lichen investigators 

including Tschermalc (19'il), Quispel (19^3), and Mish (1953) 

have continued to use Cystococcus, although the generic 

name is taxonomically incorrect when referring to lichen 

algae. 

Description of the Genus 

Tr ebouxia de Puyinaly is an alga belonging to the 

family Chlorococcaceae and to the Division Chlorophyta 

(Smith, 1950)» This alga is generally found as a 

phycosymbiont in lichen thalli and is rarely found in the 

free-living state (Ahmadjian, 1960a) . Although it is not 

the only unicellular green alga associated with lichen 

fungi, it is the one most often encountered (Smith, 1950)• 

Trebouxia cells are easily recognized by their 

large, single, axile chloroplast which contains one, 

rarely more, centrally located pyrenoid (Ahmadjian, 1967a, 

1967b). These cells are further characterized by: (l) an 

eccentrically located nucleus which is usually visible in 

the living condition; (2) a chloroplast which is sometimes 

diffuse or has short, radially arranged rods; (3) "the 



production of biflagellate, Protosiphon type zoospores 

which lack a stigma, ai~e usually markedly flattened, have 

equal flagella usually extending beyond the zoospore., 

possess a small, cup-shaped chloroplast posteriorly 

located, and are naked but round up in an amoeboid fashion 

when they come to rest; (4) a distinct gelatinous sheath in 

culture; and (5) the production of aplanospores. 

The vegetative cells range from spherical to 

ellipsoidal and vary greatly in size. In this study, cells 

including aplanospores were measured at random from 

individual cultures. The cells varied in diameter from 

approximately 4 to 24 microns. The diameters of 100 cells 

were measured from each of the 18 cultures isolated from 

Acarospora species at two diffextent age levels: 10 to 50 

days old and 51 to 90 days old (Table 4). The aplanospores 

were spherical, but most of the mature vegetative cells 

were ellipsoidal (Figures 56-58)* The greatest length was 

designated as the cell "diameter" of the ellipsoidal cells. 

The means of the cell diameters in individual cultures 

varied considerably. For instance, in the 100 cells 

sampled from each of the cultures isolated from the six 

specimens of Acarospora schleicheri„ the cell diameter 

ranged from 9«04 +_ 2.85 microns to 15*58 3«6l microns in 

the 10 to 50 day old cultures and 6.44 +_ 2.44 to l4.96 +_ 

3.54 microns in the 51 to 90 day old cultures (Table 4). 

Similar results were reported for the phycosymbionts 
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Table 4. The mean diameter (microns) of Trebouxia cells 
isolated from five Acarospora species and grown 
on Trebouxia agar — Each value is the mean, in 
microns, of 100 cells +_ one standard deviation. 

Acarospora species 

Age of the Cultures 

Acarospora species 1 0  to 5 0  days 51 to 9 0  days 

A. schleicheri 
75 3 J 9 .04 _+ 2.85 6.44 ± 2.44 
841 1 1 . 0 1  + 3.11 1 2 . 0 9  _+ 3  . 6 1  
754 14.59 T 3.52 1 1 . 7 5  +_ 3 .22 
879 1 3  . 2 6  _+ 3-39 1 3 . 7 0  +_ 3.45 
874 15.58 _+ 3 . 6 1  1 3 . 2 5  ± 3-37 
848 14.94 +_ 3-54 3.4. 9 6  i 3.54 

A. smaragdula 
6 . 6 5  756 6 . 6 5  +_ 2.50 8 . 2 7  _+ 2.75 

750 5.17 + 2.22 1 0 . 2 7  _+ 3-03 
763b 1 0 . 5 0  + 3.07 7 . 1 9  +_ 2 . 5 8  
786 9.83 + 2.96 9 . 3 0  +_ 2. 8 9  
880 13.25 3-37 1 1 . 5 9  ± 3-17 
8 5 0  14.50 + 3.49 1 1 . 5 8  _+ 3  .2. 1  
781 1 3  0 8 8  + 3 .41 13-71 _+ 3  . 4 2  

A. fus cata 
763a 7.47 + 2.61 8.59 _+ 2.59 
875 12.75 +_ 3.34 1 1 . 7 1  _+ 3-19 
843 15.84 3.64 1 2 . 6 9  _+ 3.33 

A. badiofusca 
782 7.75 + 2 . 6 5  9 . 2 3  _+ 2.88 

A. veronensis 
751 12.54 + •

 

to
 

11. 7 6  _+ •
 

CO
 

1. This number and all succeeding numbers repre
sent the collection numbers of the lichen specimens as 
described in the section dealing with materials and 
methods. 



isolated from the other four Acarospora species studied. 

As the cultures aged, the mean diameter of the cells 

decreased or remained approximately the same in 72 per cent 

of the cultures. 

Bold (1931» 1957, 1967) noted that Chlorococcum and 

other algae, when cultivated 011 agar, would produce 

vegetative cells which might undergo zoosporogencsis but 

fail to develop into or liberate zoospoi-es . This type of 

asexual reproductive cell, an aplanospore, remains lion-

motile within the parent cell wall where it initiates a 

new generation of vegetative cells. Aplanospores were 

formed in all agar cultures of the phycosymbionts isolated 

from the five Acarospora species used in this investiga

tion (Figures 58, 60, 71, 76, and 78)• Zoospores were 

found in 67 per cent of the agar cultures, but in only 28 

per cent of the liquid cultures in this study (Table 5), 

regardless of being in a stationary position or on a 

continuous shaker* The Trebouxia medium was used for both 

the liquid and agar cultures and differed only in the use 

of 1.5 pei" cent agar for solidification. 

The Trebouxia phycosymbionts of Acarospora species 

commonly have clusters of four cells, tetrads, which remain 

together when grown on agar or in liquid culture (Figure 

59)• Clusters of 8, 16, or 32 cells are also found on 

agar but in liquid culture the larger clusters do not stay 

together, especially when cultured on the shaker* 
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Table 5» Zoospore production in agar and liquid cultures 
of Trebouxia phycosyinbionts isolated from five 
Acarospora species — P denotes the presence and 
A denotes the absence of free-swimming zoospores. 

Age of the Agar 
Cultures 

Liquid Culture 
1 0  to 51 to 

Acarospora species 5 0  days 9 0  days 42 days 

A. schleicheri 
7531 P A A 
75'x P A A 
84l A A A 
848 A P A 
874 P P A 
8 7 9  P A A 

A. smara&dula 
750 P A A 
756 A A P 
763b A A P 
7 8 1  A A A 
7 8 6  P P P 
850 A A A 
880 P P A 

A. fuscata 
763a A P A 
843 P A A 
8 7 5  A P P 

A. badiof lis ca 
782 P P P 

A. veronensis 
751 A A A 

1. This number and all succeeding numbers repre
sent the collection and cultures numbers of the lichen 
specimens as described in the section dealing with 
materials and methods. 
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A distinct gelatinous sheath was noted in all of 

the phycosymbionts cultured from the Acarospora species 

used in this study. India ink was used to discern the 

sheath. This sheath is evidently peculiar only to the 

cultures because no gelatinous sheaths were noted on cells 

taken directly from the lichen thallus. Ahmadjian (1959a) 

also found that a gelatinous sheath was present only in 

cultures of Trebouxia and not in cells taken directly fr*om 

the lichen thallus. 

Description of the Species 

Trebouxia arizonica sp. nov. 

Phycosymbiont of Acarospora schleicheri 753, 75'±, 

874, and 879, Sl"aragdula 750, 75^, 763k, and 786, A_. 

badiofusca 782, and A_. fuscata 763a and 875* 

Cellulae vegetativae ellipsoideae, ad 25 x 30 

microns longae maxima. Cellulae praeterea sphericae ad 

12.5 microns maxima. Chromatophorus inarginibus leviter 

incisus . Chromatophorus per divisionem ad parietem noil 

approximata. Cellulae racemosus quattuor ., Cellulae in 

gelatinoso inclusaei. Propagatio asexualis per aplanosporae 

et zoosporae. Aplanosporae sphericae, 8 vel 16 pro 

aplanosporangium, 2.5 vel 5 microns latae. Zoosporae 

2.5_5 microns latae x 7_7«5 microns longae, pyriformae vel 

ellipsoidae. Colonia granula vel vermiformae, non durae, 

viridis pullus vel viridis sufflavus. 
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The mature vegetative cells are mainly ellipsoidal 

(Figure 57) with common sizes 10.0-l8.75 microns wide x 

12.5-22.5 microns long, with the greatest length being 30 

microns. Some of the vegetative cells are spherical with 

sizes ranging from 10.0-12.5 microns in diameter. The 

cliloroplast has a relatively smooth, that is, a slightly 

incised margin (Figure 56). During successive bipartition, 

the chloroplast remains in the center of the cell. Tetrads 

were observed (Figure 59)• Asexual reproduction occurs by 

the production of aplanospores and zoospores . The aplano-

spores range in size from 2.5-5 microns in diameter, 

generally with 8 to l6 aplanospores per ap1anosporangium 

(Figures 58 and 60)0 The zoospores, produced in zoo-

sporangia (Figure 6l), range in size from 2.5-5 microns 

wide x 7-7*5 microns long and are tear drop-shaped to 

ellipsoidal. The flagella are approximately the same 

length as the body of the zoospore. No stigma was noted 

in any of the zoospores. On microscope slides the 

zoospores would swim freely for a maximum of 20 to 30 

minutes after being released then come to rest and round 

up, thus resembling aplanospores (Figure 62). In hanging 

drop cultures the zoospores swam for two to three days 

before coming to rest and rounding up. Gametes, which 

could not be distinguished morphologically from zoospores, 

and zygotes were noted in the hanging drop cultures. Some 

incompletely cleaved zoospores were also noted.. 



51 

The colonies were granular to vermiform, not hard, 

and varied from no ridges to ridged (Figures 64-66). A 

more general view is shown in Figui~e 63* The cells can be 

spread easily on agar and do not form large clumps in 

liquid cultui'e. The cultures two to three months old were 

dark green whereas those which were one year old or older 

were yellow green. 

Trebouxia sp. 

Phycosymbiont of Acarospora smaragdula 78.1 , and A_. 

veronensis 751« Cf• Trebouxia arizonica. 

The mature vegetative cells are spherical to 

ellipsoidal (Figures 67-68), mainly the latter, and range 

in size from a sphere 7*5 microns in diameter to ellipsoidal 

cells 10-15 microns wide x 12.5-20.0 microns long. The 

margin of the cliloroplast is not highly lobed or incised 

and the chloroplast remains in the center of the cell 

during its division. Tetrads and groups of cells were 

observed. Asexual reproduction is accomplished solely by 

the production of aplanospores, which are spheres 5 microns 

in diameter. Alternate wetting and drying and transfer of 

the cultures from a solid to liquid medium were attempted 

but no free-swimming zoospores were observed. 

The colonies were granular, not hard, and did not 

form ridges. Both cultures produced dark green colonies at 

three months (Figure 69). 
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Although zoospores were not observed, there appears 

to be insufficient evidence to describe a new species. 

Compare with Trebouxia arizonica. 

Trebouxia inontana sp. nov. 

Phycosymbiont of Acarospora sch 1 eicheri , 848 and j\. 

smaragdula, 880. 

Cellulae ellipsoideae, adl2.5 microns latae x 15 

microns longae. Chromatophorus marginibus solum leviter 

incisus . Chromatophorus per divisioneni ad parietein non 

approximata. Cellulae racemosus quattuor. Cellulae halone 

gelatinosa indutae. Propagatio asexualis per aplanosporae 

et zoosporae. Aplanosporae remaneo in racemosus inagnus 

post missio. Zoosporae complanatae, ad 2 microns latae, 

10 microns longae. Colonia dura, crusta, et viridis 

pullus. 

Mature vegetative cells are ellijjsoidal and 10-12.5 

microns wide x 12.5-15 microns long. The chloroplast is 

not highly lobed and divides centrally. Division of the 

pyrenoid and chloroplast occurs as is indicated by the 

arrows lettered a, b, and c in Figure 70. Tetrads were 

observed in culture and in the lichen thallus. Asexual 

reproduction is by means of aplanospores and zoospores. 

Commonly 8 to l6 and up to 32 aplanospores per aplano-

sporangiuin are produced (Figure 7l)« These aplanospores 

remain together in a cluster when released. Zoospores have 
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just been released in Figure 72 (zs) and are highly 

scattered one minute after release (Figure 73)• The 

cluster of eight cells in Figure 73 are all zoosporangia• 

Seven of the cells have already released zoospores at 

approximately the same time. Within two minutes after this 

picture was taken, the eighth zoosporangium released its 

contents. The zoospores are 2 microns wide x 6.25-10 

microns long, with flagella as long as or somewhat longer 

than the length of the body of the zoospore. 

The colonies are dark green, hard, and form a 

crust (Figures 73_7^)« Large clusters of aplanospores 

remain clumped together and cannot be broken apart easily, 

even in liquid sliakei" cultures * 

The lichens from which this species of Trebouxia 

was isolated were collected in tlie Chiricahua and Rincon 

Mountains. 

Trebouxia dura sp. nov. 

Phycosymbiont of Acarospora fuscata, 843. 

Cellulae sphericae vel ellipsoideae, 10 microns in 

media linea ad 12.5 microns latae x 17*5 microns longae. 

Chromatophorus marginibus leviter incisus. Chromatophorus 

per divisionein ad parietem non approximata. Cellulae 

racemosus non quattuor. Cellulae halone gelatinoso 

indutae. Pi-opagatio asexualis per aplanosporae et 

zoosporae. Aplanosporae 8 pro aplanosporangium. Zoosporae 
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complanatae, ad 3 microns latae, 5 microns longae. 

Colonia dura, nitidis, et viridis pullus. 

Mature vegetative cells are spherical to mainly 

ellipsoidal and range in size from a sphere 10 microns in 

diameter to ellipsoidal cells 12.5 microns wide x 17•5 

microns long. Chloroplasts divide in a central position 

(Figure 76, v) and are only slightly incised. No tetrads 

were observed. Asexual reproduction is by aplanospores and 

zoospores . Typically eight aplanospores are produced 

(Figure 76, a). Zoosporangia (Figure 76, z) produce tear

drop shaped, biflagellate zoospores 3 microns wide x 5 

microns long, with flagella as long as the zoospore. 

The colony is hard, shiny to dull, and forms large 

clumps which are difficult to break apart even in liquid 

culture (Figure 77)• 

Trebouxia sp. 

Phycosymbiont of Acarospora schleicheri, 84l and A_. 

smaragdula, 850. Cf. T. dura. 

This species is very similar to T_. dura except that 

no zoospores were found. Although the organism was 

cultured on solid and in liquid media, and alternate 

wetting and drying, and transferal from a dry to a wet 

environment were attempted, no free-swimming zoospores were 

observed. Mature vegetative cells are ellipsoidal and are 

10-11.25 microns wide x 12.5~17»5 microns long with a 



maximum length of 30 microns. The chloroplast remains in 

the center of the cell during division. Asexual reproduc

tion is by means of aplanospores. Typically 8 to l6 

aplanospores per aplanosporangium are produced, but 32 

aplanospores have also been found (Figure 7&)• The aplano 

spores remain clustered and break apart with difficulty 

even in liquid shaker cultui-e. 

The colonies are shiny, dark green, and hard 

(Figures 79-80). 

Discussion 

Ahmadjian (1959a, 1960b) found two distinct groups 

of cells in the algal genus Trebouxia. The cells in the 

first group are ellipsoidal or oval and have a deeply 

incised or lobed chloroplast. When these cells divide, 

the chloroplasts cleave successively into equal segments 

which then assume parietal positions. The cells in the 

second group ai~e mainly spherical and have a chloroplast 

that is not deeply incised. During cell division the 

chloroplast fragments remain in the center of the cell. 

Trebouxia cells from the first group have been isolated 

from fruticose lichens and those of the second group have 

been isolated from foliose and crustose lichens (Ahmadjian 

1967b). Yang-Wang (1970), using fruticose lichens, 

isolated six species of the phycosymbiont Trebouxia from 

both groups I and II. 



Investigation of the morphological characteristics 

of young Trebouxia cells isolated from the five Acarospora 

species used in this study revealed that there was only one 

type of cell, and it differed from either of Ahmadjian's 

two groups of Trebouxia cells. In this study, the cells 

were mainly ellipsoidal, the chloroplast was not deeply 

incised (Figure 56), and the chloroplast fragments remain 

in the center of the cell during successive bipartition of 

the cell contents (Figure 68). Thus, a third group is 

proposed consisting of the Trebouxia cells desci-ibed 

herein. 

In this investigation it was found that when 

Trebouxia cells were examined during isolation, the pyrenoid 

and shape of the chloroplast were readily observable 

(Figure 70). However, within one to two months after being 

placed 011 agar the cell contents became obscure with little 

detail evident. Bold and Parker (1962) suggest describing 

only young cells so that accumulated oils and starches do 

not obscure the chloroplast morphology. Their suggestion 

was followed in this study. 

It has been noted that zoospores are produced by 

Trebouxia in liquid media cultures (Famintzin and Baranetzlcy, 

1867a, 1867b, 1867c; Chodat, 1913j Famintzin, 191^; Jaag, 

1929; Ahmadjian, 1959a, 1959b). I11 this investigation 

zoospores were not always present when the liquid or agar 

cultures of the Trebouxia phycosytnbionts of Acarospora 
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species were observed (Table 5)« Each culture on agar was 

examined only once or twice in each of the two time periods 

and only at the end of six weeks in the liquid culture so 

it is possible that zoospore production occurred but was 

not observed. The failure to observe free-swimming zoo

spores in all cultures does not mean that these algae do 

not belong to the genus Trebouxia. Ahmadjian (1959a) 

observed numerous zoosporangia in cultures of T* antarctica 

but was unable to induce free-swimming zoospores although 

he tried alternate drying and wetting, freezing and thaw

ing, light and dark, and a change from a solid to a liquid 

medium. 

Pyrenoids were not apparent in recently released 

zoospores in each culture of this study. Similarly, 

Ahmadjian (1959a) did not observe pyrenoids in recently 

released zoospores of T. anticipata. 

Two major types of colonies were present in this 

study: those which were granular to vermiform and those 

which were hard and formed a crust. 



PHYSIOLOGICAL STUDIES OF TREBOUXIA 

Shaker and Stationary Cultures 

Methods 

Ninety-six 125-nil Erlenmeyer flasks were filled 

with 50 ml liquid Trebouxia organic nutrient medium 

(Appendix 13), then autoclaved for 20 inin at .17 lbs pres

sure. The pll reading was 7«01 prior to autoclaving and 

7.00 after autoclaving. Each flask was inoculated, using 

sterile procedures, with approximately the same quantity 

(one loopful) of algae from clonal cultures of Trebouxia 

isolates from all the lichens collectcd at sites 1-6 

inclusive, except Acarospora schlelcheri, 724 and A. 

fuscata, 8^9• All flasks were inoculated in an isolation 

chamber previously washed with a 1:4, Roccal:distilled 

water solution and sprayed with "Ozium" to control air

borne bacteria. 

After inoculation, flasks with culture numbers 

corresponding to the respective lichen collection numbers 

were placed on the shaker and other flasks with similarly 

corresponding numbers were placed in a stationary position. 

The experiment was replicated three times. If the shaker 

operated at high speed, a one-half inch layex~ of foam 

developed due to the presence of proteose peptone and 
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glucose in the medium. Therefore, to equalize factors as 

much as possible, a continuous low speed was chosen. 

Two Gro-Lux fluorescent lights on a 3.2-12 hour 

light-dark cycle were used over the stationary shelf and 

the shaker. Light meter readings were taken with a Weston 

light met ex-; pH was measured with a Deckman Zex-omatic pll 

meter; and teinperatux-es were recorded with a Centigx-cide 

thermometer on the shaker and in the stationary position. 

The algae were grown fox- 48 days. 

Results and Discussion 

The algal cultures grown on the continuous shaker 

were darker- green and had a greater amount of growth than 

those cultures grown iix the stationary position, as 

estimated visually. Ahmadjian (.1959^) found a similar 

situation with the Trebouxia species he isolated from 

various lichen thalli. 

The suggested reason for these results was the 

presence of a great ex- amount of oxygen in the continuous 

shaker culture, as evidenced by the presence of air bubbles 

on the surface of the liquid in the flasks (due to the 

shaking action). The stationary flasks lacked a surface 

layer of air bubbles. Another possible reason was the 

higher teinpex-atux-e on the shaker compared to the tempera

ture of the stationary flasks, 2^.3° C and 22.5° C, 

respectively. Although thex-e was only a small difference 



between the two temperatures, there was most likely an 

interaction between the higher teniper'ature and the greater 

oxygen content in the flasks on the shaker with the 

resultant production of a greater amount of growth. 

Light intensity was greater over the flasks in the 

stationary position where it ranged from 2200 to 2750 lux 

Afith an average of 2^30 lux. The light intensity over the 

flasks on the shaker ranged from 2000 to 2300 lux with an 

average of only 2130 lux. Thus, although the light 

intensity was greater over the flasks in the stationary 

position, the increased intensity did not compensate for 

the incx-eased oxygen and increased thermal enei~gy received 

by the flasks on the shaker. 

Light Saturation Study 

Methods 

Thirty milliliters of Trebouxia organic nutrient 

medium (Appendix B) were added to each of thirty 125-ml 

Erlenmeyer flasks under sterile conditions. Algal inocula 

from Acarospora schlelchcri, 75'i, and A_. sinaragdula, 763b, 

were then placed in two flasks, each containing 30 ml 

sterile distilled water. A sterile magnet, in combination 

with a magnetic stirrer, was used to separate any clumps 

and distribute the algae as uniformly as possible. Fifteen 

flasks were each inoculated with four milliliters of the 

algal suspension. After each addition of inoculum to the 



experimental flasks, the inoculum was mixed thoroughly on 

the magnetic stirrer to redistribute the algae uniformly. 

The experiment was replicated a total of six times on 

June 4, and June 25, 1969» In order to determine the 

amount of inoculum used, four milliliters of algal suspen

sion was placed on three Whitman No. 1 filter papers for 

each clone, for each replication: one at the beginning, 

middle, and end of the inoculation period. After the 

excess water drained on paper towels placed beneath the 

filter papex*s , the filter* papers were dried for 24 hrs at 

100° C prior to weighing. 

After inoculation, the flasks were placed in a 

growth chamber where they received 500, 1500, 2500, 3500, 

and '1500 lux of light from 40-watt cool-white, fluorescent 

lights. A Taylor recording thermograph was used to record 

the temperature. The algae grew in the flasks for six 

weeks, during which time the light intensity was checked 

weekly in order to maintain the selected levels. 

At the end of the growth period the sides and 

bottom of each flask were scraped with a metal, spoon-

shaped spatula to remove all algae adhering to the glass. 

Then the algae and the Trebouxia medium in which they were 

grown were filtered. The filter papers were pre-dried 

before use at 100tt C for 24 hrs, weighed, the algae 

filtered, the papers redried for 24 hrs at 100° C, then 

reweighed to establish the dry weight of the algae. 



Results and Discussion 

The algae isolated from Acarospora schleichei-i , 

75^, and A_. smaragdula, , grew best at 'l500 lux 

(Figures 8l and 82), as measured by total dry weight 

accumulated by the end of the six week growing period. The 

cultures varied from dark green at 500 lux to yellow green 

at 4500 lux (Figure 86). The cells in the latter culture 

were unhealthy when observed both niacroscopically and 

microscopically. In both clones, total dry weight 

accumulated by the end of the growing period was greater 

at 500 lux than at 1500 to 3500 lux, inclusive. This could 

be due to the ability of lichen algae to make use of light 

at very low light intensities. When lichens are dry, the 

hyphae are opaque, but when wet the hyphae become trans

lucent (Hale, 1961). Since desert lichens are dry most of 

the time the hyphae would be opaque. Therefore, the algae 

beneath the hyphae would be subjected to lower light 

intensities than at the lichen surface. 

As can be seen by obser\dng the graphs (Figures 8l 

and 82), the Trebouxln clones were evidently not light 

saturated. Possibly measurement of growth rate would have 

been better than total growth. A one-way analysis of 

variance was made on both isolates and it was found that 

the treatments were not significantly different from each 

other at the five per cent level. 
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smaragdula 763b, clone 3, in Trebouxia liquid medium -- Vertical lines 
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The temperature was 15.5'*° C during the six week 

growing period. Although this temperature was approxi

mately 5° C higher than the temperature used for stock 

culture maintenance, it appeared to be excellent for growth 

of the Trebouxia clones utilized in this experiment. Daily 

fluctuations ranged up to 1.7° 0, 8l per cent of the time. 

The highest daily variation in teinpex-ature was 2.8° C, but 

that occurred only once during the six week growing period. 

Vitamin Study 

Methods 

All glassware used in the preparation of the 

vitamin solutions was soaked for a minimum of one hour in 

a mixture of dilute HC1 and dilute H SO^. Any glassware 

with a calcium ring or other substances difficult to remove 

was soaked a minimum of l6 lu-s , then washed with Alconox 

and rinsed thoroughly with distilled water. 

Fifty milliliters of Bold's mineral medium 

(Appendix B) were added to each 125-ml Erlenmeyer flask. 

The flasks were then autoclaved for 20 minutes at 17 pounds 

pressure. 

A stock solution of 10 nig biotin:100 ml distilled 

water was made. This solution was diluted to form two 

solutions of the following concentrations: 1 ml stock:99 ml 

distilled water and 10 nil stock: 90 ml distilled water. One 

or the other of these two diluted biotin solutions was 



added to the sterilized liquid medium, depending on the 

concentration desired, at the following rates: 0.05, 0.1, 

0.2, and 0.4 [ig/ml (Schopfer, 19'i3). White, plain 13 nun 

millipore filters GS 0.22 microns, prefilters //AP 2001000, 

hypodermic needles, and magnets were sealed in aluminum 

foil and autoclaved at 17 pounds pressure for 20 minutes. 

All filter papers used in determining dry weight of the 

algae had been previously dried for 2k hours at 100° C and 

weighed befor*e use. After the flasks were autoclaved the 

vitamin solution was forced through the millipore filter 

directly .into the sterilized flasks containing Bold's 

medium (Bold, 19'i2) • Then a suspension of Trebouxia was 

made by removing as much inoculum as possible from three 

slants of a single clone and placing the algae in sterile 

distilled water. Four milliliters of this suspension were 

added to each experimental flask. The suspension was 

stirred on the magnetic stirrer after each four milliliter 

removal to redistribute the algae as evenly as possible. A 

four-milliliter sample was taken at the beginning, middle, 

and end of the inoculating procedure to determine the dry 

weight of the inoculum. Six replications were used for 

each of the twelve clones. 

After inoculation with vitamins and algae, the 

flasks were placed on growth racks at room temperature with 

a 12-12 hour, light-dark cycle for a six-week growing 

period. Twelve Trebouxia clones from Acarospora badiofusca, 



A_. fuse at a, A_. s chl eieheri, and A^. smaragdula were used for 

inoculation. There was an insufficient amount of 

Trebouxia from A_. veronensis so it could not be used. 

Results and Discussion 

Three general patterns of dry weight production in 

relation to biotin concentration resulted (Figures 83-85)• 

In the first category are the clones from Acarospora 

stnara.gdu.la, 78l and 880 (Figure 83) and A_. fuse at a, 875, 

which produced a greater amount of total growth than that 

produced by the control at three or more levels of biotin 

concentration. The total growth of the clones from A_. 

smaragdula , 781 , and A_. fuse at a, 875, peaked at 0.1 [ig 

biotin per milliliter and A_. smaragdnla, 880, peaked at 

0.2 jag biotin per milliliter. 

The second pattern of growth is exhibited by clones 

from Acarospora smaragdula, 763b (Figure 84), 75& , 786; A_. 

s chl eich or i , 753, 8'il , and 87^; and A_. badiof use a , 782. 

The total growth of the clones was greater than the control 

at only one or two levels of biotin. In both of the first 

two growth patterns, as the concentration of biotin 

increased, growth increased to a peak (0.1 jig biotin) then 

decreased. In all clones exhibiting this growth pattern, 

total growth at O.k [ig biotin was less than that of the 

control. This suggests that the greatest concentration of 

biotin was detrimental to growth. 
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The third pattern that resulted (Figure 85) was one 

in which none of the biotin concentrations was advantageous 

for growth of the isolated lichen algae. The clones that 

produced this growth pattern were isolated from A_. 

s chl eicheri, 75^, and smai-agdul a, 750. As biotin con

centration increased there was a trend for decreasing dry 

weight production. The growth of each of the twelve 

Treboux.i.a clones used in this study was analyzed by a one

way analysis of variance. No significant differences at 

the 1 per cent level, were found in the four biotin concen

trations used with these clones. Carefoot (1967) found no 

discernible effect on the growth of Volvulina (a non-

lichenized alga) with biotin, but did find increased growth 

with vitamin B and thiamine. Hale (.1958) found that 
X u 

certain lichen fungi require biotin; thus, it is possible 

that the lichen algae associated with those fungi would 

produce biotin. The algal clones used in this experiment 

which exhibited decreased growth with increased biotin 

concentration could possibly produce their own biotin; 

thus, any additional biotin could act as a growth depres

sant . 

A comparison of Trebouxia ari Monica, isolated from 

Acarospora smaragdula, 763b, and grown in Trebouxia liquid 

medium (Figure 86) with the same clone grown in Bold's 

mineral medium (Figure 87) with added biotin .indicates that 

the algae were essentially starving in the vitamin solution, 



as evidenced by the amounts and colors of the algae. An 

organic source of carbon is necessary for optimum growth of 

Trebouxla (Ahmadjian, 1959a)• 

Robbins (1951) demonstrated that glucose and agar 

contained minute quantities of vitamins. Therefore, Bold's 

mineral, liquid medium (Appendix B) was chosen for the 

vitamin experiment because it did not contain any glucose 

or agar. Zehnder (l9'±9) found that the culture medium he 

used (Knop's glucose agar), to which no vitamins had been 

added produced the greatest amount of growth of lichen 

algae during a five month period. However, the culture 

medium probably contained vitamins because of the presence 

of glucose and agar (Robbins, 1951)* 

The light meter readings ranged from 1000 to 2'l50 

lux with a mean of l68o lux. A one-way analysis of vari

ance of the light meter readings was made for each clone 

and for all clones combined. There was no significant 

difference at the 1 per cent level. 

Temperature readings on the five shelves where the 

Trebouxia cultures were growing in the vitamin solution 

were as follows: 20.55 i 2.7'ia C, 20.6 +_ 2.66° C, 20.63 +. 

2.88° C, 20.85 i 2.5° C, and 21.58 _+ 2.5'i° C. A one-way 

analysis of variance was made of daily temperature readings 

for the five shelves and no significant difference was 

noted at the 1 per cent level. 
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Antibiotic Disc Study 

Methods 

Ion agar Petri plates were made similar to 

Trebouxia agar plates (Appendix B). The only difference 

was the substitution of Ion Agar No. 2 for plain Difco agar 

(Consolidated Laboratories, Inc., 3 Science Road, Glenwood, 

Illinois). The ion agar was made at a concentration of 

0.85 per cent. 

A word of caution is needed concerning the use of 

agar. Ion No. 2 agar is very fine grained and quite clear; 

it is designed especially for use with Ouchterlony plates 

and other methods which require very pure agar to avoid 

interference with diffusion. To test whether or not Ion 

Agar No. 2 (IA) was needed, an equal number of Petri plates 

was prepared using plain agar and IA each in combination 

with the Trebouxia medium (Appendix B). When disc number 

II-I60R was placed on the algae, those clones which were 

sensitive to PB+ exhibited this sensitivity within l4 to 

21 days on IA but not at all on plain agar even at 30 days. 

One drawback to the use of IA is the difficulty of obtain

ing it. A suitable substitute, and one that works equally 

well is Difco "s Noble Agar (>1. Nelson, personal communica

tion) . 

Four to five drops of sterile water were placed on 

the surface of the agar with a sterile micropipette. Then 



at least four loopsful of algae were mixed with the sterile 

water and spread as evenly as possible over the agar 

surface. The Petri plates remained upright in the gi-owth 

chamber at 10.0 _+ 0.37° C until no water was present on the 

agar surface, usually two to three days after inoculation. 

Then they were inverted and placed in the growth chamber 

again. All test plates were replicated six times. 

When growth of the algae was sufficient to cover 

the agar surface, a "Multidisk" containing antibiotics 

(also from Consolidated Laboratories, Inc.) was placed 

directly on the algae in each plate. Three types of 

"Multidisks" were used, as designated by the following code 

numbers of the company furnishing the discs: 11-178F, 

H-l60B, and ll-l60R. Each "Multidisk" contained eight 

antibiotic substances (Table 6). 

Ten species of Trebouxia were obtained from the 

Culture Collection of Algae at Indiana University (Starr, 

i960, iy64). They were: T. anticipata 903, type, T. 

arboricola 909, 21* decolorans 781 , type, T. er 1 ci 912, T. 

gelatinosa 906 , type, T. g I0111 or at a 896, T?. impress a 873, 

type, T^. incrus t at a 784, T* 1 anib 11 902, type, and T. 

potteri 900, type. For comparative purposes, six Petri 

pi ates of each of the ten species were inoculated with 

algal cells and discs in a manner similar to that described 

earlier. 



Table 6. Antibiotic agents present in the "Multidisk" Sensitivity Discs 

Manufacturer 1s Manufacturer' s Conc en-
Code Number Antibiotic Agents Abbreviations tration 

11-178F Sulfisomidine (Elkosin) E1 + 300 MCG 
Nitrofurantoin (Furadantin) F + 100 MCG 
Sulfisoxazole (Gantrisin) G+ 300 MCG 
Methenamine mandelate (Mandelamine) M-f 2.5 MCG 
Sulfadimethoxine (Madrison) MA+ 300 MCG 
Nalidixic acid (Neg Gram) NE+ 100 MCG 
Triple Sulfa SSS + 300 MCG 
Sulf amethylthiadiazole (Thiosulfil) TH+ 300 MCG 

11-160B Chlortetracycline A+ 30 MCG 
Novobiocin AL + 30 MCG 
Chloramphenicol (Chloromycetin) C+ 30 MCG 
Erythromycin E+ 15 MCG 
Penicillin G P-r 10 units 
Dihydrostreptomycin S + 10 MCG 
Oxytetracycline (Terramycin) T+ 30 MCG 
Tetracycline TE+ 30 MCG 

ll-l60R Ampicillin AM+ 10 MCG 
Chloramphenicol (Chloromycetin) C+ 30 MCG 
Colistin sulfate CS + 10 MCG 
Neomycin N + 30 MCG 
Polymixin B PB+ 300 units 
Dihydrostreptomycin S + 10 MCG 
Oxytetracycline (Terramycin) T+ 30 MCG 
Tetracycline TE+ 30 MCG 

Ul 
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All plates were then stored in an inverted position 

in a growth chamber at 10.0° C for up to five weeks after 

the discs were added. 

"Multidisks" ll-l60B and II-16OR had four anti

biotics in common: chloramphenicol, dihydi-osti~eptomycin, 

oxytetracycline, and tetracycline. Thus, 12 replications 

were performed for those particular antibiotics. 

All Petri plates were observed at 2, 7, J-'*, 21, and 

28 days after the "Multidisk" was placed on the algae. A 

few plates were observed at 35 days. 

Results and Discussion 

Summarization of the antibiotic disc study (Tables 

7 and 8) indicates that: 

1. In all cases, including the algae isolated from 

Acarospora species and Trebouxia species obtained 

from the Culture Collection of Algae at Indiana 

University, none was sensitive to or inhibited by 

Sulfisomidine (EL+), Nitrofurantoin (F+), 

Sulfidimethoxine (MA+), Nalidixic acid (NE+), 

Triple sulfa (SSS + ), Sulfamethylthiadiazole (TII+) , 

Novobiocin (AL+), Erythromycin (E+), Penicillin G 

(P+), Ampicillin (AM+), or Tetracycline (TE+). 

2. Only one clone of the algae isolated from 

Acarospora was slightly sensitive to Sulfisoxazole 



77 

Table 7* Effect of antibiotic agents on Trebouxia species 
isolated from four Acarospora species .-1-

Manufacturer1s 
Abbreviations G+ M+ S+ T+ CS+ N+ PB+ S+ 

eJ tn 
/• s 0 0 •p 
cJ •p a c3 •rl 
O c! O S3 
3 H IA •r) a 3 •H (D .  O •—s O 
O V CM 0 <u a 0 
O r! ̂  6 0) ci -p 0 0 E CM 0 tS CM 0 CM «5 3 0 

H -— E — CQ -p •H P5 <H '— -p 
CO 0 0 O a r—4 '—•> O H 0 a IN. O £ <•£> <u 0 rt V£> 3 r\ pq Q> 
H -H H u 5^-H H tn u 1 •H •H E 1 •p 0 0 | ^ PJ + >  
H H m £ « H W RS H Pi fj -H tn •—n 
rH 0 -H (0 r—i H 0 0 SH E H -rl C3 •rt X O C3 

tn h 0 a> u 0 •P (S -P O O *H u 0 
•H -P 0) TJ •0 3 Q> ^ W 3 ^ E T3 a 

£ £ EJ •P U •H E >> 5^ H (fl -P (0 £ O (U H O O H X! O 

Antibiotics 
3 c5 0 3 *H H X E-< O rH (D 0 •H H 

Antibiotics 10 ^ 3 w Q — O ̂  O ̂  53 A Q — 

A. schleicheri 
753 + + + + + + 
75'i + + + + + + 
84i + + +  +  
848 + + + +  + + + ? + + +  + + ?  + + +  + + ? 
874 + + +  +  +  +  
879 + +  +  +  +  

A. smaragdula 
750 + + +  +  +  +  
756 + + +  +  +  +  
763b + +  + + +  +  +  +  
781 + +  +  +  +  
786 + +  + + +  +  +  +  
850 +  +  +  
880 + +  + + +  +  +  +  

A. fuscata 
763a + +  +  +  +  
843 + +  +  +  + + ? 
875 + + ?  + +  +  +  +  

A. badiofusca 
782 + +  +  +  +  

1. +  +  +  indicates great sensitivity, ++ slight 
sensitivity, + very slight s ensitivity , ? questionable 
sensitivity 

2. Manufacturer's code numbers for discs contain
ing antibiotic agents. 
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Table 8. Effect of various antibiotic agents on Trebouxia 
species from the Culture Collection of Algae, 
Indiana University, Bloomington, Indiana. 

Manufacturer's 
abbreviations A + s + T+ C+ CS + N +  PB + S + T+ 

0 
O 0 w <l> 0 /-s ,—« s •p /—S 

+> S C3 O •rl e3 
(3 O a O 0 0 
H in S •rl S c\ 3 •ri % 0) • 0 O S O 
'O <M rt 0 t>! O 0 CS O >1 0 

•rl E H --- -p O O E 0 0  ̂
1—1 0 ti ^ O £ (3 S 0 

CM £ — c\i 0 •p •rl CM O -rl —/ •p •rl 
fa a> CQ a, 1—1'—-• Cci •rl -P 1—1 O P, rH '—  ̂co Q) pj O 0 ci 0) 0 d O ti 0 3 . C\ CQ 0) O s 

£ -H yo R5 *H !*> -H VD 0 0 V) U ^ • H  
rH *H E rH U O -p O O 1—1 ,C >1 Ci •P O O 
I E (S 1 -P I*. in <C 1 a E ti £ •rl w *~-

rH C3 rH r—1 0 E 0 Ci SH E rH E 0 •r! c3 •rl 0 O ^ E 
H £ Q) H -P 0 k 0 •P c3 rH <s u -p 0 0 in O •p (fl 

O T3 U 0 -o 2 0 U SH 0 w 3 >1 E 0 
£ £ 0 ̂  •P U O H •rl E ',>> •P U 
-P H 3 43 O 0 H £ H O 0 i—l Xi 0 J>i 0 

Antibiotics ,2 £1 £ < •rl rH X H £ O 0 H a) 0 •rl rH X H O w Q — O — 0 •— O —" &( a O —' 

T. ant i c i p a t a +? 
903, type 

T . arborico 1 n 
909 

T. decolorans 
781, type 

+  +  

+  +  +  ?  

+  ?  

+  ?  

+  +  +  

+  ?  

+  +  +  

+  +  

+  +  ?  

+  

+  +  +  

+  +  +  

+ +  +  

+ + ?  

+  ?  

+  ?  

+  ?  

T. erici 
912, type 

T. gelatinosa 
906, type 

T. glomerata 
¥96 

T. impressa 
T?93, type 

T. incru stata 
784 

T. lainbii 
902, type 

T. pott eri 
900, type 

•+ + + 

+ + ? 

+ + ? 

+++ +? 

+++ ++ +++ ++? 

+ + + ? + + + 

+ ? 

++? 

++ + 

+ + + 

+ + + 

+ ? + + + 

+++ +++ +++ +++ +++ 

+ ? 

1. +++ indicates great sensitivity, ++ slight 
sensitivity, + very slight sensitivity, and ? questionable 
sensitivity. 

2. Manufacturer's code numbers for discs contain
ing antibiotic agents. 



79 

(G+); none of the Trebouxia species (from ICC) was 

sensitive to G+. 

3. Nine of the Trebouxia clones from Acarospora (Table 

7) were slightly sensitive to Methenamine mandelate 

(M+); two of the Trebouxia species from ICC (Table 

8) were of questionable sensitivity to M+. 

4. None of the Acarospora clones and only one clone 

from the Trebouxia species isolated by Ahmadjian 

had questionable sensitivity to Chlortetracycline 

( A+ ) • 

5. A clone from A^. schleicheri, 848, showed slight or 

very slight sensitivity to G+, M+, S+, T+, and N+ 

(Table 7)• 

6. All of the clones isolated from Acarospora (Table 

7) and all of the specie's of Trebouxia except T^. 

lambii (Table 8) were sensitive to Polymixin B 

(PB+). 

7. Approximately seventy per cent of the clones from 

Acarospora were sensitive or slightly sensitive to 

Colistin sulfate (CS+). All Trebouxia species 

(ICC) except T^. lambii were sensitive, slightly 

sensitive, or of questionable sensitivity to CS+. 

8. Discrepancies existed between discs II-160B and 

ll-l60R for the antibiotics Chloramphenicol (C+), 

Dihydrostreptomycin (S + ), and Terrainycin (T+); 

1 
these substances were present in both discs in the 



same concentrations, but exhibited different 

reactions (Tables 7 and 8). 

9. Only four clones isolated from Acarospora were 

slightly sensitive or of questionable sensitivity 

to Neomycin (N+), whereas seven Trebouxia species 

(ICC) were sensitive, slightly sensitive, or had 

questionable sensitivity to N+. 

I11 their study of antibiotic discs used with 

Chlorococcum species, Bold and Parker (1962) found that all 

17 species they studied were inhibited by PB+ and CS+. All 

except five clones isolated from Acarospora and Trebouxia 

lambii were sensitive to both PB+ and CS+ in this study. 

The concentration of PB+ (300 units) was the same in both 

studies but CS+ was 30 MCG in Bold and Parker's (1962) 

study, whereas in this study the concentration of CS+ was 

only 10 MCG. Perhaps, the lesser concentration of CS+ 

accounts for less sensitivity in this study. 

The remaining antibiotics common to both studies, 

F+, AL+, M+, N+, A+, C+, E+, P+, S+, T+, TE+, and SSS+ were 

used at the same concentrations. Noticeable differences 

were reactions to F+, M+, and E+. Sixteen of the 17 

Chlorococcum species were inhibited by F+ and M+ and five 

of the 17 Chlorococcum species were inhibited by E+ (Bold 

and Parker, 1962). None of the Trebouxia species isolated 

from Acarospora in this study or from other lichens by 
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Ahmadjian. (1959a) was sensitive to F+ and E+, and only 9 

out of 27 Trebouxia species were slightly sensitive to M+. 

In general, Tr ebouxia species isolated from lichens ai~e 

less sensitive to the antibiotics used than are the 

Chiorococcurn species. 

Examples of positive and negative reactions to the 

antibiotics used are shown in photographs (Figures 88 

through 93). Positive reactions are illustrated for PB+ 

(Figure 90), M+ (Figure 9l), and PB+ with CS+ (Figure 93)• 

The antibiotics PD+ and CS+ can evidently act as mutagenic 

agents. Of the discs which exhibited sensitivity to 

PB+, 2.2 pei" cent of the PB+ disc tips were white at 21 days 

(Figure 90), but algal cells had completely filled in the 

area under the disc tip seven days later. The antibiotic 

CS+ also appai~ently inhibited growth initially for 21 days. 

Of 80 plates, 6.25 pei" cent exhibited sensitivity to CS + 

at 21 days. The growth of the algal cells beneath the PB+ 

and CS+ disc tips seemed to be enhanced seven days later. 

Further investigation is needed to see if a mutation 

occuri'ed. Bold and Parker (1962) found similar inhibition 

by PB+ and CS+. However, they did not mention any enhance

ment after inhibition; this could be due to lack of 

observance after three weeks. Zehnder (1951) found that 

streptomycin inhibited growth of both genera of lichen 

algae he investigated whereas penicillin appeared to 

enhance growth. 



GENERAL DISCUSSION 

Chodat, Waren, and Jaag isolated gonidia from 

various lichen species, notably from Parmelia and Cladonia, 

and demonstrated that each lichen species had its own 

specific alga (Nannenga, 1939)* Raths (1938) , however, 

supplied data on the Caliciacae that showed that gonidial 

specificity is less pronounced than that found by others. 

Ahmadjian (1959a) and Yang-Wang (1968, 1970) showed that a 

given lichen species does not necessarily have the same 

algal phycosyinbiont in all specimens . 

The results of this investigation further indicate 

that lichen fungi are not highly specific with regard to 

their algal partners and that a given lichen species does 

not necessarily have the same algal partner in all speci

mens of that species (Table 9)« It can be seen that 

Trebouxia arizonica and T. dura were isolated from speci

mens of three or more lichens species and T. montana was 

isolated from two different species. Not all lichenized 

fungi in different specimens of a given species were 

associated with the same phycosymbiont. It is suggested 

that the environment of the collection site (as reflected by 

elevation) might influence the presence of a given alga in a 

certain locality. This, in turn, could influence the 

82 



Table 9» A tabulation of the phycosymbionts isolated from five species of 
Acarospora« 

Acarospora 
Species 

Names of Isolated 
Phycosymbionts 

Collection 
Site Number 

Elevation 
(in feet) 

A. schleicheri 
7531 Trebouxia arizonica 1 5,300 to 5 ,600 
754 Trebouxia arizonica 1 5,300 to 5 ,600 
84l Trebouxia dura 4 8 ,200 to 8,300 
848 Trebouxia montana 4 8 ,200 to 8,300 
874 Trebouxia arizonica 5 4,250 to 4,300 
879 Trebouxia arizonica 6 4,300 to 4,350 

A. smara,?dula 
5 ,600 750 Trebouxia arxzonxca 1 5,300 to 5 ,600 

756 Trebouxia arizonica 2 5 ,600 to 5,700 
763b Trebouxia arizonica 2 5 ,600 to 5,700 
781 Cf. Trebouxia arizonica 3 5,700 to 5,800 
786 Trebouxia arizonica 3 5,700 to 5 ,800 
850 Trebouxia dura 4 8,200 to 8,300 
880 Trebouxia montana 6 4,300 to 4,350 

A. fuscata 
763a Trebouxia arizonica 2 5 ,600 to 5,700 
843 Trebouxia dura 4 8 ,200 to 8,300 
875 Trebouxia arizonica 5 4,250 to 4,300 

A. badiofusca 
782 Trebouxia arizonica 3 5,700 to 5 ,800 

A. veronensis 
751 Cf. Trebouxia arizonica 1 5,300 to 5 ,600 

1. This number and all succeeding ones are the collection numbers of the 
lichen species. 



presence of a given phycosymbiont in association with 

various species of lichen fungi. 

Trebouxia arizonica, T. montana, and T. dura were 

compared physiologically through the use of different 

concentrations of the vitamin, biotin, and the use of 

various antibiotics (Figures 83, 8'i, 85, and Tables 7 and 

8). It was found that the three Trebouxia species differ 

from each other not only morphologically, but physiologic

ally as well. The vitamin study (Figures 83, 84, and 85) 

revealed that biotin produces three patterns of growth, none 

of which was closely allied with any of the Trebouxia 

•species. There appeared to be physiological races of the 

three Trebouxia species. 

The antibiotic disc study (Table 7) showed that, 

with only one exception, the clones of Trebouxia arizonica 

and T. montana were sensitive to both CS+ and PB+. The 

clones of T^. dura, on the other hand, were sensitive to PB+ 

and not to CS+, but were slightly sensitive to M+. One-

third of the clones of T. arizonica were also slightly 

sensitive to M+, suggesting that there are at least two 

physiological races of this species. 

A comparison of the sensitivity to antibiotics of 

the Trebouxia species isolated from Acarospora with phyco— 

sybionts isolated from various crustose, foliose, and 

fruticose lichens by Ahinadian and obtained from the Culture 

Collection of Algae at Indiana University (Tables 7 and 8) 



showed that the phycosymbionts in this study are not as 

sensitive to antibiotics as the ones that Ahmadjian 

isolated. One exception was the species Trebouxia Iambii, 

isolated from Pilophoron acicularis (Ach.) Nyl. , which was 

not sensitive to any of the antibiotics used. Thus, it was 

concluded that the use of biotin and antibiotics could 

reveal physiological races but could not aid in delimiting 

species. Artari (1892, 1902a, 1902b) compared Chlorococcum 

infusionuin that he isolated from Xanthoria parientina with 

a free-living alga of the same species and called them 

physiological races of the same species. According to 

Artari, physiological characteristics can become adjusted 

to changes in nutrients and concentrations. 

Color reaction tests, and more recently micro-

crystallography, have been used for the identification of 

lichen species. The use of chemistry in lichen taxonomy is 

possibly due to the fact that the substances produced by a 

given species of lichen are usually constant and correlate 

well with the morphological characters (Thomson, 1963)* 

When chemical differences in lichen substances produce a 

color difference in the thallus (as in Parmelia or 

Parmeliopsis) or in the apothecia (red vs. brown apothecia 

in Cladonia), there has been no controversy in terming each 

of these examples two separate species (Thomson, 1963)* 

Controversy arises, however, when a substance is 

sometimes present and sometimes absent in material which 
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study has shown to be morphologically uniform. Asahina 

(1937) found a case like this with the species Thanmolia 

vermicularis (Sw.) Ach. ex Schaer., which is morpho

logically the same as T. s u b u 1 i f o r 111 i s ( Ehrh . ) W. Culb . ( =£• 

subvermicularis Asah., Hale and Culberson, 1970)5 but the 

former species produces thanmolic acid while the latter 

species produces squamatic acid. Cernohorsky (1957) and 

Hale (1956) reported that fluorescence of squamatic acid 

vs . non-fluorescence of thainnolic acid under ultraviolet 

light could readily separate these two elements. Further 

study showed that the disti~ibutional patterns of Thanm.ol.ia 

v er 111 i c u 1 ar i s and T • subul if o.rmis were different (Sato, 

1963) • 

Thomson (1963) advocates the use of microchemistry 

as one of the main criteria in the determination of lichen 

species. He states that most lichenologists would accept 

color differences in the thallus or apothecia and color 

reaction tests. Moreover", by accepting the new research in 

"chemical species , 11 the more cumbersome systems of extra 

nomenclature recognition, such as a numbering system, are 

eliminated. If chemical variations can later be shown 

experimentally to have no value in species limitation, the 

species can then be simply relegated to synonomy. In the 

meantime, the lichen species are available for studies in 

taxonomy, ecology, or phytogeography. 
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Hale (1966) and Culberson and Culberson (1970), 

have attempted to correlate chemical content of lichen 

subgenera, genera, and higher taxa with morphological 

characters of the species. Very little chemical informa

tion is available on the family Acarosporaceae and even 

less on the large genus Acarospora (C. F. Culberson, 19&9, 

1970; Culberson and Culberson, 1970). Although only a few 

species have been tested, the some 80 members of the sub

genus Xanthothailia recognized by Magnusson apparently owe 

their yellow color to rhizocarpic acid. Interestingly, the 

formation of x-hizocarpic acid requires fixed nitrogen from 

the plant's environment and correspondingly, many species 

of Acarospora are nitrophilous (Magnusson, 1929a). 

Further studies need to be done on the chemistry of 

Acarospora species and on the antibiotics to determine, if 

possible, whether or not antibiotics can induce mutations 

in the phycosymbionts of lichens, since two to six per cent 

of the disc tips containing PB+ and CS+ first inhibited 

algal growth, then appeared to enhance growth. 



SUMMARY 

In this study, an attempt was made to distinguish 

certain species of Acarospora taxonomically by employing 

morphology and lichen chemistry. In addition, the phyco-

symbionts were isolated and studied both morphologically 

and physiologically in an attempt to elucidate the species 

problem of the lichen genus Acarospora. 

The results of the morphological, chemical, and 

physiological studies employed herein were as folloAirs : 

1. The crustose lichens collected for this study were 

identified as follows, based on morphological 

characteristics and color reaction tests: Acaro

spora schleicheri , A^. novoinexicana, A_. oxytona, A^. 

badiofusca, A. fuscata, A^. smaragdula, and A_. 

veronensis. 

2. The phycosymbionts of the lichen genus Acarospora 

were identified as species of Trebouxia. It is 

suggested that they belong to a group of Trebouxia, 

group III (different from Ahmadjian's Groups I and 

II), which is composed of those species that have 

mature vegetative cells which are mainly ellipsoidal 

and in which the chloroplast remains in the center 

of the cell during successive bipartition of the cell 

contents to form either aplanospores or zoospores.. 



The following three new species of lichen phyco-

symbionts isolated from Acarospora species were 

named and described: Trebouxia arizonica, T. 

montana, and T. dura. 

Of the two media used (Bold's mineral medium and 

Trebouxia medium), the Trebouxia medium produced 

the better growth of the isolated phycosymbionts. 

The isolated phycosymbionts were grown at approx

imately 23° C, 18° C, and 10° C. Of these tempera

tures, the optimal one was 10° C. Two clones of 

Trebouxia arizonica isolated from Acarospora 

schleicheri and A_. fuscata grew best at 4,500 lux 

but were also able to utilize the low light 

intensity of 500 lux, as measured by total dry 

weight accumulated at the end of the six-weelc 

growing period. 

The vitamin biotin was used at concentrations of 

0.05, 0.1, 0.2, and 0. lL |j,g/ml. Biotin appeared to 

enhance growth of the isolated phycosymbionts at 

concentrations of 0.05 and 0.1 jig/ml and appeared 

to be detrimental to growth at a concentration of 

O.k jj,g/ml. 

The clones of Tr ebouxia arizonica and T^. montana 

were sensitive to the antibiotic agents Colistin 

sulfate (CS+) and Polymixin B (PB+). Clones of 



Trebouxia dura were not sensitive to CS+, but were 

sensitive to PB+. Other sensitivities noted 

appeared to be due to differences in physiological 

races within the three Trebouxia species described. 

The three phycosynibionts did not appear to be quite 

as sensitive to the antibiotic agents used as were 

the species of Tr ebouxia isolated by Ahmadjian 

(1959a), except for T. lambli which was not sensi

tive to any of the antibiotics used in this study. 

Evidence is given to support the theory that lichen 

fungi are not highly specific with regard to their 

algal jjai-tners . 

One of the newly described phycosyinbionts, 

Trebouxia dura, was isolated from different Acaro-

spora species collected at approximately the same 

altitude, 8,200-8,300 feet. 

The other two phycosyinbionts , Trebouxia montana and 

T. arizonica, were isolated from lichen specimens 

collected from a wider range of altitudes, '±,250 to 

8,300 feet. 



Figure 1. Fragments of hyphal strands and algal cells 
similar to those used in isolating the phyco-
symbiont froin the mycosymbiont of Acarospora 
species (X ' l 6 o )  .  

Figure 2. Freehand longitudinal section of an Acarospora 
schleichcri thallus with a portion of an 
apothecium (X'l6o). 

Figure 3« Freehand longitudinal section of an apothecium 
of Acarospora schleicheri -- The arrow indicates 
an ascus (as) containing several hundred asco-
spores (Xl4o) . 

Figure k. A freehand, longitudinal section of a portion 
of the thallus of Acarospora schleicheri showing 
the hymenium with asci and paraphyses (arrow, h) 
and the layei- beneath the hymeniuni with inter
mixed hyphal strands and algal cells ( X 4 6 o ) .  
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Figure 5» Lichens, including Acarospora schleicheri, on 
the south-facing exposure of a rhyolite boulder, 
on the soutli slope of Silver Peak, at the 
Ileadquai-ters region, Southwestern Research 
Station, in the Chii~icaliua Mountains, Cochise 
County, Arizona, at site 1 (X0.12). 

Figure 6. Lichens, including Acarospora schleicheri, 
growing on an overhanging boulder, northeastern 
exposui-e, at Windy Point, Santa Catalina 
Mountains, Pima County, Arizona, at site 8. 

Figure 7« Various species of Acarospora on overhanging and 
vertical faces of chimney rocks at the Windy 
Point area, Santa Catalina Mountains, Pima 
County, Arizona, at site 8. 
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Figure 8. The areolate thallus of Acarospora schleicheri, 
754, with 1 to 5 apothecia per areole, collected 
at site 2 (XI3). 

Figure 9. The thallus of Acarospora schleicheri, 8'il , 
collected at site 'i. This specimen has round 
instead of angular areoles (XI3)• 

Figure 10. The angular areolate thallus of Acarospora 
schleicheri, 753, collected at site 2. Note 
the similarity between this specimen and that 
in Figure 8. The areolae possess 1 to 7  
apothecia (X13)• 

1 
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Figure 11. The angular areolate thallus of Acarospora 
schleicherl, 87^, collected at site 5« Unlike 
the apothecia in Figures 9 and 10 these have 
yellow, granular particles in the center of the 
older apothecia (X13)• 

Figure 12. Round to angular areoles of Acarospora 
schleicheri. 8 7 9 ,  collected from site 6 .  Note 
the similarity to the specimen in Figure 11 
(X13). 
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Figure 13• The brovm, angular, scattered thallus of 
Acarospora veronensls, 751, collected at 
site 1 (X13TI 

Figure Ik. The pale broim thallus of a specimen of 
Acarospora smaragdula, 750, collected at 
site 1 (XI37^ 

Figure 15* A thallus of Acarospora smaragdula, 781, 
collected at site 3 **- Note the similarity 
to the specimen in Figure ik (X13)» 
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Figure l6. The pale brown thallus of a specimen of 
Acarospora smaragdula, 756, collected at 
site 2 (XI37". 

Figure 17• The dark brown thallus of a specimen of 
Acarospora smaragdula. 763b, collected at 
site 2 (XI3TI 

Figure 18. A medium to 
smaragdula, 

dark 
880 , 

brown thallus of Acarospora 
collected from site 6(XI3)• 
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Figure 19• A pruinose to epruinose specimen of Acarospora 
sinaragdula, 850 , collected at site 4. The 
blackened margins of the areoles are more 
typical of A_. fuscata (XI3) • 

Figure 20. A pale brown specimen of Acarospora smaragdula, 
786, collected at site 3» Note the variability 
of this species-by comparing Figures 14-20 
(X13)• 

Figure 21. A very pale brown specimen of Acarospora 
badiofusca, 782, collected at site 3» Most of 
the specimens of this species are darker 
brown. Note the "cross-hatched" areoles 
(X13). 
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Figure 22. 

Figure 23. 

Dark brown thallus of 
collected at site 5* 
(X13)• 

Acarospora fuscata, 875, 
Note the pitted areoles 

Brown thallus of Acarospora fuscata, 843, with 
black margins around the angular areoles. This 
specimen was collected at site k (X13). 

Figure 24. A pale brown specimen of Acarospora fuscata, 
763a, collected at site 2 (XI3)• 
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Figure 25. The thalli of three species of Acarospora 
growing in juxtaposition: .A._ smara.gdula, 85O, 
A. schleicheri, 848, and A. fuscata, 8^9 
Tleft to right). These specimens were all 
collected on the same rock at site 4 (XI3)• 

Figure 26. The yellow and brown thalli of Acarospora 
schleicheri, 848, and A_. fuscata^ 849 , respec
tively. These specimens were collected at site 
4 (X13 ) .  
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Figure 27• Yellow, usnic acid ? crystals formed after 
adding GAW to an acetone extract of Acarospora 
schleicheri , 87k (X'l6o). 

Figure 28. Yellow, usnic acid ? crystals in GAW added to a 
dried acetone extract of Acarospora schleiehex*i, 
75^ (XI40). 

Figure 29* Colorless, gyrophoric acid crystals in GAW 
added to an acetone extract of Acarospora 
smaraft'dula, 89O (X46o) . 

Figure 30 . Unknown colorless crystals formed after adding 
GAW to an acetone extract of Acarospora 
sinaragdula, 890 (X46o). 

Figure J1. Unknown yellow crystals formed in GE added to 
an acetone extract of Acarospora schlelcheri, 
874 (X460). 

Figure 32. Unknown yellow crystals in GE added to an 
acetone extract of Acarospora schleicheri, 
879 (XI40). 
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Figure 33* Colorless, spherical crystals and long, slender 
needlelike crystals in clusters from an acetone 
extract of Acarospora smaragdula, 890, in GE 
( x 4 6 o ) .  

Figure "}k. Colorless, needlelike crystals in clusters 
formed in GE from an acetone extract of 
Acarospora smaragdula, 890 (XI84) . 

Figure 35- Unknown yellow, hatchet-shaped cx*ystals foi-ined 
in GWPy added to an acetone extract of 
Acarospora schleicheri, 753 (XI40)• 

Figure 36. Uiiknown yellow, polygonal crystals either 
single or in clusters from an acetone extract 
of Acarospora schleicheri, 754, in GWPy (Xl4o). 

Figure 37* Unknown yellow, short, single needlelike 
crystals in GWPy added to an acetone extract 
of Acarospora schleicheri. 754 (Xl40). 

Figure 38. Yellow, rectangular crystals formed in GAQ 
from an unknown lichen acid of Acarospora 
schleicheri. 753 (Xl40). 
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Figure 39• Unknown lichen acid crystals formed by adding 
GAQ to an acetone extract of Acarospora 
schleicheri, 754 (XI4o). 

Figure 40 . Lichen acid crystals similar to rhizocarpic 
acid, in GAo-T added to an acetone extract of 
Acarospora schl eicheri , 754 (XI40 ) . 

Figure 4-1. Lichen acid crystals similar to rhizocarpic 
acid in GAo-T, fi~om an acetone extract of 
Acarospora schlclcheri , 754 (Xl4o) . 

Figure 42. Rhizocarpic acid in GAo-T from an acetone 
extract of Acarospora schleicheri, 753 (XI40). 

Figure 43« Rhizocai~pic acid in GAo-T added to an acetone 
extract of Acarospora sclilelcheri , 753 (Xl4o) • 

Figure 44. Large, yellow, hexagonal lichen acid crystals 
formed by adding GA-An to an acetone extract 
of Acarospora schleicheri, 754 (Xl4o). 
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Figure 45• Large, polygonal, yellow crystals of an unknown 
lichen acid formed in GA-An added to an acetone 
extract of Acarospora schleicheri , 754 (XI40) . 

Figure 46. A mixture of large, polygonal and small, 
rectangular, yellow crystals of aia unknown 
lichen acid in GA-An from Acarospora 
schlolcherl, 754 (Xl4o). 

Figure 47* Enlarged view of crystals in Figure 46, from 
the acetone extract of Acarospora schleicheri, 
754 (X460). 

Figure 48. Crude, yellow crystals formed when the acetone 
extract of Acarospora sclileicheri , 754, was 
dried (Xl4-0) . 

F.igui~e 49 • Yellow crystals foi'ined from the dried acetone 
extract of Acarospora schleicheri, 879 (XI40). 

Figure 50* Crude, yellow crystals from Acarospora 
schleicheri, 753, of the dried acetone extract 
(XI'JO) . 
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Figure 51 • Salacinic acid ? , boat-shaped crystals formed 
after adding GAo-T to an acetone extract of 
Acarospora smaragdula, 890 ( X 4 6 o ) .  

Figure 52. Unknown, colorless crystals formed in GAo-T 
added to an acetone extract of Acarospora 
smaragdula, O9O (X.1.84) . 

Figure 5 3 *  Large, unknown, colorless crystals from an 
acetone extract of Acarospora smaragdula, 890, 
to which the chemical reagent GAo-T was added 
(XI,000). 

Figure 5^* Orange crystals formed in the GAo-T solution 
over one year old (X290). 

Figure 5 5 *  A single orange crystal and a cluster of orange 
crystals in a GAo-T solution greater than one 
year old (XI'lO). 

Figure 56. A camera lucida drawing of Trebouxia arizonica 
isolated from Acarospora schleicheri, 75^, and 
grown in Trebouxia liquid medium — Note the 
eccentrically located nucleus (n), the centrally 
located pyrenoid (p), and the slightly incised 
chloroplast (c). The unit given equals ten 
microns (X3,200). 





Figure 57 • 

Figure 58. 

Figure 59 • 

Figure 60 . 

Figure 6l. 

Figure 62. 

Mature, ellipsoidal, vegetative cells of 
Trebouxia arlzonica on Trebouxia agar (TA), 
isolated from Acarospora schleicheri, 879 
(x'160). 

Cells of Trebouxia arizonica on TA, isolated 
from Acarospora fuscata, 875 — Note the 
centrally located pyrenoid (p), tetrads, and 
numerous aplanospores which were recently 
released ( X 4 6 o ) .  

Cells of Trebouxia arizonica on TA, isolated 
from Acarospora smaragdula, 763b — Note the 
clusters of tetrads which are found in the 
lichen thallus and in TA liquid medium (X46o). 

Cells of Trebouxia arizonica on TA, isolated 
from Acarospora smaragdula, 786 -- Several 
aplanosporangia are present with 8 and 16 
aplanospores per aplanosporangiuin, as indi
cated by the arrows (X'j6o)o 

Cells of Trebouxia arizonica on Bold's agar 
(BA) , isolated from Acarospora fuscata, 763a 
— Note the large, ellipsoidal zoosporangium 
(z) in a late stage of zoosporogenesis (X46o). 

Zoospores of Trebouxia arizonica on TA, iso
lated from Acarospora fuscata,o75 After a 
20 to 30 minute free-swimming period these 
zoospores have come to rest, rounded up, and 
reabsorbed their flagella. They now resemble 
aplanospores (XI,000). 





Figure 63* 

Figure 64. 

Figure 65• 

Figure 66. 

Figure 6 7 •  

Figure 68. 

An overall view of a seven week old culture of 
Trebouxia arizonica isolated from Acarospora 
schlcicheri. 874, and cultivated on TA (XO.68). 

Granular colony of Trebouxia arizonica on TA, 
isolated from Acarospora smaragdula, 763k -_ 

Note the ridges in the lower lefthand corner 
(X17). 

Colonies of Trebouxia arizonica growing together 
on TA, isolated from Acarospora schleicheri, 
879 — Note the granular texture (X17)• 

Granular colony of Trebouxia arizonica isolated 
from Acarospora smaragdula, 750 and grown on TA 
— Note the prominent ridges (X17). 

Clusters of cells typical, of Trebouxia sp. , 
cf. T. arizonica isolated from Acarospora 
veronensis« 751 and grown on TA -- The number 
of cells per cluster ranges from 10 to 32 
( X 4 6 o ) .  

Mature, ellipsoidal cells of Trebouxia sp. 
isolated from Acarospora smaragdula, 781 and 
grown on TA (X460) . 





Figure 69* 

Figure 70. 

Figure 71• 

Figure 72. 

Figure 73* 

Figure jk. 

4 
j 

A granular, yellow-green colony of Trebouxia 
sp . isolated from Acarospora smaragdula, 781 
(XI7) . 

Cells of Trebouxia montana on BA , isolated from 
Acarospora smaragdula, 880 -- Cells lettered a, 
b, and c depict successive chloroplast and 
pyrenoid division ( X 4 6 o ) .  

Trebouxia montana on TA, isolated from 
Acarospora smara.gdula, 880 — Note the 
aplanosporangium (a) with eight aplanospores. 
The two empty cells (b) are aplanosporangia 
that have just released aplanospores ( X 4 6 0 ) .  

Zoospore release in Trebouxia montana on TA, 
isolated from Acarospora sinaragdula, 880 --
Zoospores ( zs ) have just been released from a 
zoosporangiuin (z). Note the tetrad also (t) 
( X 4 6 0 ) .  

One minute after zoospore release in Trebouxia 
montana cultured on TA and isolated from 
Acarospora smara^dula, 880 -- Note that the 
zoospores have moved rapidly away from the 
point of release (X'l60) . 

Colonies of Trebouxia montana on TA, isolated 
from Acarospora schleicheri, 848 — Note that 
individual colonies are well isolated from each 
other, even though the culture is two months 
old. The cells do not break apart easily, thus 
it is difficult to spread them evenly over the 
agar surface ( X 0 . 6 8 ) .  
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Figure 75• 

Figure 76 • 

Figure 77• 

Figure 78. 

Figure 79* 

Figure 80. 

Colony of Trebouxia montana on ion agar (IA), 
isolated from Acarospora schleicheri, 848 — 
The colony has a hard, crusty surface (X17)« 

Trebouxia dura on TA, isolated from Acarospora 
fus cata, 8¥J -- Note the vegetative cell (v) 
with a recently divided chloroplast, a 
zoosporangiura (z), and an aplanosporangiuin (a) 
with eight aplanospores ( X 4 6 o ) .  

Colony of Trebouxia sp., cf. T. dura on TA, 
isolated from Acarospora fuscata"87T3 The 
colony is hard and shiny (X17)• 

Colony of Trebouxia sp•, cf. T. dura on TA, 
isolated from Acarospora smaraftdula, 850 -- A 
cluster of 32 recently released aplanospores is 
indiccited by the arrow ( X ' i 6 o ) .  

Colonies of Trebouxia sp. on TA , isolated from 
Acarospora schl eicheri, 8'il — The culture is 
two months old but the colonies remain 
scattered (XO.68). 

Trebouxia sp., cf. T. dura colonies on TA, 
isolated from Acarospora schleichcri, 84l — 
The colonies are hard, form relatively smooth 
mounds, and are shiny (X17). 





Figure 86. An isolate of Trebouxia arizonica from 
Acarospora sniaragdula 763b, cultured in 
Trebouxia liquid medium at 500, 1500, 2500, 
3500, and 4500 lux, left to right (X0.22). 

Figure 87• An isolate of Trebouxia arizonica from 
Acarospora smara.gdula 763b, cultured in 
Bold's liquid medium, with biotin added at 
the rates of 0.05, 0.1, 0.2, and 0.'i (j,g/ml , 
left to right (X0.22). 
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Figure 88. An example of negative reactions (no sensi
tivity) to the antibiotics in "Multidisk11 

ll-l60B with Trebouxia ar.izonj.ca, isolated 
from Acarospora schloicheri, 87'i (XO-77) • 

Figure 89* An example of negative reactions to the 
antibiotics in "Multidisk" II-178F with 
Trebouxia arizonica isolated from Acarospora 
sinaragdula, 750 (XO.68). 

Figure 90. An example of positive reactions to the 
antibiotics Polymixin B (PB+) and Colistin 
sulfate (CS+) in "Multidisk" II-160R with 
Trebouxia arizonica isolated from Acarospora 
schleichcrT"! 753 TXO .68). 

Figure 91* An example of a positive reaction (sensitivity 
of the alga3. cells) to the antibiotic 
Metlienamine mandelate (M+) in "Multidisk" 
II-I78F with Trebouxia arizonica isolated from 
Acarospora sinaragdula „ 763b (XO . 77) • 

Figure 92. Sensitivity of the algal cells of Trebouxia 
arizonica isolated from Acarospora schleicheri, 
87^, to the antibiotics PB+ and CS+ was noted 
at 7 and 2.1 days, respectively, after- the disc 
was added to the algal lawn -- Colistin sulfate 
initially inhibited growth then apparently 
enhanced growth because 28 days after the disc 
was added the area beneath the CS+ tip was 
completely green again (X0.77)» 

Figure 93• A11 example of sensitivity to PB+ and CS+ by 
Trebouxia arizonica isolated from Acarospora 
smaragdula" 786 (XO.77). 
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APPENDIX A 

ADHESIVES, FIXATIVE, AND STAINS 

Adhesives 

Haupt's Adhesive (Johansen, 19^0) 

1 g plain Knox gelatin - ... 
100 ml distilled water at 30° C 
2 g phenol crystals 
15 nil c.p. glycerin 

Dissolve the gelatin in distilled water. When the 

gelatin is completely dissolved, add the phenol crystals 

and glycerin. Stir well, then filter. 

Mayer's Adhesive (After Johans en, 19'l0) 

3 g powdered egg albumin 
~15 ml glycerin 
1 g sodium salicylate 

~10 ml distilled water 

Add the egg albumin to the glycerin. When the 

albumin is dissolved, add sodium salicylate and enough 

distilled water to make the solution fluid. 

Fixative 

Schaudinn's Fluid (Johansen, 19'±0) 

1 part absolute alcohol 
k parts mercuric chloride (corrosive sublimate) 

Dilute this solution by one-half with distilled 

water and add 2 per cent glacial acetic acid immediately 

before using. Wash with a medium strength alcohol to which 
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a few drops of iodine have been added to remove any mercury 

deposits. 

Stains 

Heidenhain's Iron Hematoxylin (Corrington, 19^1) 

Solution I--inordant 

2 g ferric ammonium sulfate (iron alum)--
crystals should be clear violet; if 
yellow, discard 

100 ml distilled water 

This solution deteriorates after two months. 

Solution II--stock solution of the dye 

0.5 £ hematoxylin crystals 
10.0 nil absolute alcohol 

This stock solution is diluted to 0.5% for 
staining purposes. 

Delafield's Iron Hematoxylin (Johansen, 19^0) 

kOO ml saturated aqueous solution of ammonium 
aluminum sulfate 

k g hematoxylin crystals 
25 ml 95% ethanol 

Add the alcoholic solution of hematoxylin drop by 
drop to the saturated solution of ammonium aluminum 
sulfate. Expose it to light and air for four days. 

10 ml c.p. glycerin 
100 ml methanol 

Then add the glycerin and methanol and let stand 
exposed to air for at least two months until the color is 
dark. 



APPENDIX B 

MEDIA 

Bold's Mineral Medium (Deason and Bold, i960) 

Six stock solutions, each consisting of one of the 

following salts, are made up to 400 ml each with distilled 

wat er. ' 

NaN03 10.0 g 
CaCl2 1.0 g 
MgS0/l'7H20 3.0 g 
K2HPO/± 3.0 g 
KH2P04 7-0 g 
NaCl 1.0 g 

Ten milliliters of each stock solution are added to 

940 ml deniineralized (less than 1 ppin" ions) , or Pyrex dis

tilled water. 

Four stock solutions of trace elements are made up 

to one liter each, as follows: 

1. H3BO3 
FeS04»7H20 

11 .42 g 
2. 

H3BO3 
FeS04»7H20 4 .98 s 
ZnS0V7H2° 8 .82 g 
MnCl2*4H20 1 . 44 g 

3- M0O0 0 .71 g 
CuSO/, • 5H20 
Co(NOo)2'6H2O 
EDTA 

1 • 57 g CuSO/, • 5H20 
Co(NOo)2'6H2O 
EDTA 

0 .49 g 
4. 

CuSO/, • 5H20 
Co(NOo)2'6H2O 
EDTA 50 .00 g 
K0H 31 .00 g 

One milliliter of each of the four trace element 

solutions is added to Bold's mineral medium. If a solid 

medium is desired, 15 g agar are added. 
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Trebouxia Organic Nutrient Medium - I (Ahmad.jian, 1967b) 

Bold's Mineral Medium (including 
trace elements) 970 ml 

Proteose peptone 10 g 
Glucose 20 g 

Soil-Extract Medium (Starr, i960) 

This medium is made similar to Bold's Mineral 

Medium except that kO ml of soil water are substituted for 

an equal amount of distilled water. Soil water can be 

obtained by placing soil, in the bottom of a 500 ml Erlen-

meyer flask until one-fourth full, then covering with dis

tilled water and autoclaving at 15 lbs pressure and 118° C 

for 20 minutes. The liquid is then decanted when needed. 



6-l4 days 
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10 min 
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Schaudinn' s 
Fluid 
* 
50% 
I 

+ iodine 
I 

70% 
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95% 
* 

100% 

i 
2/3 alcohol 
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1/3 alcohol 
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I 
pure ether 

'I' 
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* 
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+ 
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.t 
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0.5% Heidenhain's 
iron 6-10 
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30 min 
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iron hema
toxylin 
5-10 min 

I 
fast green 
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oil 1-5 min 

I 
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clove oil 
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xylol (1:1) 
5 min 

I 
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i 
xylol with a 
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5 min 

4 
xylol 5 min 

xylol 5 min 

I 
Permount 
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1% fast green 
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I 
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I 
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Figure 94. Staining schedule for the algae isolated from species of Acarospora 
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