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Introduction 

The phycological literature of the last 15 years contains an increasing number 
of contributions to our knowledge of the soil algal flora (Trainor and Bold, 1953; 
Arce and Bold, 1958; Hendon, 1958a,b; Lewin, 1959; Chantanachat and Bold, 
1962; Mattox and Bold, 1962; Bischoff and Bold, 1963; Brown and Bold, 
1964; Reisig!, 1964; Shields and Durrell, 1964; Akiyama, 1965; Lanciani and 
Kingsbury, 1965; Cox and Bold, 1966; Dykstra, 1966; Kantz and Bold, 1969; 
Milliger, 1969, Baker and Bold, 1970, among others). Among the important 
earlier publications in the field are the classical report of Petersen ( 1935 ) and 
those of Fritsch and John ( 1942), John ( 1942 ) , and Lund ( 194 7 ) . John's 
work included several sections on bog algae. More recent studies concerned with 
European bogs have been those of Kusel-Fitzmann ( 1965) and those of Compere 
( 1966 ). Many of the earlier studies, and some rather recent ones, concerned with 
the algal flora of bogs reported on the planktonic algae rather than on the edaphic 
species. Only those related to the edaphic algal flora have been cited in this study. 
None of the contributions from the phycological laboratory at The University of 
T exas at Austin has dealt especially with the algal flora of boggy soils, and accord
ingly, this investigation was begun as a study of boggy soils with an emphasis on 
edaphic species rather than planktonic. 

When one examines many of the earlier reports on the soil-algal flora one finds 
listed almost without exception " Chlorococcum humicola" among the algae pres
ent. Starr ( 1955) has indicated that this species has been inadequately charac
terized. One wonders, therefore, which one of the unicellular, spherical, zoospore
producing Chlorococcales was really present, if, indeed only one species was! It 
very soon becomes evident to those who investigate the soil algal flora that repre
sentatives of the genus C hlorococcum occur in great abundance, and the present 
investigation did not prove to be an exception. Accordingly, the initial study of 
boggy soils developed into an intensive study of species of the ubiquitous genus 
Chlorococcum. 

As a result of these investigations, three topics are included, among other data, in 
the following pages: ( 1 ) a proposal to transfer three organisms, currently classified 
as species of Chlorococcum, to other genera (Neochloris and Tetracystis ) ; (2) 
augmentation of the description of the currently known, remaining species of 
Chlorococcum; (3) description of 24 species of C hlorococcum new to science. 
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Materials and Methods 

Soil samples were collected at random from the surface of several bogs and to 
depths of 6 and 12 in. with an ordinary garden trowel and placed in plastic bags 
which were labeled and sealed for transportation to the laboratory. Between each 
sampling, the trowel was washed in formalin for sterilization. 

Upon returning to the laboratory, mud balls of each sample were prepared with 
double-distilled water and a Beckman Zeromatic pH meter was used to measure 
the pH of each sample. Each soil sample was divided into 5-g portions which were 
inoculated into 125-ml Erlemeyer flasks containing 50 ml of sterile nutrient solu
tion and cultured under standard conditions' until sufficient growth was observable 
in the flask (about 2 weeks ) . The following four nutrient solutions were used: 

Bold's Basal Medium ( 1 N BBM ) as modified by Bischoff and Bold ( 1963 ) was 
prepared as follows: Six macroelement stock solutions were employed. Each was 
prepared by dissolving the indicated amount of salt in 400 ml of deionized water: 

NaN03 ----------- -- - - · -- · ·---- - --------- 10.0 g MgSn,  7H20 --- ----- ---- -- ----- - 1.0 g 

KH2P04 ------ ----- ---- - ----------- - -- 7.0 g CaCl2 -2H20 ---- --------- ----------- 1.0 g 

K 2HPO, ------ --------- ----- ------------ - 3.0 g NaCl ---------- ------ -- -- -- --- ------------ 1.0 g 

Ten ml of each stock were added to 936 ml of deionized distilled water2 and then 
1 ml of each of the following minor ( trace) element solutions was added to give a 
final volume of 1 liter. The minor elements were prepared as follows: 

I. EDTA Stock Solution: 
50 g EDTA (Ethylenediaminetetracetic acid ) and 31 g KOH were diluted to a 
final volume of 1 liter in a volumetric flask with ddw. 

II. Fe Stock Solution: 
4.98 g FeS01 · 7H20 were diluted to a final volume of 1 liter with acidified water. 
The acidified water was prepared by adding 1 ml of concentrated H 2SO.. to 99 
mlofddw. 

III. Boron Stock Solution : 
11.42 g of H 3B0a were diluted to 1 liter with deionized water. 

IV. Misc. Stock Solution : 
8.82 g ZnS04 - 7H20, 1.44 g MnCl · 4H20, 0.71gMn03,1.57 g CuSO, - 5H20, 
0.49 g Co (NOa ) 2 · 6H20 were diluted to 1 liter with acidified water prepared as 
described above. 

Brown and Bold ( 1964) reported that by increasing the concentration of nitro
gen in lN BBM threefold (30 g NaNO:i/400 ml of stock solution), cultures of 

1 Standard conditions of culture: temperamre, 22 °C; illumination of 250- 300 ft-c intensity 
provided by 40-w Ken-Rad cool white fluoresc ent tubes; and a 12-hr diurnal light-dark cycle. 

2 H ereinafter abbreviated "ddw." 
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T etracystis and C hlorococcum could be maintained in the log phase of growth up 
to 3 weeks, as compared to 10-14 days in lN BBM. Therefore, 3N BBM was the 
second culture medium employed. 

Two stock solutions were required for Knop's medium (Bold, 1942). These were 
prepared by adding the following materials to 500 ml of ddw: 

Knop's Solution A 

Ca (N03 ) 2------- --- -- --- --- -- -- ------------ -------- ---- ----- ---- -- ----- -- -- ------- - 4.0 g 
Knop's Solution B 

KN03 --------------------- - · ------- -- -------· -·------------------------------------- - 1.0 g 
KH2P04 ----- ------ --- ------------- ------ ----------------------·-------------------- 1.0 g 
MgS04 · 7H20 --- -------------------- ------------- -- --- --- -- ----- -- --- ---- ------ 1.0 g 

Solutions A and B mixed in equal parts gave a 0.7 % solution by weight-volume. 
The 0.7% solution was diluted by half again with ddw to yield a 0.35 % solution 
for culture. 

Stock solutions for a modification of TRIS3-buffered inorganic medium• (Smith 
and Wiedeman, 1964) were prepared as follows: Each stock solution was added 
to 500 ml of ddw. 

KN03 -- ------------------ ----------- --- - --- 10.1 g 
Na2HP04 ____ ------- - -- - - - -- ---- - ------ - 13.44 g 
MgSO. - 7H20 ____ ______ _________ __ ___ 5.0 g 

CaCb · 2H20 ---- -- ---------------- --- - 2.0 g 
TRIS --- --------- ------- --- ------------- --- 12.0 g 

One ml of each of the four trace-element stock solutions used in lN BBM was 
added and the volume brought to approximately 950 ml with ddw; the medium 
was adjusted to the desired pH with lN HCL and then diluted to a final volume 
of 1 liter. 

The four initial culture media exhibited a pH range from 5.2 to 6.7 as follows: 

lN BBM ------- --- -- ---- ------------------ pH 6.7 
3N BBM ---- -- ----- -- -- --- ------------ ---- pH 6.7 
"(TBIM) M" -- ------ ---- --- ·---------- pH 6.4 
Knop's ---------------- -- --------- -·---- --- -- pH 5.2 

Upon the appearance of sufficient growth in the cultures in the enrichment flasks 
which had been inoculated with soil, a portion of the algal suspension which had 
developed was removed with a sterile disposable pipette to a sterile centrifuge tube. 
The latter and its contents were then sonicated for about 1 min to obtain a more 
uniform suspension of algal cells. The suspension was then aspirated onto a plate of 
sterile agar which had been prepared by adding 1.5 % agar to the same type of 

3 TRIS: tris-( hydroxymethyl) aminomethane. 
4 Hereinafter abbreviated "(TBlM)M." 
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medium as in the enrichment culture. Aspiration was accomplished in the manner 
described by Wiedeman, W alne, and Trainor ( 1964). Colonies of different or
ganisms, as differentiated by their plant-mass, as apparent with a stereoscopic bi
nocular microscope at a magnification of 14X, were removed from the petri dishes 
with a sterile platinum needle or with a disposable pipette drawn out to a fine tip 
and inoculated into tubes of liquid 3N BBM. These unialgal cultures were later 
examined microscopically to determine the diversity of the algal flora and isolates 
of Chlorococcum were selected for further study. 

Unialgal cultures of Chlorococcum were purified to the axenic state by the meth
ods of Brown and Bischoff ( 1962) and Wiedeman, et al. ( 1964 ) before being 
studied in detail. This procedure involved: ( 1) placing a heavy suspension of cells 
in a 12-ml sterile centrifuge tube; ( 2) the addition with a disposable pipette of one 
drop of Tween-80; ( 3) sonication for 1 min to dissolve the Tween-80; ( 4) allow
ing the cells to remain in the Tween-80 solution for 20 min with a periodic mixing 
every 5 min by sonicating about 30 sec; ( 5) ten repeated washings by slow-speed 
centrifugation in sterile deionized water; and, finally, ( 6) aspirating the cells onto 
Proteose-Y east agar. Proteose-Y east agar was prepared by adding 1 g of Bacto
Proteose Peptone and 1 g of Bacto Yeast Extract per liter of liquid 3N BBM and 
solidifying with 1.5 % agar. Axenic colonies of algae thus could be distinguished 
easily from those contaminated with bacteria or fungi. Axenic colonies were trans
ferred as described above to a petri dish of Proteose-Y east agar. After 1 week to 10 
days, colonies which were still axenic were transferred to agar slants of 3N BBM 
agar and maintained as stock cultures. 

Purity of cultures was determined by direct microscopic examination and by 
periodical test inoculations into the following bacteriological media: Difeo Bacto
N utrient Agar, Difeo Bacto-Nutrient Broth, and Protease-Yeast Extract Agar. 

The morphology of the Chlorococcum species was studied by making fresh 
mounts and hanging-drop preparations from cultures growing either on 3N BBM 
agar slants or in liquid 3N BBM. Modifications of 3N BBM as used for specific 
physiological tests in differentiating among species C hlorococcum are discussed in 
later sections of this publication. Plastid structure was determined from cells grown 
in a urea-rich medium which contained as the sole nitrogen source a concentration 
of urea providing 6 times that available from NaNOa in lN BBM.5 Cells grown in 
the urea medium contained little or no starch, so that the form of the plastid was 
readily apparent. A Kodak Wratten Filter No. 29 was helpful in observing the 
plastid. India ink and a dilute aqueous methylene blue solution were added to 
fresh mounts to determine the presence or absence of gelatinous matrices. A dilute 
I2KI solution was used to determine nuclear number and position in both vegeta
tive cells and zoospores, and the pattern of the starch sheath surrounding the 
pyrenoid. 

5 The urea stock was prepared by dissolving 54 g of urea in 1 liter of ddw; IO ml of this 
stock was then added to a liter of BBM from which all other nitrogen stock was omitted. 
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Photomicrographs of plant masses were made using a Kodak "pony" camera on 
a Wild Heerbrugg stereoscopic binocular microscope. Vegetative cells were photo
graphed with a 35 mm Zeiss-Winkel camera attached to a Bausch and Lomb micro
scope equipped with apochromatic objectives and using a Kodak Wratten Filter 
No. 29. A Zeiss Super Contaftex, 35 mm single-lens, reflex camera with adaptable 
close-up lenses was used for other photographs. 

Drawings were done with the aid of a Leitz camera lucida. 

Taxonomy 

REVIEW OF THE LITERATURE 

The nomenclatural history of the genus C hlorococcum is long and complex. 
Silva and Starr have investigated this topic exhaustively and published their find
ings in 1953. They proposed conservation of the designation Chlorococcum 
Meneghini (1842) with Chlorococcum infusionum (Schrank) Meneghini as the 
lectotype. This proposal was accepted by the Section on Nomenclature, IX Inter
national Botanical Congress, Montreal, 1959 (Lanjouw, 1961). 

Starr ( 1955) summarized his own investigations of spherical, zoospore chloro
coccalean algae and augmented and amended the generic characterization of 
Chlorococcum as follows: 

.. . Chromatophore a parietal hollow sphere, with or without a unilateral opening, 
with one to many pyrenoids . ... zoospores, with two flagella of equal length, with 
walls, not rounding-up when becoming quiescent. 

At the time that Starr defined the genus there were 36 described species. Of these 
Starr ( 1955) invalidated 31 for various reasons and recommended study of iso
lates of C hlorococcum in unialgal or axenic culture as a necessary precursor to a 
sound system for their taxonomy. Prior to this, almost everyone who attempted to 
identify a spherical, zoospore-producing, chlorococcalean alga usually assigned it 
to the ambiguous species C. humicola. Accordingly, this species appears widely 
in lists of soil and aquatic algae. Unfortunately, this practice is still not uncommon 
and will continue until investigators come to employ reliable criteria at the specific, 
as well as at the generic, level. Such criteria cna only be derived from studying 
axenic, unialgal cultures over a period of time and under standard conditions for 
growth. This is true not only for Chlorococcum but for all of the microalgae and 
apparently for others (Cox and Bold, 1966). Starr in his 1955 publication recog
nized as valid five species of Chlorococcum: C. infusion um (Schrank) Meneghini 
(Bold, 1931); C. wimmeri Rabenhorst emend. Starr (1953); C. vacuolatum 
Starr ( 1953); C. oleofaciens Trainor and Bold ( 1953); and C. macrostigmatum 
Starr ( 1953). Using such attributes as: ( 1) vegetative cell size in both young and 
old cells; ( 2) location and number of nuclei; ( 3) number of pyrenoids; ( 4) pres
ence or absence of contractile vacuoles in vegetative cells; ( 5) type of reproduc
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TABLE 1. Species of Chlorococcum presently recognized. 

Species Investigator 

c. infusionum (Schrank) Meneghini Bold (1931) 

* c. wimmeri Rabenhorst emend Starr Starr (1953) 

£. macrostifQ!!atum Starr (1953) 

c. vacuola tum Starr (1953) 

c. oleofaciens Trainor and Bold (1953) 

f · echinoz:t:sotum Starr (1955) 

£. h~·:i~nOSEOrum Starr (1955) 

c. minutum Starr (1955) 

* f· multinucleatum Starr (1955) 

.£. di£lobionticum Herndon (1958) 

.£. Eerforatum Arce and Bold (1958) 

c. Einguideum Arce and Bold (1958) 

* c. Eunctatum Arce and Bold (1958) 

£. elliEsoideum Deason and Bold (1960) 

f · scabellum Deason and Bold (1960) 

* .£· diElobionticoideum Chantanachat and Bold (1962) 

* £. EO l:l!!!PrEhum Bischoff and Bold (1963) 

* c. starii Trainor and Verses (1968) 

* The writers do not now consider these species to be a Chlorococcum. 
Deason (personal communication) is planning to transfer 
.£. multinucleatum and f· Eunctatum to a new genus, NeosEongiococcum; 
The remaining species marked with an asterisk will also be transferred 
to other genera by the authors in the near future. 

tion; (6) method of zoosporogencsis and gametogenesis; ( 7) ftagellar position of 
zoospore at quiescence; ( 8) size of zoosporc, Starr ( 1955) also described four new 
species, namely: C. minutum, C. hypnosporum, C. echinozygotum, and C. multi
nucleatum. 
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In addition to Starr, a number of investigators have described new taxa in the 
genus C hlorococcum. These are summarized in Table 1. As new taxa were de
scribed, these investigators continually broadened the spectrum of attributes which 
served to distinguish the species of Chlorococcum. Not only were morphological 
criteria employed but such supplementary attributes as the following were found 
to be useful: ( 1) macroscopic appearance (color and texture of the plant-mass) ; 
(2) growth pattern of the plant-mass at 14X magnification (smooth or rough) ; 
(3) color of plant-mass upon aging; ( 4) size of the vegetative cell and thickness 
of the cell wall in the stationary phase of growth; ( 5) accumulation of storage 
products such as oil and starch; ( 6) comparative morphology of cellular organelles 
as observable with the electron microscope; ( 7) physiological responses to various 
substrates; ( 8) presence or absence of amylase and gelatinase; and (9) responses 
to antibiotics and crystal violet. 

TRANSFER OF CERTAIN TAXA 

When Starr ( 1955) established the criteria for the generic attributes of the 
unicellular, zoospore-producing Chlorococcales, he recognized seven genera: Chlo
rococcum Meneghini, Radiosphaera Snow, Dictyococcus Gerneck, Bracteacoccus 
Tereg, Trebouxia de Puymaly, Nautococcus Korschikoff, and Planktosphaeria 
G. M. Smith. Two new genera were described at this time: Neochloris Starr and 
Dictyochloris Vischer ex Starr. Later Deason ( 1959) described the genus S pongoi
coccum. In 1964 Brown and Bold established the new genus Tetracystis. After 
demonstrating details of vegetative cell division by the employment of electron 
microscopy, they placed T etracystis in the Chlorosphaerales as delimited by Hern
don ( 1958b). 

As additional studies of the Chlorococcales led to establishment of new genera, 
investigators began to realize that some species earlier described as members of 
Chlorococcum would be better classified as species in these new genera. Brown 
and Bold ( 1964) were the first to recognize this when they transferrd Chlorococ
cum tetrasporum, C. aplanosporum, and C. intermedium to their new genus 
Tetracystis on the basis of their characteristic vegetative call division. Tetrads (or 
diads and octads) of non-motile daughter vegetative cells in cultures are one of 
the best indications that one is dealing with T etracystis. 

Throughout the course of this study, all the previously described species of Chlo
rococcum, with the exception of C. infusionum (cultures of which did not survive 
World War II) were cultured and studied in the same manner as those newly iso
lated by the writers. 

This reinvestigation of the known Chlorococcum species convinced the writers 
that four species, namely, C. diplobionticoideum, C. polymorphum, C. starrii and 
C. wimmeri should be transferred to other genera. These transfers will form the 
subject of a separate communication by the present authors. 
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TAXONOMIC CRITERIA IN MICROALGAE 

There are two somewhat conflicting viewpoints regarding the method that is 
most effective for studying the morphological attributes necessary for typification 
of unicellular Chlorophyceae. Silva and Starr ( 1953) regard the study of preserved 
type specimens (dried or herbarium material) as of little value in ascertaining the 
attributes of an organism. Van den Hoek ( 1963) , however, is of the opinion that 
certain morphological attributes can be observed by studying preserved material, 
namely: ( 1) morphology and size of cell or colony; (2) mucilaginous sheaths; (3) 
plastids; ( 4) pyrenoids; ( 5) flagella and pseudocilia; ( 6) mode of reproduction; 
and ( 7) features of the cell wall. The writers have relied exclusively on comparative 
observations of organisms from living cultures grown in the the same media and 
under standard conditions for both the description of the new species of C hloro
coccum and for augmentation of the description of previously named species. 

Cellular Morphology. In the initial study of algal isolates from bogs, certain mor
phological characteristics were selected which could be readily observed in the 
early log-phase of growth in enrichment culture media under standard conditions 
and which proved to be constant every time the organisms were studied. The mor
phological attributes selected were observed and recorded after growing and study
ing the isolates as previously described. 

The criteria selected for study in the log-phase of growth were: ( 1 ) size of vege
tative cell and thickness of cell wall; ( 2) number of nuclei; ( 3) type of starch plate 
surrounding pyrenoid (smooth and apparently continuous, or rough and discon
tinuous; ( 4) number of pyrenoids; ( 5) appearance of the surf ace of the chloro
plast; ( 6) size of zoospore; ( 7) location of nucleus in zoospore; and (8) presence 
or absence of gelatinous matrices. Starr and various earlier investigators used other 
criteria in addition, such as absence or presence of a superficial opening in the 
chloroplast; absence or presence of contractile vacuoles in vegetative cells; and 
position of the flagella of the zoospore at rest. The last attribute proved to be vari
able in some of the isolates studied, and the other two were not always readily dis
cernible. All of the earlier investigators of Chlorococcum indicated whether zoo
spores were formed by successive bipartitions of the protoplast or by progressive 
cleavage. Since Deason's ( 1965) report on Chlorococcum echinozygotum, based 
on electron microscopy, showed that a cell may be exhibiting both types of zoospore 
formation at the same time, the writers did not employ this attribute. Two morpho
logical attributes observable in the stationary-phase of growth were also selected as 
taxonomic criteria, namely, size of the vegetative cell and thickness of its cell wall. 

Plant-mass. The supplementary attributes useful in differentiating species of micro
algae may be morphological or physiological. Morphological criteria include pat
tern of growth on (3N BBM agar) standard media and color on O.lN BBM agar. 
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Supplementary physiological attributes are discussed in a later section of this inves
tigation. 

Bold and Parker ( 1962) were among the first to stress the importance of the 
configuration of the plant mass ("colony characters") as a supplementary attribute 
in a study concerned with 17 species of Chlorococcum then available in culture. 
They described the macroscopic appearance of the plant-mass at 2 weeks on lN 
BBM agar as shiny, dull-shiny or dry. Using 20X magnification and transmitted 
light, they described the surface appearance of the plant-mass as smooth or rough, 
the latter further characterized as granular, glomerulate, vermiform, or rugose. 
Mattox and Bold ( 1962) and Chantanachat and Bold ( 1962) also stressed the im
portance of the appearance of the plant-mass in differentiating at the level of 
species. Bischoff and Bold ( 1963) attempted to define and to standardize the 
terms used to describe the plant-mass at 14-20X magnification. Other investigators 
continued to employ this technique (Cain, 1963; Brown and Bold, 1964; Cox, 
1966; Cox and Bold, 1966; and Smith and Bold, 1966). Groover and Bold ( 1969) 
tested the stability and/ or flexibility of plant-mass characteristics under varied cul
ture conditions. Kantz and Bold ( 1969) and Baker and Bold ( 1970) have used the 
appearance of plant-mass in differentiating taxa of Cyanophycophyta. 

Bold and Parker ( 1962 ) studied the color of the plant mass in the stationary
phase of growth. Color change occurs with age in many of the Chlorophyceae, in 
nature as well as in culture, as for example in: Chlorella (Kessler and Soeder, 
1962; Kessler, et al, 1963); Shikira and Krauss, 1965; Kessler, 1967); Ankistro
desmus and Scenedesmus (Kessler and Czygan, 1967); Spongiochloris (McLean, 
1967 ) and various Chlorosarcinales (Groover and Bold, 1969 ) . In the Chlorophy
ceae, a change in color of plant-mass from green during the log-phase of growth to 
yellow-green, orange, or red during the late stationary-phase of growth is com
monly regarded as due to an accumulation of secondary carotenoid pigments. 
Czygan ( 1968 ) reports the presence of secondary carotenoids in 55 of 67 green 
algae which he studied. There is not complete agreement, however, on what one 
factor most strongly influences the accumulation of the secondary carotenoids. 

Strain ( 1958) suggested that desiccation may be a contributing factor to caro
tenoid accumulation. Bath Groover and Bold ( 1969) and the writers found indi
cations of this where the color would change at the thin apex of an agar slant before 
it changed in the thicker butt. Whether this might be explained as a depletion of 
water or nitrogen has not been resolved. However, the writers have found color 
change to be slower in liquid cultures than on agar cultures which dried more 
rapidly. Dersch ( 1960) and Kessler, et al. (1963) report that color change in 
algae results mainly from a depletion of essential elements such as nitrogen or iron. 
Nitrogen-deficient enrichment cultures do show a color change more rapidly than 
those that are not deficient. Probably both factors are involved, nitrogen concen
tration being of prime importance. 

The first aspect studied by the writers in relation to plant-mass was that of the 
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TABLE 2. Appearance of the plant-mass and its color in Chlorococcum. 

At 14X, on Color on 
Isolate 3N BBM Agar at 4 wks. O.lN BBM Agar 

at 4 wks. 

£. acidum D-Sa Rough, Variableb yl-gr (117) 

f · arenosum D-S Rough, Nondescript yl-gr (116) 
£. ;:iureum D-S Rough, Nondescript d-yl (88) 
£. citriforme D-S Rough, Sph. Mounds Yellow (82) 
£. croceum D-S Rough, Variable Gold (88) 
c. diElobionticum D-S Rough, variable yl-gr (117) 

echinozygotum D-S Rough, Sph. Mounds yl-gr (116)f · 
£.. elkhartiense D-S Rough, Variable yl-gr (117) 
£.. elliEsodideum D.,.s Rough, Nondescript gr-yl (97) 
£. fissum D-S Rough, Sph. Mounds yl-gr (118) 
£. gelatinosum D-S Rough, Variable gr-yl (97) 
c. hyEnosEorum D-S Smooth, Granular gr-yl (99) 
£.. isabeliense D-S Smooth yl-gr (119)
£. lacustre D-S Rough, Variable yl-gr (117)
£. loculatum D-S Rough, variable yl-gr (117) 
£.. macrostigj!!!atum D-S Rough, Sph. Mounds yl-gr (116) 
c. microstigj!!!atum D-S Rough, Variable yl-gr (117)
£. minutum D-S Rough, Nondescript gr-yl (98) 
c. ~ angliae V-Sc Smooth yl-gr (117)
£. oleofaciens D-S Rough, Nondescript Gold (94) 
c. oviforme D-S Rough, Sph. Mounds yl-gr (117) 
.£. Ealudosum D-S Rough, Variable gr-yl (99) 
c. Eerforatum D-S Rough, Sph. Mounds yl-gr (117) 
£.· EerElexum D-S Smooth, Granular yl-gr (117)
£. Einguideum D-S Rough, Sph. Mounds Gold (94) 
c. £Ulch rum D-S Rough, Nondescript yl-gr (117) 
.£. refringens D-S Rough, Sph. Mounds Gold (85)
£. reticulatum D-S Rough, Reticulate gr-yl (100)
£. rugosum D-S Rough, Rugose yl-gr (117) 
.£. salsugineum D-S Rough, Sph. Mounds yl-gr (116) 
c. scabellum D-S Rough, Variable Gold (94)
£. S£hacosum D-S Smooth, Granular yl-gr (117)
£. texanum D-S Rough, Sph. Mounds yl-gr (115) 
£· ty£iCum D-S Rough, Sph. Mounds yl-gr (117) 
£.. uliginosum D-S Rough, Variable yl-gr (116) 
c. vacuola tum D-S Rough, Sph. Mounds yl-gr (116) 

aDull-shiny 

bSpherical mounds in center with ridges radiating to edge of margins 

~ery shiny 

surface pattern noted at 14X magnification. Sterile, 60-mm petri dishes of lN 
BBM and 3N BBM agar were prepared by pouring the agar to a depth that half-
filled the petri dishes. An inoculating loop was used to streak each isolate on lN 



17 Archibald and Bold 

BBM and 3N BBM plates. The plates were then incubated under standard condi
tions. Each plate and its duplicate were examined and the appearance of the plant 
mass recorded at 2, 4, 6, 8, 10, and 12 weeks. A definite pattern was not apparent 
in rough colonies at 2 weeks; however, no pronounced changes occurred after 4 
weeks; e.g., the pattern of roughness, if any, was definitely established by the 4th 
week and remained constant through to 12 weeks. With age, the plant-masses did 
become drier in appearance and in some cases color change had occurred by 12 
weeks on the lN BBM plates. Only minor differences in pattern of growth were 
noted on lN BBM agar and 3N BBM agar. 

After studying these initial results, the writers selected the appearance of the iso
lates at 4 weeks on 3N BBM agar as the standard age of culture for describing the 
plant mass. Additional sets of 3N BBM agar, each time in duplicate, were prepared 
four different times and the results recorded (Table 2). Color of all isolates at 4 
weeks was dark olive green, and the macroscopic appearance of the colonies was 
very shiny, shiny, or dull-shiny. Seven surface patterns were evident at 14X magni
fication: smooth (Fig. 2) ; smooth, granular (Fig. 3 ) ; rough, nondescript (Fig. 
4) ; rough, spherical mounds (Fig. 5) ; rough, spherical mounds in center with 
ridges radiating to edge (Fig. 6) ; rough, reticulate (Fig. 7) ; rough, rugose (Fig. 
8). Table 2 summarizes the plant mass appearance of each species at 4 weeks on 
3NBBMagar. 

Using 1 N BBM agar (Bold and Parker, 1962) required waiting at least 12 
weeks for a pronounced color change in the plant mass. McLean ( 1969), using 
Sager's agar, reported that a definite color change could be noted after 6-7 weeks. 
The writers twice duplicated McClean's work as reported and were unable to ob
tain a sharp color change at 6-7 weeks in species of C hlorococcum; even when 
color change later occurred, the results were not in every case consistent with those 
reported by McLean. 

On the assumption that nitrogen deficiency does accelerate the formation of 
secondary carotenoids, the writers prepared 0.1 N BBM hoping to obtain a culture 
medium for use in evoking a quick and reproducible color change. Such a nitrogen
deficient medium should not be used for the study of cell structure or plant mass 
appearance, for Fogg ( 1959) suggests that the metabolic state of algae subjected 
to extreme mineral deficiency may not be the same as that of organisms grown in 
complete medium and allowed to age. In support of Fogg's statement, the writer 
observed that the plant mass never developed distinct surface patterns of growth 
on O. lN BBM as it did on 3N BBM. 

At least 6 months were spent in determining the most effective procedure for 
utilization of O.lN BBM in provoking rapid and reproducible color changes. Agar 
medium versus liquid medium, method of streaking on agar, and effects of direct 
and indirect lighting were considered. Using 60-mm petri dishes and 0.lN BBM, 
duplicate cultures of the Chlorococcums, were inoculated in the following manner 
for incubation under standard conditions at 2, 4, and 6 weeks; ( 1) transferring a 
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cover slip covered with growth of an isolate to a dish half-filled with liquid 
medium; ( 2) streaking a loop of inoculum, in one streak, across the surface of agar 
in a half-filled petri dish; and (3) streaking a loop of inoculum over a 1 in2 area of 
agar in a petri dish (Figs. 31-37) . One set of duplicates received strong light, while 
the other duplicates received reduced light effected by placing a covering of trans
lucent lens paper over the cultures. Initially, only the previously described species 
of C hlorococcum studied by Bold and Parker ( 1962) were used so that the results 
could be compared to Bold and Parker's original work and to the writers' earlier 
results on 1 N BBM at 12 weeks. 

Whether the light was intense or weak did not appear to be a factor in rapid 
color change. Type of medium and method of inoculation were important in ob
taining reproducible results rapidly. Consistently, in the initial test, the most effec
tive method of inoculation was to streak a loop of inoculum over an area of the dish 
approximately 1-in2 and then to incubate for 4 weeks. Color did not change after 4 
weeks, and the effects of drying were not apparent. With such a low nitrogen ( O. lN 
BBM) concentration, species exhibited even more pronounced color changes at 4 
weeks than those on 1 N BBM at 12 weeks. Isolates remaining green on 1 N BBM 
were yellow-green on O.lN BBM; species yellow-green on lN BBM became 
yellow on O.lN BBM; and organisms orange in lN BBM were golden to deep 
orange on O.lN BBM. 

Once the manner of inoculation and time required for color change had been 
determined, the writers began to check the reproducibility of the initial results and 
to standardize the assignment of color descriptions. Color tests on the previously 
described species of C hlorococcum were conducted six times and each time in dup
licate. Color changes of the newly described species were determined after con
ducting the tests four times and each time in duplicate. 

To standardize colors, so that other investigators might readily know what is 
meant by such adjectives as yellow-green, green-yellow, and orange, ISCC-NBS 
Centroid Color Charts, Standard Sample No. 2106, were purchased from the Bu
reau of Standards, U .S. Department of Commerce, and used to designate color. 
both by number and word description. The charts are prepared with centroid 
colors in glossy paints and arranged according to shade variations. When an isolate 
is recorded as being yellow-green, it means that after 4 weeks of growth on O. lN 
BBM agar, the plan mass exhibited some shade listed in the yellow-green group, 
for example, the isolate in question might have appeared very yellow-green ( 115) 
in test I, light yellow-green ( 119) in test II, and deep yellow-green ( 118) in tests 
III and IV. Variation, though, was only within shades of yellow-green; e.g., the 
isolate would never have produced a color listed on the greenish yellow-olive chart. 
Table 3 summarizes the ISCC charts used and the particular shade on each chart 
which the various isolates exhibited. Table 2 (p. 16), which is concerned with 
plant-mass appearance cites the shade and number typical of each isolate after 4 
weeks of growth on O.lN BBM agar. 
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TABLE 3. Summary of JSCC colors employed in standardizing plant-mass 
colors of Chlorococcums. 

I. Yellow-Greena II. Green-Yellowb III. Yellow-Olivec IV. Oranged 

115 Very yl-gr 
116 Brill yl-gr 

97 Very gr-yl 
98 Br il i gr-yl 

82 Very yl 
83 Brill yl 

48 Very or 
50 Deep or 

117 Slightly yl-gr 
118 Deep yl-gr 

99 Slightly gr-yl 
100 Deep gr-yl 

84 Slightly yl 
85 Deep yl 

54 Bright or 
66, Very or-yl 

119 Light yl-gr 101 Light gr-yl 86 Light yl 67 Brill_or-yl 
120 Md yl-gr 
125 Md ol·gr 
U6 Dk ol-gr 

102 Md gr- yl 
103 Dk gr-yl 
104 Pale gr-yl 

87 Md yl 
88 Dk yl 
89 Pale yl 

68 Slightly or-yl 
69 Deep or-yl 
70 Light or-yl 

138 Very Dk yl-gr 105 Gray gr-yl 94 Light ol-br 71 Md or-yl 
106 Light ol 95 Md c>l-br 72 Dk or-yl 
107 Md ol 73 Pale or-yl 

74 Slightly yl-br 

3
Color chart for yellow-green, olive green, and yellowish green . 

bColor chart for greenish yellow- olive. 

cColor chart for yellow-olive brown . 

dColor chart for orange-yellow, yellowish brown and color chart for orange-brown. 

Characterization of Currently Known Species. Using the morphological attributes 
of growth pattern of the plant-mass and its color changes, the species summarized 
in Table 4 have been recognized by the authors as distinct and valid species of 
C hlorococcum. The key which follows the individual descriptions of the species is 
based on morphological characteristics. Supplementary attributes are listed in the 
descriptions. However, they are not necessary for typification of the individual 
species and are used only as additional, not primary, indications of specific differ
ences. 

The reader may question the number of species herein described and wonder if 
the investigators are not guilty of manifesting one evidence of their own criti
cism, of earlier investigators, i.e., their naming newly isolated Chlorococcum as 
new species.6 The writers' reply is that 25 percent of the total number of Chlorococ
cum-like isolates from bogs either were identified as previously described species, 
e.g., C. scabellum and C. ellipsoideum, or as recurring examples of the new 
species herein described by the writers. In addition to the bog algae, an edaphic, 
algal flora previously little studied, other C hlorococcum isolates from varied en
vironments, such as eastern deciduous forest soil and Texas coastal sands, were in
cluded, once the writers had decided to concentrate their effort:S on the genus Chlo
rococcum. These isolates were obtained from the collection of unnamed soil algal 
cultures maintained in the phycological laboratory at The University of Texas at 
Austin. 

Since Chlorococcum is evidently prolific and cosmopolitan in its distributicn in 
the soil, and since studies of the edaphic algal flora of diverse soil habitats are still 
few, except for cursory treatments, it is not unlikely that additional new species of 

6 See Starr ( 1955), pp. 44-46. 
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TABLE 4. Sources and isolators of the Chlorococcums investigated. 

Organism Source Isolator 

.£. acidum (10K4A)a

.£. arenosum (P.I. 6-2) 
C. aureum (SMB 18)
.£. citriforme (E6B)
.£. croceum (16 SF2) 
£. diplobionticum
£. echinozygotum
.£. elkhartiense (15T3A) 
f · ellipsoideum
f.. fissum 
£. gelatinosum (15KlA) 
f · hypnosporum
.£· isabeliense (P .I. 9-2) 
f.. lacustre (25T3A) 
C. loculatum (141NlA)
£. macrostigmatum 
f · microstigmatum (18T2A) 
f.· minutum 
f · ~ angliae
.£. oleofaciens 
£. oviforme (5-2)
£. paludosum (12KlA)
£. perforatum 
f · perplexum (141N2A)
f.. pinguideum 
f · pulchrum (11T4A) 
f · refringens (193N7B)
f.· reticulatum (111N2C) 
.£. rugosum (P .I. 7-3)
.£. salsugineum (C7C) 
£. scabellum 
.£. sphacosum (WlD2) 
f · texanum (Mah)
.£. typicum (E7B) 
f · uliginosum (19T4A) 
f · vacuolatum 

Bog Soil , Indiana 
Coastal Sand, Texas 
Soil, Tennessee 
Bog Soil, Ohio 
Soil, Tennessee 
IU 950 
IU 118 
Bog Soil, Indiana 
IU 972 
Bog Soil, Indiana 
Bog Soil, Indiana 
IU 119 
Coastal Sand, Texas 
Bog Soil, Indiana 
Bog Soil, Indiana 
IU 109 
Bog Soil, Indiana 
IU 117 
Bog Soil, Mass. 
IU105 
Soil, Texas 
Bog Soil, Indiana 
IU 775 
Bog Soil, Indiana 
IU 774 
Bog Soil, Indiana 
Bog Soil, Indiana 
Bog Soil, Indiana 
Coastal Sand, Texas 
Bog Soil, Mass. 
IU 1233 
Bog Soil, Mass. 
Soil, Texas 
Bog Soil, Ohio 
Bog Soil, Indiana 
IU llO 

Archibald 
Bold 
Hofstetter 
Archibald 
Hofstetter 
Herndon 
Starr 
Archibald 
Deason 
Archibald 
Archibald 
Starr 
Bold 
Archibald 
Archibald 
R. Lewin 
Archibald 
Bold 
Archibald 
Trainor & Bold 
Bold 
Archibald 
Arce 
Archibald 
Arce 
Archibald 
Archibald 
Archibald 
Bold 
Archibald 
Deason 
Archibald 
Mahler 
Archibald 
Archibald 
Starr 

aWriters' isolation number 

b
Culture Collection of Algae, Indiana University, Bloomington, Indiana 
(Starr, 1964) 

Chlorococcum will be isolated. It is hoped then that the present summary will serve 
as a foundation for identification and/or description of Chlorococcum species yet 
to be isolated. Inasmuch as we have no basis for arranging the species phylo
genetically, they are presented below in alphabetical order. Both newly described 
and known species are included. 
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Chlorococcales 
Chlorococcaceae 

Chlorococcum Meneghini 1842 
C hlorococcum infusionum (Schrank) Meneghini (Bold, 1931) 

Vegetative cells spherical unless distorted to the polyhedral by mutual compres
sion, 9-40/l; chloroplast with a single (usually) pyrenoid, with or without a periph
eral opening, the cell wall prominent, cells uninucleate except just prior to zoo
sporogenesis. 

Reproduction by zoospores and aplanospores which arise by progressive cleavage 
prior to which the pyrenoid disappears; zoospores 6-8/l X 3- 4/l wide, lacking a 
papilla, with an anterior nucleus and stigma; zoospores often, but not always, re
leased in a vesicle. 

Source: Ultimate source unknown; immediate source, a mixed culture at Co
lumbia University,NewYorkCity,ca.1926. 

Chlorococcum infusionum is similar to C. echinozygotum and C. oleofaciens 
but differs from C. echinozygotum in not having its cell walls increase in thickness 
to 6/l in the stationary-phase of growth. Mature cells of Chlorococcum echinozygo
tum are 10/l less in diameter than those of C. infusionum, while mature cells of C. 
oleofaciens are 5/l larger in diameter than those of C. infusionum. The cell walls of 
stationary-phase cells of C. oleofaciens are also thicker than those of C. infusionum. 
Neither zoospores of Chlorococcum echinozygotum nor C. oleofaciens are released 
in a vesicle. 

Chlorococcum infusionum is the lectotype of the genus (Silva and Starr, 1953, 
p. 244) ; it was rather completely described by one of us (Bold, 1931) some years 
ago. Unfortunately, the organism was studied in culture many years before the Cul
ture Collection of Algae at Indiana University was established ( 1953). Although 
cultures of the organism were maintained by one of us ( H. C. B.) from 1927 until 
1942, they were lost during his absence from the laboratory for military service. 
The organism has not been reisolated in the interim, and the original source was 
unknown (Bold, 1931 ) . 

Chlorococcum acidum sp. nov. 

(Fig. 9, 38, 39) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15-20/l, 
membranis lll crass.; cellulae in culturis in period immobili usque ad 25/l, mem
branis 3/l crass; chloroplastus pyrenoidem sigulam, quae vagina amyli ut videtur 
continua circumdatur ( plerumque), habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae elliposoideae, 7 µ. 

long. X 4µ. lat., nucleum posteriorem atque stigma minutum anterius habentes; 
zoosporae raro effectae, motu pigrae. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerous culturae: 10K4A. 
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Spherical vegetative cells in 2-week-old cultures 15-20µ, with walls to lµ thick; 
in stationary-phase cultures cells up to 25µ, their walls up to 3µ thick; chloroplast 
with a single (usually) pyrenoid surrounded by an apparently continuous starch 
sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ellipsoidal, 7 µlong X 
4µ wide, with a posterior nucleus and anterior, minute stigma; zoospores rarely 
produced, their movement sluggish. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 10K4A 
(acidum, in reference to original habitat.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar, dull-shiny, dark green ( 126) ; at 14X, 

with rough spherical mounds in center with ridges radiating to edge; plant-mass at 
4 weeks on 0.1 N BBM agar yellow-green ( 11 7). 

3-week-old cultures nitratase +, amylase +, gelatinase +. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
Chlorococcum acidum is similar to C. lacustre and C. paludosum. The thickness 

of the cell wall of C. acidum in older cultures and both the size and internal orga
nization of the zoospores differ from those of either C. lacustre or C. paludosum 
(Summary Key C) . 

Chlorococcum arenosum sp. nov. 

(Fig. 10,40,41) 

Cellulae vegetative sphericae in culturis duarum hebdomadum aetate 10-25µ, 
membranis 1 µ crass.; cellulae in culturis in perido immobili non manif este ac
crescentes, cellulis multis sem per eilipsoideis; chloroplastus pyrenoidem singulam 
quae vagina amyli ut videtur continua circumdatur (plerumque), habens; cellulae 
uninucleatae. 

Reproductio per zoosporas aplanosporas effecta; zoosporae ovoideae, lOp. 
long. X 4µ lat., spatium anterius liquidum, nucleum posteriorem, stigma anterius 
et pyrenoidem medio-posteriorem habentes. 

Origo: Ex arena litoris in loco Port Isabel dicta. 
Numerous Culturae: P.I. 6-2. 
Spherical vegetative cells in 2-week-old cultures 10-25µ, with walls to lµ thick; 

cells not enlarging markedly in stationary-phase cultures, many cells remaining 
ellipsoidal; chloroplast with a single (usually) pyrenoid surrounded by a seem
ingly continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 10µ long X 4µ 
wide with a clear anterior area, posterior nucleus and anterior stigma; pyrenoid 
median-posterior. 
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Source: Soil from beach, Port Isabel, Texas. 
Culture number: P.I. 6-2. 
(arenosum, in reference to its habitat.) 

Supplemenary attributes: 
Plant-mass at 4 weeks on 3N BBM agar, dull-shiny, dark green ( 126) ; at 14X, 

rough with indeterminate pattern; plant-mass at 4 weeks on O.lN BBM agar 
yellow-green ( 116). 

3-week-old cultures nitratase +,amylase+, gelatinase-. 
Growth completely inhibited by 0.0045 % crystal violet, inhibition slight at 

0.002%. 
Chlorococcum arenosum is most like C. pulchrum but differs in three aspects 

namely: thickness of cell walls, size of zoospores, and appearance of the chloro
plast. The walls of Chlorococcum arenosum are 1 µ, in thickness in both the log 
and stationary-phases of growth; while those of C. pulchrum increase in thickness 
from 0.3 µ, during log-phase to 1 µ, in the stationary-phase of growth. There is a 
clear anterior area present in the zoospores of C hlorococcum arenosum which are 
3 µ,longer than those of C. pulchrum. Surface fissures are apparent on the massive 
chloroplast of Chlorococcum pulchrum. 

Chlorococcum aureum sp. nov. 

(Fig. 11, 42, 43) 

Cellulae vegetativae sphericae, in culturis duarum hebdomadum aetate 10-15 µ,, 

membrane 1 µ, crass.; cellulae in culturis in periodo immobili usque ad 25 µ,, 

matrice proporia 5-7 µ, crass. praeditae; chloroplastus tenuis delicatusque, prye
noidem singulam, quae vagina amyli ut videtur continua circumdatur (plerum
que) habens; cellulae vegetativae uninucleatae, vacuolis contractilibus saepe prae
ditae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae ovoideae, 8 µ, 

long. X 4 µ, lat., nucleum posteriorem et stigma mniutum anterius habentes. 
Origo: E. solo in loco Nashville, Davidson County, Tennessee dicta. 
Numerusculturae: SMB 18. 
Spherical vegetative cells in 2-week-old cultures 10-15 µ,, their walls 1 µ,thick; 

in stationary-phase cultures cells up to 25 µ,,with an individual matrix 5-7 µ,thick; 
chloroplast thin, delicate with a single (usually) pyrenoid surrounded by an ap
parently continuous starch sheath; contractile vacuoles often present in vegetative 
cells, the latter uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 8 µ, long X 4 µ, 

wide, with a posterior nucleus and a minute anterior stigma. 
Source: Soil from Nashville, Davidson County, Tennessee. 
Culture number: SMB 18. 
(aureum, in reference to the color of plant-mass on O. lN BBM.) 
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Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126), at 14X, 

rough with nondescript pattern; plant-mass at 4 weeks on 0.1 N BBM agar deep 
yellow ( 88) . 

3-week-old cultures nitratase+, amylase+, gelatinase - . 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045 % . 
Chlorococcum aureum is similar to C. ellipsoideum, C. oleofaciens, and C. 

minutum, yet it is clearly distinct. Cultures of C. aureum become brilliant yellow 
on O.lN BBM agar upon aging; C. ellipsoideum and C. minutum change to a 
greenish-yellow; C. oleofaciens turns gold. Only C. aureum, of the four species, has 
an individual matrix surrounding its cells (Fig. 5 2) . C hlorococcum minutum is 
much smaller and C. oleofaciens is much larger in vegetative cell size than C. 
ellipsoideum or C. aureum. Chlorococcum ellipsoideum, however, is larger than 
C. aureum and the cells remain ellipsoidal for prolonged periods. 

Chlorococcum citriforme sp. nov. 

(Fig. 12, 44, 45 ) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-25 µ. 

membranis 1 µ. crass.; membrane cellularum in culturis in periodo immobili usque 
ad 2 µ. spissescentes; chloroplastus pyrenoidem singulam, quae vagina amyli ut 
videtur continua circumdatur, ( plerumque) habens; cellulae uninucleate. 

Reproductio per zoosporas aplanosporas effecta, zoosporae ovoideae, 9 µ.long., 
X 4 µ. lat., nucleum medium atque stigma anterius habentes; zoosporae spatia 
perlucida polo in utroque praebentes. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: E6B. 
Spherical vegetative cells in 2-week-old cultures 10- 25 µ., with walls to 1 µ. 

thick; in stationary-phase cultures the cell walls thickening to 2 µ.; chloroplast with 
a single (usually) pyrenoid surrounded by an apparently continuous starch sheath; 
cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 9 µ. long X 4 µ. 

wide, with a median nucleus and an anterior stigma; zoospores with clear areas at 
both poles. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: E6B. 
(citriforme, in reference to zoospore form.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126); at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar deep 
yellow ( 82-85). 

3-week-old cultures nitratase +, amylase+, gelatinase +. 



25 Archibald and Bold 

Growth completely inhibited by 0.002% crystal violet, inhibition slight at 
0.001 %. 

Chlorococcum citriforme is unlike any other Chlorococcum species which ex
hibits the rough, spherical mound pattern of growth (Summary Key B). The 
starch sheath is smooth and continuous, the plant-mass on 0.1 N BBM agar is 
yellow, and the zoospores have a clear area at each end of the cell. 

Chlorococcum croceum sp. nov. 

(Fig. 13, 46, 47 ) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 20-25 µ., 

membranis 1 µ.crass.; cellulae in culturis in periodo immobili usque ad 35 µ., mem
branis usque ad 3 µ. spissescentibus; chloroplastus pyrenoidem singulam, quae 
vagina amyli ut videtur continua, circumdatur (plerumque) habens; cellulae uni
nucleatae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae ovoideae, 10 µ. 

long. X 5 µ.lat., nucleum posteriorem atque stigma anterius habentes. 
Origo : E. solo in loco Nashville, Davidson County, Tennessee dicto. 
Numerus culturae: 16 SF2. 
Spherical vegetative cells in 2-week-old cultures 20-25 µ., with walls to 1 µ. thick; 

in stationary-phase cultures cells up to 35 µ., the walls thickening to 3 µ.; chloroplast 
with a single (usually) pyrenoid surrounded by a seemingly continuous starch 
sheath, cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 10 µ. long X 5 µ. 

wide with a posterior nucleus and an anterior stigma. 
Source: Soil from Nashville, Davidson County, Tennessee. 
Culture number: 16 SF2. 
(croceum, in reference to color of plant-mass on O. lN BBM.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark-green ( 126) ; at 

14X, rough with spherical mounds at center with radiating ridges toward the 
margin; plant-mass at 4 weeks on 0.1 N BBM agar gold ( 88). 

3-week-old cultures nitratase +, amylase+, gelatinase +. 
Growth completely inhibited by 0.0045 % crystal violet, inhibition slight at 

0.002%. 
Chlorococcum croceum is most like C. scabellum (Summary Key C) but differs 

from it in vegetative-cell and zoospore size. The cell wall of C. scabellum becomes 
stratified with age; this does not occur in C. croceum. 

Chlorococcum diplobionticum Herndon (1958a) 

(Fig. 14, 48, 49) 

Spherical vegetative cells in young cultures varying between 9 and 16 µ., with 
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walls to 1 p. thick; in stationary-phase cultures spherical cells increasing to 30-40 p., 

with walls to 9 p. thick; with one (occasionally 2) pyrenoid with a seemingly con
tinuous starch sheath; Herndon reported "akinete-like," orange-colored cells in 
old cultures. These have not been observed during the present investigation. 

Reproduction, as observed by the writers, by zoospores and ap:anospores, the 
former 6 p. long X 3 p. wide with a posterior nucleus and an anterior stigma. 

Indiana culture number: 950. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126); at 14X, 
rough with spherical mounds in center with ridges radiating to edge of margins; 
plant-mass at 4 weeks on O.OlN BBM agar yellow-green ( 117). 

3-week-old cultures nitratase +,amylase+, gelatinase-. 
Growth completely inhibited by 0.001 % crystal violet. 
Herndon ( 1958a) isolated several chlorococcalean species from soil samples 

obtained from soil near Daniel Town, Jamaica, British West Indies. One of these 
isolates he described as Chlorococcum diplobionticum in reference to the life cycle 
in which he believed the vegetative cells arose only from the union of two iso
gametes and were, therefore, diploid. This has not been confirmed by the present, 
investigators. Instead, no evidence of sexuality was observed in spite of many at
tempts to evoke it. The motile cells developed without sexual union into vegetative 
cells. There can be no doubt that the organism carried on sexual reproduction at 
the time Herndon was studying it. The loss of sexual activity in thees cultures, now 
more than 15 years old, may be similar to that in certain Zygomycetes (Alexo
poulos, personal communication). 

Chlorococcum diplobionticum resembles C. microstigmatum (Summary Key 
C), but the walls of C hlorococcum diplobionticum are thicker in both the log and 
stationary-phases of growth. Zoospores of C hlorococcum microstigmatum are 
spindle-shaped and 10 p. long X 4 p. wide, while those of C. diplobionticum are 
6 p. long X 3 p. wide. 

Chlorococcum fissum7 sp. nov. 

(Fig. 15, 57, 58) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15-20 p., 

membranis tenuibus ( 0.3 p. crass.) ; cellulae in culturis in periodo immobili usque 
ad 25-30 p., membranis ad 6-9 p. spissescentibus; chloroplastus densue saepe fissu
ratus, pyrenoidem singulam, quae vagina amyli ut videtur continua circumdatur, 
( plerumque) habens; cellulae uninucleatae. 

Reproductio per zoospores aplanosporasque effecta, zoosporae ellipsoideae, 7 p. 

7 Out of alphabetical order because the authors had at first named it C. dissectum, but later 
found that Korschikoff (1953) had used that designation (p. 125) for what is apparently a 
species of Neochloris. 
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long, X 4 µ.lat., nucleum posteriorem atque stigma anterius, satis persistens haben
tes; zoosporangia evacuata in culturis axenicis diu persistentia. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae 253NA. 
Spherical vegetative cells in 2-week-old cultures 15- 20 µ. , with thin walls (ca. 

0.3 µ.thick) ; in stationary-phase cultures cells up to 25- 30 µ., their walls thickening 
to 6-9 µ.; chloroplast massive, often fissured, with a single (usually) pyrenoid sur
rounded by an apparently continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ellipsoidal, 7 p. long X 
4 µ. wide, with a posterior nucleus and anterior, rather persistent, stigma; empty 
zoosporangia persistent for long periods in axenic cultures. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 253NA. 
(fissum, in reference to the chloroplast) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( l l 8 ) . 

3-week-old cultures nitratase+, amylase-, gelatinase+. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
Chlorococcum fissum is most like C. perforatum, C. echinozygotum, and C. 

texanum (Summary Key C). Vegetative cell size in log-phase cultures and the or
ganization of the zoospore readily distinguish C. echinozygotum from the others. 
The large size of the vegetative cells and the smooth surface of the chloroplast dis
tinguish C. texanum. Chlorococcum perforatum and C. fissum have zoospores 
which differ considerably in size, and their chloroplasts are dissimilar: C. fissum 
has a deeply fissured, almost fobed, chloroplast, while that of C. perforatum has an 
almost porous appearance. 

Chlorococcum echinozygotum Starr ( 1955) 

(Fig. 16, 52) 

Spherical vegetative cells in young cultures ovoid to subspherical varying from 
5-10 p.; in stationary-phase cultures spherical cells increasing to 20- 30 µ, with cell 
walls to 5-6 p. thick; chloroplast single, with a smooth pyrenoid exhibiting an ap
parently continuous starch sheath; secondary carotenoids not developing with age. 

Reproduction by gametes, aplanospores, and zoospores; the last 6 µlong X 4 µ. 

wide with a medial-anterior nucleus and an anterior stigma. Zoospores rarely 
present in old cultures. 

Indiana culture number: 118. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
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rough, spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow-green 
(116). 

3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.002 % crystal violet, inhibition slight at 

0.001 % . 
Chlorococcum echinozygotum, described by Starr in 1955, was isolated in 1946 

from a soil sample collected from San Marcellino, Luzon, Philippine Islands. It is 
of interest that this organism has continued to exhibit sexual reproduction during 
24 years in culture while Chlorococcum diplobionticum (p. 26) and C. minutum 
seemingly are no longer sexual. 

Chlorococcum echinozygotum resembles C. fmum (Summary key C). However, 
the vegetative cells of C. echinozygotum in the log-phase of growth are smaller, 
and the nucleus of the zoospore is medial-anterior in C. echinozygotum, while it is 
posterior in C. fissum. 

(echinozygotum refers to the spiny walls of the zygotes.) 

Chlorococcum elkhartiense sp. nov. 
(Fig. 17, 53) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 µ., 

membranis tenibus ( 0.3 µ. crass.) ; cellulae in culturis in periodo immobili usque ad 
25- 30 µ., membranis ad 2 µ. spissentibus; chloroplastus densus fissuratus, pyre
noidem singulam, quae vagina amyli ut videtur continua circumdatur, (plerum
que) habens; vacuolae contractiles saepe adsunt; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae ovoideae, 8 µ. 

long. X 4 µ.lat., nucleum medium ad posteriorem atque stigma anterius habentes; 
zoosporangia evacuata in culturis axenicis diu persistentia; zoosporae plerumque 
paucae. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: 15T3A. 
Spherical vegetative cells in 2-week-old cultures 10-15 µ., with thin walls (ca. 

0.3 µ. thick) ; in stationary-phase cultures cells up to 25-30 µ., their walls thicken
ing to 2 µ.; massive chloroplast fissured with a single (usually) pyrenoid surrounded 
by an apparently continuous starch sheath; contractile vacuoles often pres1·nt; 
cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 8 µ. long X 4 µ. 

wide, with a median-posterior nucleus and anterior stigma; empty zoosporangia 
persistent for long periods in axenic cultures; zoospores usually few in number. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 15T3A. 
(elkhartiense, in reference to the county from which isolated.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at l 4X, 
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rough with spherical mounds in center with ridges radiating to the margin; plant
mass at 4 weeks on 0.1 N BBM agar yellow-green ( 117). 

3-week-old culture.> nitratase +, amylase+, gelatinase +. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045 % . 
Chlorococcum elkhartiense resembles C. uliginosum and C. loculatum (Sum

mary Key C) . The zoospores of C. elkhartiense are quite different from those of 
the other species. Chlorococcum uliginosum has a smooth-surfaced chloroplast 
with a superficial opening; the chloroplast of C. loculatum is massive and deeply 
fissured. The cell wall of C. loculatum increases in thickness with age, that of C. 
uliginosum does not. Amylase and gelatinase activity are not exhibited by C. 
uliginosum. 

Chlorococcum ellipsoideum Deason and Bold (1960) 

(Fig. 18, 54) 

Spherical vegetative cells in young cultures varying from 10 to 20 p,; in station
ary-phase cultures increasing to 25-35 IL, with walls 5-6 p, thick; chloroplast single, 
with a pyrenoid surrounded by a continuous starch sheath. 

Reproduction by aplanospores and zoospores, the latter approximately 7-9 p, 

long X 2.5-3 p, wide with a posterior nucleus and an anterior stigma; in stationary
phase growth production of aplanospores is extensive. 

Indiana culture number: 972. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
rough nondescript; plant-mass at 4 weeks on O. lN BBM green-yellow ( 97). 

3-week-old cultures nitratase-, amylase+, gelatinase-. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
Deason and Bold ( 1960) isolated Chlorococcum ellipsoideum from a soil sample 

from an oak woods in Williamson County, Texas. The writers identified an isolate 
from a similar environment in Tennessee as C. ellipsoideum. As the name ellipsoi
deum implies, the developing vegetative cells remain ellipsoidal for a long period 
even in stationary-phase cultures. 

Chlorococcum ellipsoideum and C. aureum are similar (Summary Key C), but 
an individual matrix surrounds each cell of C. aureum. Cultures of Chlorococcum 
aureum become yellow (88) with age on 0.lN BBM agar, while cultures of C. 
ellipsoideum remain green ( 97). 

Chlorococcum gelatinosum sp. nov. 

(Fig. 19, 55) 

Cellulae vegetative sphericae in culturis duarum hebdomadum aetate 10-15 p,, 

membranis tenuibus (c. 0.5 p, crass.) ; cellulae multae post duas hebdomades 
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semper ellipsoideae; cellulae in culturis in periodo immobil usque ad 30-35 µ, 

membranis usque ad 1 µ spissescentibus; cytoplasma spumosum, pyrenoidem singu
lam, quae vagina amyli ut videtur continua, circumdatur, ( plerumque) habens; 
cellulae matricibus propriis cohaerentes, uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae ellipsoideae, 
8 µlong. X 4 µlat., nucleum posteriorem atque stigma anterius habentes. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: 15KlA. 
Spherical vegetative cells in 2-week-old cultures to 10- 15 µ, with thin walls (ca. 

0.5 µ thick ) ; many cells remaining ellipsoidal at 2 weeks; in stationary-phase cul
tures, cells up to 30-35 µ, their walls thickening to 1 µ; cytoplasm frothy; chloro
plast with a single (usually) pyrenoid surrounded by an apparently continuous 
starch sheath; cells coherent by their individual matrices. 

Reproduction by zoospores and aplanospores, the former ellipsoidal, 8 µlong X 
4 µwide, with a posterior nucleus and anterior stigma. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
(gelatinosum, in reference to sheath surrounding each cell.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126 ) ; at l 4X, 

rough with spherical mounds in the center and ridges radiating to the margin; 
plant-mass on 0.1 N BBM agar green-yellow ( l 00 ). 

3-week-old cultures nitratase +, amylase+, gelatinase +. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight by 

0.0045 % . 
Chlorococcum gelatinosum is quite unlike any other described Chlorococcum 

(Summary Key C) in having gelatinous matrices which cause the individual cells 
to cohere (Fig. 55). 

Chlorococcum hypnosporum Starr ( 1955) 

(Fig. 3, 56, 57) 

Spherical vegetative cells in young cultures varying from 11- 16 µ,in stationary
phase cultures increasing to 25-30 µ, with walls to 5- 6 µ thick; chloroplast single, 
with a pyrenoid having a discontinuous starch sheath composed of 4- 5 grains. 

Reproduction by aplanospores and zoospores, the latter approximately 7 .5 µ X 
2.5-3 µ (Starr, 1955 ) ; the writers measured zoospores 13 µ. long X 5.5 µ wide 
and also observed repeatedly union of isogamous gametes to form smooth-walled 
zygotes (Fig. 5 7) . The motile cells have a median-posterior nucleus and anterior 
stigma 2 µ long in zoospore; echinate hypnospores (thick-walled aplanospores) 
are common in stationary-phase cultures. 

Indiana culture number: 119. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
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smooth, granular; plant-mass at 4 weeks on O.lN BBM agar green-yellow (99). 
3-week-old cultures nitratase - , amylase+, gelatinase - . 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
In some respects Chlorococcum hypnosporum is similar to C. isabeliense (Sum

mary Key C) but differs in appearance of growth pattern of the plant-mass and 
size of vegetative cells in the stationary-phase of growth. The vegetative cells of 
Chlorococcum hypnosporum increase markedly in size with age and the cell wall 
thickens to 5 p. or more. 

Chlorococcum isabeliense sp. nov. 

(Fig. 20, 58, 59) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 12- 15 p., 

membranis tenuibus ( c. 0.3 p. crass.) ; Cellulae in culturis in periodo immobili non 
manifeste accrescentes; chloroplastus densus, pyrenoidem singulam, quae vagina 
amyli ut videtur continua circumdatur ( plerumque) habens; cellulae uninucle
atae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae 10 p. 

long. X 3.5 p. lat., nucleum posterio-medium atque stigma anterius habentes. 
Origo: In arena orae, in loco Port Isabel, Texas, dicta. 
Numerus culturae: P.I. 9- 2. 
Spherical vegetative cells in 2-week-old cultures 12-15 p., with thin walls (ca. 

0.3 p. thick); cells not increasing markedly in size in stationary-phase cultures; 
chloroplast massive with a single (usually) pyrenoid surrounded by an apparently 
continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 10 µ. long X 
3.5 p. wide with a posterior-median nucleus and anterior stigma. 

Source: Coastal sand, Port Isabel, Texas. 
Culture number: P.I. 9-2. 
(isabeliense, in reference to habitat.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

smooth; plant-mass at 4 weeks on 0.1 N BBM agar yellow-green ( 119). 
3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.0045 %crystal violet. 
Chlorococcum isabeliense is most like C. hypnosporum, (Summary Key C) but 

differs from it in plant-mass appearance, vegetative cell size, thickness of vegetative 
cell wall, and chloroplast thickness. Amylase and gelatinase activity, as well as the 
inhibitory effects of crystal violet, differ in the two species. Chlorococcum hypno

sporum turns yellow ( 99) upon aging and produces hypnospores. Starch structure 
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surrounding the pyrenoid of C. isabeliense is seemingly continuous, while the starch 
sheath around C. hypnosporum is discontinuous. The zoospores of Chlorococcum 
hypnosporum are 3 p. longer than those of C. isabeliense. 

Chlorococcum lacustre sp. nov. 

(Fig. 21, 60) 

Cellulae vegetative sphericae in culturis duarum hebdomadum aetate 10-15 p., 

membranis tenuibus ( c. 0.3 p. crass.) ; cellulae in culturis in periodo immobili usque 
ad 20-25 p.; membranis ad 1-5 p. spissescentibus, cellulae cohaerere solentes, guam
guam sine matricibus; chloroplastus pyrenoidem sigulam angularem, quae vagina 
amyli ut videtur continua circumdatur, ( plerumque) habens; chloroplastus tenius, 
pyrenoide prope su perficiem; vacuolae contractiles saepe adsunt; cellulae uni
nucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae fusiformes, 11 p. 

long. X 3 p. lat., nucleum stigmaque anteriora habentes; pyrenoides in zoospora 
medio-posterior. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: 25T3A. 
Spherical vegetative cells in 2-week-old cultures 10-15 p., with thin walls (ca. 

0.3 p. thick) ; in stationary-phase cultures cells up to 20-25 p., their walls thickening 
to 1-5 p.; cells tending to cohere, though lacking matrices; chloroplast with a single, 
(usually) angular pyrenoid surrounded by an apparently continuous starch sheath; 
chloroplast thin with pyrenoid near surface; contractile vacuoles often present; 
cells uninucleate. 

Reproduction by zoospores and aplanospores, the former fusiform, 11 p. long X 
3 p. wide, with an anterior nucleus and stigma; pyrenoid in zoospore median
posterior. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 25T3A. 
(lacustre, in reference to the collection site, near Lake Michigan.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds in the center and ridges radiating to the margin; 
plant-mass at 4 weeks on 0.1 N BBM agar yellow-green ( 11 7). 

3-week-old cultures nitratase+, amylase+, gelatinase+. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
Chlorococcum lacustre is most like C. acidum and C. paludosum (Summary 

Key C) but differs in some morphological respects. Chlorococcum lacustre and C. 
acidum have thicker cell walls than C. paludosum in both the log and stationary
phases of growth. Zoospores of Chlorococcum lacustre and C. paludosum are twice 
the length of those of C. acidum. 
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Chlorococcum loculatum sp. nov. 

(Fig. 22, 61) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 20-25 µ,, 

membranis 1 µ, crass.; cellulae in culturis in periodo immobili usque ad 20-25 µ,, 

membranis ad 2 µ, spissescentibus; chloroplastus densus, lumen cellulae fere com
plens, fissurae in chloroplasto I obos superficiales efficientes; chloroplastus pyrenoi
dem singulam, quae vagina amyli ut videtur continua circumdatur (plerumgue) 
habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae, 12.5 µ, 

long. X 5 µ,lat., nucleum medium atque stigma anterius habentes, zoosporae laete 
mobiles. 

Origo: In solo e turbario prope lo cum Elkhart, Elkhart County, Indiana dictum. 
Numerous culturae: 141N1 A. 
Spherical vegetative cells in 2-week-old cultures 20-25 µ,, their walls to 1 µ,thick; 

in stationary-phase cultures, cells up to 20-25 µ,, their walls thickening to 2 µ,; 

chloroplast massive, almost filling the cell lumen; fissures in chloroplast making 
superficial lobes; chloroplast with a single (usually) pyrenoid surrounded by an 
apparently continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 12.5 µ,long X 
5 µ, wide, with a median nucleus and anterior stigma; zoospores actively motile. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 141N1A. 
(loculatum, in reference to the chloroplast.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds in the center and ridges radiating to the margin; 
plant-mass on 0.1 N BBM agar yellow-green ( 116- 118). 

3-week-old cultures nitratase +,amylase+, gelatinase+. 
Growth slightly inhibited by 0.01 %crystal violet. 
Chlorococcum loculatum is similar to C. elkhartiense (Summary Key C) but 

differs in size of zoospores and appearance of the chloroplast. The chloroplast of 
Chlorococcum elkhartiense is neither massive or deeply fissured. 

C hlorococcum macrostigmatum Starr ( 1954) 

(Fig. 23, 62) 

Spherical vegetative cells in young cultures varying from 20-30 µ,, with a wall 
1 µ, thick; in stationary-phase cultures spherical cells increasing to 60 µ,, wall in
creasing up to 9 µ, thick; chloroplast with single, smooth pyrenoid surrounded by 
a continuous starch sheath. 

Reproduction by aplanospores and zoospores, the latter 8 µ, long X 4 µ, wide 
with a posterior nucleus and a large, anterior stigma. 
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Indiana culture number: 109. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( 116 ) . 

3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.0045 % crystal violet, inhibition slight at 

0.002%. 
A soil sample from the Osborn Botanical Laboratory, Yale University, yielded 

Chlorococcum macrostigmatum. Starr assigned the specific epithet because of the 
large stigma of the zoospores. Not only is the stigma large but it persists for a con
siderable time after the zoospore ceases to move. 

Chlorococcum microstigmatum sp. nov. 

(Fig. 24, 63) 

Cellulae vegetativae sphericae in culturis duarum hebdomandum aeate 10-15 µ 
diam., membranis tenuibus ( c. 0.5 µ crass.); cellulae in culturis in periodo im
mobili usque ad 35-40 µ, membranis ad 6 µ spissescentibus; chloroplastus pyre
noidem singulam, quae vagina amyli ut videtur continua circumdatur, ( plerum
que) habens; chloroplastus aperturam superificialem parvam praebens; vacuolae 
contractiles saepe adsunt; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque eff ecta, zoosporae fusiformes, 10 µ 
long. X 4 µ lat., nucleum medioposteriorem atque stigma anterius punctiforme 
habentes. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
N umerus culturae : l 8T2A. 
Spherical vegetative cells in 2-week-old cultures 10- 15 µin diameter, with thin 

walls (ca. 0.5 µ thick) ; in stationary-phase cultures cells up to 35-40 µ, their walls 
thickening to 6 µ; chloroplast with a single (usually) pyrenoid surrounded by an 
apparently continuous starch sheath; small surface opening in chloroplast; con
tractile vacuoles often present; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former spindle-shaped, 10 µ 
long X 4 µ wide, with median-posterior nucleus and punctiform, anterior stigma. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 18T2A. 
(microstigmatum, in reference to stigma of zoospore.) 
Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126); at 14X, 

rough with spherical mounds in the center and ridges radiating to the margin; 
plant-mass at 4 weeks on O.OlN BBM agar yellow-green ( 117). 

3-week-old cultures nitratase+, amylase+, 6-week-old cultures gelatinase+. 
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Growth completely inhibited by 0.001 % crystal violet, inhibition slight by 
0.0045%. 

Chlorococcum microstigmatum is similar to C. diplobionticum (Summary Key 
C) but differs in the size of the zoospores and thickness of cell walls in both log and 
stationary-phases of growth, those of C. diplobionticum being thicker in both 
phases. The zoospores of Chlorococcum microstigmatum are distinctly spindle
shaped, in contrast to those of C. diplobionticum which are ovoid. 

Chlorococcum minutum Starr ( 1955) 

(Fig. 25, 64) 

Spherical vegetative cells in young cultures varying from 4-6 µ., most cells ovoid 
to subspherical in actively growing cultures; in stationary-phase cultures spherical 
cells increasing to 20 µ., their walls to 5-6 µ. thick; chloroplast with a single, pyre
noid covered by a continuous starch sheath. 

Asexual reproduction by aplanospores and zoospores, the latter 6-7 µ. long X 
3-5 µ. wide, with a posterior nucleus and an anterior stigma. Zoospores formed in 
older cultures; sexual reproduction with formation of smooth-walled dormant zy
gotes (Starr, 1955). Starr reported isogamous sexual reproduction for this species 
but all attempts by the writers to evoke it were futile. 

Indiana collection number: 117. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny dark green ( 126) ; at 14X, 
rough nondescript; plant-mass at 4 weeks on 0. lN BBM green-yellow (98). 

3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.0045% crystal violet, inhibition slight at 

0.002%. 
The type culture of Chlorococcum minutum was isolated from a soil sample 

from Bombay, India. The epithet minutum is in reference to the size of the young 
vegetative cells. 

Chlorococcum minutum and C. aureum are similar (Summary Key C), but 
C. aureum is much larger in size. Cultures of Chlorococcum aureum turn yellow 
(88) on O.lN BBM agar upon aging while cultures of C. minutum remain green 
(98). 

Chlorococcum novae angliae sp. nov. 

(Fig. 2, 65) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 µ., 

membrana 1 µ. crass.; cellulae in culturis in periodo immobili non manifeste ac
crescentes; chloroplastus pyrenoidem singulam, quae granis amyli discontinuis cir
cumdatur, ( plerumque) habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta; zoosporae pyriformes, 10-
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12 µ.long. X 5.5- 6 µ.lat., nucleum anteriorem atquestigma anterius ad £ere aequa
toriale; zoosporae 2-4 in omni zoosporangio, C hlamydomonadi consimiles. 

Origo: In solo plaudis qua plantae Oxycocci cultae, in loco Falmouth. Barn
stable County, Massachusetts, dicto. 

Numerus culturae: C25. 
Spherical vegetative cells in 2-week-old cultures 10-15 µ.,with walls to 1 µ.thick; 

cells not increasing markedly in size in stationary-phase cultures; chloroplast with 
a single (usually) pyrenoid surrounded by discontinuous starch grains; cells 
uninucleate. 

Reproduction by zoospores and aplanospores, the former pyriform, 10-12 µ. 

long X 5.5-6 µ. wide, with an anterior nucleus; stigma anterior to almost equa
torial; 2-4 zoospores per zoosporangium, the former resembling Chlamydomonas. 

Source: Soil from a Cranberry bog Falmouth, Barnstable County, Massachu
setts. 

Culture number: C25. 
(novae angliae, in reference to its habitat. ) 
Supplementary attributes: 
Plant-mass at 4-weeks on 3N BBM agar very shiny, dark green ( 126) ; at 14X, 

smooth, plant-mass at 4 weeks on 0.1 N BBM agar yellow-green ( 115-11 7). 
3-week-old cultures nitratase - , amylase+, gelatinase - . 
Growth completely inhibited by 0.01 % crystal violet, inhibition ·slight at 

0.0045%. 
C hlorococcum novae angliae is distinct from all other Chlorococcums (Sum

mary Key C) in plant-mass appearance, but is like C. perplexum in exhibiting 
some C hlamydomonas-like characteristics. Unlike C hlorococcum novae angliae, 
the cell wall of C. perplexum does not thicken with age. The pyrenoid of Chloro
coccum novae angliae is surrounded by discontinuous starch grains, while the 
pyrenoid of C. perplexum is surrounded by a continuous starch sheath. Zoospores 
of C hlorococcum novae angliae are pyriform with an anterior nucleus, and zoo
spores of C. perplexum are ellipsoidal with a posterior nucleus. 

C hlorococcum oleof aciens Trainor and Bold ( 1953) 

(Fig. 26, 66) 

Spherical vegetative cells in young cultures vary from 10-15 µ., with walls to 
1 µ. thick; in stationary-phase cultures spherical cells increasing to 46 µ., the cell 
walls to 6-9 µ. thick; chloroplast with single pyrenoid covered by a continuous 
starch sheath. 

Reproduction by aplanospores and zoospores, the latter 7 ,u long X 4 µ.wide with 
an anterior nucleus and an anterior stigma. 

Indiana culture number: 105. 
Supplementary attributes: 
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Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126); at 14X, 
rough, nondescript; plant-mass at 4 weeks on 0.1 N BBM agar gold ( 94). 

3-week-old cultures nitratase +, amylase+, gelatinase +. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045 % . 
Trainor and Bold ( 1953 ) isolated Chlorococcum oleofaciens from soil from a 

plowed field near Duanesburg, New York. The specific name refers to the large 
amount of yellow oil produced by older cells. 

Chlorococcum oleofaciens is similar to C. aurem (Summary Key C) but C. 
aureum has an individual matrix surrounding its cells. Cultures of Chlorococcum 
aureum turn yellow (88) on O.lN BBM agar upon aging, while cultures of C. 
oleof aciens become gold ( 94). 

Chlorococcum oviforme sp. nov. 

(Fig. 31, 75, 76) 

Cellulae vegetativae pyriformes ad sphericas in culturis duarum hebdomadum 
aetate 15 µ., membranis 1 µ. crass.; membranae cellularum in culturis in periodo 
immobili 2-3 µ. crass.; chloroplastus densus, pyrenoidem singulam peripheralem 
( basalem ), quae vagina amyli ut videtur continua circumdatur, (plerumque ) 
habens; cellulae uninucleatae, ( plerungue ) oviforme. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae, 10 µ. 

long. X 5 µ.lat., nucleum posteriorem atque stigma anterius habentes. 
Origo: In exemplo solo in loco Bertram, Burnet County, Texas, dicto. 
Numerus culturae: 5-2. 
Spherical vegetative cells in 2-week-old cultures 15 µ., with walls 1 µ.thick; in 

stationary-phase cultures cell wall increasing to 2- 3 µ.;with a massive chloroplast 
with (usually) a single, peripheral (basal) pyrenoid surrounded by a seemingly 
continuous starch sheath; cells (frequently) egg-shaped; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid 10 µ.long X 5 µ. 

wide with a posterior nucleus and anterior stigma. 
Source: Soil sample Bertram, Burnet County, Texas. 
Culture number: 5-2. 
( oviforme, in preference to egg-shaped vegetative cells in young cultures.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( 11 7 ) . 

3-week-old cultures nitratase +, amylase+, gelatinase + . 
Growth completely inhibited by 0.002% crystal violet. 
Chlorococcum ouiforme and C. typicum are distinct from the other Chlorococ

cums but similar to each other. (Summary Key C) The cells of Chlorococcum 
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typicum increase in size with age and develop a wall 1 p. thick; the vegetative cells 
of C. oviforme exhibit little increase in size with age, but the cell wall increases to 
2-3 p.. Chlorococcum oviforme has a massive chloroplast, in which not infrequent
ly two pyrenoids are located. Many vegetative cells of C. oviforme remain ovoid 
even in old cultures, with the pyrenoid frequently at the broader pole of the cell. 

Chlorococcum paludosum sp. nov. 

(Fig. 27, 67, 68, 69) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 p., 

membranis teruibus ( c. 0.5 p. crass.) ; cellulae in culturis in periodo immobili usque 
ad 20-25 p., membranis ad 1 p. spissescentibus; chloroplastus fissuratus, pyrenoidem 
singulam, quae vagina amyli ut videtur continua circumdatur, (plerumque) 
habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae, 12 p. 

long. X 4.5 p. lat., nucleum medio-posteriorem atque stigma anterius habentes. 
Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: 12KlA. 
Spherical vegetative cells in 2-week-old cultures 10- 15 p., with thin walls (ca. 

0.5 p. thick) ; in stationary-phase cultures, cells up to 20-25 p., their walls thicken
ing to 1 p.; chloroplast fissured with a single (usually) pyrenoid surrounded by a 
seemingly continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 12 p. long X 
4.5 p. wide, with a median-posterior nucleus and anterior stigma. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 12K1A. 
(paludosum, in reference to frequent appearance of the organism in bog soil.) 

Supplementary attributes : 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds in the center and ridges radiating to the margin; 
plant-mass at 4 weeks on 0.1 N BBM agar green-yellow ( 99). 

3-week-old cultures nitratase +, amylase+, gelatinase + . 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
C hlorococcum paludosum is most like C. lacustre; (Summary Key C), yet the 

two species differ in thickness of cell wall in old cells, appearance of chloroplast, 
and location of the nucleus in the zoospore. Physiological attributes are also dif
ferent. 

Chlorococcum perforatum Arce and Bold ( 1958) 

(Fig. 28, 70) 

Spherical vegetative cells in young cultures 15-20 p., with walls to 1 p. thick; in 
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stationary-phase cultures spherical cells increasing to 30-35 µ., with walls to 6-8 p. 

thick; chloroplast with a single, smooth pyrenoid having a continuous starch sheath. 
Reproduction by aplanospores and zoospores, latter approximately 8-10.5 p. 

long X 2.5-3 µ. wide with a posterior nucleus and an anterior stigma; zoospores 
formed constantly in large number, even in old cultures. 

Indiana collection number: 775. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
rough with spherical mounds; plant-mass at 4 weeks on 0.lN BBM agar yellow
green ( 11 7 ) . 

3-week-old cultures nitratase+, amylase+, gelatinase+. 
Growth completely inhibited by 0.002% crystal violet, inhibition slight at 

0.001%. 
Arce and Bold ( 1958) isolated and described Chlorococcum perforatum from 

soil collected on the island of Cuba. The name refers to the appearance of the 
chlorophst as the cell ages. 

Chlorococcum perplexum sp. nov. 

(Fig. 29, 71) 

Cellulae vegetativae sphericae, in culturis duarum hebdomadum aetate 11 µ., 

plerae cellulae, autem, ellipsoideae; cellulae in culturis in periodo immobili usque 
ad 15 p., membranis ad 5 µ. spissescentibus; chloroplastus pyrenoidem singulam, 
quae vagina amyli ut videtur continua circumdatur, (plerumque) habens; cellulae 
uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ellipsoideae, 9 p. 

long. X 5 µ. lat., nucleum posteriorem atque stigma anterius habentes; zoosporae 
abunde effectae. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana, 
dictum. 

Numerus culturae: 141N2A. 
Spherical vegetative cells in 2-week-old cultures 11 µ., but most cells ellipsoidal; 

in stationary-phase cultures cells up to 15 µ., their walls thickening to 5 p.; chloro
plast with a single (usually) pyrenoid surrounded by a seemingly continuous starch 
sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ellipsoidal, 9 µ. long X 
5 µ. wide, with a posterior nucleus and anterior stigma; abundant zoospore forma
tion. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 141N2A. 
(perplexum, in reference to the presence of some Chlamydomonas-like char

acters.) 
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Supplementary attributes : 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny; dark green ( 126) ; at 14X, 

smooth, granular; plant-mass at 4 weeks on 0.1 N BBM agar yellow-green ( 11 7). 
3-week-old cultures nitratase+, amylase - , gelatinase - . 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045 % . 
Chlorococcum perplexum resembles C. novae angliae and C. sphacosum (Sum

mary Key C). C hloroe-occum perplexum is similar to C. novae angliae in that it 
exhibits a Chlamydomonas-like appearance but differs in plant-mass configuration 
and in such basic morphological characteristics as thickness of cell wall in old cul
tures, type of starch sheath surrounding pyrenoid, and in form and position of 
nucleus in the zoospores. Chlorococcum novae angliae produces amylase but not 
gelatinase and nitratase, while C. perplexum produces nitratase but not amylase 
and gelatinase. 

C hlorococcum pinguideum Arce and Bold ( 1958) 

(Fig. 30, 72) 

Spherical vegetative cells in young cultures varying between 10-15 p., with a 
wall 2 p. thick; in stationary-phase cultures spherical cells increasing to 45-50 p.; 

1 (occasionally 2) pyrenoid exhibiting a discontinuous starch plate composed of 
4- 5 grains. 

Reproduction by aplanospores and zoospores, the latter approximately 11 p. long 
X 5 p. wide with an anterior nucleus and stigma. 

Indiana collection number: 774. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126 ) ; at l 4X, 
rough with spherical mounds; plant-mass at 4 weeks on 0.1 N BBM agar gold ( 94) . 

3-week-old cultures nitratase + , amylase + , gelatinase-. 
Growth completely inhibited by 0.0045 % crystal violet, scant inhibition at 

0.002% . 
A soil sample from a sugar field in Santa Marta, Camaguey, Cuba, was the 

source of C hlorococcum pinguideum; pinguideum is in reference to the large 
masses of fatty material produced in old cells. 

Chlorococcum pinguideum is similar to C. refringens (Summary Key C) but 
log-phase cells of C. refringens do not have a thick cell wall. Neither vegetative cells 
nor zoospores of Chlorococcum refringens ever attain the size of those of C. pin
guideum. 

Chlorococcum pulchrum sp. nov. 

(Fig. 4, 73, 74) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 p., 

membranis tenuibus ( c. 0.3 p. crass.) ; cellulae in culturis in periodo immobili usque, 
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ad 15-20 JL, membranis ad 1 µ. spissescentibus; chloroplastus densus, apertura 
superficiali praeditus, fissuras delicatas in superficie praebens, pyrenoidem singu
lam, quae vagina amyli ut videtur circumdatur, (plerumque) habens; cellulae 
uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae, 7 µ. 

long. X 3 µ. lat., nucleum posteriorem atque stigma anterius habentes; zoospor
angia evacuata in culturis exenicis diu persistentia. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae : 11 T4A. 
Spherical vegetative cells in 2-week-old cultures 10- 15 µ., with thin walls (ca. 

0.3 µ.) ; in stationary-phase cultures cells up to 15- 20 µ., their walls thickening to 
1 µ.; chloroplast massive with a superficial opening and delicate surface fissures on 
chloroplast; the latter with a single (usually), pyrenoid surrounded by an appar
ently continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 7 µ. long X 3 µ. 

wide, with a posterior nucleus and an anterior stigma; empty zoosporangia for long 
periods in axenic cultures. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 11T4A. 
(pulchrum, in reference to appearance of delicate surface fissures on the chloro

plast.) 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
rough nondescript; plant-mass at 4 weeks on O.lN BBM agar yellow-green ( 115
117). 

3-week-old cultures nitratase-, amylase+ , gelatinase +. 
Growth completely inhibited by 0.01 % crystal violet, inhibition scant by 

0.0045 % . 
Chlorococcum pulchrum is most like C. arenosum (Summary Key C ) . It dif

fers from C. arenosum in thickness of cell walls, size of zoospores and appearance 
of chloroplast. The chloroplast of C. pulchrum is massive and exhibits delicate sur
face fissures which give the cell a netted, lacy appearance. Nitratase and gelatinase 
activity are different for the two species. 

Chlorocoecum refringens sp. nov. 

(Fig. 32, 77) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 µ., 

membranis tenuibus (c. 0.3 µ.crass.) ; cellulae in culturis in periodo immobili usque 
ad 30-35 µ., membranis ad 2 µ. spissescentibus; chloroplastus 2- 3 pyrenoides 
(plerumque) habens, omnis pyrenoides granis amyli discretis circumdata; cellulae 
uninucleatae. 
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Reproductio per zoosporas aplanosporasque eff ecta, zoosporae fusiformes, 7 P. 

long. X 3 p. lat., nucleum stigmaque anteriora habentes; zoosporae motu pigrae. 
Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana, 

dictum. 
Numerus culturae: 193N7B. 
Spherical vegetative cells in 2-week-old cultures 10-15 p., with thin walls (ca. 

0.3 p. thick) ; in stationary-phase cultures cells up to 30-35 p. with walls thickening 
to 2 p.; chloroplast (frequently) with 2-3 pyrenoids, each pyrenoid surrounded by 
discrete starch grains; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former spindle-shaped, 7 P. 

long X 3 p. wide, with an anterior nucleus and stigma; zoospores sluggish. 
Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 193N7B. 
(refringens, in reference to plant-mass under reflected light.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds and a mica-like shine; plant-mass at 4 weeks on 
0.1 N BBM agar light olive ( 106) and gold ( 85) in center. 

3-week-old cultures nitrase+, amylase+, gelatinase - . 
Growth completely inhibited by 0.0045 % crystal violet, inhibition slight at 

0.002 7<: . 
Chlorococcum refringens resembles C. pinguideum but differs from it in thick

ness of the cell wall in young vegetative cells, size of vegetative cells in old cultures, 
and the size of the zoos pores. Cells of all phases of growth are larger in C hlorococ
cum pinguideum (Summary Key C). 

Chlorococcum reticulatum sp. nov. 

(Fig. 7, 78, 79) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15-20 p., 

membranis crassis ( c. 2 µ. crass.) ; cellulae in culturis in periodo immobili usque 
ad 25 µ., membranis non spissiscentibus; chloroplastus pyrenoidem singulam angu
larem and hexagonalem, quae vagina amyli ut videtur continua circumdatur 
( plerumque) , habens; aperturam superficialem praebens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ellipsoideae, 11 µ. 

long. X 2 µ. lat., nucleum anterio-medium atque stigma anterius habentes. 
Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana dictum. 
Numerus culturae: 111N2C. 
Spherical vegetative cells in 2-week-old cultures 15-20 µ., with thick walls (ca. 

2 µ. thick) ; in stationary-phase cultures cells up to 25 µ., the walls not thickening 
further; chloroplast with a single (usually), angular to hexagonal, pyrenoid, sur
rounded by an apparently continuous starch sheath; with a superficial opening in 
the chloroplast; cells uninucleate. 
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Reproduction by zoospores and aplanospores, the former ellipsoidal, 11 µ.long X 
3 µ.wide, with an anterior-median nucleus and anterior stigma. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: l 11N2C. 
(reticulatum, in reference to plant-mass configuration on agar media.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough, reticulate; plant-mass at 4 weeks on O. lN BBM agar green-yellow ( 100). 
3-week-old cultures nitratase+, amylase+, gelatinase-. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight by 

0.0045%. 
C hlorococcum reticulatum has such a distinct plant-mass configuration that it is 

completely unlike all other described Chlorococcums (Summary Key B). 

Chlorococcum rugosum sp. nov. 

(Fig. 8, 80) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15 µ., 

membranis 1 µ. crass.; cellulae in culturis in periodo immobili non manifesto ac
crescentes, in cultura liquida vaginam, praebentes; chloroplastus pyrenoidem 
singulam angularem, quae vagina amyli ut videtur continua circumdatur (plerum
que) habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae 10 µ. long. X 5 µ. 

lat., nucleum posteriorem atque stigma anterius habentes. 
Origo: In arena orae in loco Port Isabel, Texas, dicto. 
Numerus culturae: P.I. 7-3. 
Spherical vegetative cells in 2-week-old cultures 15 µ., with walls 1 µ.thick; cells 

not enlarging markedly in stationary-phase cultures; with a sheath in liquid cul
ture; chloroplast with a single (usually) , angular pyrenoid surrounded by a seem
ingly continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former 10 µ.long X 5 µ.wide 
with a posterior nucleus and anterior stigma. 

Source: Coastal sand, Port Isabel, Texas. 
Culture number: P.I. 7-3. 
(rugosum, in reference to appearance of plant-mass on 3N BBM agar.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126); at 14X, 

rough, rugose; plant-mass at 4 weeks on 0. lN BBM agar yellow-green ( 117). 
3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.002% crystal violet. 
Chlorococcum rugosum, like C. reticulatum, has such a distinctive and unique 

plant-mass configuration on agar that it does not resemble any of the other de
scribed species (Summary Key B) . 
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Chlorococcum salsugineum sp. nov. 

(Fig. 5, 81, 82) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15-20 µ., 

membrana 1 µ. crass.; cellulae ellipsoideae 10-15 µ. long.; cellulae in cultura in 
periodo immobili usque ad 30 µ., membranis ad 2 µ. spissescentibus; chloroplastus 
densus, pyrenoidem singulam, quae vagina amyli ut videtur continua circumdatur 
( plerumque) habeas; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae fusiformes, 10 µ. 

long. X 5 µ.lat., nucleum posteriorem atque stigma anterius habentes. 
Origo: In solo in palude qua plantas Oxycocci cultae prope locum Falmouth, 

Barnstable County, Massachusetts, dictum. 
Numerus culturae: C7C. 
Spherical vegetative cells in 2-week-old cultures 15-20 µ.,with walls 1 µ.thick; 

ellipsoidal cells 10- 15 µ.in length; in stationary-phase culture cells up to 30 µ.,the 
walls thickening to 2 µ.; chloroplast massive with a single (usually) pyrenoid sur
rounded by a seemingly continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former spindle-shaped, 10 p. 

long X 5 p. wide, with a posterior nucleus and an anterior stigma. 
Source: Soil from a cranberry bog near Falmouth, Barnstable County, Massa

chusetts. 
Culture number: C7C. 
(salsugineum, in reference to its habitat.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( 115-11 7 ) . 

3-week-old cultures nitratase +, amylase - , gelatinase +. 
Growth inhibition slight at 0.01 % crystal violet. 
Chlorococcum salsugineum is distinct from other Chlorococcums with a rough 

plant-mass configuration of spherical mounds (Summary Key B). 

Chlorococcum scabellum Deason and Bold ( 1960) 

(Fig. 33,83) 

Spherical vegetative cells in young cultures varying from 10-15 p.; in stationary
phase cultures spherical cells increasing to 20 µ., and producing concentrically 
stratified walls 5-6 µ. thick; chloroplast with a single, smooth pyrenoid covered by 
a continuous starch sheath; with age, orange-colored oil droplets developing in 
chloroplast. 

Reproduction by zoospores and aplanospores; the former approximately 7-9 µ. 

long X 2.5-3 µ. wide with a posterior nucleus and an anterior stigma; abundant 
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aplanospore production occurring, the empty aplanosporangia persisting in axenic 
cultures. 

Indiana culture number: 1233. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar is dull-shiny, dark green ( 126) ; at 14X, 
rough with sperical mounds in the center and ridges radiating at the margin; plant
mass at 4 weeks on 0.1 N BBM agar gold ( 94). 

3-week-old cultures nitrase+, amylase+, gelatinase+. 
Growth completely inhibited by 0.0045 % crystal violet, scant inhibition at 

0.002%. 
C hlorococcum scabellum and C. croceum are similar (Summary Key C), but 

the cell wall of C. croceum does not become stratified with age as it does in C. 
scabellum. Both vegetative cells and zoospores attain a greater size in Chlorococ
cum croceum than they do in C. scabellum. 

Chlorococcum sphacosum sp. nov. 

(Fig. 34, 84, 85) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 15- 25 p., 

membranis tenuibus ( c. 0.5 µ. crass.) ; membrane cellularum in culturis in periodo 
immobili ad 1 µ. spissescentes; multae cellulae semper ellipsoideae; chloroplastus 
densus, pyrenoidem singulam, quae vagina amyli ut videtur continua circumdatur 
(plerumque), habens; cellulae uninucleatae. 

Reproduction per zoosporas aplanasporasque effecta, zoosporae ovoideae, 10 µ. 

long. X 3.5 µ.lat., nucleum posteriorem atque stigma anterius habentes. 
Origo: In solo e palude Sphagni prope locum Falmouth, Barnstable County, 

Massachusetts dictum. 
Numerus culturae: W1D2. 
Spherical vegetative cells in 2-week-old cultures 15- 25 µ., with thin walls (ca. 

0.5 µ. thick) ; in stationary-phase cultures cell walls increasing to 1 µ.; many cells 
remaining ellipsoidal; massive chloroplast with a single (usually) pyrenoid sur
rounded by an apparently continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid 10 µ.long X 3 .5 µ. 

wide, with a posterior nucleus and an anterior stigma. 
Source: Soil from a Sphagnum bog near Falmouth, Barnstable County, Massa

chusetts. 
(sphacosum, in reference to habitat from which isolated. ) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

smooth, granular; plant-mass at 4 weeks on O.lN BBM agar yellow-green ( 115
117). 

3-week-old cultures nitratase-·, amylase-, gelatinase+. 
Growth completely inhibited by 0.0001 %crystal violet. 



46 The Genus Chlorococcum Meneghini 

Chlorococcum sphacosum resembles C. perplexum (Summary Key C) in plant
mass appearance but differs in size of vegetative cells. The cell wall of C. sphacosum 
does not increase in thickness with age as does that of C. perplexum, and the chloro
plast in C. sphacosum is massive. Zoospores of Chlorococcum perplexum are el
lipsoidal, while those of C. sphacosum are ovoid. Chlorococcum sphacosum ex
hibits only slight tolerance for crystal violet but produces gelatinase. C hlorococcum 
perplexum does not produce gelatinase but shows greater tolerance of crystal violet. 

Chlorococcum texanum sp. nov. 

(Fig.35, 86, 87,88) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 20-25 µ., 

membranis tenuibus ( c. 0.5 µ.crass.); cellulae in culturis in periodo immobili usque 
ad 40-50 µ., membranis ad 7- 11 µ. spissescentibus; chloroplastus pyrenoidem 
singulam, quae vagina amyli ut videtur continua circumdatur (plerumque) 
habens; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ovoideae 8 µ. 

long. X 3 µ.lat., nucleum posteriorem atque stigma anterius habentes. 
Origo: In solo ex agro prope locum Austin, Travis County, Texas, dictum. 
Numerus culturae: Mahler. 
Spherical vegetative cells in 2-week-old cultures 20-25 µ. with thin walls (ca. 

0.5 µ. thick) ; in stationary-phase cultures cells up to 40- 50 µ., their walls thickening 
to 7- 11 µ.; chloroplast with a single (usually) pyrenoid surrounded by an appar
ently continuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 8 µ. long X 2 µ. 

wide, with a posterior nucleus and anterior stigma. 
Source: Soil from a field, near Austin, Travis County, Texas. 
Culture number: Mahler 
(texanum, in reference to its habitat.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( 115 ) . 

3-week-old cultures nitratase-+·, amylase+, gelatinase-. 
Growth completely inhibited by 0.0045% crystal violet, inhibition slight at 

0.002%. 
Chlorococcum texanum is similar to C. fissum (Summary Key C) but differs in 

the larger size of the vegetative cells of C. texanum and the smooth surface of its 
chloroplast. 

Chlorococcum typicum sp. nov. 

(Fig. 36, 89, 90, 91) 

Cellulae vegetativae sphericae in culturis duarum hebdomadum aetate 10-15 µ., 
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membranis tenuibus ( c. 0.3 µ.crass.) ; cellulae in culturis in periodo immobili usque 
ad 20 JL, membranis ad 1 µ. spissescentibus; chloroplastus pyrenoidem singulam, 
quae vagina amyli ut videtur contina circumdatur ( plerumque) habens; cellulae 
uninucleatae. 

Reproductio per zoosporas aplanosporasque, zoosporae ovoideae, 10 µ. long. X 
4 µ.lat., nucleum posteriorem atque stigma anterius habentes. 

Origo: In solo e regione plaudosa, in loco Summit County, Ohio. 
Numerus culturae: E7B. 
Spherical vegetative cells in 2-week-old cultures 10-15 µ., with thin walls (ca. 

0.3 µ. thick) ; in stationary-phase cultures cells up to 20 µ, their walls thickening to 
1 µ.; chloroplast with (usually) a single pyrenoid surrounded by a seemingly con
tinuous starch sheath; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ovoid, 10 µ long X 4 µ. 

wide, with a posterior nucleus and anterior stigma. 
Source: Soil from a boggy area, Summit County, Ohio. 
Culture number: E7B. 
( typicum, in reference to the morphology of the vegetative cell.) 

Supplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds; plant-mass at 4 weeks on O.lN agar yellow-green 
(117). 

3-week-old cultures nitratase-, amylase+, gelatinase+. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
Chlorococcum typicum and C. oviforme are distinct from the other Chlorococ

cums but similar to each other (Summary Key C). They differ in that C hlorococ
cum ovif orme has a massive chloroplast, frequently with two pyrenoids. Many 
vegetative cells of C. oviforme remain ovoid in stationary-phase cultures. Vegeta
tive cells of Chlorococcum typicum increase in size in the stationary-phase of 
growth, become spherical and develop a cell wall 1 µ. in thickness. 

Chlorococcum uliginosurn sp. nov. 

(Fig. 6, 92) 

Cellulae vegetative sphericae in culturis duarum hebdomadum aetate 15- 20 µ., 

membranis crassis ( c. 2 µ. crass.); cellulae in culturis in periodo immobili usque 
ad 25 JL, membranis non spissescentibus; chloroplastus pyrenoidem singulam, quae 
vagina amyli ut videtur continua circumdatur (plerumque) habens; chloroplastus 
parvus, apertura superficiali praeditus; cellulae uninucleatae. 

Reproductio per zoosporas aplanosporasque effecta, zoosporae ellipsoideae, 12 µ. 

long. X 6 JL lat., nucleum anterio-medium atque stigma anterius habentes; zoo
sporangium evacuatum in culturis axenicis diu persistens. 

Origo: In solo e turbario prope locum Elkhart, Elkhart County, Indiana, dic
tum. 



48 The Genus Chlorococcum Meneghini 

Numerus culturae: 19T4A. 
Spherical vegetative cells in 2-week-old cultures 15-20 µ., with walls 2 µ.thick; 

in stationary-phase cultures cells up to 25 µ.,their walls not thickening; chloroplast 
with (usually) a single pyrenoid surrounded by an apparently continuous starch 
sheath; chloroplast with superficial opening; cells uninucleate. 

Reproduction by zoospores and aplanospores, the former ellipsoidal, 12 µ.long X 
6 µ.wide, with an anterior-median nucleus and anterior stigma; empty zoosporangia 
persistent for long periods in axenic cultures. 

Source: Soil from a peat bog near Elkhart, Elkhart County, Indiana. 
Culture number: 19T4A. 
(uliginosum, in reference to bog habitat.) 

Suplementary attributes: 
Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 

rough with spherical mounds in center and ridges radiating to margin; plant-mass 
at 4 weeks on O. lN BBM agar yellow-green ( 116). 

3-week-old cultures nitratase +, amylase-, gelatinase-. 
Growth completely inhibited by 0.01 % crystal violet, inhibition slight at 

0.0045%. 
C hlorococcum uliginosum is similar to C. elkhartiense (Summary Key C) but 

differs in that the zoospores of C. elkhartiense are only 8 µ. long X 4 µ. wide, with 
a median-posterior nucleus, while the zoospores of C. uliginosum are 12 µ.long X 6 
µ. wide with an anterior-median nucleus. C hlorococcum elkhartiense does not ex
hibit a superficial opening in the chloroplast as does C. uliginosum. 

Chlorococcurn vacuolatum Starr ( 1953) 

(Fig. 37, 93) 

Spherical vegetative cells in young cultures varying from 25-30 µ., with a wall 
2 µ. thick; in stationary-phase cultures spherical cells increasing by 10 µ., with a wall 
3-9 µ. thick; single, smooth pyrenoid exhibiting a continuous starch sheath. 

Reproduction by zoospores and aplanospores; the former 9 µ. long X 3 µ. wide, 
with a posterior nucleus and anterior stigma. 

Indiana collection number: 110. 
Supplementary attributes: 

Plant-mass at 4 weeks on 3N BBM agar dull-shiny, dark green ( 126) ; at 14X, 
rough with spherical mounds; plant-mass at 4 weeks on O.lN BBM agar yellow
green ( 116 ) . 

3-week-old cultures nitratase +, amylase+, gelatinase - . 
Growth completely inhibited by 0.0045% crystal violet, inhibition slight at 

0.002%. 
Chlorococcum vacuolatum was isolated by Starr ( 1953) from soil from the Cape 

Flats of South Africa and was named in emphasis of the appearance of its cytoplasm 
as the cells age. 



49 Archibald and Bold 

A Comprehensive Key to Currently Known Species of Chlorococcum 
Available in Culture 

1. Plant-massh very shiny, macroscopically ________________ __________ ______ ____________ C. novae angliae 

1. Plant-mass at most dull-shiny, or dry, macroscopically ---------- ------ -- ---- -- ----------- 2 
2. Plant-mass smooth at 14X --- ---- ----- --- ---- ------------------------------------ ---------- -- ---- 3 
2. Plant-mass rough at 14X __________ ___ __ -------- -- ---- ------ ------------------------- ---------- 6 

3. Plant-mass smooth, homogeneousc at 14X ---------- ·------ -----·-- ------ -------------C. isabeliense 
3. Plant-mass smooth, granulard at 14X ---------- ------- -- ------ ---- -------- ---------------- 4 

4. Plant-mass• yellow (99 ) with age, producing hypnospores ____ ______ C. hypnosporum 
4. Plant-mass yellow-green (115-119 ) not producing hypnospores ______ ________ 5 

5. Vegetative cells at 2 wks up to 15 µ.in diameter ____ ______________ _______ __ ___ ______ C. perplexus 

5. Vegetative cells at 2 wks > 15 µ.in diameter ----- ------------- ·------- --------------C. sphacosum 
6. Plant-mass exhibiting no definite1 pattern at 14X ----- ------------- ------- -- --------- --- ----- 7 
6. Plant-mass exhibiting a definite pattern at 14X -- ------- -- ---------- ·------ ------------------ 13 

7. Plant-mass yellow-green ( 115-119) ---- ------ --- ------- -- --------- -------- -- ---- ---·--- --------- - 8 
7. Plant-mass greenish-yellow (97-104) to gold (66-72 ) __--- ··----- ----------------- 9 

8. Vegetative cells at 2 wks up to 15 µ.in diameter _____________ ___ ___________________ _C. pulchrum 
8. Vegetative cells at 2 wks more than 15 /Lin diameter _______ ______ __ _____ __ ______ C . arenosum 

9. Vegetative cells at 2 wks up to 15 µ.in diameter _____ _________ ___ __ ________ C. ellipsoideum 
9. Vegetative cells at 2 wks more than 15 µ.in diameter__ ___ _____ ____ ____ ____ __________ ___ 10 

10. Vegetative cells with individual matrices -- ---- ------ -- -- ----- ----- ______ __ ________________ C. aureum 

10. Vegetative cells lacking matrices -- ------ -- ----- ------- ------ --- ------------- -- ----- ------------- ---- 11 
11. Vegetative cells in stationary-phaseg (S-P ) of culture 

up to 25 µ. in diameter ------------ ---------- ---- -- ----------------- ----------- -------- ------- C. minutum 
11. Vegetative cells in S-P more than 25 µ.in diameter __ ________ ___ ____ ______ C . oleofaciens 

12. Plant-mass reticulateh at 14X ___ _____ ____________ __ _____ ____ ___ ___ _____ __ __ ___ __ __________ C. reticulatum 

12. Plant-mass not reticulate at 14X --------- ---- ----- ------ ------ --------- ------ -- ---------- ------ ------- 13 
13. Plant-mass composed of spherical moundsi at 14X ___ --- -- ----- ---- ------ 14 
13. Plant-mass otherwise at 14X ------- ------- -- -- ---------------- ------ __ ____ -------------------- ---- 25 

14. Plant-mass yellow-green ( 115-119) ------------ ·---------- --------- ------- ---------- ----- ---------- 15 
14. Plant-mass not yellow-green -------- ---- --------------- ------ --- --------- -- ------------------ ------- -- --- 23 

15. Vegetative cells at 2 wks less than 15 µ.in diameter ---------------- ------------------ 16 
15. Vegetative cells at 2 wks more than 15 µ.in diameter ------ -- ----------·------------- 17 

16. Walls of vegetative cells 1 µ.or< 1 u thick in diameter ________ ______ _____________ C. typicum 

16. Walls of vegetative cells > 1 ft thick at 2 wks --------------------- - ________________ _C. oviforme 
17. Vegetative cells in S-P cultures more than 50 µ.in diameter ___________________ _ 

C. macrostigmatum 
17. Vegetative cells in S-P cultures< 50 µ.in diameter _______ ____ ___ _______ ____ ______ _ 18 

18. Walls of vegetative cells in S-P up to 5 /L thick ____________ ____________ _____ _______ C. salsugineum 

18. Walls of vegetative cells in S-P > 5 /L thick __ _____________ ______ ----- ----·---------- --------- 19 
19. Cell walls of vegetative cells in S-P more than 10 µ.thick ______ __ _________ _C. texanum 

19. Cell walls of vegetative cells in S-P up to 10 µ.thick __ _______ _ ---- ------------------ 20 
20. Zoospores more than 8 µ. long ___ _______ _______ __ __ ____ ______________ ______ ___ _______ _____ C. vacuolatum 

20. Zoospores less than 8 µ.long ------------ ·-------------- --·------ --------- --------------------- ------------ 21 
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21. Nucleus of zoospores anterior ____ ___ ______ ________ __ _____ ___ ,______________ ____C. echinozygotum 

21. Nucleus of zoospore posterior --- -- ------- --·- ------- ------------ ---- ---- ---- ---- ------ -----·----- 22 
22. Chloroplast perforated ··----·---- -------·- ····--- --- ----·---- ---------- -- ---··-- -- ----------------C. perforatum 
22. Chloroplast fissured or divided into three or more lobes ____________ ____ ____ ___ ______ _C. fissum 

23. Pyrenoid surrounded by a seemingly continuous starch sheath ------ -- -------
C. citriforme 

23. Pyrenoid surrounded by discontinuous starch grains ---- --------------------------· 24 
24. Zoospores up to 8 µ, long ___ _---------- -------- ·-- ------ -··------------ -- ---------- ---- ---------- C. refringens 
24. Zoospores more than 8 µ, long ________ ________ ___ ____ ________ _________ _______ ___________ __ __C. pinguideum 

25. Plant-mass rugosei at 14X -- ·· ·-------- -- --·- ---- -··--------- ---·- -- ---- ·---------------- ----- C. rugosum 
25. Plant-mass with spherical mounds at center and radiating ridges1 

' at 

14X ----------- -- -- -·· ---------- ------- ---- ----------- ------------------ ------- ----- -- --- ------ ---------- -- --- 26 
26. Plant-mass yellow-green (115-119) ______ ---- ------- -- ----·--- --------- -- --- ------------ -----· 27 
26. Plant-mass not yellow-green ____ _____________ ·-· ·-- ----- --------- ----------- ------------ --- -------- ·- 35 

27. Vegetative cells at 2 wks 15 µ,or < 15 µ,in diameter ----- ----------- ----·---- ---- 28 
27. Vegetative cells at 2 wks > 15 µ,in diameter --· --- ---·----- -------- -- ------ --- --------- - 31 

28. Vegetative cells with individual matrices ----- ------- --- -------- --------------------·C . gelatinosum 
28; Vegetative cells lacking matrices ---- ------ ----------- ·----- ----- ·----·-- --- --- --- ------- ---- ------·--- 29 

29. Zoospores up to 8 µ, long ----- ----- -- ·------ ---------- --- -------·- ------- --·------ -- ------------·C . acidum 
29. Zoospores more than 8 µ,long -- ------ ----- -------- --- ------·-------·----------- -- ------- --- ---- ---- 30 

30. Zoospores nucleus anterior ---- -- ------- ------------------------ ------ -- --------- ------------ --- ---- C. lacustre 
30. Zoospore nucleus posterior ---- -------- ---- --- ----------- ----------- ---·--------- ----- ---------C. paludosum 

31. Walls of vegetative cells at 2 wks up 1 µ,thick ----------- -- -------- -- -- ------- ----------- - 32 
31. Walls of vegetative cells at 2 wks more than l µ,thick ----- ---- ------ --------------· ·· 35 

32. Zoospores up to 8 µ,long __ ·----------- --- -------------- --- ------------- ----- ------·------C. diplobionticum 
32. Zoospores more than 8 µ,long ------------ --··---- ----------·--- -- ------------------·· C. microstigmatum 

33. Cell walls not increasing in thickness in S-P ____ ________ ______ __ ______________ __ C. uliginosum 

33. Cell walls thickening in S-P ________ _--------- ---· ----------- ·--- ---- ----- -- ---·- --------- --------- 34 
34. Zoospores up to 8 µ,long . -·-----·--- ------------- --·-- ----- --------- ------- ---- ------- ---------C . elkhartiense 
34. Zoospores more than 8 µ,long ··----------·-------- -- ---------------- --·----------------- --- ----C. loculatum 

35. Vegetative cells at 2 wks up to 15 µ,in diameter ____ ___ ____________ _______ ____ C. scabellum 
35. Vegetative cells at 2 wks more than 15 µ,in diameter _______________ _____ ____ C. croceum 

a Culture medium 3N BBM agar and 3N BBM liquid under standard conditions. (Temperature, 
22 °C; illumination of 250-300 ft-c intensity provided by 40-w Ken-Rad cool white fluorescent 
tubes, and a 12-hr diurnal light-dark cycle). Cultures are available from the Culture Collection 
of Algae, Indiana University, Bloomington ; C. infusionum is not available in culture. 

b Plant-mass grown on 3N BB:M agar under standard conditions for 4 weeks. 
c Individual cells on smooth surface undistinguishable (Fig. 9). 
d Individual cells on smooth surface visible (Fig. 10). 
e Plant mass grown on O.lN BBM agar under standard conditions for 4 weeks. 
r Raised areas on algae but no distinct pattern (Fig. 4) . 
g Culture 6-8 weeks of age = S-P. 
h Net-like pattern (Fig. 7) . 
i Raised mounds on surface of the agar (Fig. 5). 
i (Fig. 8). 
k (Fig. 6). 
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In order to facilitate the identification of known Chlorococcum species and 

recognition of undescribed ones, the writers have prepared for ready reference three 
summaries of data regarding known species (Summary Keys A, B, and C). These 
summary keys follow : 

SUMMARY KEY A 

A Key to the Currently Known Species of Chlorococcum Based on Cellular 
Morphology in 2-week-old Cultures on 3N BBM Agar 

Under Standard Conditions 

1. Vegetative cells with individual sheaths 

2. Cell wall 1 µ thick or more --- ·-·· -· --· -- ------- -- -- ---------------- --------- ------ -------- -- C. aureum 
2'. Cell wall less than 1 µ,thick --- -- -- ·-- --- ------------------ -· -------- ··- ------ -- -- -- -- --C. gelatinosum 

1'. Sheaths absent 
3. Starch sheath surrounding pyrenoid discontinous, composed of several 

segments 
4. Cell wall more than 1 µ,thick ___ __ _____ _______________ _________ _____ __ ____ __ ___ __ C. pinguideum 

4'. Cell wall 1 µ, thick or less ----- ·- -------- --------------------------- ------ --- -- ------------ ---- - 5 
5. Zoospores with median-posterior nucleus ___ _____ ________________ C. hypnosporum 

5'. Zoospores with anterior nucleus ---· ·· --- ------------------------- -- --- ------ --------- 6 
6. Zoospores 7 µ, long or less __ __ __ ____ __ ____ ___ ___ ________ __ ___ __ ______ _____ C. refringens 
6'. Zoospores more than 7 µ, long ___ _____ ___ ____________ __ __ __ _______ C. novae angliae 

3'. Starch sheath surrounding pyrenoid continuous, not segmented 
7. Cells 10 µ, or less in diameter -- ·------ --- ------- ----- --- ---- --- --------- -- -- ------- ---- ------ 8 

8. Zoospore with median-anterior nucleus ___ __ _______ __ __________ C.echinozygotum 

8'. Zoospore with posterior nucleus -- --- -·-------- --- --- -------------- -- -- -----C. minutum 
7'. Cells more than 10 µ,in diameter -- --- ------- -- ---- -- ------- -- ----------------------------- 9 

9. Cells 15 µ, or less in diameter ------ ·-- -------- ----------------- -------- ---- ------ 10 
10. Cell wall 0.5 µ, thick or less ----- --- -- ------------------ -- ----- -- -- ------- -- 11 

11. Zoospore with anterior nucleus ______ __ ___ ______ ____ __ _____ C. lacustre 

11'. Zoospore with median-posterior nucleus ---- -- --- ---- -- --- 12 
12. Zoospore 7 µ,long, or shorter _______ __ ___ __ ______ C. pulchrum 

12'. Zoospore more than 7 µ,long -- ------------------------- --- 13 
13. Zoospore 8 µ,long or shorter ___ __ _____C. elkhartiense 

13'. Zoospore more than 8 p. long -- --- ------- --------- - 14 
14. Zoospore 9 µ,long or shorter ____ ____ ___ ___ 15 

15. Zoospore 3 µ,wide or narrower___ _ 
C. scabellum 

15'. Zoospores up to 5 p. wide --- --------
C. perplexum 

14'. Zoospore more than 9 p. long ____ ___ _____ 13 
16. Zoospore 10 µ,long or shorter______ 17 

17. Zoospore 4 p. or more 

in width ---- ·------- -- --- --------- ----- - 18 
18. Zoospore with minute 
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stigma --------------- -------- --
C. microstigmatum 

18'. Zoospore stigmatum 
prominent, larger __ C. typicum 

17'. Zoospore less than 4 µ. in 
width ____ ___________ ____ _______ C. isabeliense 

16'. Zoospore more than 10 µ.long __ _ 
C. paludosum 

10'. Cell wall 1 µ.or more thick --- --- ------------------------------------- -- --- 19 
19. Zoospore with anterior nucleus ________ _____ _________ C. oleofaciens 

19'. Zoospore with posterior nucleus __ _______ _------------------- -- 20 
20. Zoospore 7 µ. long or shorter ________ ___ _C. diplobionticum 

20'. Zoospore more than 7 µ. long ---------------------------- 21 
21. Mature cells mostly ovoid --- ----------- __ C. oviforme 
21'. Mature cells mostly spherical ____________ C . rugosum 

9'. Cells more than 15 µ. in diameter -- -------------- --------------- ------------ --- 22 
22. Cells 20 µ.or less in diameter --------------- -- ------ ---- ---·-------- ------- 23 

23. Cell wall 0.5 µ. or less thick -- ------- ---------------- --------- _____ 24 
24. Zoospore 7 µ. long or shorter ________________ ____ ______ C. fissum 
24'. Zoospore more than 7 µ.long __ ______ _______ C. ellipsoideum 

23'. Cell wall 1 µ. or more thick ---- ------- ---- ------------- -------- ---- 25 
25. Cell wall no more than 1 µ.thick ________ ____ ______ C. acidum 

25'. Cell wall more than 1 µ thick ---- ----- -- ------------- ---- 26 
26. Zoospore with anterior nucleus ---------------- 27 

27. Zoospore less than 12 µ.long _____________ _ 

C. reticulatum 
27'. Zoospore 12 µ.long or longer _____________ _ 

C. uliginosum 
26'. Zoospore with median-posterior nucleus ____ 28 

28. Zoospore less 4 µ. wide _____ ___ 
C. perforatum 

28'. Zoospore 4 µ, or wider ___ ____ _ 
C. salsugineum 

22'. Cells more than 20 µ in diameter -------- -· --------- -------- -- --------- 29 
29. Cells 25 µ. or less in diameter ------------------------------------ 30 

30. Cell wall 0.5 µ.less thick ------ ------------------------------ 31 
31. Zoospore less 10 µ.long ________________ ________ C. texanum 
31'. Zoospore 10 µ.long or longer __________ C. sphacosum 

30'. Cell wall 1 µ or more thick ----------- ------ --------------- 32 
32. Zoospore less 10 µ. long ______ _____ ____ ___ __C. citriforme 

32'. Zoospore 10 µlong or longer ----------- ------ ----- 33 
33. Zoospore nucleus median ________ C. loculatum 

33'. Zoospore nucleus posterior -------------- -- 34 
34. Zoospore with clear anterior area 

C. arenosum 
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34'. Zoospore without clear anterior 
area ___ _____ _____ ___ ____ ________ ____ ______ __ C. croceum 

29'. Cells more than 25 p. in diameter ---- --- ---- --- -------------- -- 35 
35. Cell wall 1 µ.thick ___ __ ___ _________ ___ ___ ___ C. macrostigmatum 

35'. Cell wall more than 1 µ.thick __ __ ____ __ ______ C. vacuolatum 

SUMMARY KEY B 

Grouping and Key to the Currently Known Species of Chlorococcum Based 
Primarily on the Configuration of the Plant-mass, as Observed at ca. 

14X, after 4 weeks' Growth on 3N BBM Agar Under 
Standard Conditions. 

I. Plant-mass smooth and homogeneous 

A. Smooth and dull ---- -- -- ----- -- ----------------- ····-----·-- -- ----- - --· ·------- --·-·--- --- C. isabeliense 
A'. Smooth and very shiny --------- -- ---------- ---- ------- ______ ______ ____ ____ _____ __ C. novae angliae 

II . Plant-mass smooth but granular (individual cells distinguishable at 14X) 

A. Cells less than 15 µ.in diameter --- ---- ------- --- ---- -- ------------ ---------------- C. perplexum 
A'. Cells more than 15 µ. in diameter -------- ------------- ----- ------ ---- ------------ -- ---- -- B,B' 

B. Pyrenoids with a continuous starch sheath ----- --- --· --- ------ --------C. sphacosum 
B'. Pyrenoids with a discontinuous starch sheath _____ _______ __ ____ C. hypnosporum 

III . Plant-mass rough and reticulate ------ ----------- __ ________ ____ _________ ___ __ _____ __ ___ C. reticulatum 

IV. Plant-mass rough and rugose -- ----- ----- ------ -- ---- -------- ----- ----- --- ---- ··- ----- -------- C. rugosum 
V. Plant-mass rough with spherical mounds 

A. Pyrenoids with discontinuous starch sheath -· ----- ---··- ·· ------ -- --------- -·- - B,B' 
B. Cell walls less than 0.5 µ.thick --------- -- --- ------- ----- ------ -·-------------- - C. refringens 
B'. Cell walls more than 0.5 µ.thick ------ ---- --------- --- ------·---------- ---· C. pinguideum 

A'. Pyrenoids with continuous starch sheath 
B. Cells 10 µ.or less in diameter ------ -·-·-· ·-·-- ---------- -- ----- ----------C. echinozygotum 
B'. Cells more than 10 µ. in diameter --- ---- --- ----- ---- ----- ·----------------------- C,C' 

C. Cells 10-15 µ.in diameter ------- --- --- ----- --------- -- ----- ------- ---- --------- _ D,D' 
D. Cell wall less than 0.5 µ.thick ---------- ------------ ------------------- C. typicum 
D'. Cell wall more than 0.5 µ.thick -- ------ -·--- -·---- -------·- --------- C. oviforme 

C'. Cells more than 15 µ.in diameter -- --- ---- -- --------- ------ -- ---- --- -------- E,E' 
E. Cells 15-20 in diameter __ ___ -------- ----------- -- --- ···----- ----- --- -- F,F' 

F . Cell wall less than 1 µ. thick ---- --·---------- ---------- --- --- - C . fissum 
F'. Cell wall 1 µ.or more thick ---- -------- -- -- -··--·-- --- -- _____ G ,G' 

G. Zoospore 3 µ.or less wide _____ ------·---·· ---·-· C. perforatum 
G'. Zoospore more than 3 µ.wide ----- -- ----- --- C. salsugineum 

E'. Cells 20-30 µ. in diameter _____ _____ ----- ·----------- ---- ------ ----- H,H' 
H. Cell wall less than 0.5 µ.thick ____ ------------------ ---- C . texanum 
H'. Cell wall more than 0.5 µ. thick -- -------------------------- I,I' 

I. Zoospore with median nucleus ____ ____ __________ __ C. citriforme 

I'. Zoospore with posterior nucleus --- -- ---- ------------- J,J' 
J. Cell wall l µ.or less thick __ __________ C. macrostigmatum 
J'. Cell wall more than 1 µ. thick ____________ C. vacuolatum 
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VI. Plant-mass rough with spherical mounds in center and ridged 
toward the margin 
A. Cells 15 µ or less in diameter ............................ .................... .......... .... B,B' 

B. Gelatinous sheaths surrounding cells .... .. ..................... ........ . C. gelatinosum 
B'. Gelatinous sheaths absent .............................................................. C,C' 

C. Cell wall 0.5 µ or less thick ·············· ·······---··· ·· ···-··· ·· ·-- --· ··-······· D,D' 
D . Zoospore with anterior nucleus ........ ............... ...... ...... ..... C. lacustre 
D'. Zoospore with posterior nucleus ........... ............. ................ E,E' 

E. Zoospore 8 µlong, or shorter ........... ................. ... . C. elkhartiense 
E'. Zoospore more than 8 µ long ....... ............. ....... .... ... ...... F ,F' 

F . Zoospore less 10 µ long ..... ......... .................. ..... . C. scabellum 
F'. Zoospore 10 µ long, or longer ......... ................ .. ..... G,G' 

G. Zoospore up to 10 µ long ....... .. ....... C. microstigmatum . 
G'. Zoospore more than 10 µlong .................. C. paludosum 

C'. Cell wall more than 0.5 µ thick .............................. .. C. diplobionticum 

A'. Cells more than 15 µin diameter --·---··········-·-····· ·-·········-··· ····--·--··· ··-·- H ,H' 
H. Cells 15- 20 µ in diameter ···· ····-···--·-···--·· ······-·-············ ······-··········· I ,I' 

I. Zoospore with anterior nucleus .......................................... C. uliginosum 
I'. Zoospore with posterior nucleus ............ ................ ... ... ............ C. acidum 

H'. Cells 20-25 µ in diameter .............................................. .. ...... ... ..... J,J' 
J. Zoospore with median nucleus ............. ........................... .... C. loculatum 

J'. Zoospore with posterior nucleus ···-· ··--· --·-- -·---- ·-·----·-· ·· ·-·········C . croceum 
VII. Plant-mass rough but nondescript 

A. Cells less than 10 µin diameter ···-·· ·········-····-- ·---·-·-··············· ·-·-- ·-· ···C. minutum 
A'. Cells more than 10 µ in diameter --·· ··· ·····--·-·········-·····-·-·--·-··- ·-·--······ ··- B,B' 

B. Cells less than 15 µ in diameter ·····---· ···-··---·--·------·-··--··-·-····-·-······ ·· C,C' 
C. Individual matrix around cells ··--·-·-··· --········ -· --·-----·- ······· ··---· C. aureum 
C'. No individual ma trix around cells --·- ·- ··-- ·-· ···------- ··--·-··· ·--·---··- D,D' 

D. Zoospore with anterior nucleus -· ·· ·· ··----········--·- ·- ··-·· ···C. oleof aciens 
D'. Zoospore with posterior nucleus ·· ···········---- ··-···-·· -····· ····C. pulchrum 

B'. Cells more than 15 µin diameter ·········---····-·----·-·· ·····-··· ···--·-···· --· · E,E' 
E . Zoospore less than 10 µ long ···--····· ··--·------·-········--·-- ·· -·-- C. ellipsoideum 
E'. Zoospore 10 µlon g or longer ···-··--···-·-··-·-·-----·--············--·-··--C . arenosum 



SUMMARY KEY C 

Comprehensive Summary of the Taxonomic Characteristics of the Currently Known 
Species of Chlorococcum Grown on 3N BBM Agar Under Standard Conditions 

Cell diameter Plant3 Mass Miscellaneous Notes 
Cell diameterl and and wall at 14X 

wall thickness thickness ( ) in Zoospore size and2 
Species ( ) at 2 wk. stationary phase nuclear position 

C. acidum 15-20( 1) 25(3 ) 7X4P R(9) Minute stigma. 
C. arenosum 10-25(1 ) 10-25(1) 10X4M-P R(lO) Clear anterior area in 

zoospore; remam 
ellipsoidal. 

::i:..
C. aureum 10-15(1) 25(5-7) 8X4P R( 11 ) Minute stigma ; ~ 

<">;:,-.contractile vacuoles in 
<:::!-· 
i::::ivegetative cells. .... 

C. citriforme 10-25(1) 25(2) 9X4M R(12) Clear area at both ~ 
i::::i 

ends of zoospore. ;:! 
~ 

C. croceum 20- 25(1) 35(3) 10X5 P R( 13) O:J 
~....C. diplobionticum 9-16(1 ) 30-40(9) 6X3P R(15) ~ 

C. echinozygotum 5- 10(0.3 ) 20-30(5-6) 6X4M-A R ( 17 ) 
C. elkhartiense 10-15(0.3) 25-30(2) 8X4M-P R(l8 ) Contractile vacuoles in 

vegetative cells; 
persistent aplano
sporangial walls. 

C. ellipsoideum 10-20(0.5) 25-35(5-6 ) 7-9X2.5-3 P R( 19) 
C. fissum 15-20(0.3) 25-30(6-9 ) 7X4P R( 16) Persistent stigma; 

massive, fissured 
chloroplast. 

C. gelatinosum 10- 15(0.5) 30-35(1) 8X4P R(20) Individual matrices; 
(J1frothy cytoplasm. 
(J1 



(.JICell diameter 
O"lCell diameter1 and and wall 

wall thickness thickness ( ) in Zoospore size and2 Plant3 Mass Miscellaneous Notes 
Species ( ) at 2 wk. stationary phase nuclear position at 14X 

C. hypnosporum 11-16(0.5) 25- 30 ( 5--6) 13X5.5 M-P G(3) Hypnospores present; 
stigma 2 p. long. 

C. isabeliense 12- 15 (0.3) 12-15(0.3) 10X3.5 P-M s (21 ) 

C. lacustre 10--15(0.3) 20-25( 1-5) 11X3 A R(22 ) Contractile vacuoles in 
vegetative cells; ""-3 

;::.. 
cells coherent ; "' C")chloroplast thin. "';:s 

C. loculatum 20-25(1 ) 20-25(2 ) 12.5X5 M R(23 ) Chloroplast massive, ;::: 

"' with fissures. CJ 
;::.. 

C. macrostigmatum 20-30( 1) 60(9) 8X4P R(24) Large stigma. -0 
~ 

C. microstigmatum 10-15(0.5 ) 35-40(6) 10X4 M-P R(25) Contractile vacuoles in <::> 

"' 
vegetative cells; 

<::> 

"' "';::: 
surface opening in ~ 

chloroplast. ~ 
"';:s 

C. minutum 4-6(0.3) 20(5- 6) 6-7X3- 5 P R (26) ~ "' 
;::..

C. novae angliae 10- 15 (1) 10-15(1) 10-12X5.5-6 A S(2) ;:s -· 
C. oleofaciens 10-15(1 ) 46(6-9 ) 7X4A R(27 ) -· 
C. oviforme 15 ( 1) 15(2-3 ) 10X5 P R(33 ) Chloroplast massive ; 

Peripheral pyrenoid. 

C. paludosum 10-15(0.5 ) 20-25(1 ) 12X4.5 M-P R(28 ) 
C. perforatum 15- 20 (1) 30-35(6-8 ) 8- 10.5X2.5- 3 P R (29 ) 
C. perplexum 11 (0.5 ) 15(5 ) 9X5 P G(30 ) 
C. pinguideum 10-15(2 ) 45- 50(2) 11X5A R(31 ) Frequently more than 

1 pyrenoid. 



C. pulchrum 10-15(0.3) 15-20 ( 1) 7X3P R(4) Chloroplast massive, 
with delicate 
surface fissures. 

C. refringens 10-15(a3) 30-35(2) 7X3A R(34) Frequently more than 
1 pyrenoid. 

C. reticulatum 15-20(2) 25 (2) 11X3 A-M R(7) Surface opening in 
chloroplast. 

C. rugosum 15(1) 15 ( 1) 10X5 P R(8 ) 
C. salsugineum 15-20( 1) 30(2) 10X5 P R (5) ::i......
C. scabellum l0 --15(0.5) 20(5- 6) 7-9X2.5-3 P R(35 ) Old cell wall in .,., 

;::,-.. 
concentric rings. -· 

i::. "'" C. sphacosum 15-25 (0.5) 25 (1) 10X3.5 P G(35) Chloroplast massive; .... 
i::... 

many ellipsoidal cells ;::s 
i::. 

i::...C. texanum 20-25(0.5 ) 40-50( 7-11) 8X2P R(37) 
O::i

C. typicum 10-15(0.3) 20( 1) 10X4P R(38 ) 0.... 
i::....C. uliginosum 15-20(2 ) 25(2 ) 12X6A-M R(6) Persistent aplano

sporangial walls. 
C. uacuolatum 25- 30(2 ) 40(3-9 ) 9X3 P R(39) 

1 All measurements in microns or micrometers 
2 A, anterior ; M, median; P, posterior 
a Figures in parentheses refer to an illustration, since words are inadequate to describe the variations of R(rough ) , S(smooth) and 

G(granular), by granular is meant a smooth plant mass with the smooth individual cells observable at 14X. 
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COMPARATIVE PHYSIOLOGY 

Bold and Parker ( 1962) initiated the employment of physiological responses of 
axenic cultures of Chlorococcums as supplementary attributes in their classification 
at the specific level. Earlier, Deason and Bold ( 1960) and Parker, Bold and Dea
son ( 1961 ) had utilized certain selected physiological tests in studying various other 
green microalgae in additon to a few species of C hlorococcum. This practice has 
been continued increasingly by students of micro-algae interested in supplementing 
morphological criteria used at the specific level ( Chantanachat and Bold, 1962; 
Kessler and Soeder, 1962; Mattox and Bold, 1962; Bischoff and Bold, 1963; Cain, 
1963; Brown and Bold, 1964; Kessler, 1965; Shihira and Krauss, 1965; Wiede
man and Bold, 1965; Dykstra, l 966; Kessler and Czygan, 1966; Smith and Bold, 
1966; Kessler and Czygan, 1967; Groover and Bold, 1969). In addition to the 
studies concerned with the green microalgae, Cox ( 1966), investigating Stigeo
clonium, and Baker and Bold ( 1970) the Oscillatoriaceae, have also employed 
physiological attributes. 

The writers selected several of the tests reported by previous workers and em
ployed several procedures commonly used to delimit species of soil bacteria since 
Chlorococcum seems to be essentially a soil organism. The latter tests, selected ffrom 
Gebhardt and Anderson's ( 1965) publication, were for the reduction of nitrate, 
hydrogen sulfide production, indol production, acetyl-methyl carbinol production, 
utilization of citrates, methyl red indicator for acid production, and type of growth 
in litmus milk. Only one of these, nitrate reduction, proved useful for differentiating 
the organisms at the specific level. All species tested were negative for indol and 
acetyl-methyl carbinol production. Acid production was indicated by the methyl 
red tests for all isolates, and the litmus milk test did not yield any differentiation. 
The employment of enrichment media with different pH's, similar to Kessler's 
( 1965 ) procedure, proved ineffective as all species tested readily grew over a pH 
range of 6.0- 10.0. None grew below a pH of 4.0. However, all grow well in Knop's 
medium (pH 5 .3) ; therefore, there must be a pH tolerance limit somewhere be
tween 4.0 and 5.0. 

NITRATE REDUCTION 

Nutrient broth to which 0.1 % potassium nitrate had been added was prepared 
and 5-ml aliquots were pipetted into 13 X 100-mm tubes, and autoclaved. Cul
tures growing actively on 3N BBM agar were used to inoculate the tubes which 
were then incubated for 3 weeks under standard conditions. Sulfanilic acid and 
a-naphthylamine reagents were used to detect the presence of nitrite. This was done 
by first adding 1 ml of sulfanilic acid reagent ( 8 g sulfanilic acid in 1,000 ml 5N 
acetic acid) and then adding 0.5 ml of a-naphthylamine reagent ( 5 g a-naph
thylamine in 1,000 ml 5N acetic acid). A pronounced change in color to bright 
pink or red indicated the presence of nitrite (Gebhardt and Anderson, 1965). The 
control showed no color change when the reagents were added. 
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This test is commonly employed in characterizing bacteria and the writers did not 
find any previous reports of its use in the study of microalgae. Baker (personal 
communication) found this test useful in delimiting members of the Oscillatoria
ceae. Table 5 summarizes the results of the test. "Excellent" reduction of the nitrate 
to nitrite is indicated by a deep red color (ISCC color 13); "good" reduction by 
a very pink-red color ( ISCC color 254) ; and "slight" reduction by a pink-white 
or slightly pink color ( ISCC colors 9 or 2). 

The nitrate conceivably could be reduced to nitrite (by nitratase) intra- or 
extracellularly, and the nitrite could be further reduced to ammonia. Accordingly, 
absence of nitrite (Table 5) is not conclusive evidence for the absence of nitratase 
activity. The writers wish to emphasize, then, that the results reported in Table 5 
merely indicate that nitrite was not found in the nitrate medium upon testing. 
From the data reported in Table 5, the following grouping of Chlorococcum species 
maybe made: 

Group 1: No indication of nitrite salt in medium. 
E. ellipsoideum, C. hypnosporum, C. novae angliae, C. pulchrum, C. spha
cosum, C. typicum. 

Group 2: "Slight" indication of nitrite salt in medium. 
C. arenosum, C. diplobionticum, C. echinozygotum, C. minutum, C. perfora
tum, C. perplexum~ C. pinguideum, C. oviforme, C. refringens, C. salsug
ineum, C. scabellum, C. texanum. 

Group 3: "Good" indication of nitrite in medium. 
C. aureum, C. citriforme, C. macrostigmatum. 

Group 4: "Excellent" indication of nitrite salt in medium. 
C.acidum, C. croceum, C. fissum, C. elkhartiense, C. gelatinosum, C. isa
beliense, C. lacustre, C. loculatum, C. microstigmatum, C. oleofaciens, C. 
paludosum, C. reticulatum, C. rugosum, C. uliginosum, C. vacuolatum. 

STARCH DIGESTION 

Many microorganisms secrete o: and (:3 amylase, which are extracellular enzymes 
capable of converting starch into diffusible molecules. A number of investigators 
of taxonomic criteria for the classification of microalgae have assayed the presence 
of amylases (Mattox and Bold, 1962; Bischoff and Bold, 1963; Cain, 1963; Brown 
and Bold, 1964; Wiedeman, 1964; Smith and Bold, 1966; and Groover and Bold, 
1969 ) . The procedure generally followed is to streak the organism on agar contain
ing starch; however, Smith and Bold (1966), working with organisms which 
normally grow poorly on agar, found that liquid media also can be used. Kantz 
( 1968) and Baker ( 1969) demonstrated the usefulness of this supplementary 
physiological attribute in studying various Cyanophycophyta. 

Soluble potato starch ( O. lg/ liter) was added to 3N BBM liquid medium and 
solidified with 1.5 % agar. The medium was sterilized and added to sterile dis
posable petri dishes which, after cooling, were inoculated with a single streak of 
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TABLE 5. Enzymatic activity of 36 species of Chlorococcum. 

LiquefactionSpecies Nitratasea Amylase 
of Gelatine 

£. acidum 
£. areno sum 

Excellent 
Slight 

Slight 
Slight 

Slight 
None 

£· aureum Good Slight None 
£· citriforme Good Good Slight 
£· croceum 
£. diElobionticum 
£. echinozygotum 
£. elkhartiense 
£. elliEsoideum 

Excellent 
Slight 
Slight 
Excellent 
None 

Slight 
Excellent 
Excellent 
Good 
Good 

Excellent 
None 
None 
Slight 
None 

£. fissum Excellent None Excellent 
£. gelatinosum Excellent Good Good 
£. hyEnOSEOrum None Good None 
£· isabeliense Excellent Excellent None 

f · lacustre 
£. loculatum 

Excellent 
Excellent 

Good 
Good 

Excellent 
Excellent 

£. macrostiB!!!atum Good Good None 
c. microstiB!!!atum Excellent None Good 
c. minutum Slight Good None 
c. ~ angliae
£. oleofaciens 
£. oviforme 
£. Ealudosum 

None 
Excellent 
Slight 
Excellent 

Excellent 
Good 
Slight 
Good 

None 
Slight 
Slight 
Slight 

c. Eerforatum 
£. Eeq~lexum
£. Einguideum
£. Eulchrum 

Slight 
Slight 
Slight 
None 

Excellent 
None 
Good 
Good 

Slight 
None 
None 
Good 

£. refringens 
£. reticulatum 

Slight 
Excellent 

Good 
Good 

None 
None 

£. rugosum Excellent Slight None 
c. salsugineum 
£. scabellum 
£. SEhacosum 

Slight 
Slight 
None 

None 
Slight 
None 

Slight 
Slight 
Excellent 

c. texanum Slight Slight None 
c. tyEicum None Good Slight 
c. uliginosum 
£. vacuolatum 

Excellent 
Excellent 

None 
Good 

None 
None 

a See page 58. 

the species of C hlorococcum across the surface of the agar, one species to each dish. 
The inoculum was obtained from actively growing cultures on 3N BBM agar. This 
procedure was conducted on two separate occasions, duplicate plates of each isolate 
being inoculated each time. 

The petri dishes were incubated under standard conditions for 3 weeks and then 
flooded with a dilute solution of I2KI. Table 5 summarizes the estimated extent of 
the hydrolyzed area around the growth of each isolate. To prepare the I2KI solu
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tion, 10.0g of KI were dissolved in 500 ml of ddw and then 2.0g of metallic iodine 
was added. The amylose fraction is colored blue with iodine when the starch is 
hydrolysized. A red color is produced by the amylopectin fraction. 

Extracellular amylasic activity, as reported in Table 5, readily divides the isolates 
of C hlorococcum into the following four groups: 

Group 1: No amylasic activity: 
C. fissum, C. microstigmatum, C. perplexum, C. salsugineum, C. sphacosum, 
C. uliginosum. 

Group 2: "Slight" amylasic activity: 
C. acidum, C. arenosum, C. aureum, C. croceum, C. oviforme, C. rugosum, 
C. scabellum, C. texanum. 

Group 3: "Good" amylasic activity: 
C. citriforme, C. elkhartiense, C. ellipsoideum, C. gelatinosum, C. hypno
sporum, C. lacustre, C. loculatum, C. macrostigmatum, C. minutum, C. 
oleofaciens, C. paludosum, C. pinguideum, C. pulchrum, C. refringens, 
C. reticulatum, C. typicum, C. vacuolatum. 

Group 4: "Excellent" amylasic activity: 
C. diplobionticum, C. echinozygotum, C. isabeliense, C. novae angliae, C. 
perforatum. 

GELATIN HYDROLYSIS 

As early as 1923 Tanner employed the hydrolysis of gelatin, a method commonly 
used by bacteriologists, as a taxonomic criterion. In the interim, few phycologists 
continued this procedure, Pringsheim ( 1951 ) and Tazawa and Miwa ( 1953) be
ing the exceptions, until the more recent investigations of Kessler and Czygan 
( 1967), Kantz and Bold ( 1969), Groover and Bold ( 1969), and Bold ( 1970). 

The writer followed the procedure used by Groover. Difeo gelatin ( 100.0g) was 
dissolved in 400 ml of ddw and poured into a dialyzing tube which was submerged 
in ddw for 24 hr. Magnetic stirrers were used to circulate the water around the 
dialyzing tube and the water was changed every 6 hr to remove soluble nitrogen. 
Stocks (minus NaN03) for enough 3N BBM for 1 liter of medium were added to 
531 ml of water. Next the dialyzed gelatin was added to bring the final volume of 
the medium to 1 liter. The gelatin was dissolved in the BBM (minus NaN03) me
dium and dispensed into tubes to be autoclaved. 

Sterile ddw was added to 3N BBM agar slant cultures and the algal growth 
washed into the ddw as a suspension by the use of sterile disposable pipettes. Deep 
stab inoculations of the suspended algal cells into duplicate tubes of gelatin for each 
isolate were made with sterile disposable pipettes. Duplicates of each isolate were 
prepared in this manner on two different occasions and then incubated for 3 weeks 
under standard conditions. 

Most of the C hlorococcum species could use gelatin as a sole nitrogen source, an 
indication of their production of extracellular enzymes. These enzymes were ap
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parently of at least two kinds, namely, those that resulted in liquefaction and those 
that did not. Each tube was examined for liquefaction of the agar. All results shown 
in Table 5 were noted after 3 weeks' growth, although the tubes were stored and 
observed periodically over a period of 6 months. No major change occurred in de
gree of liquefaction after 3 weeks. The species of Chlorococcum may be grouped 
on the basis of gelatinase activity into the following groups: 

Group 1: No gelatinase activity: 
C. arenosum, C. aureum, C. diplobionticum, C. echinozygotum, C. ellipsoi
deum, C. hypnosporum, C. isabeliense, C. macrostigmatum, C. minutum, 
C. novae angliae; C. perplexum, C. pinguideum, C. refringens, C. reticula
tum, C. rugosum, C. texanum, C. uliginosum, C. vacuolatum. 

Group 2: "Slight" gelatinase activity: 
C. acidum, C. citriforme_. C. elkhartiense, C. oleofaciens, C. paludosum, 
C. perforatum, C. oviforme, C. salsugineum, C. scabellum, C. typicum. 

Group 3: "Good" gelatinase activity: 
C. gelatinosum, C. microstigmatum, C. pulchrum. 

Group 4: "Excellent" gelatinase activity: 
C. croceum, C. fissum, C. lacustre, C. loculatum, C. sphacosum. 

TOLERANCE OF CRYSTAL VIOLET 

Crystal violet, commonly used in microbiological culture media and staining so
lutions, and as a fungicide, is a strongly basic dye that has differential bacteriostatic 
activity. Chemically it is known as hexamethyl pararosaniline (Salle, 1961) and is 
a member of the triamine triphenyl methane dyes. Microbiologists have used it for 
years for the selective isolation of Gram-negative bacteria. 

Investigators in the phycological laboratory at The University of Texas at Aus
tin began to utilize the sensitivity of algae to crystal violet as a taxonomic criterion 
in the early 1960's (Mattox and Bold, 1963; Brown and Bold, 1964). Both of 
these early studies employed very dilute concentrations of crystal violet. Groover 
and Bold ( 1969), working with several edaphic microalgae, employed the same 
concentrations of crystal violet as the earlier workers plus a series of even more 
dilute concentrations. The authors used the same series of dilutions as Groover and 
Bold (1969). 

Difeo crystal violet (lg) was dissolved in 100 ml of distilled water to prepare a 
stock solution. From the latter, 3N BBM media containing the following final con
centrations of crystal violet were prepared: (A) 0.00001%, (B) 0.00002%, (C) 
0.000045%, (D) 0.0001 %. For the higher concentrations, crystal violet was 
weighed with a Mettler balance and added directly to the culture media to give 
the following final concentrations of crystal violet: (E) 0.001 %, (F) 0.002%, 
(G) 0.0045%, and (H) 0.01 %· 

The 3N BBM medium was solidified with 1.5 % agar after the addition of crystal 
violet. To prevent loss of the inhibitory effectiveness of the crystal violet media from 
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TABLE 6. Growth of Chlorococcum species on 3N BBM Agar containing 
various concentrations of Crystal Violet. 

3N BBM 
Species Control B c D E F G H 

£. acidum 
£.• . arenosum 

b 
e 
e 

e 
e 

e 
e 

e 
e 

g 
g 

g 
s 

g 
s 

s 
n 

n 
n 

C. aureum 
£.. citriforme 

e 
e 

e 
e 

e 
e 

e 
e 

e 
e 

g 
g 

g 
n 

s 
n 

n 
n 

£_. croceum 
£.· diplobionticum
£.. echinozygotum 

e 
e 
e 

e 
e 
e 

e 
e 
e 

e 
e 
g 

g 
e 
g 

g 
n 
s 

s 
n 
n 

n 
n 
n 

n 
n 
n 

.£. elkhartiense 
£.. ellipsoideum 

e 
e 

e 
e 

e 
e 

e 
e 

e 
e 

e 
e 

g 
g 

s 
s 

n 
n 

£· fissum e e e e e g s s n 
£_. gelatinosum e e e e e e g s n 
£_. 
£.. 

hypnosporum 
isabeliense 

e 
e 

e 
e 

e 
e 

e 
e 

g 
e 

g 
e 

s 
g 

s 
n 

n 
n 

C. lacustre e e e e e e g s n 
£. loculatum 
£.. macrostigmatum 

e 
e 

e 
e 

e 
e 

e 
e 

e 
e 

e 
e 

g 
s 

s 
n 

s 
n 

C. microstigmatum e e e e e g g g n 
C. minutum e e e e e e s n n 
C. ~ angliae
£· oleofaciens 

e 
e 

e 
e 

e 
e 

e 
e 

g 
e 

g 
e 

g 
g 

s 
s 

n 
n 

£.· oviforme e e e e e g n n n 
C. paludosum e e e e e g g s n 
C. perforatum e e e e e s n n n 
C. perplexum e e e e e e g s n 
C. pinguideum e e e e e g s n n 
C. pulchrum e e e e e g s s n 
C. refringens e e e e g g s n n 
C. reticulatum e e e e e g g s n 
C. rugosum e e e e e g n n n 
C. sa lsugineum e e e e e g g g g 
C. scabellum e e e e e e s n n 
£.. sphacosum e e g g n n n n n 
C. texanum e e e e e e g n n 
£· typicum e e e e e g g s n 
C. uliginosum e e e e e e g s n 
C. vacuolatum e e e e e e s n n 

a Designates increasing concentrations off crystal violet, see text, page 62. 

be =e "excellent"; g ="good"; s ="slight"; n ="none." 

prolonged storage in light (Brown and Bold, 1964), the media were inoculated as 
soon as prepared. Duplicate dishes of each crystal violet concentration were inocu
lated by streaking from actively growing cultures of Chlorococcum on 3N BBM 
agar slants. Petri dishes of 3N BBM were inoculated for controls and the experi
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ment was repeated once again in duplicate. Growth was recorded after 3 weeks 
and the results are summarized in Table 6. 

A manifestation of specific differences can be seen readily upon examining Table 
6. Most isolates displayed a gradual loss in tolerance to increasing concentrations 
of crystal violet, e.g., C hlorococcum arenosum. Five species, however, showed a 
sudden sharp decline in tolerance from "excellent,' ' or "good" growth to "none," 
e.g., C. citriforme, C. isabeliense, C. pyriforme, C. rugosum, and C. sphacosum. 
With the exception of five isolates, "good" growth ceased at a concentration of 
0.001 % or 0.002% crystal violet. Chlorococcum sphacosum had a very low tol
erance to crystal violet, growing well only to a concentration of 0.000045%. With 
the exception of nine isolates, complete inhibition of growth occurred at a crystal 
violet concentration of 0.0045 % or 0.01 % . Chlorococcum salsugineum exhibited 
"good" growth even at a concentration of 0.01 % crystal violet. Based on the data 
in Table 6, the species of Chlorococcum may be grouped as follows: 

Group 1: Completely inhibited by 0.001 % crystal violet: 
C. diplobionticum, C. sphacosum. 

Group 2 : Completely inhibited by 0.002% crystal violet: 
C. citriforme, C. echinozygotum, C. perforatum, C. oviforme, C. rugosum. 

Group 3: Completely inhibited by 0 .045% crystal violet: 
C. arena.rum, C. croceum, C. i.rabeliense, C. macrostigmatum, C. minutum, 
C. pinguideum, C. refringens, C. scabellum, C. texanum, C. vacuolatum. 

Group 4: Completely inhibited by 0.01 %crystal violet: 
C. acidum, C. aureum, C. f1SSum, C. elkhartiense, C. ellipsoideum, C. gel
atinosum, C. hypnosporum, C. lacustre, C. microstigmatum, C. novae 
angliae, C. oleofaciens , C. paludosum, C. perplexum, C. pulchrum, C. reti
culatum, C. typicum, C. uliginosum. 

Group 5: Not completely inhibited even by 0.01 % crystal violet: 
C. salsugineum, C. loculatum. 

INHIBITION BY ANTIBIOTICS 

A number of investigators, beginning with Bold and Parker ( 1962), have at
tempted to differentiate microalgae at the specific level by testing them for tolerance 
to antibiotics (Mattox and Bold, 1962; and Bischoff and Bold, 1963). In dis
cussing their data, these investigators reported that they could not obtain reliably 
reproducible results with different lots of antibiotics. 

Bauer's ( 1964) report was helpful in eliminating many of the various factors 
which would need to be considered for obtaining reproducible results. According 
to Bauer, none of the following factors influences the inhibitory effect of antibiotics: 
(1 ) variation of depth of medium between 2- 9 mm; (2) moisture content of me
dium; (3) time elapsing between seeding of plates with isolate suspension and ap
plication of discs, within a range of several hours; and (4) the pH qf the medium 
within a range of 6.4-8.0. 
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Duplicate sets of each species of Chlorococcum were assayed three different 
times, in duplicate, for antibiotic tolerance under conditions exhibiting less varia
tion than those considered of negligible influence by Bauer. Each time, actively 
growing cultures 2 weeks old were prepared and incubated under standard condi
tions for the same period. Identical results could not be obtained. The antibiotic 
discs used, however, had been purchased at different times and were of different 
ages. Dr. A. W. Bauer of the Northgate Medical Staff, Seattle, Washington, and 
Dr. Harriette D. Vera of the Baltimore Biological Laboratories, both suggested that 
this was the reason for the writers' failure to obtain reproducible results. 

Accordingly, antibiotic discs were ordered from one source8 to test all the cur
rently known species of Chlorococcum in duplicate at least twice. Upon delivery, 
the antibiotic discs were quickly frozen (not refrigerated) until used, in order to 
prevent different rates of deterioration of the discs. 

Large petri dishes ( 100 X 20 mm) were half-filled with sterile 3N BBM agar. 
After the medium had solidified, sterile, disposable pipettes were used to introduce 
1 ml of liquid from an actively growing culture of each species of C hlorococcum 
which had grown in 3N BBM liquid for 2 weeks at standard conditions. The 
liquid inoculum was evenly dispersed over the agar plates by using a glass rod and 
the plates were allowed to dry for 2 hr. Four different antibiotic discs (Fig. 95) 
were introduced onto the agar surface of each dish with a sensi-disc dispenser, 9 and 
the duplicate plates were then incubated under standard conditions for 10 days. 

According to Dr. Bauer (personal communication) there is a "critical time" 
after onset of incubation ( 2- 6 hr) when the alga "decides" whether or not the 
potency of the antibiotic is such that it can or cannot grow in that particular area 
(zone) . This is the reason for the clear-cut zones of inhibition. What happens later 
(drop in antibiotic content of medium due to diffusing of antibiotic along a gradi
ent) has no influence any more on the zone diameter. Figure 97 illustrates this. In 
Fig. 97 the antibiotic disc moved after the "critical time," but inhibition is exhibited 
only in the area covered by disc during the "critical time. " 

In all, twelve antibiotics (Table 7) were tested for their inhibitory effect on the 
36 species of Chlorococcum. Six of the twelve have been omitted from Table 8 be
cause they did not differentiate to any great degree among the species; these anti
biotics were, Aureomycin, Erythromycin, Mandelamine, Nitrofurazone, Penicillin, 
and Sulfadiazone. Nitrofurazone, Penicillin, and Sulfadiazine inhibited none of 
the species. Aureomycin inhibited only C hlorococcum novae angliae; while Man
dclamine inhibited all the species but C. hypnosporum. Only C. aureum, C. la
custre, and C. pinguideum were inhibited by Erythromycin. 

Table 8 lists the six antibiotics exhibiting different degrees of inhibition among 
the 36 species and indicates their degree of inhibition on each species. The results 

8 Baltimore Biological Laboratories Division of Bioquest, Cockeysville, Maryland, 21030, to 
whom the writers are grateful for donating the antibiotic discs. 

9 Baltimore Biological Laboratories No. 05-479 Sensi-Disc Dispenser. 
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TABLE 7. Antibiotics"' tested for inhibitory effects on Chlorococcum species. 

Disc 
Antibiotic Designation 

Aureomycin (Chlortetracyline) 30 mcg A 30 

Erythromycin (Erythrocin) 15 mcg E 

Furamazone (Nifuraldezone) 100 mcg FM 

Furoxone (Furazolidone) 100 mcg FX 

Kantrex (Kanamycin) 30 mcg K 

Mandelamine (Methenamine Mandelate) 3.0 mg M 3 

Mycostatin (Nystatin) 100 mcg N 

Nitrofurazone (Furacin) 100 mcg FC 

Penicillin (Penicillin) 10 units p 

Polymyxin B (Aerosporin) 300 units PB 

Streptomycin (Streptomycin) 10 mcg s 10 

Sulfadiazine (Sulfadiazine) 1 mg SD 

a
Contribution for research from BBL Division of Bioquest, Cockeys
ville, Maryland. 

recorded in Table 8 were compiled after each isolate had been tested in duplicate 
at two different times. Chlorococcum diplobionticum and C. microstigmatum are 
not included in Table 8 because of the scant growth exhibited on the plates even 
in areas not affected by the antibiotic discs. The plus signs ( + +) indicate the 
diameter (in cm) of the inhibition zones (including the antibiotic disc) measured 
with a ruler on the underside of the petri dish in the manner described by Bauer, 
et al. ( 1966). Only clear, distinct zones of inhibition were recorded. In a few in
stances clear zones with scattered algal colonies occurred (Fig. 100). It must be 
stressed here that results should not be recorded until the algae have had sufficient 
time to spread in growth over the plates (Fig. 99). C hlorococcum ovif orme ac
tually grew better on the antibiotic discs than on the agar (Fig. 101). 

The species of C hlorococcum tested may be arranged in six groups on the basis 
of inhibition by antibiotics as follows: 

Group 1: Inhibited by Furamazone: 
C. acidum, C. arenosum, C. aureum, C. citriforme, C. elkhartiense, C. ellip
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TABLE 8. Inhibitory efjects of selected antibiotics on Chlorococcum species. 

Species FX FM K N PB s 10 

c. acidum +++ + ++ + + +++ 
£. a reno sum + + + 0 0 0 
£. aureum +++ +++ + ++ 0 + 
c. citriforme + 0 ++ ++ 0 +++ 
c. croceum 0 ++ ++ ++ 0 ++ 
c. echinoz:t:gotum 0 0 0 0 0 0 
c. elkhartiense + ++ ++ 0 + +++ 
c. elliEsoideum + +++ 0 ++ + 0 
c. fissum 0 0 ++ 0 + ++ 
c. gelatinosum + -++ -++ + + ++ 
c. h:t:EllOSEorum 0 0 + -++ + 0 
c. isabe liense 0 + + 0 + + 
c. lacustre 0 ++ ++ + 0 + 
c. loculatum + 0 -++ 0 + +++ 
c. macrostiS!!!atum 0 -++ 0 0 + 0 
£. minutum + + 0 ++ 0 0 
c. ~ angliae + + 0 -++ 0 0 
c. oleofaciens + ++ -++ -++ + -++ 
c. oviforme 0 0 0 0 0 0 
£. Ealudosum 0 + ++ 0 0 ++ 
c. Eerforatum 0 + -++ -++ 0 0 
c. EeEElexum 0 + + + 0 0 
c. Einguideum 0 + -++ ++ + + 
c. Eulchr'um 0 -++ 0 0 + 0 
c. refringens 0 0 0 0 0 0 
c. reticulatum + + -++ + + -++ 
c. rugosum 0 0 + + + 0 
c. salsugineum 0 0 + 0 0 0 
c. scabellum 0 -++ -++ + 0 -++ 
£. SEhacosum 0 0 + 0 + -++ 
c. texanum 0 + 0 0 0 0 
c. tnicum 0 0 + 0 0 0 
c. uliginosum 0 0 -++ + + -++ 
c. vacuola tum 0 + 0 0 + 0 

soideum, C. gelatinosum, C. novae angliae, C. loculatum, C. minutum, C. 
oleof aciens, C. reticulatum. 

Group 2 : Inhibited by Furoxone : 
C. acidum, C. arenosum, C. aureum, C. croceum, C. fissum, C. elkhartiense, 
C. ellipsoideum, C. gelatinosum, C. novae angliae, C. isabeliense, C. lacustre, 
C. macrostigmatum, C. minutum, C. oleofaciens, C. paludosum, C. per
foratum, C. perplexum, C. pinguideum, C. pulchrum, C. reticulatum, C. 
scabellum, C. texanum, C. vacuolatum. 

Group 3: Inhibited by Kantrex: 
C. acidum, C. arenosum, C. aureum, C. citriforme, C. croceum, C. dissec



68 The Genus Chlorococcum Meneghini 

tum, C. elkhartiense, C. gelatinosum, C. hypnosporum, C. isabeliense, C. 
lacustre, C. loculatum, C. oleofaciens, C. paludosum, C. perforatum, C. 
pinguideum, C. reticulatum, C. rugosum, C. salsugineum, C. scabellum, C. 
sphacosum, C. typicum, C. uliginosum. 

Group 4: Inhibited by Mycostatin: 
C. acidum, C. aureum, C. citriforme, C. croceum, C. ellipsoideum, C. gela
tinosum, C. hypnosporum, C. novae angliae, C. lacustre, C. minutum, C. 
oleofaciens, C. perforatum, C. perplexum, C. pinguideum, C. reticulatum, 
C. rugosum, C. scabellum, C. uliginosum. 

Group 5 : Inhibited by Polymyxin B: 
C. acidum, C. dissectum, C. elkhartiense, C. ellipsoideum, C. gelationsum, 
C. hypnosporum, C. isabeliense, C. loculatum, C. macrostigmatum, C. oleo
faciens, C. pinguideum, C. pulchrum, C. reticulatum, C. rugosum, C. spha
cosum, C. uliginosum, C. vacuolatum. 

Group 6: Inhibited by Streptomycin: 
C. acidum, C. aureum, C. citriforme, C. croccum, C. dissectum, C. elk
hartiense, C. gelatinosum, C. isabeliense, C. lacustre, C. loculatum, C. oleo
faciens , C. paludosum, C. pinguideum, C. reticulatum, C. scabellum, C. 
sphacosum, C. uliginosum. 

Only nine of the isolates of the Chlorococcum exhibited a distinct pattern of 
inhibition unlike that of any other isolate, namely: C. aureum, C. arenosum, C. 
citriforme, C. elkhartiense, C. isabeliense, C. loculatum, C. paludosum, C. pin
guideum, C. uliginosum. Three species were not inhibited by any of the six anti
biotics recorded in Table 8, namely: C. echinozygotum, C. oviforme, C. ref ring ens; 
while C. acidum, C. gelatinosum, C. oleofaciens were inhibited by all. Although 
the degree of inhibition varied, several species were inhibited by the same spectrum 
antibiotics, namely: 

C. croceum, C. lacustre, and C. scabellum 
C. fissum and C. sphacosum 
C. hypnosporum and C. rugosum 
C. macrostigmatum, C. pulchrum, and C. vacuolatum 
C. minutum and C. novae angliae 
C. perforatum and C. perplexum 
C. salsugineum and C. t)1picum 

Fourteen of the 36 isolates responded differently to the closely related Furama
zone and Furoxone. According to Dr. Bauer, a species usually responds in the 
same manner to closely related antibiotics rather than differently. 

NITOGEN UTILIZATION 

A number of hcterocystous Cyanophyta are known to have the capacity to as
similate gaseous nitrogen. However, with few exceptions, most of the algae must be 
provided with a combined source of nitrogen for normal development. Most algae 
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TABLE 9. Compounds used as nitrogen sources for 36 species of Chlorococcum. 

pH After 
Nitrogen Source g/liter Buffering 

NaN03 0.25 7.6 

NaN02 0.20 7.6 

NH4N03 0.12 8.0 

(NH4) 2S04 0.19 7 .4 

Urea lOX 0.90 7.6 

Urea 25X 2.25 7.6 

Urea lOOX 9.00 7.6 

Succinamide 0.17 7.0 

Uric Acid 0.12 7.5 

Uracil 0.17 7.5 

Casamino Acids 0.583 7.5 

L-Lysine 0.27 7.3 

L-Glutamic Acid 0.44 7.4 

L-Serine 0.32 7.7 

L-Glycine 0.22 7.5 

which have been investigated are able to utilize nitrate as the source of nitrogen. 
Excellent reviews have been published on nitrogen assimilation in the algae (Myers, 
1951; Fogg, 1953, 1959; Fogg and Wolfe, 1954; Syrett, 1954, 1962; Krauss, 1958; 
Kessler, 1959, 1962). Few of these studies were of a comparative nature, nor did 
they consider possible taxonomic significance. Exceptions are several from the phy
cological laboratory at The University of Texas at Austin (Cain, 1963; Cox, 1966; 
Dykstra, 1966; Smith and Bold, 1966; Groover and Bold, 1969; Kantz, 1968; 
Baker, 1969; and Kessler and Czygan, 1970). 

The writers selected various types of nitrogen sources for testing nitrogen utiliza
tion in 36 species of C hlorococcu.m (Table 9) hoping to be able to use the 
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results as supplementary taxonomic criteria. Four common inorganic sources were 
used i.e., NaNOa, NaN02, NH.NOa, and (NH.) 2SO•. Urea in various concentra
tions (lOX, 25X, and lOOX*), succinamide, uric acid, and uracil were selected as 
organic sources of nitrogen. Cain ( 1963 ) cited early experiments in the literature 
in which amino acids were used by algae as the sole source of nitrogen. Since Cain's 
work, various individual amino acids have been tested as nitrogen sources as have 
vitamin-free casamino acids. 10 In addition to the latter, the writers selected certain 
individual amino acids, namely, lysine (basic side-chain), glutamic acid (acidic 
side-chain), serine (polar neutral side-chain), and glucine (non-polar side-chain) 
as sole nitrogen sources, following the suggestion of Cain ( 1963). 

A stock solution of lN BBM medium contains 25g/liter of NaNOa: the NaNOa 
is 16.4% nitrogen; therefore, lN BBM contains 0.00412 g nitrogen/ liter. Equiva
lent amounts with respect to nitrogen ( 0.00412 g nitrogen/ liter) of each of the 
tested compounds were prepared and added to lN BBM (T) minus NaNOa. Stross 
( 1963) stressed the importance of buffering in using nitrogen compounds to pre
vent extreme shifts in pH. For this reason, TRIS-buffered medium was used for 
both the nitrogen and carbon tests; 1 N BBM was prepared in the manner pre
viously described except that only 926 ml of ddw were used. Ten ml of a TRIS 
stock solution (25 g TRIS/ liter of ddw or 0.4M) were then added to give a final 
volume of 1 liter. 

Small test tubes ( 13 X 100 mm) were soaked in ddw for 3 days, the water being 
changed daily, to remove traces of nitrogenous compounds. On the fourth day, the 
tubes were dried, plugged with cotton, and autoclaved. The fifteen different types 
of lN BBM(T) with various nitrogen sources substituted for the usual NaNOa 
were prepared (Table 9) each containing equivalent amounts of nitrogen. Seven 
milliliters of each of the inorganic media, including NaNOJ, NaN02, NH.NOa, 
and (NH.) 2SO., were dispensed into tubes with a Brewer automatic pipetting 
machine. These tubes were then autoclaved. 

Media containing organic nitrogen sources were prepared as follows: equivalent 
am,:mnts of each nitrogenous compound (Table 9) were weighed on a Mettler ana
lytical balance and dissolved in 100 ml of previously autoclaved lN BBM (T) 
(minus NaN03). Each dissolved nitrogen source then was added aseptically to 
900 ml of cooled, autoclaved lN BBM(T) (minus NaNOa) through a Millipore 
filter (pore size 0.22 µ.). Seven milliliters of each medium were dispensed aseptically 
into sterile tubes through a sterile pump attached to a Brewer automatic pipetting 
machine. The tubes were stored for 3 days at room temperature so as to detect 
possible microbial contamination. 

*The concentration of nitrogen in lN BBM 
1 °Casamino acid-Difeo No. 0288-01, Vitamin Free Casamino Acids contain a mixture 

of the following amino acids: alanine, arginine, aspartic acid, cystine, glutamic acid, glycine? 
[sic], histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, and valine. The total nitrogen content= 7.0%. 
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Isolates which had grown for 2 weeks in liquid lN BBM under standard condi
tions were used to inoculate duplicate tubes of each of the fifteen different media. 
Sterile disposable pipettes were employed to introduce 1 ml of the liquid inoculum 
into each tube. The tubes were then incubated under standard conditions for 2 
weeks. Growth was then estimated visually and compared to a set of standards 
designated as "excellent" ( E) , "good" (G), "fair" ( F ) , "trace" (T), and "none" 
(N). 

Table 10 summarizes the growth of each isolate on each nitrogen source. "Ex
cellent" growth signified a thick surface ring of algae on the tube, and the liquid 
was green with suspended cells; "good" signifies that a thick ring of growth, but 
no great number of suspended cells, was present; a small ring of algae, but light 
green to yellow, rather than deep green, was designated as "fair"; "trace" growth 
was recorded when a slight increase in the original inoculum was noted. The same 
standards were employed in describing algal growth on various carbon sources. 
Only "fair" growth or better was considered significant growth for both the nitro
gen and carbon sources in order to eliminate the possibility that the observed growth 
could have resulted from utilizing nitrogen stored in the cells in the initial inoculum. 
Growth on lN BBM(T) served as the control for both the nitrogen and carbon 
tests. 

All of the isolates, with the exception of Chlorococcum acidum in NH.N03, 
grew in all media tested. The number of isolates exhibiting "excellent," "good," 
and "fair" growth in each medium varied considerably (Tables 10 and 11). Table 
11 clearly indicates that NaN03, urea (at all concentrations used), and 
( NH4) 2SO. were the nitrogen sources most effectively utilized by the greatest 
number of isolates. The nitrite salt supported growth of all isolates but not as heavy 
growth as that produced in either nitrate or (NH,) 2SO•. C hlorococcum aureum 
and C. vacuolatum exhibited little preference for any particular source off nitrogen. 
Chlorococcum pinguideum displayed the greatest range of growth in the dif
ferent sources of nitrogen. Growth ranged from "trace" to "excellent" in the 
15 sources. A number of species made from "fair" to "excellent" growth in the 
several nitrogen sources. Only "trace" or "fair" growth was exhibited on all 
sources by C. oviforme and C. refringens. Three species, i.e., C. citriforme on ura
cil, C. ellipsoideum on casamino acids, and C. vacuolatum on succinamide, grew 
well on all but one type of nitrogen. All species pref erred (NH.) 2SO. rather than 
NH.N03. This may be because a greater amount of nitrogen was readily available 
as the ammonium ion. Most species that grew well on the amino acids preferred 
casamino acids. However, several species made better growth in serine or glycine 
than in casamino acids; this may be because these two amino acids were not 
present in sufficient concentration in the casamino acids. One species, C. oviforme, 
could not utilize casamino acids. Chlorococcum oviforme was the only organism 
which could not grow in the higher concentrations of urea ( 25X and 1OOX) . Sue
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TABLE 10. Growth of Chlorococcum species after 2 weeks' incubation in 1 N BBM(T) 

Urea Urea Urea Succin- Uric Casamino 
Species NaN03 NaNOz NH4N03 (NH4)zS04 lOX 25X lOOX amide Acid Uracil Acid Lye Glu Ser Gly 
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TABLE 11. Utilization of various nitrogenous sources by 36 species of Chlorococcum. 

1f of Species 1f of Species if of Species 
Showing Showing Showing 

Nitrogenous "Excellent" "Good" "Fair" 
Source Growth Growth Growth 

NaN0 14 19 33 

Urea lOOX 10 19 6 

(NH4) 2S04 7 26 3 

Urea lOX 6 24 6 

Urea 25X 6 24 5 

Uric Acid 3 29 24 

Succinamide 2 21 11 

Uracil 2 10 23 

Casamino Acids 1 18 17 

L-Lysine 0 16 19 

L-Glycine 1 14 20 

L-Serine 0 15 21 

NaN02 0 15 22 

L-Glutamic Acid 0 12 23 

NH No 0 11 24
4 3 

cinamide, uric acid, and uracil were the nitrogen sources in which the species ex

hibited the most differentiation. 
Four differential patterns of growth were exhibited by the isolates: 

Group 1: No definite preference for one specific source of nitrogen: 
C. arenousm, C. aureum, C. echinozygotum, C. oleofaciens, C. vacuolatum. 

Group 2: Inability to make "good" growth on NaN02: 
C. arenosum, C. aureum, C. elkhartiense, C. gelatinosum, C. isabeliense, C. 
lacustre, C. macrostigmatum, C. microstigmatum, C. minutum, C. paludo
sum, C. ;berplexum, C. pinguideum, C. oviforme, C. refringens, C. reticula
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tum, C. rugosum, C. salsugineum, C. scabellum, C. sphacosum, C. texanum, 
C. ulginosum. 

Group 3: Inability to make "good" growth on both NaN02and NH.NOa: 
C. elkhartiense, C. gelatinosum, C. isabeliense, C. lacustre, C. macrostig
matum, C. microstigmatum, C. minutum, C. paludosum, C. perplexum, C. 
pinguideum, C. refringens, C . reticulatum, C. rugosum, C. salsugineum, 
C. sphacosum, C. texanum, C. uliginosum. 

Group 4 : Inability to make "good" growth on the amino acids : 
C. croceum, C. diplobionticum, C. fissum, C. elkhartiense, C. gelatinosum, 
C. hypnosporum, C. isabeliense, C. loculatum, C. macrostigmatum, C. mi
crostigmatum, C. novae angliae, C. perforatum, C. pulchrum, C. sphaco
sum, C. texanum, C. uliginosum. 

Carbon U tiLization 

It is known that most algae assimilate carbon dioxide into carbohydrates by the 
process of photosynthesis in much the same manner as that of the higher green 
plants; in addition, some photosynthetic algae are also capable of growing in the 
dark on certain organic substances. Klebs ( 1887), Bouilhac ( 1898 ), and Artari 
( 1899) early reported such facultative heterotrophic behavior, but they were work
ing with mixed cultures. Beijerinck ( 1898 ) , who introduced the idea of growing 
algae in pure cultures, was able to maintain pure cultures of green algae in the dark 
for several years on maltwort gelatin. Early in the twentieth century, several work
ers began to study the utilization of various carbohydrates by algae in darkness 
( . .\rtari, 1913; Chodat, 1913; Nakano, 1917; Bristol-Roach, 1926; Skinner and 
Gardner, 1930 ). 

With the increased emphasis on algal biochemistry, numerous reports concern
ing the heterotrophic growth of some species of algae have appeared in the litera
ture. The results of these studies have been reviewed by such authors as Myers, 
1951; Hutner and Provasoli, 1951, 1955; Fogg, 1953; Krauss, 1958; Pringsheim, 
1959. Danforth's ( 1962 ) review emphasized the importance of studying not only 
the question of which carbon sources can be utilized for energy; but also the reason 
why the same compound may support growth of some species and not of others; 
and why in a particular species, one substrate will support growth, while another, 
closely related compound, will not. An excellent review of the literature concerned 
with the actual metabolic pathways involved in the oxidative assimilation of the 
carbon substances by the algae was published by Griffiths ( 1965 ) . 

Spruit ( 1962) reviewed the biochemical aspects of algal anaerobiosis. Both Gibbs 
( 1962a) and Griffiths ( 1965) reported algae to be obligately aerobic organisms. 
However, algae have been known to grow in darkness when overlaid with sterile 
mineral oil (Wiedeman and Bold, 1965, Cox, 1966; Smith and Bold, 1966; 
Groover, 1968). Those reporting this condition suggested that the mineral oil did 
not exclude 100% of the air and aerobic fermentation occurred. Aerobic fermen
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tation results from the breakdown of a carbohydrate at some low concentration of 
oxygen, as a result of which the carbon skeleton is converted into compounds 
normally considered as products of fermentation, instead of being completely oxi
dized to C02 (Gibbs, 1962b). 

According to various reports, the many heterotrophic green algae differ among 
genera and species as to which organic substances they can utilize and to what 
extent they can utilize them. Krauss ( 1958) stated: "extensive listings of organic 
compounds serving as C ( arbon ) or energy sources for algae include most of the 
common sugars, alcohols, and Krebs cycle acids." Parker, Bold, and Deason 
( 1961) were able to distinguish the genus Chlorococcum from the related genera 
of Bracteacoccus, Spongiochloris, and Dictyochloris on the basis of the faculatative 
heterotrophic behavior of Chlorococcum on glucose. Unfortunately however, the 
carbon sources were autoclaved which causes one to be uncertain as to the form 
of carbon in the final autoclaved medium. The work reported by Bold and Parker 
( 1962) was also based on autoclaved carbon sources; these authors also reported 
inhibition of certain algal taxa, especially by pentose sugars. 

The conditions under which algae are grown on carbon sources have been shown 
to greatly influence the results obtained. Bristol-Roach ( 1928a ) and Myers ( 1951) 
found that Scenedesmus and Chlorella species are able to assimilate carbon both 
phototrophically and chemotrophically, under high light intensity and C02 satura
tion without acceleration of growth in a medium containing a carbon source. In 
low light intensity and under reduced carbon dioxide, on the other hand, algae may 
utilize a carbon source to compensate for the reduced rate of photosynthesis. In 
such cases the carbon source may inhibit growth in the light and enhance it in the 
dark. The presence of certain enzyme systems and proper pH have been found to 
be important factors in the assimilation of a carbon substrate (Cramer and Myers, 
1952). 

Within the last decade, Bold and co-workers have used the physiological re
sponses of algae to a wide range of carbon sources and under various selected con
ditions as supplementary taxonomic criteria (Deason and Bold, 1960; Parker, 
Bold, and Deason, 1961; Bold and Parker, 1962; Chantanachat and Bold, 1962; 
Mattox and Bold, 1962; Bischoff and Bold, 1963; Cain, 1963; Brown and Bold, 
1964; Cox, 1966; Smith and Bold, 1966; Groover, 1968; Kantz, 1968; Baker, 
1969). These studies indicated consistent and reproducible cases of inhibition of 
growth in the light by certain carbon sources, particularly pentose sugars and ace
tate and pyruvate salts, even when the carbon sources were autoclaved separately 
or when they had been filter-sterilized. Wiedeman and Bold ( 1965) showed that 
growth responses of the algae on selected carbon sources could be grouped into five 
categories: ( 1 ) inhibition; ( 2) growth only in light and air; (3) growth only in 
light with or without air; (4) growth in darkness with air or in light with or with
out air; and (5) growth in light or darkness with or without air. "Without air" 
referred to overlaying the liquid medium with sterile mineral oil. 
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TABLE 12. Carbon sources added to 1 N BBM(T) for study of carbon 
with various selected nitrogenous compounds as the sole source of nitrogen. 

nutrition in Chlorococcum. 

Carbon Source Molarity g/liter pH of Medium 

Glucose 0.025 4.5 6.4 

Fructose 0.025 4.5 6.4 

Ribose 0.025 3.75 6.0 

Xylose 0.025 3.75 6.6 

Sodium acetate 0.025 3.4 6.6 

Sodium pyruvate 0.025 2.75 6.4 

The writers selected two hexose sugars, two pentose sugars, and sodium acetate 
and pyruvate salts (Table 12) to test for differentiation of carbon source utiliza
tion among the species of Chlorococcum. Initially, it was decided to prepare a 
0.025 molar concentration of each carbon source in 1 N BBM ( T). This particular 
molarity was selected due to reports of Cain ( 1963) and Groover ( 1968) of the 
amount of inhibition encountered among other chlorophycean algae at higher 
molarities. The pH at a molarity of 0.025 is also closer to that of lN BBM (T) 
than it is at higher molarities. Each medium was prepared in the manner described 
for the organic nitrogen sources (p. 70), and lN BBM served as the control. 
Four sets of tubes were prepared for each isolate; and two sets were then overlaid 
with sterile mineral oil to simulate an anaerobic condition (perhaps better de
scribed as a microaerophilic condition). One set with mineral oil and one without 
were placed in the light under standard conditions; and one set with mineral oil 
and one without were placed in darkness at approximately the same temperature. 
Growth was recorded for each set after 3 weeks by employing the visual standards 
noted on p. 71. Table 13 summarizes the results. 

All 35 isolates ( Chlorococcum lacustre, not yet axenic at the time, was omitted 
from this study) grew in the light, under aerobic conditions in the presence of glu
cose, fructose, xylose, sodium acetate, and sodium pyruvate. Two species showed 
only traces of growth in glucose-containing media. Xylose and sodium acetate each 
supported only traces of growth of three species; and four species grew with diffi
culty in the presence of fructose. 

Ribose, even under aerobic conditions and in the light, exhibited considerable 
selectivity among the species. Eleven species did not grow at all and five others 
made only "trace" amounts of growth. As in nitrogen utilization, only growth of 
"fair" or better was considered significant. Under aerobic conditions in the light, 
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TABLE 13. Response to added carbon compounds by 35 species of Chlorococcum 
after 3 weeks' growtha in the lightb. 

Glucose Fructose Ribose Xylose Acetate Pyruvate 

Species An A An A An A An A An AAc And 

£.~ E F E N T N E N G N G T 

£·~ E T G N G N E N E F G N 

£·~ 
f· citriforme 

F 
-G 

N 
N 

F 
G 

N 
N 

F 
T 

N 
N 

F 
E 

N 
N 

F 
G 

N 
N 

F 
G 

N 
N 

£·~
£· di2lobionticum 

F 
G 

N 
T 

T 
F 

N 
N 

N 
F 

N 
N 

G 
F 

N 
N 

T 
G 

N 
N 

T
T 

N 
N 

£. echinozygotum E F F N F N T N F N T N 
C. elkhartiense E T G N T N G N T N F N 
£..:. elli2soideum F T E N E N E N E N F N 
C. fissum
£. gelatinosum 

E 
G 

N 
N 

F 
T 

N 
N 

G 
N 

N 
N 

E 
F 

N 
N 

F 
E 

N 
N 

F 
F 

N 
N 

c. h~2nos2orum G T F N G N F N F N F N 
c. isabe liense G N F N G N E N F N G N 
c. loculatum
C. macrosti~atum
£. microstiS!!!atum 

G 
T 
F 

N 
T 
N 

E 
F 
E 

N 
N 
E 

E 
N 
G 

N 
N 
N 

F 
G 
G 

N 
N 
N 

G 
F 
F 

N 
N 
N 

G 
G 
T 

N 
N 
N 

C. minutum
£. novae angliae 

F 
G 

T 
N 

T 
F 

N 
N 

N 
G 

N 
N 

F 
F 

F 
N 

T 
F 

T 
N 

F 
F 

T 
N 

c. oleofaciens G N G N N N E N G N F N 
C. oviforme
£, 2aludosum 
£. 2erfora tum 

T 
G 
G 

N 
N 
N 

F 
G 
G 

N 
N 
N 

T 
N 
N 

N 
N 
N 

T 
E 
F 

N 
N 
N 

F 
G 
F 

N 
N 
T 

T
F 
G 

N 
N 
N 

f· 2erylexus 
f· pinguideum 
£. 2ulchrum 

E 
G 
G 

G 
N 
N 

G 
G 
T 

N 
N 
N 

G 
T 
F 

N 
N 
N 

G 
G 
T 

N 
N 
N 

G 
T 
F 

N 
N 
N 

G 
T 
T 

N 
N 
N 

£. refringens F N F N E N G N G N G T 
C. reticulatum
£. rugosum 
£. salsugineum 

G 
E 
E 

T 
N 
N 

G 
G 
E 

N 
N 
N 

G 
E 
F 

N 
N 
N 

G 
E 
E 

N 
N 
N 

G 
G 
F 

N 
N 
N 

G 
G+ 
E 

N 
N 
N 

C. scabe llum
£. sphacosum 

E 
E 

T 
N 

E 
E 

T 
N 

E 
c 

T 
T

E 
E 

T 
T

E 
G 

T 
N 

G 
E 

N 
N 

C. texanum
£. tnicum 

G 
E 

N 
N 

G 
E 

N 
N 

N 
G 

N 
N 

E 
E 

N 
N 

G 
G 

N 
N 

F 
E 

N 
N 

£. uliginosum 
£• vacuolatum 

G 
E 

N 
N 

F 
E 

N 
N 

N 
N 

F 
N 

G 
E 

N 
N 

F 
E 

N 
N 

F 
E 

N 
N 

8 0nly growth of "fair'' or better considered significant. 

b0n1y four organisms exhibited significant growth in the dark, see page 118. 

CA~ aerobic; An= anaerobic. 
dThe controls, in lN BBM, are the same as those cited in Table 10. 

the remaining carbon compounds affected growth of the species of Chlorococcum 
as follows : 

Group 1 : Inhibited (no growth) by glucose: 
C. macrostigmatum, C. oviforme. 

Group 2: Inhibited by fructose: 
C. croceum, C. gelatinosum, C. minutum, C. pulchrum. 

Group 3: Inhibited by xylose: 
C. echinozygotum, C. pulchrum, C. oviforme. 

Group 4: Inhibited by sodium acetate. 
C. croceum, C. minutum, C. pinguideum. 

Group 5: Inhibited by sodium pyruvate: 
C. croceum, C. diplobionticum, C. echinozygotum, C. microstigmatum, C. 
pinguideum, C. pulchrum, C. oviforme. 
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Group 6: Inhibited by ribose: 
C. acidum, C. citriforme, C. croceum, C. elkhartiense, C. gelatinosum, C. 
macrostigrnatum, C. minutum, C. oleofaceins, C. paludosum, C. per
plexum, C. pinguideum, C. oviforme, C. texanum, C. vacuolatum. 

Only nine species grew significantly under conditions other than aerobically and 
in the light. These can be grouped as follows: 

Group 7 : Aerobic growth in the dark in the presence of glucose: 
C. arenosum, C. gelatinosum. 

Group 8: Aerobic growth in the dark in the presence of fructose: 
C. texanum. 

Group 9: Aerobic growth in the dark on xylose: 
C. minutum. 

Group 10: Aerobic growth in the dark in the presence of sodium acetate: 
C. arenosum, C. gelatinosum, C. texanum. 

Group 11 : Anaerobic growth in light in the presence of glucose: 
C. acidum, C. oleof adiens, C. perplexurn. 

Group 12: Anaerobic growth in light in the presence of fructose: 
C. microstigmatum. 

Group 13: Anaerobic growth in light in the presence of xylose: 
C. minutum. 

Group 14: Anaerobic growth in light in the presence of sodium acetate: 
C. arenosum. 

Group 15 : Anaerobic growth in light in the presence of ribose: 
C. uliginosum. 

Group 16: Anaerobic growth in the dark in the presence of fructose: 
C. texanum. 

All species of C hlorococcum could grow aerobically in the light on three or more 
of the carbon sources tested. Disregarding trace growth, 30 of the 35 species of 
Chlorococcum could grow heterotrophically, provided oxygen was available. Two 
of the 30 grew both in the light and in the dark on at least two carbon sources e.g., 

C. gelatinosum, on glucose and sodium acetate, and C. texanum, on fructose and 

sodium acetate. Seven species were facultative aerobic, hcterotrophic organisms on 
at least one carbon source e.g., C. acidum on glucose, C. arenosum on sodium ace

tate, C. microstigmatum on fructose, C. minutum on xylose, C. oleofaciens on 

glucose, C. perplexum on glucose, and C. uliginosum on ribose. Of the 35 species of 
Chlorococcum studied physiologically, C. arenosum was the most versatile, for it 

grew well in the presence of both glucose and sodium acetate, aerobically and 

anaerobically in light and in darkness. It is clear from the grouping above that the 
next most versatile organism was C. texanum. 

The physiological responses of the taxa of Chlorococcum investigated are sum
marized in Summary Key D for ready reference. 
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SUMMARY KEY D 

SUMMARY OF CERTAIN PHYSIOLOGICAL ATTRIBUTES , ( WITH THE EXCEPTION OF 

CARBON UTILIZATION) IN THE KNOWN S PECIES OF Chlocococcum 

I. Production of amylase, gelatinase, nitratase 
A. Limit of crystal violet tolerance 0.001 % 

1. Not inhibited by six antibiotics tested ..... ....... ........ .................... C. oviforme 
2. Inhibited by nifuraldezone ......... .................. ............. ............. C. perforatum 
3. Not inhibited by nifuraldezone .. . ... ................ ..... ..... .... .. ........... C. citriforme 

B. Limit of crystal violet tolerance 0.002 % 
1. Could use no amino acid tested as nitrogen source ........... ...... ... C. croceum 
2. Could use L-lysine as nitrogen source ....... .. ... ...... ...................... C. scabellum 

C. Limit of crystal violet tolerance 0.0045 % 
1. Inhibited by all antibiotics tested 

a. Could use succinamide and all amino 
acids tested as nitrogen source ..... .. .. .. ...... ...... ..... ......... .... ...C. oleofaciens 

b. Could use all amino acids tested as 
nitrogen source, but not succinamide ........ ............ .... ... .. ...... .... . C . acidum 

c. Could use L-glutaric acid and succinamide 
as nitrogen source ... .... .... ... ............. ....... .... .. .... ... .... ... ......... C. gelatinosum 

2. Inhibited by at least one antibiotic tested 
a. Inhibited by all antibiotics tested 

except nystatin ..... ...................... ..... .......... ........ ..... ........ ..... C. elkhartiense 
b. Pattern of inhibition by antiobiotics 

otherwise 
1' Could use all amino acids tested as 

nitrogen source ...... .... ....... ................ ....... .. .... .............. ........... C . lacustre 
2' Could use only L-serine as 

nitrogen source .. ... .. ...... .................. .. .... .................... ..... .... C. paludosum 

D . Limit of crystal violet tolerance 0.01 % .. .. ... .................. ............. ..C. loculatum 

II. Amylase and gelatinase produced but not nitratase 
A. Inhibited by Nifuraldezone and Aerosporin ..... ..... ..................... . C. pulchrum 

B. Not inhibited by Nifuraldezone and Aerosporin .. ..... ............... ........ C. typicum 

III. Amylase produced but not gelatinase and nitiatase 
A. Inhibited by Nifuraldezone, Furazolidone, and 

Aerosporin ......... ..... ...... ....... ......... ....... ...... ............... ........ .......... C. ellipsoideum 

B. Inhibited by Nifuraldezone and Furazolidone ...................... .. C. novae angliae 
C. Inhibited only by Aerosporin ....... ............. ....... .............. ..... ..C. hypnosporum 

IV. Gelatinase and nitratase produced but not amylase 
A. Limit of crystal violet tolerance 0.01 % ................... ..... ............ C. salsugineum 

B. Limit of crystal violet tolerance 0.0045 % 
1. Able to use L-glutamic acid as nitrogen source ................ ..... ....... ..C. fi ssum 

2. Unable to use L-glutamic acid as nitrogen source .. ......C. microstigmatum 
V. Gelatinase only produced ...... ..... .... .... ...... .... ..... .................. ......... ....... C. sphacosum 
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VI. Nitratase only produced 
A. Inhibited by Nifuraldezone _________ .. ______ .. _______________________ .. __ .. __________ C. perplexum 

B. Not inhibited by Nifuraldezone ____________ ________________ ,, ________ C. uliginosum 

VII. Amylase and nitratase produced, but not gelatinase 
A. Limit of crystal violet tolerance 0.001 % 

1. Inhibited by six antibiotics tested ------- -- ---------- -- ----- ---- ------ _C. echinozygotum 
2. Inhibited by Aerosporin ___ ___________________________________ _________ __________ __ __ ___ C. rugosum 

B. Limit of crystal violet tolerance 0.002% 
1. Inhibited by six antibiotics tested ____ ___ _____ _______________ ___ ________________ C. refringens 

2. Inhibited by Nifuraldezone and Furazolidone 
a. Could use only L-lysine as nitrogen source __ ____ ___ _____ __________ ____ C. minutum 

b. Could use L-lysine, L-serine, and L-glycine 
as nitrogen source ____ _____ ______ ___ __ __ ___ __ ______________________ ___ _________ __ _____ C. arenosum 

3. Inhibited by nifuraldezone but not by Furazolidone __________________ C. texanum 

4. Inhibited by Nifuraldezone, Aerosporin, 
and Streptomycin 
a. Could use L-lysine, L-glutaric acid, and 

succinamide as nitrogen sources ____ _______ _______________________ ____ C. pinguideum 

b. Could not use L-lysine and succinamide 
as nitrogen sources ___ ________ ___ _____ ______ ______________ __ _____________________ ___ _C. isabeliense 

5. Inhibited by Nifuraldezone and Aerosporin 
a. Could use succinamide as nitrogen source ________________ C. macrostigmatum 
b. Could not use succinamide as nitrogen source ________________ __C. vacuolatum 

C. Limit of crystal violet tolerance 0.0045% 
l. Inhibited by Aerosporin __________________________________________________________ C, reticulatum 
2. Not inhibited by Aerosporin __________ ___ ____________ ,, _____ ,, _______________________ C. aureum 

D. Limit of crystal violet tolerance 0.0001 % _______ __________________ .C. diplobionticum 

Summary 

l. All available cultures of previously described species of Chlorococcum have been ex
amined critically over a period of four years. 

2. The descriptions of these taxa have been amplified and illustrated. 
3. Four organisms previously described as species of Chlorococcum (C. diplobionti

coideum, C. polymorphum, C. starrii and C. wimmeri) do not belong to that genus. 
The reassignment will be proposed in another publication. 

4. Twenty-four new species of Chlorococcum have been isolated and described, as fol
lows: C. acidum, C. arenosum, C. aureum, C. citriforme, C. elkhartiense, C. fissum, 
C. gelatinosum, C. isabeliense, C. lacustre, C. loculatum, C. microstigmatum, C. 
novae angeliae, C. oviforme, C. paludosum, C. perplexum, C. pulchrum, C. refrin
gens, C. reticulatum, C. rugosum, C. salsugineum, C. sphacosum, C. texanum, C. 
typicum, C. uliginosum. 

5. A comprehensive key to the 12 remaining, previously described species of Chloro
coccum, plus the 24 newly described species, was constructed on the basis of the fol
lowing morphological attributes: plant-mass appearance and color; vegetative cell 
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size and wall thickness in both the log and stationary-phases of growth; starch pat
tern around the pyrenoid; size of the zoospore; and location of the nucleus in the 
zoospore. 

6. In addition to the comprehensive key, various other groupings of the species have 
been prepared to assist (hopefully) those who may need to identify isolates of 
Chlorococcum in the future. 

7. Supplementary physiological attributes were also utilized in differentiating among 
the species of Chlorococcum. The physiological tests employed were for nitratase, 
amylase, and gelatinase production; tolerance of increasing crystal violet concen
trations; inhibitory effect of selected antibiotics; ability to utilize a spectrum of in
organic and organic nitrogen sources; and the effects on growth of carbon com
pounds in light and darkness and under aerobic and anaerobic conditions. 
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Fig. 1. 

Fig. 2. 

Fig . 3. 

Fig. 4. 

Fig. 5 . 

Fig. 6. 

fig. 7 . 

Fig. 8 . 

FIGURES 1-8 

Representative patterns of growth of plant-masses of Chlorococcum at 14X on 3N BBM agar 

after 4 weeks' incubation; fig . 2 illustrates a "smooth" pattern; Fig. 3-8 

are different urough" configurations 

Centimeter scale photographed in 14X to show scale of magnification of plant mass. 

C. novae angliae 

C. hypnosporum 

C. pulchrum 

C. salsugineum 

C. uliginosum 

C. reliculatum 

C. rugosum 
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Fig. 9. 

Fig . 10. 

Fig. 11. 

Fig. 12. 

Fig. 13. 

Fig. 14. 

Fig. 15. 

FIGU:lES 9-15 

Plant masses of Chlorococcum at 14X on JN BBM agar after 

4 weeks' incubation 

C. acidum 

C. arenosum 

C. aureum 

C. citriforme 

C. croceum 

C. diplobionticum 

C. fissum 
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Fig. 16. 

Fig . 17. 

Fig. 18 . 

Fig. 19. 

Fig . 20. 

Fig. 21. 

Fig. 22 . 

Fig. 23. 

FIGURES 16-23 

Plant-masses of Chlorococcum at 14X on 3N BBM agar 

afte r 4 weeks' incubation 

C. echinozygolum 

C. elkhartiense 

C. ellipsoideum 

C. gelatinosum 

C. isobeliense 

C. lacustre 

C. loculolum 

C. macrostigmalum 
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FIGURES 24-30 

Plant-masses of Chlorococcum at 14X on JN BBM agar 

after 4 weeks ' incubation 

Fig. 24. C. microsligmalum 

Fig. 25. C. minulum 

Fig. 26. C. oleofaciens 

Fig. 27. C. paludosum 

Fig. 28. C. perforatum 

Fig. 29. C. perplexum 

Fig. 30. C. pinguideum 



95 Archibald and Bold 



96 The Genus Chlorococcum Meneghini 

FIGURES 31-37 

Plant-mass of Cli/orococcum at 14X on 3N BBM agar 

after 4 weeks' incubation 

Fig. 31. C. oviforme 

Fig. 32 . C. refringens 

Fig. 33. C. scabellum 

Fig. 34. C. spliacosum 

Fig. 35. C. lexanum 

Fig. 36. C. typicum 

Fig. 37. C. vacuo/alum 
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FIGURES 38-45 

Cells of Cl:/orococcum in log-phose (6N urea) and stationary-phase 

(JN BBMl of growth 

Fig. 38. C. acidum: vegetative cells in log-phase; note continuous starch sheath surrounding pyrenold. 
x 520 

Fig. 39. C. acidum: vegetative cells in stationary-phase; note thickness of cell wall age. X 1,250 

Fig. 40. C. arenosum: vegetative cells in log-phase; note opening in chloroplast in large cells. X 520 

Fig. 41. C. arenosum: vegetative cells in stationary-phase; note many cells remaining ellipsoidal and 

little increase in cell size with age. X 520 

Fig. 42. C. aureum: India ink preparation to illustrate matrices surrounding cells. X 200 

Fig. 43. C. oureum: vegetative cells in stationary-phase; note increase in cell size and thin, delicate 
appearance of chloroplast. X 520 

Fig. 44. C. citriforme: vegetative cells in log phase; note larger number of aplanospores. X 200 

Fig. 45. C. citriforme: India ink preparation to show young aplanosporangia inside an old aplano

sporangium. X 200 
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FIGURES 46-53 

Cells of Chlorococcum in log-phase (6N urea) and slalionary-phase (JN BBMl of growth 

Fig . 46. C. croceum: vegetative cells in log-phase; note material (arrow) outside of chloroplast. X 1,250 

Fig. 47. C. croceum: vegetative cells in stationary-phase; note increase in thickness of cell wall. X 1,250 

Fig. 48. C. diplobionticum : vegetative cells in log-phase. X 520 

Fig. 49. C. dip/obionticum: vegetative cells in stationary-phase; note that most cells are spherical. 

x 1,250 

Fig . 50 C. fissum : vegetative cells in log phase; note zoosporangium. X 520 

Fig. 51. C. fissum: vegetative cells in stationary-phase; note thickness of cell wall and "rough" 

appearance of the chloroplast. X 520 

Fig. 52 . C. echinozygotum: vegetative cells in log-phase; note young cells (arrow), old cells from original 

inoculum, and aplanosporangium. X 1,250 

Fig. 53. C. ell<hartiense: vegetative cells in stationary-phase; arrow indicates vegetative cell surrounded 

by aplanosporangia ; old cultures primarily of aplanospores . X 520 
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FIGURES 54-61 

Cells of Chlorococcum in long-phase (6N urea) and stationary-phase 

13N BBMl of growth 

Fig. 54. C. el/ipsoideum : vegetative cells in stationary-phase; note cells are still ellipsoidal. X 520 

Fig. 55. C. gelalinosum : vegetative cells in stationary-phase; note how cells cohere. X 520 

Fig. 56. C. hypnosporum: vegetative cells in log-phase; note smooth starch sheath (arrow) around 

pyrenoid and opening in chloroplast. X 1,250 

Fig. 57. C. hypnosporum : A. Hypnospore (arrow) in stationary-phase, X 520; B. Mature, smooth-walled 

zygote; C. 48-hr zygote; note two pyrenoids; D. lsogametes; A, D, X 520; C. X 250; B, X 1,250. 

Fig. 58. C. isabeliense: vegetative cells in log-phase. X 1,250 

Fig. 59. C. isobeliense: vegetative cells in stationary-phase; note mass ive chloroplast. Cell and thickness 

of cell wall show little increase in size from cells in log-phase. X 1,250 

Fig. 60. C. /ocusfre: vegetative cells in log-phase. X 520 

Fig. 61. C. loculatum: vegetative cell in stationary-phase; note thick cell wall, chloroplast, filling lumen 

of cell, and pyrenoid. X 1 ,250 
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FIGURES 62-69 

Cells of Chlorococcum in log-phase (6N urea) and stationary-phase 

13N BBMI of growth 

Fig. 62. C. macrostigmatum: vegetative cells in log-phase; note zoosporangia that are partially emplied. 

x 1,250 

Fig. 63. C. microstigmatum: vegetative cells in stationary-phase; note that all cells are spherical and 

thick-walled. X 520. 

Fig. 64. C. minutum: spherical vegetative cells in log-phase and zoosporangium. X 1,250 

Fig. 65. C. novae angliae: vegetative cells in stationary-phase; note resemblance to Chlamydomonas. 

x 520 

Fig. 66. C. oleofaciens: vegetative cells in log-phase; note oil droplets (arrow) which produce yellow

orange color. X 1,250 

Fig. 67. C. paludosum: vegetative cells in log-phase; note that shape is neither ellipsoidal or spherical. 

Arrow indicates nucleus. X 1,250 

Fig. 68. C. paludosum : vegetative cells and zoosporangia in log-phase. X 520 

Fig. 69. C. poludosum: vegetative cells in log-phase; note spherical shape and thickness of cell walls. 
x 1,250 
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FIGURES 70-77 

Cells of Ch/orococcum in log-phase (6N urea) and stationary-phase 

(JN BBMl of growth 

Fig. 70. C. perforatum : vegetative cells in log-phase; note perforations in chloroplast. X 520 

Fig . 71. C. perp/exum: vegetative cells in log-phase; note Ch/amydomonas-like arrangement of cells in 
pairs. X 1,250 

Fig. 72. C. pinguideum: vegetative cells in log-phase; note fatty material (arrow) in lumen. X 1,250 

Fig. 73. C. pu/chrum: vegetative cells in log-phase; note aplanosporania in center. X 1,250 

Fig. 74. C. pu/chrum: vegetative cells in stationary-phase; note thick wall and massive chloroplast with 

spherical opening. X 1,250 

Fig . 75. C. oviforme: vegetative cells in log-phase; note typical pyriform cell (arrow) with basal 

pyrenoid. Cells in mass exhibit the hexagonal cells which result from "packing." X 520 

Fig. 76. C. oviforme: vegetative cells in stationary-phase; note that older cells still retain pyriforrn 
shape. X 520 

Fig. 77. C. refringens; vegetative cells in log-phase. X 1250 
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FIGURES 78-85 

Cells of Ch/orococcum in log-phase (6N urea) and stationary-phase 

(JN BBMl of growth 

Fig. 78. C. reticulatum : vegetative cells in stationary-phase; note that aplanosporangia are commo11> 

in older culture. X 1,250 

Fig. 79. C. relicu/atum : vegetative cells in log-phase; note presence of zoosporangia. Compare cell size 

with Fig. 87. X 1,250 

Fig. 80. C. rugosum: vegetative cells in stationary-phase; note that a few cells are still ellipsoidal. The 

arrow indicates the appearance of pyrenoids with a smooth starch plate. X 1,250 

Fig. 81 . C. sa/sugineum : vegetative cells in log-phase; note that nearly all cells are ellipsoidal. X 520 

Fig. 82. C. sa/sugineum: vegetative cells in stationary-phase; note that cells are now spherical and that 

the walls have thickened . X 520 

Fig. 83. C. scabel/um : vegetative cells in late log-phase; note oil droplets in chloroplast. X 1,250. 

Fig . 84. C. cosum: vegetative cells in log-phase; note d istortion of shap eby " packing." X 520 

Fig. 85. C. sphocosum : vegetative cells in stationary-phase; note that all cells are spherical and the cell 

wall appears to be of 3 concentric rings (arrowl. AplanosFores are still being formed. X 1,250 
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FIGURE 86-93 

Cells of Ch/orococcum in log-phase (6N urea) and stationary-phase 

13N BBMl of growth 

Fig. 86. C. texanum: vegetative eels in log-phase; note that most cells are already spherical . Zoospors 

are present among the vegetative cells. X 520 

Fig. 87. C. texanum: vegetative cells in log-phase; an aplanosporangium is in the center of the photo

graph. X 1,250 

Fig. 88. C. texanum: vegetative cells in stationary-phase; note that the wall has thickened but aplano
spores (arrow) are still being formed. X 520 

Fig. 89 C. typicum: vegetative cells in log-phase; note zoosporangium. X 1,250 

Fig. 90. C. lypicum: vegetative cells in log-phase; both a zoosporangium Carrow! and an aplanosporang

ium are pictured. X 1,250 

Fig. 91 . C. lypicum : vegetative cells in stationary-phase. X 520 

Fig. 92. C. u/iginosum: vegetative cells in stationary-phase; note that all cells are spherical and the 
wall has thickened. X 1,250 

Fig. 93. C. vacuolatum: vegetative cells in stationary-phase; note vacuolate appearance of the chloro
plast (arrow! and the thickness of some cell walls. X 520 
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FIGURES 94-101 

Patterns and antiobiotic sensitivity exhibited by 

species of Chlorococcum 

Fig . 94. Inhibitory effect of 12 different antibiotics on C. oleofaciens. 

Fig. 95. Inhibition zones extending into each other. 

Fig . 96. Evidence of establishment of inhibition at time of inoculation and replacement of disc; later 

movement of disc produced no inhibition. 

Fig. 97. Petri dish illustrating different degrees of inhibition by different antibiotics. 

Fig. 98. Effect of our different antibiotice on two different species of Chlorococcum. 

Fig . 99. Petri dishes after 7 and 1 0 days of growth. Illustrates that plates need to grow at least 10 days. 

before 1 'reading. 1 ' 

Fig. 100 Zone of incomplete inhibition , only distinct zones (arrow) were recorded. 

Fig. 101 . C. pyriforme: this species grew better on certain antibiotic discs than directly on agar. 
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Fig. 102. 

Fig . 103. 

Fig . 104. 

Fig. 105. 

Fig . 106. 

Fig. 107. 

Fig. 108. 

Fig . 109. 

Fig. 110. 

FIGURES 102-110 

Representative drawings of types of zoospores and chloroplasts 

in dierent species of Chlorococcum 

C. lacustre: fusiform zoospore 

C. pyrilorme: pyriform zoospore 

C. acidum : ovoid zoospore 

C. salsugineum: spindle-shaped zoospore 

C. citriforme: citriform zoospore 

C. gelatinosum : ellipsoidal zoospore 

C. typicum: parietal chloroplast 

C. vacuo/alum: vacuolated, parietal chloroplast 

C. fissum: deeply-fissured, parietal chloroplast 
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