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A SURVEY OF THE CARBOHYDRASE SYSTEMS OF 

SYNCEPHALASTRUM RACEMOSUM COHN 

Victor M. Cutter, JR. 

The ability of microorganisms to survive and perpetuate themselves in 

given environments is largely dependent upon the efficiency of their enzyme 

systems. The key to survival in some special habitat may be the genetic 

ability to produce an enzyme allowing the primary utilization of a par- 

ticular substrate. Studies on the distributive ecology of the filamentous 

fungi have largely ignored the interrelationships of the enzyme systems of 

these organisms, whereas such interrelationships have been the principal 

approach to the ecology of yeasts and related fungi. This situation perhaps 

results from the fact that efficient techniques for the measurement of growth 

and enzymatic activities of filamentous fungi have only recently become 

available. Since the carbohydrases are among the primary enzymes con- 

cerned in substrate utilization, a comparison of these systems in any Series 

of isolates may well provide clues to the factors governing their distribu- 

tion. To test this hypothesis, and also to accumulate data upon the 

potential value of enzyme systems as taxonomic criteria, a comparative 

study has been made of the carbohydrase systems of twenty-three isolates 

of Syncephalastrum racemosum Cohn, collected from diverse habitats. 

Grown upon a complete synthetic nutrient medium, these isolates are 

morphologically indistinguishable except for minor quantitative differences 

which have not proved consistent enough to warrant their classification as 

taxonomic entities. Throughout, attention has been focused upon the 

comparative behavior of these isolates in the presence of different carbon 

sources to determine whether there is a detectable relation between the 

carbohydrase pattern of the isolate and the substrate on which it was col- 

lected. It is realized, of course, that many other factors will influence the 

utilization of a given carbon source, but any direct correlation that might 

be made between the substrate on which the organism was collected and 

its enzyme systems would be of great potential interest. 

1 
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MATERIALS AND METHODS 

All the studies reported here were carried out upon a basal medium of 
the following composition: 

Asparagine . . 2-% » # «= « 224% 
KHsPO: « & « « « & & & » YD Be. 
MesO, «2 & = & & & 4 = OS _ 
Bacto ground agar. . . . . . Idg 
Distilled water . . 2. . . 1000 . ce. 

This medium was autoclaved for twenty minutes at fifteen pounds pres- 

sure and the carbon sources, sterilized by passage through a Seitz filter, 

the added aseptically. The various carbon sources were supplied as molec- 
ular equivalents of forty grams of dextrose. The initial pH of the medium 

after sterilization was adjusted to pH 4.7 with 0.1N HCl and NaOH. 
The cultures were grown at 30° C. in Pyrex growth tubes of the type de- 

scribed by Ryan, Beadle and Tatum (1). The internal diameter of the 

tubes was 15 mm., the length 30 cm. All glassware was cleaned with 
chromic-sulfuric acid mixture and thoroughly rinsed before using. 
A standard inoculum of one loopful of washed spores from a stock culture 

was introduced at one end of the tube and the culture allowed to grow forty- 

eight hours. Subsequently measurements were made at twenty-four-hour 
intervals for one hundred and forty-four hours. These measurements were 

in millimeters at the mycelial frontier. Each carbon source was tested in 

triplicate runs. To determine whether there were any marked changes in the 
enzyme systems involved, due to mutation or adaptation during continued 

culture, the experiments were repeated at approximately yearly intervals 
for a three-year period using stocks which had been maintained by serial 

transfer on a conservation medium of the following composition: Nutrami- 

gen (Mead Johnson Co.) 20 gr., Bacto ground agar 15 gr., distilled water 
1000 cc. At the conclusion of these experiments stocks of the same original 

isolate which had been maintained in lyophil for the three year period were 
revived and also tested in triplicate for comparison. In only one case, 

described below, was there any significant difference between the growth 
rate of stocks kept in serial transfer or in lyophil. 

With the system of measurement used here, the limit of reproducibility 

was plus or minus one millimeter. Any tubes which showed a marke 
deviation from the average beyond this limit, were rerun and, in the few 

cases where this occurred, it was traceable to faulty technique in inoculation 
or handling of the tubes. The material given in the graphs and tables below 
represents the average growth rate in millimeters over twenty-four hour 

periods at 30° C. of twelve runs on each carbon source (nine runs from 
serially cultured stocks, and three runs from the original stock carried in 

lyophil), taken over a three year period. 
The following carbon sources obtained from the Pfanstiehl Chemical 

Company were tested: dextrose, d-mannose, |-sorbose, d-levulose, d-galac- 
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tose, sucrose, maltose, d-lactose, d-cellobiose, melibiose, d-raffinose, 

d-melizitose, d-arabinose, l-arabinose, d-xylose, soluble starch, ]-rhamnose, 

d-mannitol, d-sorbitol, dulcitol, and glycerol. In addition, cellulose was 

used in the form of finely powdered Whatman +5 filter paper (80 mesh), 

and as regenerated cellulose prepared from the same filter paper. In no 

case were any of the isolates able to maintain growth on either type of 

cellulose although in all cases washed spores of the isolates germinated and 

some growth ensued. Since it was not possible to secure reproducible 

measurements on cellulose these data are not reported below. 
The isolates used in these experiments were obtained from the sources 

and collectors indicated in Table I. Immediately upon receipt of the cul- 

ture, single sporangiospores were isolated and used as the basis for mono- 

sporous lines. It should be emphasized that these sporangiospores are pre- 

dominantly multinucleate, and hence in all probability heterocaryotic, 

since Syncephalastrum is a heterothallic organism. The stability and free- 

dom from somatic variation displayed by these monosporous lines is prob- 

ably traceable to this fact. In each case one monosporous isolate was 

selected from each original isolate and this line was immediately lyophilized 

in quadruplicate, and was also carried in serial culture on nutramigen agar 

under mineral oil. All stocks used were handled in this way. 

RESULTS AND DISCUSSION 

When the results of this study were plotted on the basis of average 

growth over twenty-four-hour periods, the data tabulated as bar graphs 

and these graphs superimposed on one another, eight patterns of behavior 

were immediately apparent in regard to the utilization of the respective 

carbon sources. These eight patterns are shown in Figs. 1-2. In assem- 

bling these patterns the growth data from individual isolates were compared 

for overall agreement. It was obvious that minor differences would occur 

between comparable isolates in growth rate and therefore in this particular 

comparison a discrepancy of plus or minus two millimeters for any given 

carbon source was allowed. The tabulated data all fall within these limits, 

and the figures as given represent the average performances of all isolates 

showing that particular behavior pattern when grown under the conditions 

of the experiment. In essence, these patterns constitute a key to the car- 

bohydrase activity of this group of organisms since it is perfectly feasible 

to identify any of these isolates by repeating the above procedure, plotting 

the results schematically and superimposing the specific bar graph on these 

established patterns. This removes to a considerable extent the element 

of opinion in classifying the subspecific entities of S. racemosum on the 

basis of carbon utilization. 
Perhaps the most striking feature of the carbohydrase systems of S. 

racemosum is their high overall efficiency. All the sugars tested can be 

utilized to some extent as growth substrates by most of the isolates. This 

high enzymatic efficiency may be reflected in the wide distribution of 
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Syncephalastrum both geographically, and with regard to substrates. 

There is little evidence that ability to utilize carbohydrate is a limiting 

factor in the ecology of the genus. 
Although at this time sufficient data is certainly not available to deter- 

mine the direction of evolution of these enzyme systems, certain trends 

may be discerned. Pattern 1 is very generalized and there is less variation 

in the ability to utilize all the sources than in any other pattern. It will 

be noticed that sucrose is a good carbon source for these isolates and that 

in the succeeding patterns this sugar is less effective. It is also apparent 

that sorbose, d-arabinose, rhamnose and dulcitol are poor sources for this 

group of isolates, and a glance at Fig. 3 where the utilization of carbon 

sources by pattern is diagrammatically represented, brings out the fact 

that this tendency is generally true throughout the group. In pattern 1 it 

will also be noted that the disaccharides are generally as good sources as 

the monosaccharides, a relationship which undergoes marked changes in 

the succeeding patterns. 
In pattern 2 the utilization of disaccharides in relation to monosaccharides 

falls off sharply, while at the same time the ability to utilize the pentose 

sugar l-arabinose, and the alcohols, mannitol and sorbitol, is accelerated. 

These isolates are also characterized by their very poor utilization of starch 

and their good utilization of glycerol. 
These tendencies are maintained in pattern 3 but lactose utilization be- 

comes very poor, xylose becomes a relatively good source and these isolates 

have almost lost their ability to use rhamnose. Pattern 4 shows many 

similarities with pattern 3, but it is marked particularly by the poorer use 

of sucrose and the much better utilization of rhamnose. 

Pattern 5 illustrates a reversal in several directions. Sucrose is hardly 

used. The trisaccharide, raffinose, is an excellent source and growth on 

sorbitol becomes comparatively better than on mannitol. This is a very 

vigorous strain showing better utilization of more carbon sources than any 

other group and greater-extremes of activity are present here than elsewhere. 

The remaining three groups are all depauperate and are characterized by 

poor usage of sucrose. Pattern 6 is interesting since, of the four isolates 

with this behavior pattern, two can use rhamnose and two cannot. This 

might be of significance in interpreting the evolution of these patterns. 

Both patterns 6 and 7 show dextrose to be a poor source relative to the 

other hexoses. The major difference between the two patterns is the fact 

that in 7, xylose becomes a better source than |-arabinose, thus reversing 

the previous tendency. This characteristic is culminated in pattern 8 where 

xylose becomes the best carbon source. 
It should be obvious from a survey of this sort that we cannot at present 

comment intelligently upon the significance of these patterns in terms of 

speciation. Since all these variations exist within a complex of morpholog- 

ically indistinguishable forms, some mycologists would feel that these pat- 

terns are sufficient basis for the establishment of specific units. Certainly 

in the past, species have been erected upon much less tenable bases. We 
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question, however, what useful ends may be served by the further sub- 
division of the species since S. racemosum is an easily recognized coherent 
entity. It seems certain that further research would reveal other patterns 
of carbohydrate utilization within isolates of this species, and it does not 
seem too much to expect that, ultimately, isolates may be found which 
span the entire range of utilization for each respective carbon source. In 
the interim, sufficient data have accumulated to warrant the statement that 
in regard to carbohydrase systems S. racemosum is a species showing a 
considerable degree of evolution. 

e come finally to the question of a correlation of the carbohydrase pat- 
tern of individual isolates with the substrate from which they were collected. 

TaBLe II 

CULTURE SUBSTRATE LOCALITY 

Pattern 1 527 clover seed Quebec, gee 
567 plastic valve New Guin 

Pattern 2 479 decaying canvas New ae 
Pattern 3 339 human hands North Carolina 

334 blood agar North Carolina 
742 soil Panama Canal Zone 

Pattern 4 551 Brazil nuts S. America 
566 canvas cover New Guinea 
575 leather belt New Guine 
549 decaying wood Panam 

Pattern 5 554 decaying leaves Panama 
Pattern 6 64 sporophore of Lactarius sp, New Hampshire 

109 decaying humus Panama 
62 garden soil Ithaca, N. 

306 pea seeds Ontario, Canada 
Pattern 7 149 pea seeds Ontario, Canada 

491 face piece on mask Solomon Islands 
497 external otitis of ear exas 
534 pepper seeds Connecticut 

Pattern 8 412 pepper seeds New 
324 mangel seeds British Columbia 
104 decaying humus Panama 
73 soil L. 1, N.Y. 

Table II, where the isolates are arranged according to pattern, substrate 
and locality, shows very clearly that there is no defensible correlation be- 
tween the substrates upon which these organisms were encountered in the 
field and the carbohydrase patterns of the individual isolates. It will also 
be noted that there is probably no geographic coincidence in the carbohy- 
drase patterns of these isolates. It must be remembered that our field 
collection techniques for the mucoraceous organisms are still so crude that 
it is probably unfair to attempt such a correlation at all. In reality all our 
present isolation techniques tell us, in the case of a saprophytic organism 
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such as Syncephalastrum, is that at least one spore of this organism hap- 

pened to be on that particular substrate at the time collections were made. 

In terms of the taxonomy of Syncephalastrum, the most important con- 

tribution of this study lies in a consideration of the growth behavior and 

change in morphology exhibited by any one of these isolates grown upon 

different carbon sources. It was previously stated that when grown upon a 

complete medium these isolates were indistinguishable. In contradistinc- 

tion to this, when any one isolate is grown upon different carbon sources a 

tremendous degree of morphologic variation is immediately apparent. That 

such must be the case is readily understandable from the differences seen 

in the growth rate of any isolate upon different carbon sources. These rate 

differences are the reflection of different morphogenetic tendencies in the 

individual colony. It would hardly be an exaggeration to say that within 

the range of morphologic variation expressed by one isolate upon the carbon 

sources used here, under the conditions described above, may be found the 

entiré range of variation described in the literature on the genus Syncepha- 

lastrum. To state this in another way, it is possible by selecting any one 

of these isolates and varying the carbon source appropriately, to produce 

cultures identical with the several described species of Syncephalastrum. 

This in itself is not surprising since this genus is little known and all the 

species were described before present day cultural techniques were in vogue. 

Yet if this premise is true, there can be little justification at the present 

time for random description of taxonomic entities in such a group without 

previous exhaustive physiological studies to determine the extent of varia- 
tion under standard conditions. At the same time a caveat should be 

sounded concerning the interpretation of such growth data in terms of the 

ability of organisms to survive under given conditions. Growth rate as 

such is only one aspect of assimilation and a slow growth rate is not a priori 

evidence of poor utilization. A case in point is the utilization of sorbose 
by this organism. Figure 3 shows that all these cultures grow very slowly 

upon sorbose. As has been pointed out elsewhere (2) the total dry weight 
of Syncephalastrum cultures grown upon sorbose and upon sorbose in com- 

bination with other sugars compares rather favorably with cultures grown 
upon dextrose. The slow growth rate on sorbose is not due to poor utiliza- 
tion alone but to a morphogenetic change in the form of the mycelial cells 

which under these conditions become shortened and ovoid, or even yeast- 
like, instead of assuming their normal elongated cylindrical shape. To 
this extent the data presented here may be misleading, but in the morpho- 
genetic changes which can readily be detected in this manner may lie the 
key to an understanding of specific variation. 

Since the data presented above deals exclusively with the carbohydrase 
systems of the somatic haploid stages, it was of some interest to discover 
whether the sexual reproductive cycle of the organism could be correlated 

in any way with these carbon utilization patterns. Therefore, compatible 
strains of S. racemosum were crossed upon the medium used above with all 
the individual carbon sources, at the same concentration on which the 
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growth rate studies had been made, and these crosses were tested for their 
ability to form zygospores upon the different sugars used. The results in 

terms of the presence or absence of zygospores are presented in Table III. 

TasLe III 

Ee FF pp BH fF AF 

So © 8s 8B & 8 oo So FR 

2 ee C2. a 2s 
Dextrose + + 444+ + d-Melizitose — a ee 

d-Mannose + + 4 4+ 4 4 d-Arabinose = =—-— = = ft 4+ 

b-Sorbose = ot fe 2 ee SS ]-Arabinose + 4+ 4+ —- + 4+ 

d-Levulose + +444+H+ d-Xylos2 +44 4 4 4 

d-Galactose + 4+ 4 4 4 4 Soluble starch + + 4+ +4+ 4+ 4 

Sucro + 4+ 4+ 4 - —- ]-Rhamnose a 

Maltose fe os Oe d-Mannitol + +++ + + 
d-Lactose - - + —- + + d-Sorbitol oe ee ee ee ee 
d-Cellobiose + +4 4 4 4 Dulcitol ee esa a ee 

Melibiose ei ee” ie a Glycerol + —- + — + + 

d-Raffinose + 4+ 4+ 4+ + 4+ Cellulose - - = - = 

In general the carbon sources which did not promote rapid vegetative 

growth did not favor zygospore formation. Thus no zygotes were formed 

in crosses carried out on sorbose, melizitose, rhamnose, dulcitol, and cel- 

lulose. In the case of other negative crosses the degree of compatibility of 

the respective strains appeared significant when the crosses were made upon 

‘certain sugars. Crosses 479x551 and 479x104 failed to produce zygotes 

on nine and ten carbon sources respectively, and likewise on all the carbon 

sources which permitted zygote formation their reaction, as judged by the 

number and size of the zygotes produced, was weak compared to the other 

crosses. Since it has been shown many times by various workers in the 
Mucorales that vegetative vigor is one of the necessary prerequisites to 
successful gametic reproduction, it is not surprising to find that in any cross 

where one or the other compatible member is somewhat limited in its abil- 

ity to assimilate the particular carbon source the zygospore production will 

be scanty. Likewise in the case of crosses 62x534 and 64x534 no zygotes 

were produced on sucrose, which would be expected since none of these 

isolates can assimilate sucrose to an appreciable degree. It will take further 

study to evaluate the specific role of carbohydrate assimilation in gametic 

reproduction and zygospore formation in Syncephalastrum, but the results 

of this survey substantially confirm the classic idea that successful sexual 

reproduction in this group is in large measure based upon proper environ- 

mental conditions and that the carbon source of the substrate is a prime 
requisite in this connection. 

Finally we must consider the affect of mutation and adaptation of these 
enzyme systems upon their usefulness as taxonomic criteria. If such pheno- 

mena produce great variation in these cultures with time, any system of 
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classification based upon cultured material will hardly be workable. On 

the basis of the results obtained by many other workers on carbon utiliza- 

tion in microorganisms, one would expect that at least some of these car- 

bohydrase systems would be adaptive. With the method used above it is 

not possible to detect adaptation if it occurs at any time except during the 

actual period of testing of a culture. The only check that may be obtained 

on this is by repeating the experiments at intervals and investigating the 

closeness of agreement in the results. Even this procedure will not ade- 

quately separate the phenomena of adaptation and mutation if they may 

be considered different processes. Our results given here would indicate 

that if adaptation occurs it has very little effect in creating greater variabil- 

ity of the cultures over a three year period. On the other hand spontaneous 

somatic mutations which allow better utilization of a particular carbon 

source may be readily detected by this method. Only one such mutant 

was encountered during the course of this work. In the case of isolate 742 

in pattern 3, which cannot utilize rhamnose, in one run after a period of 

four days of very slow growth the culture suddenly began to grow at an 

average of 8 mm./24 hours. Contamination was suspected and a new run 

from the original stock confirmed the fact that some change had occurred 

in the tube in question. When the aberrant culture was checked for its 

behavior on the other carbon sources it showed the typical behavior of 

pattern 3 except in regard to rhamnose utilization. This was interpreted 

as fairly convincing evidence of a mutation at a locus controlling rhamnose 

utilization. Indirect evidence for the same type of mutation may be seen 

in pattern 6, where of four isolates showing practically identical behavior 

on all other sources, two can use rhamnose and two cannot. These may be 

interpreted as either gain or loss mutations at a single locus. However, in 
an organism such as this with multinucleate sporangiospores any somatic 

loss mutation will be so quickly submerged in the general population that 
it will not be the source of any great variation under the conditions used 

here. Gain mutations on the other hand, if they occur, will be easily de- 

tected by marked changes in the growth rate of individual cultures, and 
therefore should cause no difficulties when the procedures are used as bases 

for classification. 

SUMMARY 

1. The comparative ability of twenty-three isolates of Syncephalastrum 
racemosum to utilize twenty-one different carbon sources has been investi- 

gated. These isolates are shown to fall into eight carbon utilization patterns 
on the basis of growth rate studies. 

2. The effect of carbon source upon the production of zygospores by 
compatible strains has been tested. It is shown that zygospores are pro- 
duced on all carbon sources which support good vegetative growth, but 
that in the case of carbon sources which do not support vigorous somatic 

growth the degree of compatibility of the opposed strains is important in 
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determining the sexual reaction as judged by the number of zygotes 
produced. 

The effects of adaptation and mutation of the genes controlling car- 
bohydrase synthesis in this study are briefly discussed. 
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NOMINA CONSERVANDA PROPOSITA AND NOMINA 

CONFUSA — FUNGI. SUPPLEMENT 

DONALD P. RocGERS 

An earlier series of notes (Rogers 1949) was prepared by the writer in 

an attempt to consider critically most of the proposals for conservation of 

generic names of fungi. As there stated in a footnote, two important 
papers by Donk (1949, 1949b) on the same subject arrived after those 
notes had been set in type, too late to introduce appropriate modifications. 

In order to preserve their (approximate) completeness this supplement is 
offered. Additional information, but no change in his previous decisions, 
is provided by Donk on Agaricus (p. 149), Dictyolus (p. 152), Hypochnus 
(p. 152), Paxillus (p. 154), Podoscypha (p. 154), and Tomentella (p. 158), 
which are not discussed here further. A recent paper by Bisby (1949) 
contains in brief notes much useful information on fungus nomenclature, 

and it is similarly referred to here in several places. While the present 
notes were in press an additional nomenclatorial paper by Donk was 
received; in it Donk has anticipated a number of the conclusions herein 
presented. He also reports (Donk 1949c) the discovery of two additional 

authors, Staude and Wiinsche, who, in 1857 and 1877 respectively, 

preceded Quélet in the transformation of Friesian infrageneric groups into 
genera. Where these most recent conclusions have some bearing on nomina 
conservanda proposita they are referred to in these notes. 

In the notes that follow the earlier discussion is not repeated, nor are 
the references appended to it. ‘“Recommendation” means the recom- 

mendation of the writer; author- and literature-citations for proposals 
previously discussed will be found on the pages cited under “Rogers 1949.” 
Again the principle has been followed that cases that can be dealt with 
by the Rules should not be made the subject of exceptions (i.e., conserva- 

tion), and that the shorter the list of conserved names, the better 

I. NOMINA CONSERVANDA 

ACROTHECIUM vs. CORDANA and CacuMIsporiuM — Bisby 1949 pp. 4, 11; 

Rogers 1949 p. 428. 

Bisby writes: “Cacumisporium evidently should not be rejected.” 

ALEURODISCUS vs. CyPHELLA — Donk 1949 p. 88; Rogers 1949 p. 433. 

Donk retains his earlier proposal, changing only the citation for Aleuro- 
discus. His former citation was adequately supported (Donk 1941; Rogers 
& Jackson, Farlowia 1:269), and the present writer’s recommendation 
stands, 

15 
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AMANITOPSIS ROZzE vs. VAGINATA NEES EX Gray — Donk 1949 p. 113. 

In this proposal the nomen rejiciendum is ascribed to “S. F. Gray”; 

but since Gray ascribed it to “Esenbeck,” it should, under Art. 48 and 49, 

when written in full be “Nees ex Gray.” Since under the Rules Gray 

first published the name, any of his species is eligible as lectotype. 

Murrill designated V. livida and Singer & Smith (1946 p. 249) apparently 

concur. At least many of the combinations in Vaginata have already been 

published, and it seems doubtful that conservation of the newer name 

would “avoid disadvantageous changes in the nomenclature of genera.” 

Since it is also far from certain that a genus distinct from Amanita will 

be maintained for these fungi, there is even less reason to attempt con- 

servation. As in the earlier notes under Volvaria (q.v.), it is recom- 

mended that the proposal be rejected. 

ASCHERSONIA vs. ASCHERSONIA — Bisby 1949 pp. 7, 8, 56; Rogers 1949 

p. 434. 

Bisby notes that Underwoodina OK. is at present the legitimate name 
for Aschersonia Mont. 

AURICULARIA vs. AURICULARIA — Donk 1949 p. 89; Rogers 1949 p. 434. 

Donk retains the substance of his earlier proposal but substitutes dif- 

ferent citations for the nomen conservandum and n. rejiciendum. The 
recommendation stands. 

It would be of interest to mycologists in general to learn the bases for 

Donk’s reservation of judgment concerning the priority of Fries’s Sys- 

tema 1 to Gray’s Natural Arrangement (p. 91, footnote 2). Fries’s own 

assertion and the evidence of Hinrichs place the former no later than 

June 30, 1821. Gray’s volumes themselves place the latter no earlier than 

Nov. 1, 1821. Surely such contemporary published evidence must be 

accepted where all contrary evidence is lacking. 

CALOCERA vs. CoryNoIpEs — Donk 1949 p. 114; Rogers 1949 p, 434. 

Donk considers C. cornea the type of Corynoides; this selection would 
necessitate the conservation of Calocera. It is preferable to designate 

. fabarum as lectotype, since this makes of Corynoides a nomen dubium, 

interfering with nothing; and this selection was made by Doty and the 
writer and published in 1948. The earlier discussion, according to which 

the present proposal is both unnecessary and impossible, stands. 

CaLopon vs. HypNELLUM — Maire p. 35; Donk 1949 p. 151; Rogers 
1949 p. 435. 

The earlier recommendation, which agrees with Donk’s, stands. 

CanpipA Berkuout, De schimmelgeslachten Monilia, Oidium, Oospora 

en Torula 41. 1923— Type: C. vulgaris Berkh., l.c. p. 42 — vs. 

SYRINGOSPORA QuinquauD, Arch. Physiol. Norm. Path. 1: 293. 1868. 
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The proposal has not yet been published (cf. A. & B. 1943 p. 47, 1945 
p. 52), but was submitted to the Congress in multigraphed form by 
Dr. Rhoda Benham. Of the various names published for Monilia sensu 
medicorum non Pers. (Rogers 1949 p. 457) Candida is the only one now 
widely employed and the only one which seems to have any chance of 
acceptance by the non-mycological group who commonly deal with these 
fungi; Syringospora has no currency whatever. The genus is of consider- 
able importance in human pathology and embraces a sufficient number of 
species (if they be such; at any rate, of specific names) that the con- 
servation of Candida is abundantly justified. 

C. vulgaris is the designated genotype. The fungi to which Berkhout 
gave that name were received by her as “Monilia candida Bon.” Since 
she entertained some doubt whether they actually represented that species, 
since that doubt is amply justified, and since in any event there is no 
M. candida Bon., but only M. candida Pers., the name Berkhout gave to 
her material is here listed for the type rather than the dubious name under 
which she discussed that material; the basis for the genus is then Berk- 
hout’s description, figures, and (if still in existence) specimens. 

Conservation of Candida automatically brings about the rejection of 
other names judged synonymous with it (Art. 21, Note 3). It is strongly 
recommended that the proposal be adopted. 

Capnopium Monr. vs. ApiosportumM FR., PoLycHAETON Lév., and 
Fumaco LrEv. — IR p. 122; IRA p. 39. 

The chronology and citations for the nomina rejicienda are in need of 
correction. Fumago should be Pers., Mycol. Eur. 1: 9. 1822; Léveillé 
had nothing to do with it. Apiosporium should be Kunze ex Fr., Syst. 
Orb. Veg. 156. 1825. Polychaeton should be (Pers.) Lév., Consid. Mycol. 
125. 1846. 

Apiosporium Salicis was designated by Kunze as the genotype (Myc. 
Hefte 1: 8. 1817), and since it forms one of the three species treated in 
the genus by Fries in 1829 (Syst. Mycol. 3(1): 255,6) when he first 

listed species, must be the type of Apiosporium Kunze ex Fr. “Fumago 
Citrt Turp. (vix Pers.) . . . in Mém. des Sav. étr. de VInst. de Fr., t. VI, 
p. 240” is the designated type of Capnodium (Ann. Sc. Nat. Bot. iii 11: 

233. 1849). Since Montagne noted on publishing the genus that Turpin 
had failed to see the fructification, it is not a happy choice; nevertheless, 

to alter an author’s choice of type (especially when he was in possession 
of the facts) is beyond the competence of any later worker or of the 
author himself. Fumago as Persoon first set it forth consisted of seven 

species, of which the first two, “conformatione aequali,” were not set apart 

in a subgenus, while the remaining five were assigned to “ ** Polychaeton.” 
It appears that the type should be chosen from the first two, Polychaeton 
having often been treated as a separate entity — (e.g., by Berkeley & 

Desmaziéres in Hort. Soc. Lond. Jour. 4: 243-255. 1849); and since of 
these F. Mali is marked “An hujus generis?”, the other, the first species 
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listed, F. vagans, should be the type. The type of Polychaeton is one of 

the five species assigned to Fumago ** Polychaeton by Persoon in 1822. 

The writer has no proper basis for a recommendation for action on the 

proposal — nor has anyone else not acquainted with the characters of 

Fumago vagans, Apiosporium Salicis, Fumago |subg.| Polychaeton, and 

Fumago Citri sensu Turp. as represented in the specimens (or at least 

descriptions) of their authors. One would suppose that at least Fumago 
ers. was a genus of Fungi Imperfecti (see notes on F. vagans under 

discussion of nomina confusa), and at least some of the others were 

Ascomycetes, in which event it would be neither profitable nor possible to 

reject the first in favor of the latter. The matter should be tabled until 

information on the types is available. 

—— Sace., Syll. 1: 215. 1882 — Type: ? —vs. CERA- 
TOSTOMA FR. (Obs. ry a 337. 1818) ex Fr., Summ. Veg. Scand. 
396. evra ee 1933 pp. 42, 44; Bisby 1949 p. 13. 

In 1848 Fries wrote, “Quando S| phaeriam| chionaeam legebam, mox 
pro novi generis typo habui = Ceratostoma Obs. Myc. II”; C. chioneum 

(or, as spelled in 1849, chionaeum) was the only species of the genus 
illustrated in 1818 and the first listed in 1849; by Fries’s own designation 
it is the genotype. Meanwhile Corda had published Melanospora (Icon. 

Fung. 1: 24. 1837), with three species, of which one was M. chionea; he 

discussed the characters and raison d’étre of the genus at some length in a 

note under that species, thereby strongly implying that it was what he 
had chiefly in mind in describing the genus (ergo, was the type). Cera- 
tostoma Fr. is then presumably an obligate synonym of Melanospora. 

Bisby writes, ‘“Ceratostoma Sacc. is in need of conservation.” He does 

not give a citation for the publication of this name; in Syll. 1: 215 one 
finds ‘“Ceratostoma Fr. S. Veg. Scand. p. 392, p. min. parte.” Since Fries 
designated his own type, Saccardo’s selection of a ‘minor part” (three 

species, all listed in Syll. 1: 220 as “species incertae”) to bear the name 
has no validity. As Bisby has elsewhere written “Karsten did not pro- 
pose a genus Craterella” (p. 18), so here one must say “Saccardo did not 

propose a genus Ceratostoma.” It is, however, legally possible to conserve 
“Ceratostoma Sacc.” provided the modification of Art. 47 adopted at 

Amsterdam is retained at Stockholm. See the earlier discussion under 

Phoma, and Mycologia 41: 215-219. It is here recommended that no such 

conservation be attempted. 

CLAVARIA vs. CLAvARIA — Donk 1949 p. 115; Rogers 1949 p. 436. 

The proposals cited are in agreement. 

CLiIToPILus (FR.) KUMMER vs. PLEUROPUS PERS, EX GRAY — Maire p. 

82; Donk 1949 pp. 117, 154; Rogers 1949 p. 464 (Panus); Donk 

1949b pp. 301, 394. 
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The earlier recommendation was that Panus be conserved against Pleu- 
ropus; this arose out of Singer & Smith’s selection of Pleuropus fornicatus 
as the lectotype. If that be a “binding” designation of the lectotype, as 
both Donk and the writer believe it is, the recommendation stands. it. 
however, as Donk would prefer, the designation of Agaricus orcellus by 
Earle and Murrill as the type of the pre-Friesian Pleuropus Roussel be 
held to fix the type for Pleuropus Pers. ex Gray also, the present proposal 
is in order. 

It is in order, but by no means acceptable. As Donk points out, 
Agaricus trib. Clitopilus Fr. 1821 is far from coextensive with Agaricus 
trib. Clitopilus Fr. as used in 1838. As a matter of fact, of the 20 original 
species 8 were in 1838 included in the trib. Pluteus, 8 in the trib. 
Entoloma, and one each in trib. Clitocybe, Eccilia, and Tricholoma; only 
A. angustus Pers. ex Fr. remained in Clitopilus. Donk thence reasons that 
“Agaricus trib. Clitopilus Fr. . . . 1838” is a new name, a homonym of 
the 1821 name; in which case it is illegitimate, and so is Clitopilus (Fr.) 
Kummer if that be indirectly based on it. If that is so, there would be every 
reason for retaining Pleuropus sensu Murrill and Donk, which is stated to 
be a synonym of Clitopilus as currently used. If a genus has long possessed 
a legitimate name, and if many of the component species have had the 
combinations with that name published — both true in this case — it 
seems scarcely a contribution to nomenclatorial stability to conserve against 
the legitimate name one which is not only invalid twice over but ambiguous 
(Art. 62). Agaricus trib. Clitopilus Fr. can of course be typified by almost 
any of its original species, but not, as proposed, by Agaricus prunulus, a 
species “not even mentioned at all among the members of [the tribe] of 
1821 [and which] should, therefore, be disregarded” (Donk 1941 p. 180, 
in another connection). The obvious type is Agaricus angustus Pers. ex Fr. 
(Clitopilus angustus Kummer), the only original member of Clitopilus 
retained by Fries in his 1838 revision. It is hereby designated the lectotype 
of Agaricus trib. Clitopilus Fr., Syst. Mycol. 1: 194. 1821, if that group 
be not already legitimately typified. 

To return to Pleuropus: If Singer & Smith’s typification stands, so does 
the earlier recommendation. If the typification of Earle & Murrill is 
judged applicable, it is strongly recommended that no conservation be at- 
tempted, and that Gray’s name be allowed to prevail, as Murrill used it, 
for the genus later known as Clitopilus. In his most recent paper Donk 
(1949c) wishes to ascribe the name Pleuropus to “Gray” rather than “Pers. 
ex Gray.”’ His argument, which depends on the typification of a section so 
named by Persoon in 1797, seems not to be in accord with the Rules or 
general usage. Art. 48 prescribes “Pers. ex Gray.” 

The authority cited for the proposed nomen conservandum necessitates 
consideration of a more general problem. Donk reports that it was his 
“fate” (perhaps “misfortune” would have been a better word) “to stumble 
on a popular booklet . . . in which Quélet was beaten by one year” in 
the self-imposed task of publishing genera for the earlier tribes and sub- 
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genera of Agaricus. The book is Kummer, Paul, Der Fuhrer in die Pilz- 

kunde. pp. |ii]-+146. Luppe, Zerbst, 1871. Donk correctly points out 
that in Kummer’s work “there are no references or author citations after 
the scientific names. Thus all new names . . . owe their valid publication 
to the accompanying [key] descriptions.” Donk says (p. 87) “... all 
new names and recombinations . . .”; but it is evident that strictly there 
can be no recombinations, That is, singe there are no author- or literature- 

references, every binomial in the genera of gill-fungi not published as such 

by an earlier author is, strictly, typified only by Kummer’s description or 

(if he had any) specimens. Donk refers also (p. 119, 139) to basinyms 
for generic names of Kummer’s. But that author wrote in his introduction 
(p. 12, footnote): ‘Es sei hierbei bemerkt, dass ich die grosse Gruppe der 

Blatterpilze . . . , welche von den meisten Autoren als die einige grosse 
Gattung Agaricus aufgefiihrt werden, aus guten Griinden in viele Gat- 

tungen zerlegt, innen aber meist die Namen gegeben habe, mit denen man 
herkOmmlich die Gattung Agaricus zu gruppiren pflegte.’”” Kummer does 
not then say or imply that is is raising the former inferior groups to generic 
rank; he explicitly claims that he himself “divided . . . the large group 
of the gill-fungi . . . into several genera’ — to which, almost (he would 
lead one to believe) fortuitously, he ‘“‘mostly gave the names by which it 
was customary to classify the genus Agaricus.” There is, then, no formal 
or necessary correspondence between, for example, Clitopilus Kummer, 

Fiihrer Pilzk. 23, and Agaricus trib. Clitopilus Fr. 1821, Agaricus [trib.] 

Clitopilus Fr. sensu Fr. 1838, or Agaricus |group| Hyporhodius | group | 
Clitopilus Fr. sensu Rabenh. 1844—nor between Clitopilus Prunulus 

Kummer, Fiihrer Pilzk. 97 and Agaricus Prunulus Pers. ex Fr. 1821 or 
Chitopilus Prunulus (‘‘Scop.”’) ex Quél. 1872. Strictly, Kummer’s names 

are at best taxonomic synonyms of names of other authors, and at worst 
earlier homonyms of well established and universally accepted generic 
names or binomials. 

Donk writes (p. 86) ‘“‘. . . little shines through from [Kummer’s] field 
experience and .. . his mycological library must have consisted of hardly 
more than one work: L. Rabenhorst ‘Deutschlands Kryptogamen-Flora. 

Pilze.’ [1.Aufl.] 1844. . . . a compilation based in the first place on Fries’ 
Epicrisis. . . . It can be deduced that Kummer raised to generic rank — 
modified or not — Rabenhorst’s tribus, which in turn are those — modified 

or not —of Fries’ of 1838.’ Donk’s deductions are confirmed by com- 

parison of the works in question. In his key Kummer has 42 generic names 

in the gill-fungi. Of these four are used for genera in Rabenhorst, and of 
the remaining 38 only three are not exact duplicates of the latter’s infra- 
generic names: Leucopus and Rhaphanazon, both new genera, and Galor- 

rheus, which differs from the name in Rabenhorst by one 7. The two 

new genera are described in the key on p. 22; but on p. 85, before any 
species have been assigned to them, are “combined as the following single 

genus: Cortinarius.” Kummer’s advance over Rabenhorst then consists, 

so far as these names are concerned, in a) the difference in rank attributed 
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to them and b) the letter 7, Of Kummer’s generic names six are given to 
genera by Fries in the Epicrisis; 32 are there employed for infrageneric 
groups (rank unspecified); one (Galorrheus) stems from the Syst. Myc. 
and was changed to Lactarius in the Epicrisis; and one (RAymovis) is 
Persoonian; Cortinarius, for which Kummer discarded his two new genera, 
makes a seventh Friesian generic name adopted by Kummer. As to species 

only one seems to have been intended as new: “Da er bisher nirgends von 
den Autoren angegeben ist, habe ich Ihn R[ussula] narcotica benannt”’ 
(p. 100). It may then be inferred that all other species had, in Kummer’s 
opinion, been somewhere “indicated by the authors.” 

As Donk implies, the Kummer book is taxonomically worthless. The 
long list of new names is apt, however, to prove an embarrassment to stu- 

dents of the agarics. Since (except for assigned rank) it is abundantly 
clear that whatever his own evaluation of his work Kummer took over 
Rabenhorst’s classification lock, stock, and barrel, and since he implied 
that all of his species but the one were those of earlier authors, it is 
strongly recommended that the difficulties presented by the existence of 
this book be avoided as they are in Donk’s paper: All of Kummer’s names 
not explicitly new are to be associated with names of genera or of infra- 
generic groups in Rabenhorst, Deutschlands Kryptogamen-Flora. 1 Bd. 
1844. The precedent for such “association” exists in the last paragraph 
of Art. 20. For such a procedure the semblance, at least, of legality can 
be provided. Whatever Kummer says of his work, his innovations present 
little evidence of derivation from study of the fungi, and devastating evi- 
dence of derivation from Rabenhorst’s book. It is therefore submitted 

that for many names (and can be stipulated that for all names except the 
two discarded new genera and the single new Russula) the type is not 
‘“‘a specimen or preparation” (Art. 18) but “a description . . . given by 
a previous author” — namely, Rabenhorst. 

CoLLyBIA (FR.) KUMMER vs. GYMNOPUS PERS. EX Gray — Donk 1949 

p. 120; Rogers 1949 p. 436; Donk 1949c pp. 322, 394. 

The proposal embodies a typification of Gymnopus different from that 

earlier published by Singer & Smith (1946 p. 249). There seems to be no 
obstacle to the earlier typification; and unless it is discredited the present 

proposal is unnecessary. It should be rejected. 
See notes on Kummer under Clitopilus. The existence in the Epicrisis 

of two collybias — 1) Marasmius |trib.|] Collybia Fr., Epicr. 373, referred 
by Fries to “S. Orb. V. 1: p. 73” (actually pp. 67 and 71), and there re- 

ferred to Agaricus trib. Collybia Fr., “S. M. I. p. 129” and 2) Agaricus 
[trib.] Collybia Fr., Epicr. 81, without reference — confuses the problem 
of synonymy and typification. Are the two nomenclatorially distinct? and 
if so, which constitutes the basis of Rabenhorst’s and Kummer’s Collybia? 

Collybia in Kummer embraces 25 species of Agaricus [trib.] Collybia 1838 
and 7 of Marasmius [trib.] Collybia 1838. Both the lectotype proposed 
by Singer & Smith (p. 260) and that of Donk (1949 p. 123) are members 
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of Agaricus |trib.| Collybia Fr. 1821. If Fries’s 1838 group of that name 
is the same as the 1821 tribe, A. dryophilus is not eligible as type; since 
it is not an original member thereof; if it is not the same, its name is a 
later homonym and the group is of no nomenclatorial consequence. Donk’s 
choice, A. tuberosus Bull. ex Fr., may well be accepted. 

In his latest paper Donk writes the nom. cons. prop. “Collybia (Fr.) 

Staude, Schwamme Mitteldeutschl. xxviii, 119. 1857.” The page citations 
and quoted material are correct also for an issue or edition at hand dated 
1858, which may be identical except for the title-page. Unlike Kummer 
(for whose work see the discussion under Clitopilus), Staude explicitly 

states (p. xxv, under Agaricini), “Die folgenden Gattungen und Untergat- 
tungen sind sdammtlich nach Fries. Vergl. Systema mycologicum etc.,” 

and it might therefore be strictly correct to write the genera ‘“‘( Fries) 
Staude.” An anomaly should, however, be noted: that Staude lists all 

species under “G. [= Gattung] Collybia”’ with binomials in “Ag.” 
| = Agaricus], a treatment that can be held to invalidate his generic 
name under Art. 37 as amended at Amsterdam, since it “is not validly 
published unless . . . definitely accepted by the author.” It is submitted 
that Staude although referring to Collybia as a G[attung] did not definitely 
accept it as a genus, since he continued to refer species under it to Agaricus, 
thereby implying that it was only a subgenus or section; and that he there- 

fore did not validly publish the genus Collybia. Since Donk (1949c p. 

317) has only reluctantly drawn the attention of mycologists to Staude’s 
forgotten popular work, it is to be hoped that he and other taxonomists 

will concur in this decision. 

CoNocYBE vs. RApDDETES, etc. — Donk 1949 p. 93; Rogers 1949 p. 437. 

Donk’s later decision is that “the proposal might better be suspended.” 
If, as Donk now suggests, Raddctes can be considered a nomen dubium, 
this is the preferable disposition; otherwise the 1949 recommendation 
stands. 

Cortictum vs. PHLEBIA and RicNopHorA— Donk 1949 pp. 93, 140; 
Rogers 1949 p. 438. 

The proposal has been amended by adding Corticium Gray, Athelia 
Pers., and Hyphoderma Wallr. to the nomina rejicienda. In 1944 I wrote 
(Mycologia 36: 78), “It would be possible at this time to fix the applica- 
tion of Persoon’s generic name by the formal designation of a lectotype 
for Athelia. It seems advisable, however, to refrain from making such a 
decision until the actual need arises for a generic name for some other 
species of that group.” Donk reports that the type specimen of Athelia 
epiphylla Pers. is the fungus commonly known as Corticium centrifugum 
(Lev.) Bres., and designates A. epiphylla as the lectotype of Persoon’s 
genus. Now the name C, centrifugum is untenable for the fungus in ques- 
tion on several grounds (Rogers & Jackson, Farlowia 1: 286-288), and 
there seems to be no currently accepted generic name available for it and 
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related forms. Donk has thus done a service to mycologists in supplying, 
by his typification, both a generic and a specific name for a fungus in 
need of both, and his decision should be gratefully accepted. It would be 
a pity to minimize it by enumerating Athelia among the nomina rejicienda, 
the more so that such enumeration would not, as he agrees, in any degree 

affect the status of Athelia for those who (like Donk and the writer) do 

not consider its type congeneric with the type of Corticium. It is there- 
fore here recommended that Athelia be not listed among the rejicienda. 
Donk similarly designates H. spiculosum as the lectotype of Hyphoderma. 

That species is a synonym of Peniophora aspera (Rogers & Jackson, 
Farlowia 1: 282). Since Hyphoderma may be considered a later synonym 

of Corticium Gray and does not conflict with Corticium in the current 
sense, there is no occasion here for its formal rejection; since P. aspera 

and its relatives may well be in need of a generic name, there is every 
reason for not rejecting it. Therefore it is here recommended that it not 
be included among the nomina rejicienda. 

The writer’s 1949 recommendation stands. 

CoRTINARIUS vs. CORTINARIA — Donk 1949 p. 124; Rogers 1949 p. 440. 

Donk and the writer agree that Cortinarius and Cortinaria are “variants 

of each other’ —i.e., different spellings of the same name — but Donk 
would nevertheless ‘conserve the variant spelling.” There is no provision 
in the Rules for this, and it seems in any case entirely pointless; the 
earlier recommendation stands. 

CRATERELLUS PERS. vs. CRATERELLA GRAY — Donk 1949 p. 125, 154; 

Bisby 1949 p. 18; Rogers 1949 p. 471 (Podoscypha). 
» Since Gray wrote of “Craterella Pers.,” in making a complete citation 

there is no option under the Rules but to cite the genus as “Pers. ex Gray.” 
Donk correctly points out that Cratarellus Pers., Mycol. Eur. 2: 4. 1825, 

is neither the same genus nor a homonym: “‘there is perhaps no necessity 
to conserve [Cratarellus|.’ It is recommended that the proposal be 
rejected. 

Since the valid (Art. 70) spelling of Cratarellus (typified by C. cornu- 
copioides) serves to differentiate it from Craterella, and since there is no 
provision in the Rules for conservation of a special orthography, it is urged 
that Persoon’s spelling be left unaltered. 

As Bisby notes (of the proposal in IR), “Karsten did not propose a 
genus Craterella”; what one finds in Bidr. Kanned. Finl. Nat. Folk 37 
(= Hattsv. 2): 121 is “Craterella Pers.” Although in the earlier recom- 
mendation it was indicated that Karsten’s use of the name is illegitimate, 
the authorship was incorrectly stated. 

Cystopus Bary, Ann. Sci. Nat, Bot. iv 20: 31. 1863 — Type: C. candidus 

Bary, l.c. p. 130 — vs. Cystopus BLumgE, FI. Jav. Nov. Ser. 69. 1858. 

— Rogers 1949 p. 432 (Albugo); Shaw 1950, 
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The author of this proposal did not supply the typification nor citations 
of the names in question; presumably he had in mind those here given. 
De Bary’s footnote on p. 31 is cited, rather than the treatment in his 
“Synopsis” (p. 129), since in the latter place De Bary did not find it neces- 
sary to mention oospores in describing the genus, 

It is Shaw’s contention that “the name ‘given’ to the perfect state . . 
must be ‘accompanied by a description . . . or by a reference to a previ- 
ously and effectively published description’ of that state’; and that “in 
the Oomycetes . . . the oogonium and its contents must be described.” 
The implication is that the description, rather than the material described, 
determines the application of a name. The effect of this principle is to 
invalidate names published with inadequate descriptions, What in general 
constitutes a description of the perfect state is not specified, and must of 
course be determined for each name and by each student independently — 
without reference (under Shaw’s interpretation) to the type specimen. 

On this basis Shaw considers Albugo a “nomen provisorium’”: and since 
the second name for the genus, Cystopus Lév., is a later homonym, he 
proposes its conservation. Cystopus Blume being the name of a genus of 
spermatophytes, adoption of the proposal would require the concurrence 
of the Special Committee for Phanerogams and Ferns. The present writer’s 
earlier conclusion, that Albugo is not rejected by the existing Rules, stands, 
and it is here recommended that the proposal be rejected. 

DicHaena FR., Syst. Orb. Veg. 108. 1825. — Type: Hysterina macularis 
Ach, ex Gray, Nat. Arr. 1: 505. 1821 —vs. HrTEROGRAPHA Fer, Meth. 
Lichenograph. xxxi. 1824.— Bisby 1949 p. 29. 

Fries designated H. macularis as the type of his genus; the citation here 
given for that species is the earliest that appears after January 1, 1821. 
In 1828 he reduced that name to synonymy under Hysterium (Dichaena) 
rugosum (L.) ex Fr., El. 2: 141, formally rejecting his genus Dichaena 
(near the middle of p. 142), and in the same paragraph (last line of p. 
142) implying that it would nevertheless probably be used. In 1849 he 
again recognized Dichaena, again stating, “Typus generis est Opegrapha 
macularis Ach.,” although listing that species under the name D. rugosa 
(Summ. Veg. Scand. 402.). In 1828 and 1849 faginea and quercina are 
given as infraspecific entities under H. rugosum or D. rugosa. 

Heterographa was published the year before; according to Fée, the genus 
“est fondé sur deux opegraphes, Opegrapha faginea et quercina, de de 
Candolle, réunies en une seule espéce par Acharius, sous le nom de 
macularis.” The name is therefore an obligate synonym of Dichaena. 
Bisby writes, “Presumably Dichaena should be conserved, if necessary.” 
Whether the genus is of sufficient importance to make conservation neces- 
sary is doubtful. Bisby, who presents the status of the genus in Brit. Mycol. 
Soc, Trans, 25: 135-6. 1941, lists two species from Great Britain; Ains- 
worth & Bisby 1945 p. 94 note “2 or 3.” 
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ERIOSPORA Berk. & Br., EriosporA Hocust. Ex A. Ricu., and ERISPoRA 
Pat, — Bisby 1949 p. 24. 

In Kew Bul. Mis. Inf. 1935: 83 Dandy proposed the conservation of 
Eriospora Hochst. [1852] (for date see Soc. Bot. France Bul. 1: 383. 
1854), a name of a genus of Cyperaceae; the adoption of this proposal 
would under Art. 21, Note 4, automatically bring about the rejection of 
Eriospora Berk. & Br., Ann. Mag. Nat. Hist. ii 5: 455. 1850, a name in use 
for fungi. Since Dandy withdrew the proposal for this very reason (Zesde 
Int. Bot. Congr. Proc. 1: 359), the name Eriospora Berk. & Br. is not 
endangered. Erispora (not Eriospora) Pat., Soc. Mycol. France Bul. 38: 
4, 1922, is a name of obscure derivation; since the genus is ‘‘caractérisé 

. par des aIGILES myriospores et par des spores brunes et BES ss 

it femme mean ‘“‘wooly-spored’’; probably the prefix is ép-, “much.” In 
any event, Patouillard’s name differs in spelling, in pronounciation, and in 

derivation, and is therefore not a homonym. 

FLAMMULA Vs. FLAMMULA — Donk 1949 p. 95; Rogers 1949 p. 443. 

Donk’s earlier proposal has been revised to list the nomen conservandum 
as Flammula (Fr.) Kummer 1871 and the type as A. flavidus. The pro- 
posed typification is acceptable. With substitution being made where ap- 
propriate of “Kummer” for “Quélet,” the earlier discussion may stand. 

GALERA vs. GALERA — Donk 1949 p. 96; Rogers 1949 p. 444. 

Donk’s former proposal is revised to make the nomen conservandum 
Galera (Fr.) Kummer 1871. He quotes a considerable body of opinion 
and evidence tending to show that Galerula Karst. is a nomen dubium, 
and supports Agaricus hypnorum Batsch ex Fr. as the lectotype of Galera 
(Fr.). It was earlier recommended that the decision, a taxonomic rather 

than a nomenclatorial one, should be left to the experts. It seems that in 

the light of his further evidence they will wish to support Donk’s proposal. 

GauTieria Vitt., Monogr. Tuber. 25. 1831 — Type: G. morchelliformis 

itt. — vs. Caunupiea Rar., Med. FI. 1: 202. 1828. 

Rafinesque’s name, proposed for Gaultheria [Kalm ex Linn., Gen. PI. 
5 ed. 187] was superfluous and hence illegitimate (Art. 60 as modified at 
Amsterdam; Amst. Proc. 1: 354; IRB p. 90; IRA p. 22) when published; 
nevertheless, Gautieria is an orthographic variant of Rafinesque’s name 

(see Art. 70, “Examples of orthographic variants”) and to be rejected un- 
der Art. 61 and Note. Gautieria is a well-known genus of some size (there 
are fifteen species listed by Zeller & Dodge in Mo, Bot. Gard. Ann. 21: 692- 
705. 1934) which has never been known by its legitimate name Usleria 
Nieuwl., Am. Midl. Nat. 4: 378. 1916. It originally included two species, 
of which Zeller & Dodge have designated the first and most minutely de- 
scribed, G. morchelliformis (for “morchellaeformis”) as lectotype. It is 
therefore hereby proposed that Gautieria be conserved against Gautiera. 
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It appears that Gautieria (for Joseph Gautier) and Gaultheria (for Jean 

Francois Gaultier) are “different” under Art. 70 Note 3, and therefore 
the conservation of the former need not interfere with the continued use 
of the latter. 

GompuHuus vs. GompHoRA — Donk 1949 p. 98; Rogers 1949 p. 445. 

Withdrawn by Donk for the same reasons listed by the present writer. 

GUEPINIA vs. GUEPINIA — Rogers 1949 p. 445; Nannfeldt 1947 p. 334. 

Nannfeldt rejects this proposal, as do its author and the earlier recom- 
mendation. 

GyroMITRA FR. vs. GYROCEPHALUS PERs. — Donk 1949b; Rogers 1949 

p. 445. (Guepinia) 

Donk notes that what seems to be the type of Persoon’s genus, Helvella 
sinuosa Brond., is a Gyromitra, and proposes the conservation of that later 
name. Gyromitra is a relatively small genus, possibly insufficiently distinct 

from Helvella, and ordinarily would not be worth saving. However, the 
alternative, Gyrocephalus, has been so much used by the deluded followers 
of Brefeld in place of the legitimate Phlogiotis that its correct use would 

occasion endless confusion. It is therefore recommended that the proposal 
be adopted. 

Hericium vs. Hertcrum — Donk 1949 p. 98; Rogers 1949 p. 447. 

Withdrawn by its author for the same reasons given in the writer’s 
earlier discussion. 

HEXAGONA VS. SCENIDIUM — Rogers 1949 p. 447, 

Hexagona is listed under Art. 70 as ‘‘an unintentional orthographic error 

for Hexagonia’’; since Fries’s spelling is consistent in Syst. Mycol. 1: 344, 
Fl. Scan. 339, Gen. Hym. 11, Epicr. 496, Summ. Veg. Scand. 324, K. Vet. 
Ak. Handl. 1848: 136 (Fung. Natal.), R. Soc. Sc. Upsala Nova Acta iii 
1: 100 (Nov. Symb.), and Hym, Eur. 589 —i.e., throughout his works — 
it appears that ‘‘unintentional” is gratuitous and unproved. Since Fries was 
free (under the current Rules) to adopt, discard, or alter any name he 

chose, there seems no reason to reject the form which he employed. 

HyprocyBE (Fr.) WUNSCHE vs. LEucopus KUMMER — Donk 1949c pp. 

361, 362, 365, 394. 

As noted under Clitopilus (q.v.), Kummer separated Leucopus and 
Rhaphanazon in his key, but before treating any species ‘‘combined them 
as the .. . single genus Cortinarius.” It is submitted that the generic 

name Leucopus was not “definitely accepted by the author” (Art. 37) and 
was not validly published. The proposal is therefore unnecessary, and its 

rejection is recommended. 
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HYMENOCHAETE vs. STEREUM and HyMENOCHAETA — Donk 1949 p. 98; 
Rogers 1949 p. 450. 

Donk typifies Stereum by Thelephora hirsuta, as does the present writer, 

and deletes that genus from the list of rejicienda on the same grounds. 
The earlier opinion, that “Hymenochaete” Beauv. ex Nees is an inadvert- 

ent misspelling of Hymenochaeta and does not interfere with the use of 
Hymenochaete Lév., stands, as does the consequent recommendation. 

HyYPo.tyssus vs. PERONA and Caripia — Rogers 1949 p. 451. 

In the earlier notes it was stated that Podostrombium Kunze is the cor- 
rect name for Hypolyssus sensu Berk. non Pers. In spite of extensive 
search no description has been found among G. Kunze’s works. This is 
odd, because the name and the character of the genus seem to have been 
known to a number of the author’s contemporaries; and Fries (Summ. 
Veg. Scand. 484) mentions a “schedula” of Kunze’s. As early as 1828 
Reichenbach, Conspect. 8, listed Podostrombium as “Fung. guian.” 

Since Léveillé’s brief publication of Podostrombium in 1846 includes all 
the data supplied by O. Kuntze in his more prolix later publication of 
Caripia, there seems no basis but captiousness for rejecting the one and 
accepting the other. Anyone whose conscience still refuses the 1846 pub- 
lication will cite Podostrombium Kunze ex Wittstein, Etym.-bot. Hand- 
worterb. 711. 1856, where appears the statement ‘‘das Peridium is kreisel- 
formig und gestielt” — a meager, but legal, description. 

It seems highly probable, although the material is not at hand for con- 
firmation, that Kunze’s name was proposed for one of Weigelt’s exsiccati 
from Surinam. It is therefore worthy of note that Weigelt collected with 
Hering in Surinam, and, since much of Hering’s material was sent to 
America and his fungi fell into Schweinitz’s hands, that Heringia (for 
which see the earlier notes) and Podostrombium were based on the same 
collections. (Cf. Torrey Bot. Cl. Mem. 16: 250. 1921.) 

LACHNOCLADIUM vs, ErtocLapus — Singer 1944 p. 553; Donk 1949 p. 
100; Rogers 1949 p. 453. 

Revised by the author to list Lachnocladium Lév. as published in 
“Consid. Mycol. 1846” (the page is 108). Donk (1941) has made out a 
good case for Clavaria furcellata Fr. as the type, and Singer (a reference 
omitted from the earlier list of references) and Doty (p. 131) an equally 
good one for E. brasiliensis Lév.; Doty implies that C. furcellata is a 
nomen dubium. In the matter of conservation the 1949 recommendation 
stands. 

MarasMius vs. MIcROMPHALE — Donk 1949 p. 128; Rogers 1949 p. 454. 

Although presented as a “new proposal,’’ Donk’s decision agrees with 
the earlier proposal of Singer & Smith and with the writer’s recommenda- 
tion. 
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Moniia vs. Monit1a — Mason 1933 p. 11; Rogers 1949 p. 457. 

Mason typifies Monilia by M. cinerea Bon. —a fact not noted in the 
earlier discussion. The recommendation stands. 

Monorospora vs. Monotospora — Diehl p. 279; Rogers 1949 p. 459. 

Diehl’s comment is pertinent here. The recommendation stands. 

Mycena (PErRS.) EX GRAY and PRuNULUS GRAy — Donk 1949 p. 85. 

Donk notes that he regards the two names as synonyms, and elects 

under Art, 56 to retain the former. No proposal for conservation is offered 
or required. 

MyYcoLepTopon vs. OponT1a — Donk 1949 p. 100; Rogers 1949 p. 460. 

Withdrawn by the author, for reasons similar to those advanced against 

the proposal by the present writer. 

NUMMULARIA VS. BISCOGNIAUXIA — Bisby 1949 pp. 33, 40; Rogers 1949 
p. 462 | 

In the writer’s earlier discussion it was suggested that species now in- 

cluded in Nummularia Tul. non Trag. ex Gray might be “left without a 
generic name.” Bisby lists two names published as substitutes for Num- 

mularia Tul. — Kommamyce Nieuwl., Am. Midl. Naturalist 4: 375. 1916, 
and Numulariola House, N. Y. State Mus. Bul. 266: 49. 1925. The 
recommendation stands. 

OMPHALINA QUEL. vs. PERONA PERS. — Donk 1949 p. 131; Rogers 1949 
p. 451 (Hypolyssus); Donk 1949c p. 326. 

Singer & Smith (1946 p. 250) designated O. adusta (Pers. ex Fr.) Gray 
as the lectotype of Omphalia (Pers.) ex Gray. Their choice makes 

Omphalia a synonym of Russula Pers. ex Gray, and of these two synonyms 
of the same date they chose to retain Russula —a binding decision under 
Art. 56. It appears that their typification is binding also; Donk has 
chosen a different type, Agaricus tardus, from considerations of the pre- 

Friesian history of the name. But whereas a pre-Friesian typification may 

provide a cogent indication of the type species — as for Phoma Fr, (1819) 

ex Fr. (1823), for which see the writer’s earlier notes — it cannot do more; 

and any of the subordinate groups included in the first legitimate publica- 

tion is, other things being equal, eligible. The question whether Omphalia 

is a later homonym of Ompkalea L. is one not resolved by the present 

Rules (see earlier notes under Cyttaria). 

Omphalia (Fr.) Kummer is a later homonym of Gray’s genus; if the 

citation in parentheses of Fries’s name is justified, it must, directly or 
ultimately, be based on Agaricus Trib. Omphalia (Pers.) ex Fr., Syst. 

Mycol. 1: 162. Of this tribe the type, designated by Donk, is A. cyathi- 

ormis Pers. ex Fr.; this species Fries in 1838 assigned to Agaricus V. 

Clitocybe. But whatever species Fries may have included in or excluded 
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from the infrageneric group Omphalia in 1825, 1838, and 1874, its type 

is the same A. cyathiformis; and if there is a genus Omphalia (Fr.) 

Kummer (see notes under Clitopilus) its type is the same. That is implied 
by the type concept. 

But whatever may be inferred concerning Quélet’s possible motives in 
publishing the genus Omphalina in Ench. Fung. 42. 1886, he did not, as 
Donk notes, cite Fries (nor Kummer) in so doing. Strictly, then, Ompha- 
lina is not a nom. nov. but a gen. nov., and can be typified without refer- 
ence to Omphalia. It should be noted in this connection that A. cyathi- 
formis, Donk’s lectotype for Agaricus trib. Omphalia Fr., is retained by 
Quélet in the genus Omphalia (Ench. 24). Murrill (N. A. F. 344. 1916) 
designated O. hydrogramma (Fr.) Quél. as the type of Omphalina. 

Donk has now (1949c) withdrawn this proposal on the ground that 
Perona is already rejected as a later homonym of Peronia Laroche in 
Redouté, Les Liliacées 6: 342. 1812 (Scitamin.). But the two names are 
not identical in spelling nor pronunciation; Peronia is named for Franz 

Peron and Perona quite surely derived from zepovy, a pin; and there is no 
danger whatever of confusion between Persoon’s fungus genus and the 
long-abandoned angiosperm name. Therefore the two are not, it is sub- 
mitted, homonyms under Art 70. See earlier notes under Cyttaria. 

The synonymy of Perona with Omphalina must be regarded as not 
proved; at least, no record is at hand of the assignment of a species of 
either to the other. It seems at least equally possible that Perona will be 
found to be a synonym of Helotium when the latter name is correctly 
typified. It is recommended that the proposal be rejected. 

As earlier indicated, there is no Perona Fr. 

PacTILiaA Fr. vs. ACHITONIUM G. KuNzE Ex O. Kuntze —IR p. 126; 
IRA p. 41; Bisby 1949 p. 3. 

Pactilia was described by Fries in Fl. Scan. 365 (not 363) 1835; the 

designated type, also described l.c., is P. mycophila. Fries later, in Summ. 
Veg. Scand. 472. 1849, cited Montagne’s description and figure of P. my- 

cophila (under the name Tubercularia mycophila Mont. & Fr.) published 

in Ann. Sc. Nat. Bot. ii 6: 29. 1836; ibid. vol. 5 pl. 13 fig. 1. 1836; Fries 
also there listed as synonyms Leucosporium Corda in Sturm, Deutschl. 

Fl. III Abt. 3 Bandchen 13 Heft: 67. pl. 34. 1833, whose monotype, 

L. vesiculiferum, he renamed Pactilia leucosporia, and the name which 
Corda later substituted for the same genus, Phymatostroma Corda, Icon. 
Fung. 1: 5. pl. 1, fig. 82, 83. 1837, with two additional species. 

Achitonium Kunze ex Fries, Syst. Mycol. 3: 470. 1832, is briefly de- 

scribed in a footnote, and again at the foot of p. [3] of the index, where 
A. acicola is given as its single species; it seems to be validly published. 

The genus was listed and A. acicola described by Sprengel in Linn. Syst. 
Veg. 16 ed. 4(1): 580. 1827; the genus was again characterized by Fries 

in Fl. Scan. 367. 1835, and in Summ. Veg. Scand. 481. 1849 the single 
species A. acicola was again attributed to it. 
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There seem then to be four names available for the genus, in which 

Saccardo enumerates seven described species, and which Ainsworth & Bisby 
(1945 p. 225) judge to embrace “‘2 or 3” good ones. It appears then to 
be neither large nor of any great importance. The proposed lectotype is 

not eligible. It is recommended that the proposal be rejected. 

PANAEOLUS (FR.) QUEL. vs. COPRINARIUS (FR.) KUMMER — Donk 1949 

Agaricus trib. Coprinarius Fr., Syst. Mycol. 1: 300, embraced 18 species, 

one of which must be its type. Donk selects A. papilionaceus Bull. ex Fr. 

A. campanulatus Bull. ex Fr. is not eligible, since it was published (l.c. 
p. 295) as a member of trib. Psilocybe (in Epicr. 236 Fries published for 
it the synonym A. ovalis); there is of course no other legitimate A. cam- 

panulatus. A. campanulatus L. ex Fr., Epicr. 236, may be the type of 

Agaricus ser. Coprinarius |trib.| Panaeolus Fr., Epicr. 234, as Donk says, 

but certainly cannot be called by that binomial; according to Fries (p. 

236) it is A. papilionaceus Bull. ex Fr., Syst. Mycol. 1: 301. It is sub- 

mitted that the lectotype for both names should be A. papilionaceus Bull. 

ex Fr. 1821, a name in turn typified by the “better part” of Bull. pl. 561 

fig. II —i.e., as indicated by Fries in 1838, fig. II L. 
There seem to be no obstacles to conservation of Panaeolus, and with 

the suggested alterations in naming of the type (but not in the fungus in 

question) adoption of the proposal is recommended. 

PAXILLUS vs. RHyMovis — Maire 1937 p. 48; Rogers 1949 p. 465. 

Maire’s note should have been cited here; it does not alter the proposal 
nor the recommendation. 

PENIOPHORA COOKE vs. CorTICIUM GRAy and HypHopDERMA WALLR. — 
Donk 1949 p. 140; Rogers 1949 p. 438 (Corticium). 

Hyphoderma as typified by Donk, by H. spiculosum (= Peniophora 

aspera (Pers.) R. & J. = P. setigera (Fr.) H. & L.), is not necessarily 

synonymous with Peniophora as typified by P. Ouercina (Pers. ex Fr.) 

Cke. (see discussion in these and the earlier notes under Corticium), even 

though, ad int., “the common tendency . . . is to admit a genus, univer- 

sally called Peniophora, comprising both.” The effect of overly zealous 

conservation here, as in many other cases, is merely to imply synonymy 

which actually is false; it cannot prevent the use of the nomen rejiciendum 
by those who do not regard the names as synonymous. The earlier recom- 
mendation stands. 

PHELLINUS vs. PortA— Donk 1949 p. 101; Rogers 1949 p. 466. 

Withdrawn by the author on grounds presented with the former recom- 
mendation. 

PHOLIOTA (FR.) KUMMER vs. DERMINUS (FR.) STauDE — Donk 1949c 

pp. 324, 334, 394, 
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The remarks regarding Staude’s work inserted under Collybia (q. v.) 
apply equally to Derminus. Since the latter name is held to be invalid 
under Art. 37, the proposal is unnecessary and should be rejected. 

PIsoOMYXA CorRDA vs. BRYOCLADIUM KuNzE — IR p. 122; IRA p. 41. 

The genotype of Pisomyxa is P. racodioides, not “rhacodioides.” 
The nom. rejic. is listed (IR) as having appeared in “Flora (1830) 

207”; there is no such name at the place cited; nor does it appear on p. 
270, as given by Saccardo. In Flora 13: 132. 1830 appears a short descrip- 
tion of ‘“Bryocladium maculans. Kz.” There is no “combined generic and 
specific description” as exemplified under Art. 43, and Bryocladium is 
therefore a nomen nudum and conservation of Pisomyxa unnecessary. The 
proposal should be rejected. 

Authors of proposals for conservation will earn the gratitude of their 
colleagues by verifying the citation, or at least the existence, of names 
which they submit for consideration. 

PLEUROTUS vs. PTEROPHYLLUS and CrEPIDOopUS — Donk 1949 p. 101; 
Rogers 1949 p. 470 

Revised to list Pleurotus as (Fr.) Kummer 1871, and to include as 

nomina rejicienda Crepidopus (as in Singer & Smith 1946), Resupinatus 

Nees ex Gray, Pterophyllus Lév., and Hohenbiihelia Schulzer. Donk’s 
reasons for enumerating the additional names appear adequate, and the 

former recommendation for adoption is extended to these additional 
rejicienda. 

PoLystictus Fr. vs. Cottricia Gray and STRIGLIA Gray — Cooke pp. 86, 

96; Donk 1949 p. 142. 

Donk discusses the various essays at typification of the heterogeneous 

Polystictus, and gives as his opinion that Karsten first restricted the 

genus to one of its components in 1879 and in effect typified it by 

P. perennis. He accepts this as valid typification, and there appears no 

reason to differ from this decision. For the “Stirps” so chosen by Karsten 
to typify the genus is “‘A. stirps Polysticti perennis,” whose type must be 
P. perennis even though that extra-tropical species is not described in 

Fries’s Novae Symbolae. For a group so typified the legitimate name is 

Coltricia Gray, and that name has long been used, by Murrill and others 
who have not been willing to treat polypores in Fries’s few and hetero- 
geneous groups. Polystictus has also been widely employed, but frequently 
not for P. perennis and its allies; rather it has usually been the name for 
all coriaceous polypores, species as different as P. versicolor, P. Tulipiferae 

(not “tulipiferus”) P. conchifer, and P. cinnabarinus. To conserve the 

name for such brown, stipitate forms as P. perennis will not, then, ‘‘avoid 
disadvantageous changes in the nomenclature of genera” (Art. 21); Col- 
tricia is much better established for the group in question than is Polystic- 
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tus. It is therefore recommended that the legitimate name be allowed to 
stand, with Polystictus as a synonym, and that the proposal be rejected. 

There seems to be under the Rules no alternative to citing Coltricia as 
“Mich. ex Gray” — except under the general clause (Art. 48, 2nd par.) 
which in any case permits omission of the author not actually the pub- 

lisher of the name. 

Porta vs. PHysisporus and PortA — Donk 1949 pp. 103, 155; Rogers 
1949 p. 471. 

Withdrawn by Donk, in recognition of the priority of Portia Pers. ex 
Gray; he designates as lectotype P. medullaris Gray. This is in agreement 

with the earlier recommendation, which stands. 

PSATHYRA vs. PSATHYRA — Donk 1949c p. 339. 

The proposal is amended by citing the nom. cons. as Psathyra (Fr.) 
Kummer 1871 and by designating as the type Agaricus fibrillosus Pers. 
ex Fr.; the changes appear necessary and acceptable. 

PTERULA FR. 1830 vs. PTERULA FR. 1825 — Doty p. 133; Donk 1949 

p. 145. 

As Doty notes, Fries wrote in Syst. Mycol. 1: 464, “Clavaria peni- 

cillata Bull. est typus novi generis (Pterula)”; he chose not to describe it 
at that time, having only dried specimens. On p. 496 he referred the 
Same species to a .’ His formal description of the 

genus, in 1825, refers to the latter page; in that year he added a second 
species. In 1830 Fries again described the genus and its two species, add- 

ing a third, P. subulata Fr. In 1832 he reduced Pterula to infrageneric 
rank under Anthina, retaining the same species, but marking the designated 

type ‘A. (Pterula?) penicillata.’’ There can be no doubt from his succes- 
sive citations that there is only the one Pterula, nor that P. penicillata 
is its type. “Pterula Fr. 1830” is therefore a nonentity, and the proposal 

an impossibility. It should be rejected. 

RAMARIA vs. CLADARIA — Donk 1949 p. 106; Rogers 1949 p. 473, 

Modified by the author to include Ramaria Holmsk. ex Gray among 

the rejicienda. The original description of Cladaria had previously been 
accessible neither to Donk nor to the present writer. The pertinent por- 

tion of Ritgen’s article follows: ‘““ASTKEULENSCHWAMME. Merisma (149). 
Die astigen Clavarien mussen abgetheilt werden von den einfachkeulen- 
formigen, welches unter dem Namen Cladaria geschehn kann (150-153). 
KEULENSCHWAMME. Clavaria (154. 155). Spatularia (256). Geoglossum 

(157-159). Leotia (160).” Ritgen’s sentence is somewhat obscure, but 

from his center-headings (here printed in capitals) and the Nees illustra- 
tions to which his numbers refer there can be no doubt that Cladaria was 

published for the branched species of Clavaria. Donk designates Clav. 
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corniculata (Nees’s no. 152) as lectotype; but Doty (p. 126) had earlier 

selected Clav. amethystina (Nees’s no. 151); no obstacles to Doty’s selec- 
tion appear. It seems that the citations of both authors need revision. 
The copy of the Marburg publication at hand does not have a title-page 
or table of contents for the second volume, which consists of a number 

of sections separately paged. The Ritgen article in question forms pp. 
{39]—98 of one such section, and its first leaf is conjugate with a leaf of 
the preceding article (also by Ritgen), which is dated, on its title-page, 
1828. What follows in brackets is the result of inference, but the date and 
page are unquestionable; the correct citation is Cladaria Ritgen, [ Gesell. 
Beford. gesammt. Naturwiss. Marburg Schr. 2(3):] 54. 1828. 

In the matter of conservation Doty pp. 126, 128, 134 should be con- 
sulted. The earlier recommendation — for rejection — stands. Doty’s 
lectotypes for Cladaria and Ramaria are acceptable and valid; there is no 
place for the substitution of others by a subsequent author. Ramaria has 
been used by more than one author but, as anyone can discover by examin- 
ing recent general treatments of the Clavariaceae, has no real currency. 

RHODOPHYLLUS vs. AcuRTIS, etc. — Donk 1949 p. 156, 157 (Entoloma) ; 
Rogers 1949 p. 474; Smith 1950 

Donk corrects the proposal by substituting ““Kummer 1871” for “Quélet,” 
by citing Claudopus as “(W. G. Smith)” rather than “(Fr.),” and by 

adding to the rejicienda Latzinaea OK. He then rejects it on the grounds 

advanced for the earlier recommendation. Finally, he accepts the respon- 
sibility conferred by Art. 56, choosing Entoloma (Fr.) Kummer from 
among the earlier synonyms of Rhodophyllus as the valid name for the 

group. This is in accord with Singer & Smith’s earlier typification. All of 
this, which is in agreement with the earlier recommendation, seems quite 

acceptable. 
Smith remains of the opinion earlier expressed by Singer and by Singer 

& Smith that stability of names will be favored by conservation of Rhodo- 
phyllus against the five generally-accepted earlier genera of which it is 
composed. The matter is settled, however, by the existence of Rhodophyllis 
Kiitz., Bot. Zeit. 5: 23. 1847; Rhodophyllus cannot be conserved without 

displacing the earlier homonym (Art. 21, Note 4) in current use by 

algologists. 

The foregoing leaves out of account Fries’s curious name ACurtis. It 
was earlier stated that Clavaria gigantea Schw., a species based on the 
characteristic abortive carpophores of what is usually called Clitopilus 
abortivus B, & C., and the basis of the genus AC urtis, is an imperfect state. 
Smith seems to regard it as the “fruiting stage” of the fungus, and because 
of that, as the perfect state. The biological function of the ACurtis stage 
seems not to be known; but intergrades between it and the completely 
different basidium-bearing fructifications, if they exist, must be rare and 
abnormal, and its nearest analogue in other fungi would seem to be the 
bulbils of Trechispora Brinkmanni (cf. Biggs, Mycologia 29: 696-697) 
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or the Ptychogaster stage of some polypores (except that these are both 

reproductive). Schweinitz’s type as represented in the Farlow Herbarium 

is certainly sterile and without so much as a pileus. It might be noted that 

if the abortive structures in question were the Sen stage the fungus 

should be called not Rhkodophyllus abortivus (B. & C.), as by Singer & 

Smith, nor Clitopilus abortivus, but Rhodophyllus giganteus (Schw.) or 

Clitopilus giganteus. The fact that neither name seems to be employed, 

even by such conscientious mycologists as the authors in question, is evi- 

dence that the structures are generally regarded as imperfect. Ergo, the 

name ACurtis does not conflict with Clitopilus — nor with Entoloma nor 

Rhodophyllus. 

SCOPULARIA and SCOPULARIA — Rogers 1949 p. 476. 

Scopularia Preuss, the later homonym, was long ago renamed Lindavia 

by Nieuwland, Am. Midl. Naturalist 4: 385. 1916. 

SEPTOBASIDIUM vs. GLENOsPpoRA and Gausapia— Donk 1949 p. 108; 
Rogers 1949 p. 476. 

An additional nomen rejiciendum is introduced — Campylobasidium 

Lagerh. ex Ludw. From Ludwig’s characterization that name would be 

either a nomen dubium or a synonym of Cystobasidium; but because 

Patouillard cites it under Septobasidium it appears that Lagerheim’s name 

(Lagerheim was a collaborator of Patouillard’s) really belongs there. There 

being at hand no evidence on the relative dates of Patouillard’s article 

and Ludwig’s Lehrbuch (both dated 1892), it is recommended that this 

addition be incorporated in and adopted with the earlier proposal. Donk 

now accepts the typification of Septobasidium published by Martin. The 

earlier recommendation stands. 

STEREUM vs. AURICULARIA and STEREUM — Donk 1949 p. 110; Rogers 

1949 p. 480 

Withdrawn, for reasons given in the earlier recommendation. 

TELAMONIA (FR.) WUNSCHE vs. RAPHANAZON KUMMER — Donk 1949c 

pp. 361, 362, 364, 368, 394. 

It is submitted that Rkaphanazon, like Leucopus (for which see the 
earlier paragraph under Hydrocybe), is invalid under Art. 37, and that 
the proposal is unnecessary and should be rejected. 

TREMATOSTOMA vs. CLYPEOTHECIUM — Rogers 1949 p. 483; Nannfeldt 
1947 

Nannfeldt rejects the proposal, and points out that Petrak in Ann. 
Mycol. 27: 401 united his Clypeothecium with Exarmidium Karst., Bidr. 

Kanned. Finl. Nat. Folk 23: 222. 1873 (which Clements & Shear accept 

as autonomous). 
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TREMELLA vs. TREMELLA and GyRARIA — Rogers 1949 p. 483. 

Donk (1949 p. 87) considers Gyraria “impriorable.” ‘This decision 
arises out of his interpretation of Art. 20({) —an interpretation which has 

much to commend it, but which does not accord with the Rules as under- 
stood by the present writer. The 1949 proposal stands. 

TREMELLODON vs, HypNOGLOEA — Donk 1949 p. 110; Rogers 1949 p. 483. 

Pseudohydnum Karst. is added to the n. rejicienda proposita. The earlier 
recommendation stands. 

TRICHOLOMA vs. TRICHOLOMA — Donk 1949 p. 110; Rogers 1949 p. 484; 

Donk 1949c p. 326. 

Tricholoma is now cited as (Fr.) Kummer 1871, although in his most 
recent paper Donk states that the correct citation is ‘‘(Fr.) Staude, 
Schwimme Mitteldeutschl. xxviii, 125. 1857.” What is said of Staude’s 
work under Collybia applies here. 

If the BMS selection of T. rutilans as the lectotype be regarded as the 
valid one (as it well may be, earlier choices having apparently been of 
species for one reason or another ineligible), Tricholomopsis Sing. would 

appear to be a nomen superfluum, illegitimate under Art. 60(1) as modi- 

fied at Amsterdam (IRB p. 90; IRA p. 22). Otherwise, Donk’s lectotype, 
T. imbricatum, should be accepted. The earlier recommendation stands. 

VoLvaria vs. VOLVARIA — Donk 1949 p. 112; Rogers 1949 p. 488. 

Modified by the citation of the nomen conservandum as Volvaria (Fr.) 
Kummer 1871. Donk designates Agaricus volvaceus as the lectotype. 

The earlier recommendation was for rejection, on the ground that the name 
Volvariopsis had already been used for most of the species, and therefore 
conservation would not “avoid . .. changes.” Donk now indicates the 

possibility that Volvariella Speg., Mus. Nac. Buenos Aires Anal. 6: 118. 
1899, may be a synonym and necessitate a whole new set of binomials. 

If in the judgment of students of agarics this synonymy is considered 
established, the present proposal should be adopted. 

XEROCOMUS QUEL. vs. VERSIPELLIS QuEL. — Donk 1949 p. 147. 

Snell (Mycologia 34: 407) has proposed to get rid of the unwanted 
name Versipellis Quél., Enchir. 157. 1886, by considering it a nomen am- 

biguum. The Rule under which his proposal was offered is Art. 62: “A 
name ... must be rejected if, owing to its use with different meanings, 
it becomes a permanent source of confusion or error.” It is submitted that 
because of the wide use of Boletus Il. Derminus 2. Versipelles Fr., Epicr. 

423, the use of Versipellis for a segregate of the same genus but a different 

group of species would be “a permanent source of confusion or error.” On 
this point Snell, Donk, and the writer are in agreement. The only ques- 
tion is whether Versipelles and Versipellis are ‘“‘a name” —i.e., the same 
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name. It seems that as the plural and singular of the same word they 

incontestably are. It is therefore submitted that the case comes entirely 
under Art. 62, that Snell’s rejection of Quélet’s name is valid, and that in 
consequence the proposed conservation of Xerocomus is unnecessary. It 

is recommended that the proposal be rejected. 
The case is quite different where a name is repeated for infrageneric 

groups within two or more genera—e.g., Agaricus VI. Collybia and 
Marasmius 1. Collybia, in Epicr. 81, 373 — perhaps to suggest similarities. 

The latter practice is to be avoided (Rec. XI (c)), but past instances can 

be rejected only if conflict with some other Rule exists. The essence of 
the case against Versipellis is the likelihood of confusion, 

The case is also different where the infrageneric name has less currency. 

With a little more mental agility the unwanted name Pellicularia Cke. (cf. 

Farlowia 1: 95) might similarly have been disposed of, and the preferable 
Botryobasidium retained; the writer deeply regrets his failure to examine 

that possibility. But Corticium sect. Pellicularia Bourd. & Galz., Hym. 

Fr. 191, although well established, had little currency, and the probability 

of serious confusion seems slight. It is even less now that Pellicularia Cke. 

is well established and the section of Corticium has its own generic name 

Athele (for which see on a preceding page notes under Corticium). 

II. NOMINA CONFUSA 

The names are here listed as in the notes to which these are supple- 
mentary. Most were taken from Bisby’s (1949) paper. In these lists, as in 

the earlier ones, where no question or objection is noted the cited evi- 
dence appears satisfactory, and it is recommended that the names be 

inserted in Appendix V of the Rules. 

NOMINA SPECIFICA CONFUSA 

ARCHILEGNIA LATVICA (APIN.) APIN., Hort. Bot. Univ. Latv. Acta 8: 106. 

[1935 (Mar. 1)] (nom. nud.; cf. note under Archilegnia.) Cf. Sparrow, 

Aquat. Phycom. 514. 1943, 

BYSSOTHECIUM CIRCINANS FucKEL, Bot. Zeit. 19: 251. 1861. Cf. Fuckel, 
Nassau. Ver. Naturk. Jahrb. 23, 24: 142 [1870]. 

CERATOCLADIUM CLAuTRIAVIIT Pat., Soc. Mycol. Fr. Bul. 14: 196, 1898. 
Cf. Xylocladium Clautriavii. 

CHAETASPIS STENOCHLAENAE Syp., Ann. Mycol. 15: 219. 1917. Syn.: 
Parmulina Stenochlaenae (Syd.) Petr., Ann, Mycol. 27: 377. 1929. 
Cf. Petrak, l.c. 

CoccIDIOPHTHORA VARIABILIS Syp., Ann. Mycol. 11: 263. 1913. Cf, Hara, 
Bot. Mag. Tokyo 28: 339, 350. 1914; Petch, Brit. Mycol. Soc. Trans. 

10: 198. 1925. 
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CorTiciIum KoMABENS!IS [!] P. HENN., Bot. Jahrb. 32: 38. 1902. Syn.: 

Peniophora corticalis var. komabensis (P. Henn.) Hohn. & Litsch., Ak. 

Wiss. Wien Sitzungsber. Math.-Naturw. Kl. 116, 1: 744. 1907. Cf. 

Hohnel & Litschauer, |. c. 

CYSTOTHYRIUM MAGELLANICUM SpEG., Cordoba Acad. Nac. Cienc. Bol. 

11: 300. 1887. Petrak & Sydow, Ann. Mycol. 33: 159. 1935, state that 

the type material is immature and the spore-characters incorrectly de- 

scribed. They do not, however, suggest that more than the one fungus 

is present. Spegazzini published two new species with the genus, and 

gave no indication that C. magellanicum was, as Petrak & Sydow state, 

the “Typusart.” 

Decamp1A Hooker! (BorrER) MASSAL., Sulla Lecidea Hookeri di Schaerer 

7.1853. Syn.: Verrucaria Hookeri Borrer in Engl. Bot. Suppl. 1: [text 

for] pl. 2622 (fig. 2). 1831. Cf. Kiessler in Rabenh. Kryptogamen-Fl. 

2 Aufl. 8: 503. 1930, where also will be found two pages and a half of 

synonyms, most (but not all) likewise nomina confusa. 

Euryacnora SEpI * Rumicis Karst., Bidr. Kanned. Finl. Nat. Folk 23: 

228. 1873. Syn.: Dothidella Rumicis (Karst.) Sacc., Syll. Fung. 2: 630. 

1883; Dictyochora Rumicis (Karst.) Theiss. & Sydow, Ann. Mycol. 12: 

274. 1914. Petrak & Sydow, Ann. Mycol. 21: 383. 1923, report that 

Karsten’s species is a synonym of E. thoracella Karst. and his name is 

not a nomen confusum, but that the diagnosis of Dictyochora included 

the characters both of the Euryachora and a Pleospora. They therefore 

declare Dictyochora a nomen confusum. Since “the type . . 

generic name is a species” (Art. 18), it would appear that Dictyochora 

is rather a synonym of whatever genus D. Rumicis belongs to. 

Fumaco vacANs Pers., Mycol. Eur. 1: 9. 1822. Bisby 1949 p. 11 writes 

that Fumago “was considered [by Woronich] a nomen confusum.” 

Woronich (Ann. Mycol. 24: 261-4) gives it as his opinion and that of 

earlier authors (cf. Berkeley & Montagne, Hort. Soc. Lond. Jour. 4: 244 

1849), that “the whole first section of the genus Fumago Pers. is no more 

than a mixture of Cladosporium herbarum Link and other fungi, such 

as Mystrosporium, Triposporium, etc.”; he states that only by examina- 

tion of authentic material can this tangle be straightened out. Now 

this is not evidence, nor even an assertion, that “the characters of the 

group were derived from two or more entirely discordant elements . . 

erroneously supposed to form part of the same individual” (Art. 64). 

Persoon lists six genera as hosts of F. vagans, thereby implying at least 

as many occurrences (individuals). It has been argued (in Mycologia 

40: 635-637) that the intent and essence of Art. 64, the nomen-confusum 

rule, is not that the author applied one name to different elements (as, 

for example, Fries did in describing the genus Agaricus and the species 

Hypochnus olivaceus (El. 1: 197; cf. Mycologia 31: 299)), but that 
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the author supposed discordant elements to form part of the same in- 
dividual. Otherwise any name applied to a group from which subse- 

quent authors detached segregates could be a nomen confusum. Quite 

likely Persoon lumped a number of sooty growths in his F. vagans, as 
did all his contemporaries dealing with fungi whose differential charac- 

ters are revealed only by the microscope. But until a type specimen has 

been found, established as such, and shown not merely to bear two 

fungi but to have had their characters combined in Persoon’s diagnosis, 
the name is not, it is submitted, a nomen confusum. The name is of 

little consequence; the conflicting principles can have an important effect 

in all botanical nomenclature. See under Capnodium among nom. cons. 

prop. 

HELICOBASIDIUM HYPOCHNOIDEUM (HOHN.) HowHN., Ak. Wiss. Wien 

Sitzungsb., Math.-Naturw. Kl. 116, 1: 85. 1907. Syn.: Stypinella hypo- 

chnoides Hohn., Ann. Mycol. 3: 324. 1905. The type specimen consists 

of a fructification of Pellicularia flavescens (Bon.) Rogers overgrown 

by a minute species of Helicobasidium. Since the former fungus sup- 
lies many of the characters (and the specific epithet) published by 
Hohnel, both of his names are nomina confusa. 

HENNINGSOMYCES PULCHELLUS Sacc., Syll. Fung. 17: 689. 1907. Listed 
aS a nomen confusum by Bisby (p. 29), with reference to Hansford. 
Hansford, however, in Imp. Mycol. Inst. Mycol. Papers 15: 60. 1946, 
appears to consider the genus autonomous and the species valid but of 
doubtful position, implying that the three types of fructification present 
in the type may belong to the life cycle of one species. 

HYALoporuis cLavus Pat. & Har., Soc. Mycol. France Bul. 9: 210. 1893. 

Cf. Theissen & Sydow, Ann. Mycol. 12: 186. 1914. These authors do 
not reject H. clavus as a nomen confusum, preferring to retain the name 

for one of the components. According to their account, however, the 

generic and specific names must be rejected under Art. 64. 

Lucipium pytuHiowes Loupe, Ges. deutsch. Naturf. Aertzte Tagebl. Ver- 

samml. 47: 205. 1874. Cf. Butler, India Dept. Agr. Mem. Bot. Ser. 1 
(5): 88. 1907. 

MELANOMYCES QUERCINUS Syp., Ann. Mycol. 15: 196. 1917. Cf. Petrak, 

Sydowia 1: 188, 1947. 

METASPHAERELLA SUBANTARCTICA SPEG., Cordoba Acad. Nac. Cienc. Bol. 

27: 376. 1924. Cf. Petrak & Sydow, Ann. Mycol. 34: 42. 1936. 

MYRIOBLEPHARIS PARADOXA THAXT., Bot. Gaz. 20: 484. 1895. Cf. Water- 
house, Brit. Mycol. Soc. Tr. 28: 94. [1946]. 

Myriocarpa Cytisr Fucket, Nassau. Ver. Naturk. Jahrb. 23, 24: 116. 
1870. Syn. Anthostomella Cytisi (Fuckel) Sacc., Syll. Fung. 1: 290. 
1882. Cf. Hohn., Ak. Wiss. Wien Math.-Naturw. KI]. 116, 1: 621. 1907. 
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PERIASTER STRONGYLODONTIS THEISs. & Syp., Ann. Mycol. 14: 452. 1916. 

Cf. Petrak, Ann. Mycol. 29: 390. 1931. 

PERONosPoRA NICOTIANAE SPEG., Rev. Argent. Hist. Nat. 1: 36. 1891. 

Cf. Clayton & Stevenson, Phytopath. 25: 516-521. 1925; ibid. 33: 

106-7, 111. 1943; Shaw, ibid. 39: 675. 1949. Since “none of the four 

Spegazzinian specimens studied by Clayton and Stevenson possesses 

both ‘oospores’ and conidia” (Shaw), the “discordant elements” were 

presumably not “supposed to form part of the same individual” (Art. 

64); P. Nicotianae would then seem not to be a nomen confusum, as 

Shaw would have it, unless a// names exemplified by several collections 

in which more than one taxonomic group is represented are nomina 

confusa. Since the only specimen in Spegazzini’s herbarium collected 

before the date of publication of his name shows only oospores (Clay- 

ton & Stevenson 1935 p. 516), that specimen and its oospores would 

normally be held to be the type of P. Nicotianae. Clayton & Stevenson 

judge that it is not a peronospora. 

PuHaEopotuis Tricuspipis Syp., Ann, Mycol. 2: 166. 1904. Cf. Sydow, 

Ann. Mycol. 37: 192. 1939. 

PHAEOMARSONIA YERBAE SPEG., Buenos Aires Mus. Nac. Anal. iii 10: 138. 

1908. Petrak & Sydow, Ann. Mycol. 34: 32. 1936, report that “a fungus 

corresponding to the description of the author is quite non-existent,” 

but that the spores and perithecia found in the type specimen belong 

together. According to their account the generic and specific names are 

nomina dubia and not n. confusa. 

PHRAGMOCARPELLA ICHNANTHI (HENN.) Tuetss. & Syp., Ann. Mycol. 

13: 601. 1915. Syn.: Roumegueria Ichnanthi Henn., Hedwigia 47: 256. 

1908. Cf. Petrak, Ann. Mycol. 29: 349. 1931. 

PIPTOSTOMUM DOMINGENSE Lfv., Ann. Sci. Nat. Bot. iii 3: 65. 1846. 

Cf. Petrak & Sydow, Ann. Mycol. 27: 109. 1929. 

PsILOTHECIUM INNUMERABILE FucKEL, Fung. Rhen. Exs. 1571. 1865. 

Syn.: Septoria innumerabilis (Fuckel) Sacc., Syll. Fung. 1: 290. 1882; 

Stagonospora innumerabilis (Fuckel) Sacc., Syll. Fung. 3: 446, 1884. 

Cf. Hohnel, Ak. Wiss. Wien Math.-Naturw. Kl. Sitzungsb. 116, 1: 621. 

1907; BMS 2 p. 290. 

SCIRRHIOPSIS HENDERSONIOIDES P. HENN., Bot. Ver. Prov. Brandenb. 

Verh. 47: XII. 1906. Cf. Héhnel. Ak. Wiss. Wien Sitzungsb. Math.- 

Naturw. KI]. 120, 1: 409. 1911. 

STEREUM GUADELUPENSE Part., Soc. Mycol. Fr. Bul. 15: 201. 1899. Cf. 

Hohnel & Litschauer, Ak. Wiss. Wien Sitzungsber. Math.-Naturw. Kl. 

116; 1: 753. 1907, 



40 FARLOwIA, VoL. 4, 1950 

THEISSENULA CLAVISPORA Syp., Ann. Mycol. 12: 198. 1914. Cf. Petrak, 

Ann. Mycol. 26: 410. 1928; Hansford, Imp. Mycol. Inst. Mycol. Papers 
13: 91. 1946. 

TRECHISPORA ONUSTA Karst., Hedwigia 29: 147. 1890. Bresadola im- 

plied that there were two fungi present in the type collection, but did 

not state that the name was based on both “elements . . . erroneously 

sunposed to form part of the same individual” (Art. 64). After study 
of the type Rogers declared that the alien mycelium whose presence 

Bresadola had noted was not included in Karsten’s description of the 
species (cf. Mycologia 36: 75-76. 1944). Lundell & Nannfeldt, Fung. 

Exs. Suec. Praes. Upsal. Fasc. XXTX—XXX. no. 1415a. 1947, state that 

‘“Karsten’s name . . . seems to be a nomen confusum”; the basis for 

their opinion is not given, but probably is the material presented by 

Bresadola and Rogers. 

VERMICULARIELLA ELymi Oup., Nederl. Kruidk. Arch. iii 1: 495. 1898. 

Cf. Petrak, Ann. Mycol. 42: 62. 1944 

VOLVOBOLETUS VOLVATUS (PERS.) P. HENN. in E. & P., Nat. Pflanzenfam. 

1,1 **: 196. 1898. Syn.: Boletus volvatus Pers., Mycol. Eur. 2: 124 
1825; Gyrodon volvatus (Pers.) Opat., Comm. Fam. Fung. Boletoid. 5. 

1836; Uloporus volvatus (Pers.) Quél., Fl. Mycol. France 411. 1888. 

Cf. Lloyd, Myc. Writ. 3, M. N. 444. 1909; Hodhn., Ak. Wiss. Wien 
Sitzungsb., Math.-Naturw. KI. 119, 1: 881. 1910; Ulbrich, Deutsch. 
Bot. Ges. Ber. 57: 389. 1939: Neuwirth, Stud. Bot. Cech. 9: 128. 
| 1949]. — Quélet and Hohnel opined that Persoon’s species was based 
on a bolete parasitized by Hypomyces. The weight of the evidence 
presented by Ulbrich indicates that it was rather a teratological Amani- 
topsis. In that case B. volvatus and the other names based on it are 
illegitimate under Art. 65, but are not nomina confusa. 

2.YLOCLADIUM CLAUTRIAVIE (PaT.) Syp. in E. & P., Nat. Pflanzenfam. 
1, 1 **: 494, 1900. Syn.: Ceratocladium Clautriavii Pat. Cf. Hohn., 
Ak. Wiss. Wien Sitzungsb., Math.-Naturw. Kl]. 118, 1: 418. 1909. 

NOMINA GENERICA CONFUSA 

ARCHILEGNIA APIN. Monotype: A. latvica (Apin.) Apin. The number of 
the journal in which this name was printed is marked as having been 
issued March 1, 1935. Archilegnia was not validly published (Art. 38), 
and therefore need not be placed on the list of nomina confusa. 

AS3COPHORA TODE EX Fr. — Listed by Bisby (1949 p. 8) as “apparently 
a nomen confusum,” but without reference or evidence. 

ByssoTHECIUM FucKEL. Monotype: B. circinans Fuckel. 
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CERATOCLADIUM Pat., non Ceratocladium Corda, Prachtfl. 41. 1839. Cf. 
X ylocladium Syd. 

CHAETASPIS Syp. Monotype: C. Stenochlaenae Syd. 

Cuaos L., Syst. Nat. 12 ed. 1: 1326. 1766.— Listed by Bisby (1949 
p. 14) as “a nomen confusum . . . rejected by Fries.”’ The genus orig- 

inally included five species, of which one, C. Prometheus, was published 
in Syst. Nat. 10 ed. 1: 821. 1758, as Volvox Chaos, characterized as 
“Prometheo inconstantior.” Since that species furnished the generic 

name for Chaos, it should be regarded as the type. To attempt to settle 

the application of the name V. Chaos would be to invite engulfment in 
a recent extensive and spirited controversy among zoologists about a 
zoological entity known as Chaos Chaos. It is enough here to say that 
the species and genus are widely accepted as amoebae. Relying on 
reports of some of Baron Munchausen’s researches, Linnaeus included 
C. Ustilago, a name for a number of smuts, and C. fungorum, a name for 
the ‘‘seeds” of many fungi. Fortunately, Chaos pertains to zoological 
rather than mycological nomenclature. 

CoccIDIOPHTHORA Syp. Monotype: C. variabilis Syd. 

CysToTHYRIUM SpEG. Cf. C. magellanicum Speg. 

DecAmMpiIA Massat. Monotype: D. Hookeri (Borrer) Massal. 

DrsLepnaris LAGERH., K. Svensk. Vet.-Akad. Handl. Bih. 25, Afd. 3(8): 
39. 1900, was based on Monoblepharis insignis Thaxt. and M. fasciculata 
Thaxt., one of which must be its type. Neither is known to be a nomen 
confusum. Lagerheim ascribed to these species and to his genus biflagel- 

late zoospores, which Sparrow (Aquat. Phycom. 467. 1943) thinks pos- 
sibly “extraneous, parasitic.” Whether or not they are, the status of 
Diblepharis is determined by its type species, and the name is presum- 
ably a synonym of Monoblepharis rather than a nomen confusum. 

DicryocHora Tuetss. & Syp. Monotype: Euryachora |Sedi *| Rumicis 
Karst. 

Fumaco Pers. Lectotype: F. vagans Pers. 

HENNINGSOMYCES Sacc. (non OK., ‘Rev. Gen. Pl. 3(2): 483. 1898). 
Monotype: H. pulchellus Sacc. 

HyaLopotuis Pat. & Har. Type: H. clavus Pat. & Har. (of two original 
species the other was assigned here “with doubt.’’) 

Lucipium Loupe. Monotype: L. pythioides Lohde. 

MELANOMYCES Syp. Monotype: M. quercinus Syd. 
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MELIoLopsis (Sacc.) Sacc. Bisby (1949 p. 37) says, “nomen confusum 
or dubium,” referring to the comments of Theissen & Sydow in Ann. 
Mycol. 15: 465. [1918]. The latter authors state that “Meliolopsis 
(Syll. Fung. I p. 68), originally a subgenus of Meliola, was later (Syll. 
IX), with all the species earlier named, elevated to generic rank.” This 
is only partly true; in Syll. [IX none of the species in the subgenus is 
transferred to the genus Meliolopsis. They then state, “M. microthecta 
Thuem. is therefore to be considered the type.” This is completely a 

non sequitur; M. microthecia is no more than one of the six original 

species. Finally, of that form they write, ‘the species needs reexamina- 

tion.” Meliolopsis may be a nomen dubia: there is no evidence at hand 

that it is a nomen confusum. 

METASPHAERELLA SPEG. Monotype: M. subantarctica Speg. 

MycoperMaA Pers., Mycol. Eur. 1: 96. 1822. Persoon’s name was pub- 

lished for four species, constituted by the tough pellicle formed on the 
surface of as many vegetable infusions. Ciferri & Redaelli discuss in 
Ann, Mycol. 27: 271-278 the application of this name by various later 
authors — all, of course, entirely irrelevant. Of Persoon’s own use of 
the genus, they write (p. 273), ‘these microorganisms . . . might have 
been true Mycoderma mixed with other Torulopsidaceae and Schizo- 
mycetes” —i.e., there is a “true Mycoderma,’ but Persoon may not 

have had pure cultures—and further (p. 277), “the complete mor- 

phological characters of |Persoon’s Mycoderma| cannot be laid down 
precisely because of the impossibility of tracing the types’ — e., 
Mycoderma is a nomen dubium. Evidence is needed to determine 
whether such pellicles as Persoon described are produced by a single 
organism (contaminants being of no importance here unless they fur- 
nished some of the rather sketchy characters published by Persoon) ; in 
its absence, Mycoderma and its species are better regarded as nomina 
dubia, subject to reestablishment (Rec. XXXVII) than as nomina 

confusa. 

MyRrioBLEPHARIS THAXT. Monotype: M. paradoxa Thaxt. 

MyriocarpA FuckeEL. Lectotype (species treated in greater detail, and 
showing all characters): M. Cytist Fuckel. 

PERIASTER THEIsS. & Syp. Type: P. Strongylodontis Theiss. & Syd. 

PHAEODOTHIS Syp. Type: P. Tricuspidis Syd. 

PHAEOMARSONIA SPEG. Monotype: P. yverbae Speg. 

PHRAGMOCARPELLA THEISS. & Syp. P. Ichnanthi (q.v.) is the type accord- 

ing to Petrak; but no type is designated in the original publication. The 

genus originally included three species, of which the third is aberrant (in 

spore-septation) and hardly eligible. Since P. Ichnanthi received the 

most attention from the authors, Petrak’s selection may well be accepted. 
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PHYLLONOCHOETA Frac. & Cir. Type: P. Solani Frag. & Cif. The refer- 
ences to the species were a in Rogers 1949 p. 490, but the n. conf, 
gen. omitted from the lis 

Pretostomum LrEv. Monotype: P. domingense Lév. 

PSILOTHECIUM FucKEL. Monotype: P. innumerabile Fuckel. 

SCIRRHIOPSIS P. HENN. Monotype: S. hendersonioides P. Henn. 

THEISSENULA SyD. Monotype: T. clavispora Syd. 

TRECHISPORA Karst. Monotype: 7. onusta Karst. 

TricHocHora THEIss. & Syp. Type: Ophiodothis marginata Theiss. The 
references to the species were given (under 7. marginata) in Rogers 
1949 p. 490, but the generic name was inadvertently omitted from the 
list. 

VERMICULARIELLA OuDEM. Type: V. Elymi Oudem. 

VOLVOBOLETUS HENN. Monotype: V. volvatus (Pers.) P. Henn. 

XYLOCLADIUM Syp. Type: Ceratocladium Clautriavii Pat. 

New York BOTANICAL GARDEN 
New York, N. Y. 
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QUARTERMASTER CULTURE COLLECTION 

E. T. Reese, H. S. Levinson, Mary H. DOWNING 
Quartermaster General Laboratories, Philadelphia 45, Pa. 

AND 

W. LAWRENCE WHITE 

Harvard University, Cambridge 38, Mass. 

The fundamental nature of the fungal and bacterial deterioration of 
materiel constituted one of the first pioneering problems with which the 
Quartermaster Research and Development Laboratories were directly con- 

cerned. Today, it continues to be one of our emphasized areas of investi- 
gational activity. 

Through the far-sighted research vision of General Georges F. Doriot 

and Dr. Edwin L. Gustus, former Chief and former Technical Director 

respectively, of the Military Planning Division of the Office of The Quarter- 
master General, Professor William H. Weston, Jr. of Harvard University 

was invited in 1943 to propose, implement and direct a basic approach to 

the prevention of deterioration of cotton textiles. This program was 

executed to complement the applied empirical research program already 

under way. 
Professor Weston’s long-range plan evolved around three phases. The 

first two were a determination of the causal organisms and a study of their 

mechanism of action. Based on the information garnered from these two 

phases, pioneering work was initiated on the third phase, a development 
of new and improved methods of prevention. This approach set the pat- 

tern for subsequent Quartermaster research on the biological deterioration 

not only of cotton but of other military items, such as leather, wool, paper, 
and plastic products. 

A monograph (35) painting an integrated picture of the microbiological 
attack on cellulose and on cotton textiles is nearing completion. Other 

publications and reports listed in the appendix provide a general review of 

our activities in the biological deterioration of materiel. The present paper 
by Reese, Levinson, Downing, and White treats in some detail one phase 
of our pertinent investigational interests. In it are listed all of the cultures 
being maintained in our collection of fungi, bacteria, actinomycetes and 
yeasts isolated by our own and by collaborating laboratories from exposed 
and deteriorating materiel. With the help of many specialists we have con- 
scientiously followed the spirit of Professor Weston in guarding against 
ill-defined and taxonomic errors, unfortunately frequent in the literature, 

which have vitiated many of the results of microbiological research. 
Contributors to this culture collection were many, selfless and capable. 

The signal efforts of Professor Weston were supplemented by the late Dr. 

D. H. Linder, Dr. W. L. White, Dr. K. B. Raper, Dr. N. R. Smith, Dr. 

G. W. Martin and others who provided the keen judgment which estab- 

45 
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lished the sound taxonomic position of the collection. Drs. E. S. Barghoorn, 

G. F. Weber, H. W. Reuszer, and W. G. Hutchinson have been responsible 
for most of the isolation and field observations. The U. S. Army Chemical 
Corps and the U. S. National Defense Research Committee have been 
most generous in requesting the amalgamation of their respective collec- 
tions with our own. The resultant collection is the most complete and 
dependable one for experimental microbiology associated with deteriora- 
tion of materiel. We wish to acknowledge the valuable and unstinting 
contributions of these and the hundreds of others who have participated 
in the joint effort. We wish particularly to point out the expeditious co- 
ordination by Mr. Richard Wells, a member of Dr. S. J. Kennedy’s 
Quartermaster team of textile experts. It was mainly through Mr. Wells’ 
effort that the many laboratories were able to operate effectively with a 
minimum of administrative synapses during the hectic war days. 

It has been the established policy of our laboratories to share our sci- 
entific tools with those of our colleagues collaborating with United States 
Departments of the Army, Navy and Air Force. In the case of the cul- 
ture collection, this has been a de facto service. Thousands of cultures have 
been furnished during the past years to laboratories in this country and 
those of our allies for use in research and procurement testing. The 
Quartermaster Corps joins me in extending an invitation to scientific col- 
laborators of the U. S. National Military Establishment for continued use 
of our culture collection. 

RatpxH G. H. Siu 
Research Director 

Quartermaster General Laboratories 

GENERAL CONSIDERATIONS 

This report summarizes that phase of the Tropical Deterioration program 
dealing with the isolation and determination of microorganisms involved 
in the deterioration of materiel. This program was sponsored by the U. S. 
National Defense Research Committee and The Office of the Quarter- 

master General. The present authors wish to emphasize the fact that their 
role has been primarily the collation of loose ends. In doing so, the authors 
have reduced the collection of actively growing cultures to a size (830 
cultures) which, it was felt, would not impose too great a burden on the 
present staff. The reduction was made by eliminating replications. For 
instance, of 30 Aspergillus fumigatus isolates, five were selected for mainte- 
nance in the active collection. Several criteria were used as a basis for the 
selections: 

(a) Frequency with which the isolate has been used in studies carried 
on here and elsewhere 

(b) Morphological or physiological variation within the species 
(c) Authenticity of identification 
(d) Nature of the substratum from which the organism was isolated 
(e) Locality of isolation 
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The collection contains a wide variety of organisms, and sufficient numbers 
within a species to exhibit whatever variation exists. None of the original 
isolates, however, was discarded. Those not actively maintained on agar 
have been lyophilized, or kept under mineral oil. In the desiccated state 
most of these will remain viable for several years, and will be available for 
future study. 

This is a collection of microorganisms of tropical and subtropical origin. 
The isolations from deteriorating materiel were made in Florida and in 
Panama at the site of the exposure tests, and at the Jeffersonville and 
Philadelphia Quartermaster Depots from samples carefully wrapped and 
sent in from the South Pacific and from Asiatic regions. All samples were 
carefully unwrapped in a sterile room and precautions taken to prevent con- 
tamination by the local air borne flora. Sterile instruments were used to 
tease out fibers from decomposing areas. The fibers were then plated out on 
various media. In Philadelphia, the following substrata were used: 

(a) cellulose dextrin agar, 
(b) nutrient agar 
(c) potato decioce agar, 

(d) acidified potato dextrose agar, and 
(e) filter paper strips in nutrient salts solution. 

The Jeffersonville laboratory used an equally wide, but different, set of 
conditions, the favorite medium there being grass agar. Transfers were 
made from the incubated plates as soon as growth was visible. Isolated 
fungi were maintained on potato dextrose agar and bacteria on Difco 
nutrient agar. The method of isolation used in Panama was similar to that 

described above, but in most cases potato dextrose agar was the only 

medium used. In Florida, and occasionally in Panama, the techniques in- 
cluded washing of samples followed by plating out. 

The type of samples examined included cotton and wool fabrics, paper, 
leather, and plastic. Since these are complex entities, the isolated organism 

may have been growing on any one of the constituent compounds. From 

the isolation data alone, it is impossible to say that the isolates from cotton 
were degrading cellulose, and not starch, waxes, or other chemical com- 

pounds in the cloth. For many of the isolates, data have been gathered 
relative to their ability to attack cellulose (47) and wool’ (49) in pure 
culture. If an isolate from decomposing cotton, for example, were found 

capable of attacking cellulose, the organism might well be considered the 
agent active in the field. 

Investigators concerned with protecting materiel against microbial at- 
tack should know which organisms are most likely to be encountered. The 
data in the various reports — and particularly that of Barghoorn — have 
been summarized below (table 1). It is apparent that most of the organisms 
are of wide occurrence, and that the same species are found in Florida, in 
Panama and in the South Pacific area. Even the frequency with which 
many species were isolated is similar for the three areas (Aspergillus 
versicolor group, Trichoderma viride, Penicillium citrinum). There are, 
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on the contrary, some differences in the frequency of occurrence of a few 
species. Memnoniella echinata, the second most common isolate from 
S. W. Pacific samples, is found also in Florida and Panama, but is much 
less often isolated. Pullularia pullulans, common in Panama, is less fre- 
quent in the other two zones. Botryodiplodia theobromae, third in fre- 

quency in Panama, and ninth in S. W. Pacific, does not appear among the 
Florida collections. Other points of similarity and of divergence are ob- 
tainable by an examination of the table. In any case, if one were to become 
familiar with but 25 fungi, he would be able to recognize about 50 per cent 
of the isolates made from deteriorating materials such as those listed above. 

More detailed information on frequency is available by careful examination 
of the catalogue. 

For an intelligent approach to mildew control, the part played by each 
of these common organisms should be determined. Our present results 
cover only the ability of the organisms to attack cellulose in pure culture. 
This information has been incorporated into table 1, one asterisk denot- 

ing weak, two asterisks strong, cellulolytic activity. Since only one half of 

the organisms listed are capable of growth on cellulose, the others are either 
growing at the expense of some other component of the fabric, or are air 

borne contaminants. The presence of sizing would be sufficient to account 
for development of most of the other fungi, since starch is readily utilized 
by very many microorganisms. It is interesting to note the absence from 
the Panama list of Chaetomium globosum, a fungus commonly used in 
fungicide testing. 

A note of caution should be inserted relative to the weight to be given 
the above data. Much effort has been expended by our staff in examining 

fabrics undergoing decomposition for evidence of actual fruiting of the 
fungus on the fabric. White (52) has particularly noted the frequent oc- 
currence of Memnoniella echinata in the tropics, and of Stachybotrys atra 
in temperate climes. We have not seen fruiting structures of Trichoderma 

viride, Penicillium or Aspergillus. It may be that the latter organisms do 
not grow on the cloth, but are isolated with great frequency only because 
their air-borne spores are abundant on all substrata in that vicinity. On 
the other hand, it may well be that the hyaline conidiophores of Tricho- 
derma, Aspergillus and Penicillium rapidly disappear, whereas the colored 
conidiophores of Memnoniella and Stachybotrys are more persistent. The 
black aspect of the latter also makes them more obvious. 

The data on frequency of bacterial species are much more limited. Only 
information relative to the S. W. Pacific samples is available. Slightly 
more than 50 per cent of the bacteria have been identified. The genus 
Bacillus was segregated and the isolates identified by Dr. N. R. Smith (40). 

This genus accounts for 40 per cent of all bacterial isolates, Bacillus cereus 

and Bacillus megatherium being the most common. None of the isolated 
members of the genus Bacillus attacks cellulose, but the majority of them 
can degrade autoclaved wool. The Actinomycetes make up only 5 per cent 
of the total bacterial isolates. A few of these are cellulolytic. The unidenti- 
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fied bacteria, chiefly gram negative non-cellulolytic rods, make up roughly 
50 per cent, The cellulose decomposing schizomycetes, bacteria and Acti- 
nomycetes, are relatively few in number accounting for only 3 per cent of 
the total isolates. 

For most of the organisms in our collection, relatively few experimental 
data are available. On the other hand, some have been the subjects of de- 
tailed study. On the basis of the knowledge accumulated, it is possible to 
suggest various organisms for studies dealing with various substrata. 

(a) Electrical insulation: Members of the Aspergillus glaucus group 

and particularly Aspergillus repens (QM 360, 361), frequently develop 
well on insulation (E. A. Weaver). It has been found that these organisms 

can withstand high osmotic concentrations in the substratum, and will 
develop under conditions in which the relative humidity is as low as thirty 

per cent. Some strains fail to grow on agar unless the osmotic concentration 

is increased considerably above that found in the usual media. 
(b) Paints: A few fungi appear to grow on and to blemish painted sur- 

faces. Among the most common are: 

1. Pullularia pullulans (QM 279c) 
2. Cladosporium herbarum (QM 489) 

(c) Nylon: To our knowledge the only organism isolated from nylon is 
Tritirachium roseum (QM 494) received from Wright Field. It is quite 
possible that growth here was on the plasticizer or on contaminating organic 
matter, and not on the nylon itself. W. D. Gray (4) of the Jeffersonville 
Depot tested 101 microorganisms of various genera for their ability to grow 
on nylon (Type 2, duPont). Six isolates were claimed to be able to use 
nylon as a nitrogen source: Botryodiplodia sp. (2) (QM 603), Monascus 

sp., Trichothecium sp., Spegazzinia tessarthra (QM 840), Blennoria sp. 
(QM 590). None was able to use nylon as a carbon source. 

(d) Wool: As has been pointed out (49), few of the fungi, except the 
dermatophytes, are capable of attacking non-autoclaved wool. Two such 
non-pathogenic organisms are Myrothecium verrucaria (QM 460) and 

Actinomyces sp. (QM 81477). The dermatophytes studied most com- 
pletely in our laboratories have been Microsporum gypseum (QM 196), 
and Trichophyton mentagrophytes (QM 253). It cannot be stated too 
emphatically that such organisms should be handled only by personnel 
familiar with the pathogenicity of these fungi. Many additional micro- 
organisms can grow on autoclaved wool. Those most active in our tests 

include: 

Bacillus megatherium (QM B1193) 

Bacillus cereus (QM B476) 

Aspergillus flavus (QM 70a) 
Aspergillus terreus (QM 82) 

Alternaria tenuis (QM 26a) 
Fusarium moniliforme (QM 427) 
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(e) Cellulose: Many microorganisms can degrade cellulose. Some of 
the more active representatives of the different groups are indicated below: 

1. Myrothecium verrucaria (QM 460), one of the most active of 

cellulolytic microorganisms, yet rarely isolated from exposed cotton fabrics. 
2. Aspergillus fumigatus (QM 45h) These two fungi grow 

3. Aspergillus terreus (QM 82}) } actively at 40°C 
4. Memnoniella echinata (QM ic), an active cellulose destroying 

fungus of frequent occurrence; requires biotin. 
5. Sporocytophaga myxacoccoides (QM B490), represents an active 

bacterial cellulose destroyer of frequent occurrence on buried samples. In 
experiments where filtrates are required, the mucilaginous substance pro- 
duced often makes filtration difficult. 

6. Actinomyces sp. (QM 8814), an active cellulolytic organism 

representing the Actinomycetes. 
Trichoderma viride (QM 6a), one of the most frequent cellulo- 

lytic isolates; of moderate cellulolytic activity. 

Cellvibrio vulgaris (QM B4), an active cellulolytic bacterial 
organism isolated in the Canal Zone with a fair degree of frequency. 

Gliomastix convoluta (QM 4c) 
({) Fabrics: The following organisms have been used widely in speci- 

fications set up by government agencies for procurement testing: 
1. Chaetomium globosum (QM 459, USDA 1042.4) 
2. Myrothecium verrucaria (QM 460, BPI 1334.2) 
3. Aspergillus niger (QM 458, TC 215-4247) 
4. Aspergillus ustus (QM 891, JQMD 272) 
5. Trichoderma viride (QM 365, BPI T-1) 

) Leather: Many organisms especially Aspergilli and Penicillia have 
been isolated from leather but the damage done is of a questionable nature. 

1. Aspergillus niger (QM 458) 
(h) Plastics: Dr. J. V. Harvey (21) has devised a method for evaluating 

fungus resistance of plastic coated fabrics which involves an estimate of 
the amount of visible growth, coupled with a measure of stiffness. An in- 
crease in stiffness accompanies fungal degradation. He recommends that 

the following test organism be used: 
1. Aspergillus versicolor (QM 4g) 

The reports on which the list is based are not generally available but 

may be obtained on loan from our laboratories. They are listed below 
under “Contractual Reports.” A second group of reports is also appended. 
These are included because they deal with the microorganisms in the col- 
lection, and because they are pertinent to the subject of deterioration of 
materie 

CONTRACTUAL REPORTS 

1. Barghoorn, E. S. 1945. Studies of the deterioration of textiles under tropical 
conditions in the Canal Zone. OSRD Rept. 4807. 



> 

“wr 

es os 

= 

Ul 

FartowlaA, Vor. 4, 1950 

Field studies of the deterioration of textiles under tropical 

& 
———.. 1940. 

conditions. Textile Series Rept. 24. Microbiological Series Rept. 4 of Res. 

Dev., OQMG. 
1948. Methods of isolation of fungi studied in QM Corps research 

in eaginall preteneinac ept. uncirculated. 
Gray, W. D. History of the Biological Laboratory: Isolation and identifica- 

tion of fans hens in tropical deterioration. Jeffersonville QM Depot — 

Rept. 3 
————.. 1946. Isolations of microorganisms en equipment forwarded from 

New lube Foes QM Depot — Rept 
———_____.. Isolations of La sage toes equipment forwarded from 

eae eet QM Depot — Rept. 323. 

a C. 1946. Tropical ernie of Equipment and Materials. OSRD 

. oa W. G., S. H. Davis, and J. A. Jump. 1945. The i oe deteriora- 
tion testing station at Barro Colorado Island. OSRD Rept. 
oe Sie H. 1946. Rept. at AAAS in St. Louis in March . . 

, H. W. ae on tie role of bacteria in the deterioration of 

ree ‘duck. OSRD Rept. 4806. 
$45. Bacteria ee collection, OSRD Rept. 5682. 
1946. Maintenance and identification of bacterial cultures isolated 

from material subjected to ee deterioration. Rept. 59. 

Smith, Nathan R., and Marie E. Wenzel. 1947. Identification of spore-forming 

bacteria for the OQMG, pea Service ae Special Rept. 22. Div. of Soils, 

Fertilizers, & Irrigation. USDA. Jan. 6, 1 
Weston, W. H. 1945. Tropical Fungus rate Collection. OSRD Rept. 5681. 

—————.. 1949. Tropical deterioration: a and preservation of fungus 

cultures of military importance. QMC Rept. 60. 

~ 

RESEARCH AND PUBLISHED REPORTS 

Buell, C. B., and W. H. Weston. 1947. Application of the mineral oil conserva- 

tion method to eee collections of fungous cultures. QM General Lab. 

Topical Rept. 18 
. Burkholder, P. R, oo R. G. H. Siu. 1°47. — on eae - cellulose 

and derivatives bs microorganisms. QM General Lab. Topical Rept. 23, 1-22. 

Darby, R. 1949. Resistance of some cellulose ae eras to the ae M yrothe- 

cium verrucaria. QM General Lab. Res. Rept., Microbiological Series 10. 

Gray, W. D., and G. W. Martin. 1946. naar Tad on the soil burial testing 

method. QM General Lab. Topical Rept. 14, 

—————,, and —————._ 1947. The at ot fungi on asphalt-treated 

paper. Meiolocs 39(5): 587-601. 7 fig. 

. Harvey, James V. 1949. Testing the fang resistance of plastic coated fabrics 
3 and plastic films. QM General Lab. Res. Rept., Microbiological Series 

. Levinson, H. 8. 1948. Bacteria involved in cellulose degradation. QM General 

Lab. Res. ee Microbiological Ser 

—————_, R. DiLello. 1947. . for uae cate of cultures of 

bacteria in a QM Bacteria Collection. QM General Lab. Topical Rept. 25, 1-9. 

. Mandels, G. R., and A. Norton. 1948. Physiology of spores of the cellulolytic 

ea i ccna verrucaria. QM General Lab. Res. Rept., Microbiological 

Serie 

—_——_, and —————_.. 1949. Invertase of ane as verrucaria spores. 

QM Genzral Lab. Res. Rept., Microbiological Series 1 

—_—___—_., W. HH. Stahl, and H. S. Levinson. 1948 eu changes in wool 

degraded by the ringworm fungus Necossovut spaeetin and other micro- 

organisms. Text. Res. Journ. 18(4): 224-231 fig. 
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. Reese, E. T. 1947. On the effect of aeration and nutrition on cellulose decomposi- 
7 tion by certain bacteria. J. Bact. 53(4): 389-400. 

. Saunders, P., R. G. H. Siu, and R. N. Genest. 1948. A cellulolytic enzyme 
prepa on from Myrothecium verrucaria. J. Biol. Chem. 174(2): 697-703. 
1 fig. 

. Sinden, J. W., J. Mix, and R. G. H. Siu. 1946. Effect of pH on cellulolytic 

action of riba “QM Soe Lab. Topical Rept. 10, 1-20. 
1946. Relation of aoe arene ae de- 

ceresation of eines by fungi. QM ‘General Lab. Topical Rept. 1 
—_——__——, ——. 1948. E ——__, ect of pee re fale 

mineral eeenen on ells activity of fungi. QM General Lab. Res. Rept., 

ig ee Ser 
, R. G. H. ae penis of the microbiological degradation of cotton 

fabrics. QM Beat Lab. Topical Rept. 7, 1-7. 

1946. Resistance of cyanoethylated ae and cotton fabric to 
1-6. microorganisms. QM General Lab. Topical Rept. 

194 Sache aspects of the ae of ser A eee 

degradation e ae textiles. Amer. Dyestuff Reptr. 36: 320- 

oe Microbial action on cellulose. (Book in preparation 

. Saunders, R. Genest, and J. Dagney. 1946. Effects of 

sugars Be ‘ite aaa activity of Metarrhizium glutinosum. ot General Lab. 

koog, F., and M. Hopkins. 1946. Biotin se a growth factor for Memnoniella 

echinata. QM General Lab. Topical Rept. 12, 1-7. 

46. A tube- ee poe for studying growth ——_—_, and —————__. 

rates of ee QM General se Topical Rept. 9, 1-2 

—————.. 1947 Sand culture acid oe fungi. QM General 

amination ae cellulolytic eee of scat bacteria in the QM Bacteria 

collection. QM General Lab. Topical Rept. 2 

. Stahl, W. H., and B. McQue. 1949. Leeann degradation of wool. III. 

Digestion of normal and modified fibrillar proteins. QM General Lab. Res. 

Rept., Biochem. Series 3. 
Mandels, and R. G. H. Siu. 1949. Studies on ES ee ee ee 

the microbiological ee of wool. I. Sulfur metabolism. Arch. Biochem 

20: 

; wate er, Pe a H. H. Webber, and R. G. H. Siu. 1947. The effect of ultra- 

violet light on cotton cellulose and its influence on subsequent degradation by 

microorganisms. Arch. Biochem. 12(1): 35-50. aoe, 

White, W. L. 1946. Mycological factors. In Rep of the Army Air Forces 

Tropical Science Mission 25-46, 16 fig. (Wright eat Ohio). 15 May. (Re- 

vised as QM General Lab. monica Rept. 13: 1-44, 29 fig. 29 Nov.). 
1946. Deterioration of Quartermaster fabrics in the Tropics. Quarter- 

master eee 26 (3): 63-64, 67, 4 figs. Nov.—Dec 

ities and interrelationships of microorganisms responsible 

val 

—————.. 1948. Activ 
for ay deterioration of industrial and military materials. Amer. Journ. Bot. 

3: 
Darby, Gladys M. Stechert, and Kathryn Sanderson ————_,, R. T 

1948. Nea of cellulolytic activity of molds isolated from fabrics and Felated 

g. items cee in the tropics. Mycologia 40(1) : 38-84. 

Mary H. Downing. 1947. The identity of “Metarrhizium 

BEDS » We cole 39(5): 546-555, 2 fig. 

Mandels, and R. G. H. Siu. 1950. ta in relation to the 

deterioration of woolen fabrics. Mycologia 42: 199-2 
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50. ——————-, and R. G. H. Siu. 1947. Resistance of resin-impregnated cotton 
fabrics to microorganisms. Ind. Eng. Chem. 39: 1628-1632 1 fig. 

—————__, R. G.. H. Siu, and E. T. Reese. 1948. The black Aspergilli in rela- 
tion to eeltuslostec carne Bul. Torrey Bot. Club 75(6): 604-632. g. 

2, —————., C. C. Yeager, and Helen Shotts. 1949. History, distribution and 
conomic significance of the cellulose-destroying fungus Memnoniella echinata. 
Farlowia 3(4): 399-423, 5 pl., 1 text fig. 

THE List 

A few notes are necessary for understanding the following catalogue 

of cultures. 
1. Penicillium: It will be observed that no cultures of Penicillium have 

been selected at the present listing for the permanent collection. Isolates 

of all the species indicated are being maintained but sufficient data are not 
yet available on which a wise selection can be made. It is expected that 
this group will be carefully examined during the next year. 

2. Arrangement: The fungi are placed first, followed by the bacteria 

including actinomycetes and yeasts. The order is alphabetically by genus 
and species. 

3. Frequency: The number of times each species has been isolated is 
placed in parenthesis after the species name. A “(0)” indicates that the 

organism was not isolated here, but reached us from some other source. 
Cultures on agar: These are listed by QM number under the species. 

Bacterial numbers are preceded by a “B,” as “QM B12.” 
5. Activity: C = cellulose; W = wool; + = active in reducing tensile 

strength of cloth; — = inactive. Cellulose activities are based on loss in 

tensile strength of grey cotton duck. The wool has been autoclaved, and is 
much more susceptible to microbial attack than the natural product. 

6. Identifications: The names of those who have identified the cultures 

are listed. Many of the Jeffersonville and Philadelphia cultures included 
in the list were named by individuals in the respective laboratories. 

7. Substrate and locality: These are listed specifically in case one wishes 
organisms from a particular substratum or locality for investigation. Most 

of the isolates are of tropical or sub-tropical origin. Organisms received 

from other sources are indicated by their previous number, or source. 
8. Culture identification numbers: Many of our cultures have been 

distributed previously as “PQMD” numbers. The “P” and the “D” have 
now been dropped and a culture formerly designated as “PQMD 4c,” is 
now “QM 4c,” i.e., the actual number is unchanged. 

Numerous cultures that had been isolated at other agencies and sent to 

us have been accessioned under our own QM numbers, Where this is the 
case, our QM number appears first, directly followed by the original cul- 

ture number. The following categories are those directly concerned with 

this change: 

(a) Cultures isolated at Jeffersonville Quartermaster Depot (4, 5, 6) 
and sent to us as “JQMD” numbers; for instance Aspergillus ustus, JQMD 
272, appears in the present list as “QM 891 (JQMD 272).” 
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(b) Cultures isolated by Dr. G. F. Weber at the University of Florida 

from Quartermaster items exposed experimentally in Florida, listed ax 

“OM 877 (Fla A-2).” 
(c) Cultures sent to us by Dr. W. H. Weston (14, 15) at Harvard 

which had been isolated mostly by Dr. E. S. Barghoorn (1, 2) and Dr. 

W. G. Hutchinson (8) under wartime OSRD contracts. Most of them were 

made in Panama or were from Panama materials. A culture by Barghoorn 

appearing in Harvard Reports as “B-66E” is here listed “QM 663 (Pan 

B-66E).” Cultures from Hutchinson may be designated as “CZ” or “UP.” 

(d) BPI = cultures obtained from the Division of Cotton and other 

Fiber Crops and Diseases, Bureau of Plant Industry, U. 5. Department of 

Agriculture, as “QM 365 (BPI T-1).” Cultures in this series have been 

widely distributed from the Bureau of Plant Industry under such designa- 

tions as “T—-1” or “1334.2.” Recipients have generally added the letters 

“USDA” as “USDA T-1,” etc. Dr. Marsh advises that, with the exception 

of Chaetomium globosum, USDA 1042.4, all such cultures should be de- 

signated “BPI.” 
(e) AMP = isolates made by the Australian Mycological Panel in 1944; 

also previously (47) referred to as “Aust.” or more commonly as “SN,” 

which translates simply “Serial Number.” 
(f) MIT = isolates made by W. L. White in 1944 at the Chemical 

Warfare Service Development Laboratory, Massachusetts Institute of 

Technology. 
(g) 42nd Chem. = isolates made in the southwest Pacific by the 42nd 

Chemical Laboratory Co. of the Chemical Warfare Service in 1943 and 

sent to Chemical Warfare Service Development Laboratory, M.I.T. 

(h) NIH = National Institute of Health, Bethesda, Md. 

(i) NRRL = Northern Regional Research Laboratory, U. 5S. Depart- 

ment of Agriculture, Peoria, Ill. 

(j) BOL = British Ordnance Laboratory, Cawnpore, India. 

(k) ATCC = America Type Culture Collection, Washington, D. C. 

FUNGI 

Organism Activity Identified By Substrate Locality 

Absidia capillata van Tieghem (1) 

QM 8b C—- W V.M. Cutter Cotton shirt New Guinea 

Absidia sp. (1) 

QM 579 (Fla D-75) C— W-— Cot fabric Florida 

Acladium sp.? (2) 
+ W+ Shoe India 

QM 49c C+ W+ Cartridge belt India 

Acremoniella sp. (1) 

QM 580 (JQMD 454) C+ W-+_ G.W. Martin Trousers New Guinea 

Acremonium sp. (9) 

M 1b C+ W+ Tent canvas Bougainville 

QM 89%c C+ W-+ _  W.L. White Canvas legging New Guinea 
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FUNGI (continued) 

Organism Activity Identified By Substrate Locality 

QM 581 (JQMD 365) C+ W-+ G.W. Martin Belt New Guinea 
QM 582 (JQMD 1117) C+ W-+ = J.V. Harvey Tent New Guinea 
QM 583 (JQMD 1168) C+ W-+ = L.G-. Isfort Tent New Guinea 

Acrostalagmus albus Preuss (1) 
M 663 (Pan B-66E) C K. B. Raper Leaves Canal Zone 

Acrostalagmus cinnebarinus Corda (8) 
320€ C+ W+ 3 W.L. White Cardboard Maryland 

Acrostalagmus sp. (1) 

Aegerita sp ) 
QM 566 (Pan B-2171) C+ W-— _. D.H. Linder Canvas Canal Zone 

Agaricaceae? (1) 

Alternaria cleraceae Milbrath (0) 
M 280 C— W omato Georgia USA 

transplants 

Alternaria solani (Ellis & Martin) Jones & Grout (0) 
ain Exp. W+ Potato Maine USA 

Sta. 52 

Alternaria tenuis Necs ~~ 
M 26a W+ = J. W. Groves vas Russell Is. 

QM 736 rh W+ 3 W.L. White Plastic canteen New Guinea 
QM 85: C+ W+ J.W. Groves Canvas tent Italy 
QM 12 C+ W+ Tarpaulin Canal Zone 
QM 584 (Fla B-7) C+ W+ - nt Florida USA 

QM 585 (Fla B-47) C+ W+ . Canvas Florida USA 
QM 586 (Fla B-48) C+ W+ oe Canvas Florida USA 

Alternaria sp. (30) 
QM 15a C+ W+ 3 W.L. White Shoe leather New Hebrides 
QM 298 C+ W+ M.H. Downing Electric wiring Penna. USA 
QM 587 (Fla F-11) C+ W-+  D.H. Linder Nylon net Florida USA 

Antennaria sp. (1) 

ce geen ate n. sp. (1) 

M 668 (P an S2A7A) C+ W+ D-H. Linder Canvas Canal Zone 

Arthrobotrys arthrobotryoides aed sd (3) 
M 669 (Pan B-63A (17)) C+ inder Tentage Canal Zone 

Arthrobotrys superba Corda (1) 
QM 670 (Pan 51A2A) + D. H. Linder Textile Canal Zone 
oe superba Corda var. oligospora Coemans 

671 (Pan B-741A) W-—  D.H. Linder Tarpaulin Canal Zone 

Pa eens sp. (1) 

Arthrosporium sp. (1) 

Ascobolus saccoboloides Seaver ex Dodge & Seaver (1) 

QM 899 (JQMD 637) W+ ~~ OF. J. Seave Socks New Guinea 

Aspergillus awamori Nakazawa (1) 

gy caespitosus Raper & Thom (1) 

QM 96 C— W+ 
a ake candidus Link (1) 

Reese & Downing Shoe 

Aspergillus carbonarius (Bainier) Thom (0) 
C—~ W- M 331 (NRRL 369) 

New Guinea 



REESE, ET AL.: 

FUNGI (continued) 

QUARTERMASTER CULTURE COLLECTION 54 

Organism Activity Identified By Substrate Locality 

Aspergillus chevalieri ae Thom & Church (16) 
QM 52b C— K. B. Raper Khaki shirt New Guinea 
QM i Cc— ve Reese & Downing Poplin shirt New Guinea 

QM 112a C— W-_ W.L. White Synthetic Florida USA 
tons 

QM 312 C— W-—_ Reese& Downing Cork gasket Penna. USA 

See chevalieri (Mangin) var. intermedius Thom & Raper (4) 
QM C— W-_ K.B. Raper Bethe New Guinea 

foe ae clavatus Desmazieres (4) 
QM 862 (JQMD 239 C— W+ G.W. Martin Tarpaulin New Guinea 

QM 872 (JQMD 206) C— W-+ _ K.B. Raper Tarpaulin New Guinea 

Aspergillus conicus Blochwitz (2) 

Aspergillus fischeri Wehmer (9) 
QM 864 (JQMD 589) C+ W-+  G.W. Martin Paper Georgia USA 

QM 865 (Fla A-11) + W+ K.B. Raper Canvas cot Florida USA 

QM 866 (Fla B-21) C+ W+ Canteen cover Florida USA 

QM 867 (Fla B-26) C+ W+ BY Sample cloth Florida USA 

sae Say flavipes (Bainier & Sa T ae ss cee (10) 

M 2 Cc w— Grey netting Russell Is. 

QM ee (Fla A-14) C+ W+ Canvas cot Florida USA 

QM 869 (Fla B-67) C+ W+ 4 Canvas legging Florida USA 

Aspergillus flavus Link (89) 
C— W+ = K.B. Raper Shoe Bougainville 

QM 10e C— W+ Canvas New Guinea 

QM 63c C— W+ = W.L. White Cotton rope New Guinea 

QM 70a C— W-+  W.L. White oe New Guinea 

QM 138f C— W+ Shoe New Guinea 

M 380 C— W-+_ K.B. Raper Shoe ew Guinea 

QM 870 (Fla C-2) C— W-+_ K.B. Raper Web belt Florida USA 

Aspergillus aes -oryzae group we 
QM 871 (FI 57) C— K. B. Raper Sock Florida USA 

Aspergillus ses Thom & oe (0) 
QM 328 (NRRL 341) c=. We 

Aspergillus ae Them & Raper (1) 
QM 330 (NRRL 6 w- 

Aspergillus eee Fresenius (30) 
QM 6b C+ W-+ KB. Raper Shelter half Bougainville 

QM 45h C+ + Shoe ndia 

QM 445 (MIT 10) C+ W-+  W.L. White Chair glue Mass. USA 

QM 497 C+ W-+_ E.T. Reese Compost Penna. USA 

Aspergillus giganteus Wehmer (1) 

QM 620 (Pan V4CE3AIT) C+ W-—_ K.B. Raper Textile sample Canal Zone 

Aspergillus luchuensis series (36) 
QM 21e C+ W- Tarpaulin New Hebrides 

QM 102d C+ W-— Leather liner New Guine 

QM 155e C+ W-—_ Reese & eb Shelter half New Georgia 
QM 873 (JQMD 190) Cae We 1G. W.M Tent New Guinea 

QM 874 (JQMD 745) C+ W-— Tent New Guinea 

Aspergillus melleus Yukawa (2) 

Aspergillus miyakoensis Nakazawa (1) 
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Aspergillus montevidensis Talice & Mackinnon (1) 
QM 401 (AMP 81) C— W- _ D.H. Linder Electric New Guinea 

equipment 
Aspergillus nidulans aia te Winter (7) 
QM 25b — W+ Peek Downing Shoe leather Russell Is, 

W Cotton rope New Guinea 
QM 875 (JQMD 942) C— W-+_ K.B. Raper Tent rope Guadalcanal 
QM 876 (Fla. 4-13) C+ W+ - Canvas cot Florida USA 

Aspergillus nidulans group (2) 

aa era niger van Tieghem a 
M 458 (TC 215-4247) C— 

QM 877 (Fla A-2 C+ a D. H. Linder Canvas cot Florida USA 
QM 878 (Fla C-78) C- W-— Typewriter Florida USA 

ribbon 
a ra erie niger mut. cinnamomeus asin Thom & Raper (0) 

326 (NRRL 348) C— W B. Raper 

Ponce ae oe schiemanni ‘Thom se & Raper (0) 
QM 327 (N ot) CL We 

Aspergillus niger group (81) 
M 4j C— W-—  W.L. White Shoe Bougainville 

QM 386 C— W- “ Tent canvas India 
QM 45d C— W- s Shoe India 
QM 50c C-—- W- 7 Tent lines Hawaii 
QM 154a C— W- rf Musette bag New Georgia 
M 1986 C— W-—_ W.L. White Cotton twill Eastern USA 

QM 386 (AMP 26) C— W-— _ _ D.H. Linder Wireless set Australia 
QM 861 (Fla D-120) C— W-—_ Reese& Downing Cot fabric Florida USA 

Aspergillus niveus Blochwitz (2) 
QM 879 (JQMD 1748) C+ W+  Reese& Downing Tent New Guinea 

Aspergillus ochraceus Wilhelm (©) 
M 266 C+ W+ W.L. White Canvas Russell Is. 

( Cc W-+ ~ K.B. Raper Leatherette New Guinea 
QM 880 (JQMD pone C— W+ i“ Mattress cover Guadalcanal 
QM 881 (JQMD 1080) C+ W-+ = L.G.- Isfort Wool overcoat Guadalcanal 
oo oryzae aa Cohn (3) 
QM W+ ~~ K.B. Raper Canvas Russell Is, 
M | = W+ #W.L. White Haversack New Guinea 

Aspergillus ostianus Wehmer (1) 

Aspergillus rae Raper & Thom (1) 
QM 8&2 (JQMD 515) C— W-—_ Reese & Downing Shoe New Guinea 

Aspergillus parasiticus Speare (2) 
QM 883 (Fla A-7) C— W-+_ K.B. Raper Cot fabric Florida USA 
QM 884 (Fla A-8) C— W+ a Cot fabric Florida USA 

Aspergillus capa sone? Thom & Currie (0) 
QM 329 (NRRL 1956) W— _ K.B. Raper 

gee repens (conta deBary (22) 
QM 44 W— Tobacco S. W. Pacific 
QM a =e W— _ K.B. Raper Tent rope New Guinea 
QM 59g C— W-— Canvas kit New Guinea 
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QM 210 C— W— _ W.L. White am Virginia USA 
QM 360 C— W—_ Reese & Downing Electric wire Penna. USA 
QM 361 C—- W-— Electric wire Penna. USA 
QM 364 C— W-— s Electric wire Penna. USA 
QM 564 E. T. Reese Contaminant Penna. USA 

ee restrictus G. Smith (6) 
Q — E. T. Reese Wooden stock Penn 
QM Ke (JOMD 1213) C— Ww L. G. Isfort Canvas legging New Guihea 

Aspergillus rugulosus Thom & Raper (0) 
QM 886 (JQMD 729) + W-+  K.B. Raper Tent New Guinea 

Aspergillus sclerotiorum Huber (2) 
QM 661 (Pan 51A3C C— W K. B. Raper Textile sample Canal Zone 

Aspergillus sulphureus (Fresenius) Thom & Church (3) 

Aspergillus sydowi (Bainier & Sartory) Thom & Church (93) 
QM 4d C— W- K. B. Raper Shoe eer 
QM 3ic c= WwW : Canvas bag New 
QM 41a C— W- _ Tent rope India 
QM 54a C— W- a¢ entage New Guinea 
OM 96a C— W—  W.L. White Cellophane Florida USA 
QM 103g C— W-—_ Reese & Downing Canvas tent New Guinea 

Aspergillus tamarii Kita (23) 
QM 50b C— W-+ _ K.B.Rap Tent lines Hawai 

5b C— W-+ Reese & Dovning Cellophane New Guinea 

QM 887 (JOMD 949) C— W+ = CK. BR Shoe leather Guadalcanal 

QM 888 (Fla A-6) w+ Canvas cot Florida USA 

Aspergillus terreus Thom (53) 
QM 72f C+ W. L. White Leather New Guinea 

scabbard 

QM 82) C+ W+ f Haversack New Guinea 

QM 91c C+ W+ of anvas New Guinea 

QM 106g + W+ Canvas legging New Guinea 
QM 442 (MIT 7) C+ W+ W. L. White Wood shelf Mass. USA 

QM 889 (Fla B-19) C+ W K. B. Raper Canteen cover Florida USA 

Aspergillus unguis Emile-Weil & See i) 
QM &f C— W- B. Raper Cotton New Guinea 

undershirt 
QM 306 C— W-— _ W.L. White Shoe Hawaii 

QM 45e C— W-_ K.B. Raper Shoe India 

M 53c C-—- W- se Leather strap New Guinea 

QM 890 (Fla F-8) C— W- s Nylon hammock Florida USA 

pee ustus (Bainier) Thom & Church (43) 
QM 29 C+ W K. B. Raper a Hawaii 

QM ae C+ W+ W.L. White Canvas legging New Guinea 

QM 133f C+ W-— Canteen cover New Georgia 

QM 137d C+ W- es ew Guinea 

QM 891 (JQMD 272) C+ W-_ G.W. Martin ndiana USA 

QM 892 (JQMD 673) C+ W-+ Reese & Downing Case liner Georgia USA 

Aspergillus ustus (Bainier) var. laevis Blochwitz Ne) 

M 24a K. B. Rap 

QM 893 ‘(Fla F- 17) a Ww 
Nettin tting : 
Nylon hammock Florida USA 
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Aspergillus versicolor (Vuillemin) Tiraboschi (98) 
QM 4g C— W-— L. White Shoe leather Bougainville 
QM 17d C— W-—_ K.B. Raper Tentage ew Hebrides 
QM 432 (MIT 1c) C— W- " Cellophane India 
QM 894 (Fla D-77) C— W-— a Cot fabric Florida USA 

Aspergillus versicolor group (2) 

Aspergillus violaceo-fuscus Gasperini (3) 
QM 335 (NRRL 36 C— W-—_ K.B. Raper 

Aspergillus wentii Wehmer (1) 
QM 44a C— W-—_ K.B. Raper Tobacco S. W. Pacific 

Aspergillus sp. (3) 

Basidiomycetes (48) 
M 588 (Fla B-44) C+ W-—_ W.L. White Canvas Florida USA 

QM 589 (Fla B-75) C+ W+ i Shoe Florida USA 

Blakeslea trispora Thaxter (12) 

Blakeslea sp. (11) 

Blennoria sp. (1) 
QM 590 (JQMD 991) C— W-— _ G.W.Martin(?) Nylon plate Indiana USA 

Botryella sp. (3) 

gr a theobromae Patouillard - ) 

QM C+ W+  W.L. White 
QM be Cs 

C+ W+ 
QM 898 (JQMD 891) C+ W+  G.W. Martin 

Botryodiplodia sp. (4) 

pre Sen as ora s 
M 571 (Pan ane Cc— 

Botryosphaeria sp. (1) 

W+ =~ OD.H. Linder 

Botryosporium sp. 
QM 907 C— W- 

Botrytis cinerea Persoon (0) 
520 C W—  C.L. Fergus 

Botrytis sp. (7) 
QM 344 C+ W-—  W.L. White 
QM 578 C+ W-_ E.T. Reese 

QM 592 (JQMD 540) C+ W-+ _ L.G_Isfort 
QM 594 (JQMD 781) C+ W-— _ G.W. Martin 

Brachysporium oosporum (Corda) Saccardo (7) 
QM 665 (Fla G-128) C+ W+  D.H Linder 

Brachysporium sp. (21) 
QM 38d Ci. was 
QM 63d CL W+ 
QM 70g C+ W+ 
QM 595 (Fla B-57) C+ W-+ = J.W. Groves 

Tent canvas 
Tarpaulin 

itrus 
Tent 

Textile 

Paper 

Poinsettia 

Green pepper 
Maclura 

pomifera 

Tent 

Water proof 
bag 

Tentage 
Cotton rope 
Shoe 
Tent 

New Guinea 

New Guinea 

Canal Zone 

from Dr. 
Sinden 

Penna. USA 

Penna. USA 
Penna. USA 

New Guinea 
Pacific 

Florida USA 

India 
New Guinea 
New Guinea 
Florida USA 
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Organism Activity Identified By Substrate Locality 

Byssochlamys sp. (1) 

Cephaliophora tropica Thaxter (1) 
QM 596 (JOMD 956) C+ W+ # W.L. White Shoe leather Guadalcanal 

Cephalosporium acremonium Corda (2) 

QM 611 (Pan B-212C) C+ W-+ D-H. Linder Canvas Canal Zone 

Cephalosporium curtipes Saccardo (1) 

Cephalosporium sp. (30) 
QM 1074 C+ W+ Trousers New Guinea 

QM 124h C+ W+ Cotton duck Canal Zone 

M 127e C+ W+ Tarpaulin New Georgia 
QM 597 (JQMD) 297) C— W-+_ G.W. Martin ent ew Guinea 

QM 598 (Fla B-5) C+ W+  OD.H. Linder Tent Florida USA 

Cephalothecium roseum Corda (1) ; 

QM 599 (Fla B-50) W Canvas Florida USA 

Cephalothecium sp. (5) 

QM 600 (JOMD 380) C+ W-+  G.W. Martin Tarpaulin New Guinea 

2 ape p. 
QM 60 a 786 C+ W-+ ~ G.W. Martin Tent New Guinea 

Cercosporidium sp. (1) 
QM 602 (J]QMD 257) C+ W-+  G.W. Martin Tarpaulin New Guinea 

Chaetodiplodia sp. (1) 

QM 603 (JQMD 197) C+ W+ Tent New Guinea 

Chaetomella sp. (1) 

QM 40c C+ W+ Canvas India 

Chaetomium atrobrunneum Ames (1) 

QM 626 (JQMD 1041) Ct W L. M. Ames Mattress cover Guadalcanal 

Chaetomium cochliodes Palliser (1) 

QM 604 (JQMD 131) C+ W+ L.M.Ames Tropical 
America 

Chaetomium elatum Kunze & Schmidt (9) 

QM 382 (AMP 171) C+ W+ Saas Australia 

QM 605 (JQMD 776) C+ W-— _ L.M. Ames Pacific area 

QM 606 (JQMD 1082) C+ W- _ L.G_Isfort Weal overcoat Guadalcanal 

Chaetomium funicolum Cooke (31) 

QM 33c C+ W- __ D.H. Linder Pistol belt New Guinea 

QM 34d C+ W-—_ W.L. White Canteen cover New Guinea 

QM 35e C+ W-— 5 Tent New Guinea 

QM 4 C+ W-— _ L.M. Ames Cap India 

QM 383 (AMP 12) C+ W+ " Pea seed Australia 

QM 607 (Fla B-12) C+ W-— _D.H. Linder Tent Florida USA 

Chaetomium globosum Kunze (93) 

QM 326 C+ W L. M. Ames Tent New Guinea 

QM 38f C+ W+ Canvas tent India 

QM 85n C+ W+ e Canvas tent Ital 

QM 104a C+ W+ - Rubber boot New Guinea 

OM 459 (USDA 1042.4) C+ W+ 
QM 608 (Fla C-12) C+ W+ = D.H. Linder Shower curtain Florida USA 
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Chaetomium indicum Corda (8) 
QM 46b C+ W 
QM 47c C+ W- 
OM 156f CA. Wea 
QM 621 (JQMD 810) C+ WwW 

Chaetomium spirale Zopf (1) 
QM 622 (JOMD 135) Ci. Ay 

Chaetomium tortile Bainicr (1) 
QM 895 (JQMD 477) C+ W+ 

Chaetomium velutinum Ames (1) 
QM 623 (JQMD 359) C+ 

Chaetomium n. sp. of Ames (8) 
QM 624 (JQMD 486) C+ W+ 
QM 625 (JQMD 647) C+ W- 

Chaetomium sp. (15) 
M 145k W— 

QM 1556 C+ W-— 
QM 627 (JQMD 1105) C+ W+ 

Chloridium sp. (2) 
QM 567 (Pan 5443R) Ck WW 

Choanophora simsonii Cunningham 

Choanophora sp. (20) 
QM 565 (Pan 10A4B) 

Chromosporium sp. (2) 
QM 628 (Fla C-73) Ci Wen 

Circinella spinosa van Tieghem & Le 
QM 537 (Schneidau 760; ATCC 9025) 

a, | ae 

Circinella sydowi Lendner (1) 

QM 629 (JOMD 672) Cus a 
Circinella sp. (1) 
QM 672 (Fla l-A245) C—- W-— 
QM 902 (Fla C-73) C—- W- 

Citromyces musae Bainier & Sartory 

Cladosporium herbarum Link (31) 
QM 17b C— W+ 
QM 52a Cc. we 
QM 55b C+ W-— 
QM 71d C+ W 
QM 120g C— W+ 
QM 121k C+ W+ 
QM 122e C+ W+ 
QM 279a C—~ W- 
QM 489 C— W- 

Cladosporium sp. (73) 
M 122c cL we 

QM 146h C— W- 
QM 236 
QM 2796 C— W- 

L. M. Ames 

W. L. White 

G. W.Martin 

E. T. Reese 

L. M. Ames 

L. M. Am?s 

L. G. Isfort 

D. H. Linder 

(1) 

V.M. Cutter 

D. H. Linder 

Monnier (0) 

V.M. Cutter 

W.L. White 

W.L. White 

its 

Reese & Downing 

W.L. White 

W.L. White 

Substrate Locality 

Tent rope India 
India 

Barracks bag 
Tent 

Trousers 

Tent 

Greenhouse soil 
Case liner 

aulin 
Shelter half 
Wool overcoat 

Textile sample 

Textile sample 

Cotton cord 

Litter 

Poplin p 
Shower curtain 

Tentage 

uc 
Painted wood 
Floor 

Duck 
Tarpaulin 
Shower curtain 
Painted wood 

New Georgia 
New Guinea 

Tropical 
America 

New Guinea 

New Guinea 

Indiana USA 
Georgia USA 

New Georgia 
New Georgia 
Guadalcanal 

Canal Zone 

Canal Zone 

Florida USA 

Florida USA 

Florida USA 
Florida USA 

Penna. USA 

Canal Zon 
New Georgia 

Costa Rica 
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Clasterosporium sp. (1) 

Coccobolus sp. ? (2) 
QM 534 (Pan X 2342A) C+ W-+  OD.H. Linder Textile Canal Zone 

Coccosporium sp. (0) 
QM 230 (Higinbothat 46-1-4) 

cas 

Colletotrichum sp. 
QM 533 (UP 1 ae C+ W+ Decayed leaves Canal Zone 

Collonaemella sp. (1) 
QM 568 (Pan B-C61) C+ W+ Leather, Canal Zone 

cowhide 

Coniothyrium sp. (2) 

Coprinus radians (Desmaziéres) Fries (1) 

Coprinus sp. (3) 
QM 149e C— W+ Tent ew Georgia 
QM 630 (JQMD 351) C+ W-+_ G.W. Martin Greenhouse soil Indiana USA 

Corynespora sp. (2) 
QM 569 (Pan B-52B1) C+ W-+  OD.H. Linder Duck Canal Zone 

Ctenomyces serratus Eidam? (0) 
QM 256 (NIH 1902) C. W. Emmons Bird’s nest England 

Ctenomyeces sp. ? (7) 
M 199 — W+  C.W. Emmons Wool shallie Penna. USA 

QM 287 (BOL D-381) C— W+ WwW. Te White Wool serge India 
QM 774 (JQMD )1070 =C+ W-— Tent Ne 
QM 845 (JQMD 1277) C— W+ Ze Wool overcoat Guadalcanal 

Cunninghamella bertholletiae Stadel (1) 

Cunninghamella blakesleeana Lendner (2) 
QM 631 (JQMD 8835) C— W V.M. Cutter Tent New Guinea 

Cunninghamella echinulata (Thaxter) Saccardo (6) 
M 35¢ C— W-+ _ V.M. Cutter Tent New Guinea 

QM 154f C— W+ Musette bag New Georgia 
QM 632 (JQMD 927) C— W-—_ V.M. Cutter Tent rope Guadalcanal 

Cunninghamella elegans Lendner (8) 
QM 633 (JQMD 7 C— W V.M. Cutter Greenhouse soil Indiana USA 
QM 634 (Fla B-4) C— W+  £OD.H. Pindes Tent Florida USA 
QM 635 (Fla C-88) C— W+ Typewriter Florida USA 

Cunninghamella sp. (5) 
QM 636 (JQMD 1035) C— W-+ = L.G-.Isfort Canvas cot Guadalcanal 

Curvularia brachyspora Boedijn (6) 
93b C+ W-+ = J.W. Gian Tarpaulin New Guinea 

QM fs (Fla A-19) C+ W+ Florida USA 
QM 638 (Fla B-8) C+ W+ u Tent Florida USA 
QM 639 (Fla B-46) C+ W+ W.L.White Tent Florida USA 

Curvularia faleata (Tehon) Boedijn (5) 
QM 77a W+ J.W. Groves Tent New Guinea 
QM 120h C+ + cp Tarpaulin Canal Zone 
QM 640 (JQMD 590) C— W+ s Tent ew Guinea 
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Curvularia fallax Boedijn (2) 
M 561 (Pan B-663A) C+ W-+  D.H. Linder Textile sample Canal Zone 

Curvularia geniculata (Tracy & Earle) Boedijn (2) 
QM 562 (Pan C1A4A) C+ W-+  D.H. Linder Textile sample Canal Zone 

Curvularia intermedia Boedijn ? (1) 
QM 563 (Pan B-711A) C+ W-+  D.H. Linder Textile Canal Zone 

Curvularia lunata (Wakker) Boedijn (33) 

QM 346 C+ W+ jJ.W. Praves 
QM 120L C+ 
QM 641 (JQMD 569) C+ W+ se 
QM 642 (Fla D-90) C+ W-+  OD.H. Linder 

Curvularia maculans (Bancroft) ae (8) 
QM 666 (Pan B-210F) C+ W-+ D-H. Linder 

Curvularia sp. (22) 
M 371d W+ White & Downing 

QM 535 (Pan 58A8B) W-+_ E.T. Reese 
QM 643 (JQMD 627) Cc-— 
QM 674 (Pan 81H) 

Cylindrocarpon album (Saccardo) Wollenweber (1) 
QM 673 (Pan 51C 202) W-+ C.D. Sherbakoff 

i engi candidum (Link) Wollenweber (1) 
M 530 (Pan 8BSDI) C+ W-+ C.D. Sherbakoff 

Cylindrocarpon janthotele Wollenweber (2) 

Cylindrocarpon olidum Wollenweber (0) 
QM 538 (Schneidau 850; ATCC 6679) 

C+ W+ 

Cylindrocarpon soparium n.var. (1) 
QM 557 (UP 151) C+ W-+ C.D. Sherbakoff 

Cylindrocarpon sp. (30) 

Cylindrocephalum aureum (Corda) Bonorden (16) 

C+ cs QM 523 (Fla E-9) Ww HL Linder 

QM 610 (Fla B-116) ch Wee « 

OM 644 (Fla D-158) C+ W+ “ 

Cylindrocephalum sp. (25) 

Cylindrocladium scoparium Morgan (4) 

Cylindrocladium n. sp. (3) 

Cylindrocladium sp. (3) 

Cylindrophora sp. ? (1) 

ge hc tg sp. (1) 
QM 570 (Pan B-227C) 

he Acari sp. (2) 
3 (Pan B-209T) C+ W-+ _ D.H. Linder 

Decttium dendroides (Bulliard) Fries (1) 
508 C— W-+ = E.T. Reese 

C+ W-+ D.H. Linder 

QM 513 C= 
Daedalea quercina Fries (0 
QM 570 (C. L. Fergus 24780-S) 

ele cover 
Tarpa 
Salant 
Cot fabric 

Textile 

Cardboard 
Textile 

t en 

Cotton thread 

Textile sample 

Textile sample 

New Guinea 

N 
Florida USA 

Canal Zone 

Florida USA 
Cc 
Ne 
Canal Zone 

Canal Zone 

Canal Zone 

Decaying leaves Canal Zone 

Canvas cot Florida USA 
Nylon hammock Sere USA 

Rope 

Canvas 

Canvas 

Agaricus 
Mushroom bed 

orida USA 

Canal Zone 

Canal Zone 

enna. USA 
Penna. USA 
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Dematiaceae mycelium non-sporulating (29) 
QM 69d C— W-— Canvas New Guinea 
QM 646 (JQMD 890) C+ W+ - G.W. Martin Tent New Guinea 

Dematium sp. (2) 
QM 647 (JQMD 1193) C+ W+ Tent New Guinea 

Dendrodochium sp. (1) 
QM 714 (Pan 4CA3LI) C+ W-+  D.H. Linder Canvas Canal Zone 

Dendryphium s ) 
QM 675 (Fla H- 185) C+ W-+  OD.H. Linder Cotton socks Florida USA 

Dicoccum sp. (1) 
QM 572 (Pan CZ131) C- W- Telescope Canal Zone 

Diplodia sp. (3) 
QM 648 (Fla D-19) C+ W+ Cot strap Florida USA 

Diplodiella sp. (1) 

Diplodiopsis sp. (1) 
M 715 (Pan 7PA4C) C— W-— Textile Canal Zone 

Diploplenodomopsis? sp. (3) 
M 573 (Pan LI6A2BI) C+ W-+  D.H. Linder Textile Canal Zone 

Dothiorella sp. (2) 
M 676 (Pan B-200F) C+ W-+ ~~ D.H. Linder Canvas Canal Zone 

Endoconidiophora n. sp. (1) 
QM 677 (Pan 1TD2F) C— W- __ D.H. Linder Textile Canal Zone 

Endoconidium sp. (1) 

Endogloea? sp. (1) 
QM 574 (Pan X1A14A) C+ W-+  OD.H. Linder Textile Canal Zone 

Endomyees sp. (3) 
M 577 (Pan BC-87) C— W-— __ D.H. Linder Photo film Canal Zone 

Endomycetales (5) 
QM 678 (Pan 7PA611) C+ W- __ D.H. Linder Textile Canal Zone 

Epicoccum sp. (3) 
oa Penn QM 284e C 

QM 649 (JOMD 790) C+ 

Epide 

Epistigme sp 

Eurotium sp. 
QM 650 (JQMD 1130) 
QM 651 (JQMD 1250) 

she aaa 25Gb) 
M 716 fo V7MASAIT) C+ 

W+ W.L. White 
Wee 

rmophyton floccosum (Harz) Langeron & ee - 

Cl) 

Tent 
Tarpaulin 

W+ ~~ OD-.Hz. Linder Textile 

Fomes pinicola (Fries) Cocke (0) 
QM 511 (C.L. Fergus 24719-S) 

Fusarium acuminatum Ellis & Everhart (1) 
i Were QM 525 (Pan 51A2B) 

Fusarium avenaceum (Fries) Saccardo (5) 

w+ QM 552 (Pan C1A5EII) 

Fusarium bulbi 
QM 553 (Pan 51B6F) 

enum Cooke & Massee (2) 
C+ W+ 

D. Sherbakoff Textile sample 

C.D.Sherbakoff Textile sample 

C.D. Sherbakoff Textile sample 

New Guinea 

New Guinea 
Guadalcanal 

Canal Zone 

Canal Zone 

Canal Zone 

Canal Zone 
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Fusarium camptoceras Wollenweber & Reinking (3) 
OM 679 (Pan B-209D) C+ W-+  C.D.Sherbakoff Cotton duck Canal Zone 

Fusarium decemcellulare Brick (7) 

QM 613 (Pan B-647A) C+ W-+ C.D.Sherbakoff Textilesample Canal Zone 

Fusarium diversisporum Sherbakoff (34) 
7g C+ W-+ C.D.Sherbakoff Tent canvas New Guinea 

QM 88a C+ W+ ms Rope New Guinea 

Fusarium equiseti (Corda) Saccardo (1) 
QM 29a C C.D. Sherbakoff Tarpaulin Hawaii 

Fusarium graminum Corda (3) 
QM 680 (Pan B-25D) C— W-+  C.D.Sherbakoff Duck Canal Zone 

Fusarium heterosporum Nees n. var. (1) 
51d C+ W-+ C.D.Sherbakoff Tentage Hawaii 

Fusarium javanicum Koorders (41) 
M 23d C+ W C.D.Sherbakoff Rope Russell Is. 

Fusarium javanicum Koorders var. ensiforme (Wollenweber & Reinking) Wollen- 
eber (5) 

QM 524 (Pan B-233AI) C+ W-+  C.D.Sherbakoff Canvas Canal Zone 

Fusarium javanicum Koorders var. radicicola Wollenweber (8 
QM 529 (Pan V51F1B) C+ W-+ C.D.Sherbakoff Textilesample Canal Zone 

Fusarium lactis Pirotta & Riboni (1) 
QM 612 (Pan BosDIT) C+ W-+  C.D.Sherbakoff Dead leaf Canal Zone 

Fusarium lateritium Nees (5) 
120d Cc W+ W.C. Snyder Tarpaulin Canal Zone 

Fusarium melanochlorum (Caspary) Saccardo (1) 
QM 632 (Fla A-23) C+ W-+ C.D.Sherbakoff Cot fabric Florida USA 

Fusarium merismoides Corda (1) 
QM 555 (Pan 51A4F) C+ W-+  C.D.Sherbakoff Textilesample Canal Zone 

Fusarium moniliforme Sheldon (81) 
QM 427 (42nd Chem. 70d) C+ W-+ India 
QM 527 (Fla E-209) C+ W-+_ C.D. Sherbakoff ae can Florida USA 
QM 653 (Fla B-13) C+ W+  W.C. Snyder en Florida USA 
QM 654 (Fla. D-145) C+ W-+ C.D. Sherbakoff . e€ Florida USA 

Fusarium moniliforme Sheldon var. anthophilum (A.Br.) Wollenweber (1 
QM 717 (Pan7MBSBIT) C+ W-+  C.D.Sherbakoff  Textilesample Canal Zone 

Fusarium moniliforme Sheldon var. minus Wollenweber (2) 
QM 556 (Pan C1ASEI) C+ W-+  C.D.Sherbakoff Textilesample Canal Zone 

Fusarium moniliforme Sheldon var. subglutinans Wollenweber & Reinking (1) 
QM 526 (Pan C1A5EI) C+ W-+  C.D.Sherbakoff Textilesample Canal Zone 

Fusarium orthoceras Appel & Wollenweber (4) 
QM 655 (Fla D-101) C+ W-+ C.D.Sherbakoff Cot fabric Florida USA 
QM 681 (Pan V51F4A) C+ W+ " Textile sample Canal Zone 

Fusarium oxysporum Schlechtendahl (33) 
QM 21c D. Sherbakott Tarpaulin New Hebrides 
QM 23e C+ W+ Rope Russell Is. 
QM 47e C+ W+  W.C.Snyder se paper India 
QM 656 (Fla B-61) C+ W+ . Ten Florida USA 
QM 6357 (Fla C-8) C+ W+ af ie belt Florida USA 
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Fusarium redolens Wollenweber (1) 
QM 682 (Fla E-13) C+ W-+  C.D.Sherbakoff Canvas cot Florida USA 

Fusarium reticulatum Montagne (7) 
QM 658 (Fla B-14) C+ W-+  C.D.Sherbakoff Tent Florida USA 
QM 706 (Fla D-99) C+ W+ ss Cot fabric Florida USA 

Fusarium roseum Link (9) 
38a Cc W+ W.C. Snyder Canvas tent India 

QM 38g C+ W+ Canvas tent India 
QM 659 (Fla B-24) C+ W+ _ Canteen cover Florida USA 

Fusarium sambucinum Fuckel (1) 
QM 662 (Pan B-65C) C+ W+ C.D.Sherbakoff Dead leaf Canal Zone 

Fusarium scirpi Lambotte & Fautrey (3) 
QM 660 (Fla C-75) C+ W-+ _ D.H. Linder Cotton cord Florida USA 

Fusarium scirpi Lambotte & Fautrey var. compactum Wollenweber (1) 

Fusarium scirpi Lambotte & Fautrey var. filiferum (Preuss) Wollenweber (1) 
QM 528 (Pan B-524) C+ W-+  C.D.Sherbakoff Cotton duck Canal Zone 

Fusarium scirpi Lambotte & Fautrey var. longipes (Wollenweber & Reinking) 
Wollenweber (3) 

QM SJof C+ va C.D. Sherbakoff Tent Hawaii 
QM 398 (AMP 68) C+ Tent canvas New Guinea 

Fusarium semitectum Berkeley i Bea (7) 
M 666 C+ W+ C.D. sbexbakor Web strap New Guinea 

QM 122a C+ W+ Cotton duck Canal Zone 

Fusarium semitectum Berkeley & Ravenel var. majus Wollenweber (21) 
QM 121c C+ W-+ C.D.Sherbakoff Tarpaulin Canal Zone 

Fusarium solani ee Appel & Wollenweber (41) 
M 21d W C.D Sherbakoit Tarpaulin New Hebrides 

QM 745 (Fla D-102) oh W+ Cot fabric Florida USA 
QM 746 (Fla D-106) C+ W+ 4 Cot fabric Florida USA 

Fusarium solani (Martius) Appel & Wollenweber var. eumartii eres er) 
enweber (6) 

QM 530 (Pan 8B5DI) C+ W-+ _ C.D. Sherbakoff Textile ae Canal Zone 
QM 554 (Pan 52A3L) & Textile sample Canal Zone 
QM 683 (Pan B-23) C+ W-+ S Canvas Canal Zone 

Fusarium solani (Martius) Appel & Wollenweber var. martii (Appel & Wollenweber) 
Henweber (36) 

QM 747 (Fla D-9) C+ W-+ C.D.Sherbakoff Cot strap Florida USA 
QM 748 (Fla F-28) C+ W+ ef Nylon net Florida USA 

Fusarium solani (Martius) Pie & Wollenweber var. minus ace (18) 
127h koff Tarpaulin New Georgia 

QM 749 (Fla C-13b) a we a Shower curtain Florida USA 
QM 750 (Fla B-50) C+ W+ tf Cot strap Florida USA 
QM 751 (Fla F-148) C+ W+ e ae belt Florida USA 

Fusarium sec. Elegans (15) 
M 106b C W+ C.D.Sherbakoff Canvaslegging New Guinea 

QM 120e C+ W+ ‘f Tarpaulin Canal Zone 
QM 752 (Fla D-70) C+ W+ Cot fabric Florida USA 

Fusarium sec. Martiella (22) 
QM 1256 C+ W-+  C.D.Sherbakoff Cotton duck Canal Zone 
QM 129g C+ W+ Tent rope New Georgia 
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Fusarium sec. Sporotrichoides (1) 
QM 753 (Fla C-66) C+ W-+  C.D.Sherbakoff Socks Florida USA 

Fusarium sp. (57) 
M 70f C+ W+ Shoe New Guinea 

QM 197 C+ W-+ M.H. Downing Wool Penna. USA 
QM 754 (Fla D-97) C+ W-+ C.D.Sherbakoff Cot fabric Florida USA 

se lteter sp. (3) 
755 (JQMD 1108) C+ W+ Wool overcoat Guadalcanal 

Fusoma sp. (2) 

Galactinia sp. (Botrytis stage) (0) 
M 345 (Korf SS-3) C+ W-+ = R.P.Korf Greenhouse soil New York USA 

Gelatinosporium sp. (5) 
QM 684 (Pan B- 212H) C+ W-+ D-H. Linder Cotton duck Canal Zone 

Geotrichum sp. (2) 
QM 532 (Fla F-113) C— W-— _ D.H. Linder Hammock, Florida USA 

mesh 

Gibberella saubinetiit (Montagne) Saccardo (1) 
QM 685 (Pan 51A3J17) C+ W+  C.D.Sherbakoff Textilesample Canal Zone 

eee sp. (1) 
QM C+ W+ Canvas bag 
QM os (JQMD 924) C+ W-— __L.G. Isfort Tent New Guinea 

Gliocladium catenulatum Gilman & Abbott (0) 
QM 177 (NRRL 1093) C+ W-+  W.L. White 

ot QM 178 (Brian 222) ‘ene 
QM 372 (Brian 224) C+ W+ 

Gliocladium deliquescens Olsen-Sopp (3) 
QM 169 (BOL 191) W+ W.L. White India 

Gliocladium fimbriatum Gilman & Abbott (1) 
QM 560 (Pan V51B3A) C+ W-+ _  K.B. Raper Textile sample Canal Zone 

Gliocladium glaucum (15) 
QM 559 (Fla H-163) C— W-+ D-H. Linder O. D. poplin Florida USA 

Gliocladium lignicolum Grove (1) 

Gliocladium penicilloides Corda (9) 

Gliocladium roseum Bainier (43) 
@ 243 W+ 3 W.L. White Penna. USA 

QM 757 (Fla B-34) C+ W-+  D.H. Linder Cloth Florida USA 

sa (the species that produces gliotoxin and viridin) (5) 
Q + W+ L. White ces rope Bougainville 
QM 770 (BOL 63) C+ W+ rs Ten India 

Jealott’s Hill, 
QM 354 (Brian 218) C+ W+ ve Greenhouse soil England 

outhern 
QM 355 (Brian 3) C— W+ ef Soil 

Jealott’s Hill, 
QM 357 (Brian 208) C+ W+ a Manured soil England 
QM 365 (ATCC 9645; C+ W+ 
BPI T-1) C+ W+ Ht Maryland, USA 
QM 758 (JQMD 348) C+ W+ = Belt New Guinea 

Gliocladium sp. (29) 
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Gliomastix convoluta (Harz) Mason (11) 
M 4c C+ W+ W.W. Diehl h Bougainville 

QM 124c C+ W-+ = W.L. White Cotton duck anal Zone 
QM 367h C+ W+ £White& Downing Cardboard Florida USA 
QM 452 (MIT 16) C+ W-+ W.L. White Cotton webbing Mass. USA 
OM 759 (Fla F-121) C+ —++ ef Jungle pack Florida USA 

Gloeosporium sp. (3) 

Pee globuligera v. Hohnel (2) 
QM 686 (Fla H-72) C— W-+ D-H. Linder Coated raincoat Florida USA 

Gloiosphaera sp. (1) 

Graphium rubrum Rumbold (0) 
QM 539 peat 1600; 
ATCC 6505) C—- W- 

Graphium sp. (2) 
QM 687 (Fla F- 184) C+ W-+  D.H. Linder Socks Florida USA 

Gymnoascaceae (1) 

Haplaria grisea Link (4) 
QM 320k W+ £W.L. White Cardboard Maryland 

Haplographium sp. (1) 

Haplosporella sp. (3) 
QM 688 (Fla E- ain C+ W-+ ~~ D.H. Linder Food cans Florida USA 

Harknessia sp. 
M 614 (Pan B-68A) C— W-— _ D.H. Linder Dead leaf Canal Zone 

Helicoma sp. (1) 
QM 760 (JQMD 959) C+ Tent New Guinea 

Helicosporium lumbricoides Saccardo (1) 
QM 761 (Fla B-48) C+ W-— _ D.H. Linder Cot straps Florida USA 

Helminthosporium sp. (15) 
QM 392 (AMP 44) Cc W-+ = OD.H. Linder Canvas Australia 
QM 762 (JQMD 853) C+ W+ Tent New Guinea 
QM 763 (Fla D-7) C+ W+ Cot strap Florida USA 

Hemispora sp. (0) 
QM 322 C—- W- From Conant, 

Duke U. 

Hepecens sp. (1) 
QM 689 (Fla G-30) C— W-— . D.-H. Linder Haversack Florida USA 

Heterosporium tschawytachii Doty (0) 
QM 540 (Schneidau 2600) C— W— 

Heterosporium sp. (2) 
QM 70 w+ Shoe New Guinea 
QM 764 (JQMD 397) C— W-— _ J.W. Groves Trousers New Guinea 

Hormiactella sp. 
QM 765 (JOMD 854) C+ W- = L.G.Isfort Tent New Guinea 
QM 766 (JQMD 1050) C+ W+ Tent New Guinea 

Humicola grisea Traaen (1) 
M 228 Cc W-+ ~~ E.W. Mason Compost heap Penna. USA 

QM 498 C+ W+ 4 Compost heap Penna. USA 
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Humicola sp. (43) 
OM 34e 

Hypomyces ipomoeae (Halsted) Wollenweber (4) 
QM 767 (Fla F-86) C+ W+ 

Isaria sp. (2) 

QM 4f 

C+ W+ W.L. White Canteen cover 
C+ W+ anvas glove 

Karlingia rosea (deBary & Woronin) Johanson 
C+ W- QM 517 (Haskins 45-7) 

Lasiostroma s 
M 690 (Pan B- 202B) 

herria regneri (Lucet & Costantin) Vuillemin (1) 

QM C— W-— _ V.M. Cutter 

i ee 
QM 692 (Pan C1A3M) 

Macrophomopsis sp. (2) 
QM 693 (Pan B-721A1) 

Macrosporium sp. 
QM 768 (JQMD 996) 
QM 769 (JQMD 1057) 

Memnoniella echinata (Rivolta) Galloway (88) 
QM Itc C W+- W.L.W 
QM 50d 

QM 770 (Fla B-66) 
QM 771 (Fla F-141) 

Metarrhizium anisopliae (Metschnikoff) Sorokin (0) 
QM 192 (NRRL 1945) C— W+ 3 W.L. White 

W-+ Plastic canteen 

C.D. Sherbakoff Canteen 

C— W+  W.L. White Leather 

J.S. Kar 

C+ W+  D.H. Linder Canvas 

Shoe 

C+ W-+ ~ D.H. Linder Textile sample 

C+ W-+  D.H. Linder Textile sample 

C+ W+ Tent 
C+ W+ Tent 

+ hite Tent canvas 
C+ i Tent canvas 

Leathe 
C+ W+ * scab 
C+ W+ " Haversack 

w+ abric 
C+ W-+  D.H. Linder Canvas legging 
C+ W+ 3 W.L. White Pistol belt 

Wire worms 

Metarrhizium brunneum Petch (0) 
QM 191 (NRRL 1944) 

er cise me) 
M 859 (Pan 52B4D) 

Micropera sp 

W+ White, conf. Petch Wire worms 

C+ W-+ ~ D.H. Linder Textile sample 

(1) 
QM 684 (Pan B-804AlIlI) C+ W+ D-H. Linder Fabric 

Microsporum audouini Gruby (0) 
QM 247 (NIH 243) C— W+ i. Kittredge Scalp 

Microsporum canis Bodin (0) 

Microsporum gypseum (Bodin) Guiart & Grigorakis (1) 
QM C— W-+ S.B. Salvin 
QM 245 (NIH 2335) 

ol 
C— W+ C.W.Emmons Human face 

Monascus purpureus Went (0) 
QM 541 (Schneidau 9340; 
ATCC 6405) C—- W- 

New Guinea 
New Guinea 
New Guinea 

Florida USA 

Bougainville 

Canal Zone 

India 

Canal Zone 

Canal Zone 

New Guinea 
New Guinea 

Bougainville 
Hawaii 

New Guinea 

New Guinea 
ndia 

Florida USA 
Florida USA 

Oregon, USA 

Oregon, USA 

Canal Zone 

Canal Zone 

Washington, 
D.C. 

enna. 
Maryland USA 
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Monascus sp. (2) 
QM 85g C+ W+ Canvas tent Italy 

Monilia sp. (16 
QM 772 (JQMD 394) C+ W-—- G.W. Martin Blanket New Guinea 

QM 773 (JQMD 753) C+ W+ ss Tent New Guinea 

Moniliales (1) 

onosporium sp. (2) 

Monotospora daleae Mason (0) 

QM 542 (Schneidau 3240) C+ W— 

0) Sees lanuginosa (Griffon & ea egy 

C— W- E.W.M M 225 (Reese 14PS) 
QM 226 (Reese 16PS) C—- W- 
QM 227 (Reese 21) C— W- 

Monotospora sp. (5) 

Mortierella sp. (1) 
M 695 (Fla E-72) C— W-— 

Mortierellaceae (5) 

Mucor fumosus Naumov (1) 

QM 436 (MIT 3B) C— W- 

Mucor genevensis Lendner (1) 
QM 549 (Pan CIBSFIT) C— W+ 

Mucor heterosporus Fischer (10) 
QM 615 (Pan B-213C) Cc— 

Mucor hiemalis Wehmer ek 
QM 775 (Fla D-36) — W-— 

Mucor microsporus Namal “) 

QM 551 (Pan B-C8) C— 

Mucor mucedo Brefeld (1) 

QM 550 (Pan B-38DIT) = =C— 

Mucor murorum Naumov (1) 

QM 776 (Fla C-61) C— W+ 

Mucor racemosus Fresenius (4) 
79] 

Wwe 

Q w— 
QM 777 (Fla C-29) C_ _ 

Mucor varians Povah (8) 
QM 778 (Fla D-52) CcC— W-— 

QM 779 (Fla D-164) C= ae 

Mucor sp. (11) 
C—~ W-— 

OM 490 C— W- 

Mucorales, undetermined (3) 

Myceliophthora lutea Costantin (0) 

QM 514 C+ — 

Mycogone perniciosa Magnus 

M 516 C= 

E. T. aes 

D. H. Linder 

V.M. Cutter 

D. H. Linder 

V.M. Cutter 

V. M. Cutter 

V.M. Cutter 

V. M. Cutter 

V.M. Cutter 
D. H. Linder 

V.M. Cutter 
ce 

E. T. Reese 

E. T. Reese 

E. T. Reese 

a a inundatum Tode ex Fries (0) 
C— W+ M 206 (Preston XV) 

Hot compost 
Hot compost 
Compost heap 

Rope 

Gas mask 

Textile sample 

Canvas 

Cot strap 

Twill 

Tent 

Socks 

Shoe 
Sewing string 

Cot fabric 
String 

Tent 

Egg 

Mushroom bed 

Mushroom bed 

Russula adusta 

Penna. USA 
Penna. USA 
Cal. USA 

Florida USA 

Mass. USA 

Canal Zone 

Canal Zone 

Florida USA 

Canal Zone 

Canal Zone 

Florida USA 

New Guinea 
Florida USA 

Florida USA 
Florida USA 

New Georgia 
Eastern USA 

Penna. USA 

Penna. USA 

England 
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se roridum Tode ex Fries (3) 
QM 18 C W+ W.L. White Tomato Mexico 
QM a (Preston 1) C+ W+ Ascle pias sp. W. Africa 
QM 780 (Fla B-11) C+ W+ W.L. White Tent Florida USA 

Myrothecium verrucaria (Albertini & Schweinitz) Ditmer ex Fries (10) 
OM 34f C i anteen cover New Guinea 
QM 70h C+ W+ f Shoe New Guinea 

‘ C+ W-+  G.Smith Canvas shoe England 
QM 460 (BPI 1334.2) C+ W+ #£4W.L. White Cotton bale Washington, 

QM 781 (Fla C-35) = String Florida USA 

Myrothecium sp.? (3) 
QM 375 W+ Chestnut 

Myxofusicoccum sp.? (1) 
QM 575 (Pan B-210M) C+ W-+ D-H. Linder Canvas 

Myxosporium sp. (1) 

Myxotrichella sp. (3) 
QM 782 (JQMD 874) C+ W-+  G.W. Martin Tent 
QM 783 (JQMD 906) C+ W+ ai Tent 
OM 784 (JQMD 1183) Ct W+ 1,4. 1sfort Tent 

Nectrioidaceae (1) 

Neosphaeropsis sp. (1) 
QM 616 (Pan 54C2L) C+ W-— _. D.H. Linder Textile 

Nigrospora sphaerica (Saccardo) Mason (9) 

Nigrospora sp. (5) 
M 785 (JQMD 428) C+ W+ W.L. White Sock 

QM 736 (JOMD 925) Tent 
Nodulisporium sp. (1) 

Oedocephalum albidum Saccardo (1) 

+ W+ W.L. White Knapsack 

Oedocephalum sp. 
QM 904 Paper 

Oidium sp. (3) 
QM 696 (CZ 60) C— W- Leaf 

Oospora lactis (Fresenius) Saccardo (3) 
QM 787 (JQMD 1242) C+ W-—_ W.L. White Tarpaulin 

Oospora sp. (3) 

Oothecium sp. (1) 

Paecilomyces aureo-cinnamomeum ee — (Gia) 
QM 536 (Pan B-C37A) W— K.B.R 

Paecilomyces varioti Bainier (52) 
QM 10a C— W.L. White Canvas 
QM 47d C— W- “ Wax paper 
QM 72e C— W- Leather 

scabbard 
QM 108e C-— W- Shoe 

Paecilomyces sp. (5) 
OM 286 C— W-—  W.L. White Ink 

Penna. USA 

Canal Zone 

New Guinea 
New Guinea 
New Guinea 

Canal Zone 

New Guinea 
New Guinea 

New Guinea 

from 
J. W. Sinden 

Canal Zone 

New Guinea 

Canal Zone 

New Guinea 
India 
New Guinea 

Florida USA 

Costa Rica 
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Papularia arundinis (Corda) Fresenius (2) 
QM 788 (Fla F-43) C+ W-+  D.H. Linder Suspenders Florida USA 
QM 789 (Fla F-182) C+ W+ fs Socks Florida USA 

Papulospora sp. (5) 
QM 790 (JOMD 385) C+ W+  G.W. Martin Soil Indiana USA 
QM 791 (Fla C-32) C+ W+ Sewing string Florida USA 

speci res sp. (1) 
QM 697 (Pan 52BOBII) C+ W-+  D.H. Linder Textile Canal Zone 

Se aaah sp. (2) 
QM 792 (JOMD 1022) C+ W-+ G.W. Martin Tent rope Guadalcanal 
QM 793 (JQMD 7032) C+ W-+ = L.G._Isfort Mattress cover Guadalcanal 

Peltaster sp.? (1) 
QM 617 (Pan B-766A) C+ W- _ D.H. Linder Textilesample Canal Zone 

Penicillium africanum Doebelt (1) 

Penicillium atramentosum Thom (1) 

Penicillium avellaneum Thom & Turesson (1) 

Penicillium baiiolum Biourge (5) 

Penicillium biforme Thom (3) 

Penicillium biourgeianum Zaleski (4) 

Penicillium brevi-compactum Dierckx (11) 

Penicillium brevi-compactum series (6) 

Penicillium carmino-violaceum Dierckx (3) 

Penicillium charlesii Smith (1) 

Penicillium charmesinum Biourge (10) 

Penicillium chrysogenum Thom (25) 

Penicillium chrysogenum series (10) 

Penicillium cinerascens Biourge (9) 

Penicillium citreo-viride Biourge (21) 

Penicillium citrinum Thom (17) 

Penicillium citrinum series (280) 

Penicillium commune Thom (2) 

Penicillium corylophilum Dierckx (9) 

Penicillium cyaneum (Bainier & Sartory) Biourge (10) 

Penicillium decumbens Thom (4) 

Penicillium dierckxii Biourge (1) 

Penicillium digitatum Saccardo (1) 

Penicillium expansum Link (2) 

Penicillium fellutanum Biourge (10) 

Penicillium flavi-dorsum Biourge (9) 

Penicillium fluitans Tiegs (2) 

Penicillium frequentans series (15) 

Penicillium funiculosum series (53) 

Penicillium fusco-glaucum Biourge (2) 

Penicillium griseo-brunneum Dierckx (1) 

Penicillium gladioli Machacek (1) 
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Penicillium hagemi Zaleski (1) 

Penicillium herquei Bainier & Sartory (4) 

Penicillium implicatum Biourge var. aureo-marginatum Thom (5) 

Penicillium implicatum series (10) 

Penicillium intricatum series (1) 

Penicillium italicum Wehmer (1) 

Penicillium islandicum Sopp (1) 

Penicillium janczewskii Zaleski (2) 

Penicillium janthinellum Biourge (5) 

Penicillium javanicum van Beyma (1) 

Penicillium jenseni Zaleski (1) 

Penicillium lilacinum Thom (15) 

Penicillium luteum Zukal (6) 

Penicillium luteum series (84) 

Penicillium majusculum Westling (1) 

Penicillium melinii? Thom (1) 

Penicillium multicolor Grigorieva-Manoilova & Poradielova (5) 

Penicillium musae Weidmann (1) 

Penicillium namyslowskii Zaleski (1) 

Penicillium nigricans-janczewskii (1) 

Penicillium niklewskii Zaleski (1) 

Penicillium notatum Westling (1) 

Penicillium oxalicum Currie & Thom (2) 

Penicillium paczoskii Zaleski (3) 

Penicillium siemaszki Zaleski (1) 

Penicillium simplicissimum (Oudemans) Thom (20) 

Penicillium soppi Zaleski (1) 

Penicillium spinulosum Thom (3) 

Penicillium spinulosum series (1) 

Penicillium steckii Zaleski (5) 

Penicillium suavolens Biourge (3) 

Penicillium sulfureum Sopp (8) 

Penicillium swiecickii Zaleski (1) 

Penicillium tardum Thom (8) 

Penicillium tardum series (9) 

Penicillium umbonatum Sopp (2) 

Penicillium varians Munk-Wehmer (1) 

Penicillium vermiculatum Dangeard (1) 

Penicillium versicolor Wehmer (1) 

Penicillium vinaceum Gilman & Abbott (1) 

Penicillium virido-albus Sopp (1) 

Penicillium palitans Westling (2) 

Penicillium paxilli Bainier (6) 
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Penicillium phaeo-janthinellum Biourge (2) 

Penicillium pinophilum Hedgecock (1) 

Penicillium piscarium Westling (1) 

Penicillium puberulum Bainier (1) 

Penicillium purpurogenum Stoll (9) 

Penicillium purpurogenum series (9) 

Penicillium raciborskii Zaleski (1) 

Penicillium restrictum Gilman & Abbott (1) 

Penicillium roqueforti Thom (3) 

Penicillium roseo-cinnabarinum Biourge (1) 

Penicillium roseo-purpureum Dierckx 

Penicillium rugulosum Thom (7) 

Penicillium sanguifluus series (1) 

Penicillium sanguineum Sopp (3) 

Penicillium sartoryi Thom (2) 

Penicillium waksmani Zaleski (5) 

Penicillium westlingi Zaleski (43) 

Penicillium wortmanni Klocker (6) 

Penicillium sp. (194) 

Periconia circinata (Mangin) Saccardo 
352 one 

Periconia pycnospora Fresenius (1) 
QM 794 (JQMD 1137) C+ W 

Periconia sp. (1) 

Pestalotia adusta group (1) 
QM 558 (Pan B-2054) C+ W-— 

Pestalotia bicolor Ellis & Everhart (1) 
M 664 (Pan B-11c) C+ W+ 

Pestalotia copernica (21) 

Pestalotia dichaeta Spegazzini ue) 
QM 698 (Fla F-176) ea 

Posous palmarum Cooke (1) 

M 531 (Pan H5F1A) 

Pestalotia virgatula Klebahn Go 
M 478 (Pan 57B5D) Cai. Wee 

QM 479 (Pan S7BSBIT) C+ 

Pestalotia sp. (123) 
M 2d C+ W- 

OM 119b (quia 
By (eae 

QM 795 (JQMD 654) C+ 
QM 796 (Fla C-72) er 

Phialophora compactum () 
QM 260 (NIH 8605) 

(7) 

(0) 
from 

R. W. Leukel 

J. H. Miller 

D. H. Linder 

D.H. Linder 

D. H. Linder 

D. H. Linder 

D. H. Linder 
(<3 

Roots of dwarf 
il milo 

Tent 

Canvas 

Decayed leaf 

Bath towel 

Textile sample 

Textile sample 
Textile sample 

Cotton duck 
Canvas 
Canvas 

Cotton cord 

Human skin 

Maryland USA 

New Guinea 

Canal Zone 

Canal Zone 

Florida USA 

Canal Zone 

Canal Zone 
Canal Zone 

Bougainville 

Florida USA 

Puerto Rico 
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Phialophora fastigiata (Lagerberg & Melin) Conant (0) 
QM 265 (NIH 8705) C+ W-_ E.Melin Wood pulp 

Phialophora jeanselmei (Langeron) Emmons (0) 
QM 270 (NIH 8724) c= we Hand 

gers meerse! ib eal & er a (0) 
QM 267 (N Ww 
Piette an ee PP eee an 
Phialophora melinii (Nannfeldt apud Melin J ewe Conant (0) 
QM 266 (NIH 8706) C+ W+ EM Wood pulp 

Phialophora obscura (Nannfeldt apud Mein . Nannfeldt) Conant (0) 
QM 268 (NIH 8708) Ca We 

Phialophora pedrosoi (0) 

Wood pulp 

QM 259 (NIH 8603) .. C— W— Human skin 
QM 261 (NIH 8610) C— W- Human skin 
QM 262 (NIH 8615) C— W- Human skin 

Phialophora richardsiae (Nannfeldt os shh & Nannfeldt) ue (0) 
C+ W- Wood pulp QM 263 (NIH 8703 

Phialophora verrucosa Medlar (0) 
Ww QM 264 (NIH 8704 Wood pulp 

QM 269 (NIH 8723) C_ We Human Skin 
Phialophora sp 
QM 645 5 (JQMD 289) C+ W+ Tent 

Phoma pigmentivora Massee (0) 
QM 502 C W from R. K.S. Wood 

Phoma terrestris Hansen ? (13) 
QM 106d Ca. Wh 
QM 120k C+ W+ 
QM 797 (Fla D-92) Ce: Wwe 

Phoma sp. (36) 
M i3¢e 

Canvas legging 
Tarpaulin 
Cot Trabri ic 

W+ W.L. White Canvas 
QM 798 (JQMD 655) W+ G.W. Martin Tent 
QM 799 (Fla B-30) C+ W-+  D.H. Linder Cloth 

Phomaceae (4) 

Q M 831 (Reuszer 234) C+ W-+ _ Reese & Downing Cotton duck 
QM 832 (Reuszer 156) C+ W+ otton duck 
QM 857 (Reuszer 281) C+ W+ ~ Cotton duck 
QM 896 oe 3) C+ W+ 7 Cotton duck 

Phomopsis sp. (6) 
QM 699 (Pan VC2A5B) 

Phycomycete (3) 

Piedraia hortai (Brumpt) Fonseca & Leao (0) 

Placosphaeria sp. (3) 

C+ W+ D-H. Linder Textile sample 

QM 700 (Pan B-238F) C+ W-+  D.H. Linder Canvas 
Platygloea sp. (1) 
QM 800 (JQMD 1223) C— W-—_ G.W. Martin Tent 

Pleurophoma s 
QM 701 (Pan 5A7B) 

Pleurophomella sp. (1) 

C+ W-+ D-H. Linder Textile sample 

Locality 

Sweden 

New York USA 

Sweden 

Sweden 

Sweden 

Puerto Rico 
Georgia USA 
Louisiana USA 

Sweden 

weden 
Missouri USA 

New Guinea 

England 

New Guinea 
anal Zone 

Florida USA 

New Hebrides 
New Guinea 
Florida USA 

Canal Zone 

Florida USA 

Canal Zone 

Canal Zone 

New Guinea 

Canal Zone 
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Polyporus sulfureus (Bulliard) Fries (0) 
QM 509 (Fergus 24681-S) 

Pseudocoprinus sp. (5) 
QM 801 (JQMD 1060) C+ W-+ = L.G_Isfort Tent New Guinea 
QM 897 (JQMD 1143) C+ W-+ = J.V. Harvey Tent New Guinea 

reat pullulans (deBary) Berkhout foe 
QM C— W-+  W.L. White Leather New Guinea 

scabbard 
QM Le Ce r=: 
QM 27 C— W- 
QM ie (aes 110) C— W- 

QM 802 (JQMD 364) C— W- 
QM 803 (Fla B-37) C— W- 

Pyenis sp. (3) 
M ae (Pan B-209X) C+ W+ 

Pycnodothis sp. (1) 
QM 702 (Pan 5246CIT) C+ WH 

Pycnosporium sp. (3) 
QM 703 (Pan B- 222D) C+ W+ 

Pyrenochaeta sp. (9) 
M 29b + W+ 

QM 804 (JQMD 831) Ci Wwe 
QM 805 (JQMD 1146) 
QM 830 (Reuszer 200) C+ W+ 

Rhinotrichum sp. 
QM 806 (JOMD 395) Cup yes 
QM 807 (JOMD 7208) C+ W+ 

Rhizopus arrhizus Fischer (17) 
M 46c C— Wa 

QM 1874 Co we 
QM 808 (JQMD 538) C— W+ 
QM 809 (JQMD 932) Cee 
QM 839 (JOMD 208) C= Bwes 
QM 500 (42 Chem. 8) Ci we 

Rhizopus nigricans Ehrenberg (10) 
w+ QM 387 (AMP 32) io 

QM 810 (Fla C-30) C— W+ 
QM 860 (Fla C-15) C— W+ 

Rhizopus oryzae Went & ai ty, 
QM 811 (JQMD 464) 

Pore sp. (2) 
QM C— W- 

nee ei sp. 
QM 704 (Pan ar 

Robillarda sp. ? (1) 
QM 576 (Pan B-206A) C+ 

Cw 

Wee 

G. W. Martin 
W. L. White 

D. H. Linder 

D. H. Linder 

D. H. Linder 

W.L. White 
G. W. Martin 
L. G. Isfort 
Reese & Downing 

G. W. Martin 
L. G. Isfort 

V.M. Cutter 
“ce 

V.M. Cutter 
“ 

“ 

D. H. Linder 

» 

V.M. Cutter 

W. L. White 

D. H. Linder 

D. H. Linder 

Painted wood 
Rutin 

Belt 
Cloth 

Canvas 

Textile sample 

Canvas 

Tarpaulin 
Tent 

nt 

Cotton duck 

Blanket 
Head band 

Tent rope 
Ri 

hammock 

Wireless set 
ewing string 

Canal Zone 
Costa Rica 
New Jersey 
USA 

New Guinea 
Florida USA 

Canal Zone 

Canal Zone 

Canal Zone 

Canal Zone 

New Guinea 
New Guinea 

India 
Utah USA 
New Guinea 
Guadalcanal 
New Guinea 
New Guinea 

New Guinea 
Florida USA 

Shower curtain Florida USA 

Sock 

Wool 

Canvas 

Canvas 

New Guinea 

Penna. USA 

Canal Zone 

Canal Zone 
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Schizophyllum sp. (1) 
QM 812 (JQMD 17181) C— W-+ = J.V. Harvey Tent New Guinea 
eee fructicola “— Rehm (0) 
QM 282 (Vrg. 38) W— Sweet cherry New York USA 

Sclerotinia sclerotiorum ee Massee (0) 
QM 505 C— _ from Dr. Shade 

Sclerotium sp. (3) 
QM 93a C+ W+ Tarpaulin New Guinea 
QM 103e C+ W+ Canvas tent New Guinea 

Scopulariopsis brevicaulis (Saccardo) Bainier (17) 
QM 609 (Pan BC-3) C+ W+ _ K.B. Raper Binocular Canal Zone 

reticule 
QM 813 (Fla C-28) C+ W-+  D.H. Linder Sewing string Florida USA 
QM 814 (Fla C-35) C+ W-+  K.B. Raper Sewing string Florida USA 
QM 815 (Fla F-90) C+ W+ Cigarette Florida USA 

Scopulariopsis repens Bainier (3) 
QM 399 (AMP 69) C+ W+  D.H. Linder Canvas Australia 

Sepedonium sp. (4) 
QM 816 (JQMD 645) C— W+  G.W. Martin Case liner Georgia USA 
QM 817 (JQMD 908) C+ W- _L.G Isfort Tent New Guinea 

Septocylindrium sp. (1) 
M 667 (Pan B-654A) C— W-— D-H. Linder Textile sample Canal Zone 

Septomyxa affinis (Sherbakoff) Wollenweber (2) 
QM 40b C+ W C.D. Sherbakoff Canvas tent India 

Septonema sp. (1) 
QM 818 (Fla F-41) C+ W-+  D.H. Linder Suspenders Florida USA 

Septoria sp. (2) 
QM 705 (Pan 52B41) C+ W-+ D-H. Linder Textile sample Canal Zone 

Sordaria fimicola (Rabenhorst) Cesati & deNotaris (1) 
QM 707 (Pan 4CA10A) C+ W+  D.H. Linder Textile sample Canal Zone 

Sordaria humana (Fuckel) Winter (4) 
QM 819 (JOMD 144) C+ W-+ = J.H. Miller Textile sample Columbia 
QM 820 (JQMD 1185) C+ W+ = J.V.Harvey Tent New Guinea 

Sordaria macrospora Auerswald (1) 
QM 821 (JQMD 11727) W+ ss J.H. Miller Tent New Guinea 

Spegazzinia tessarthra (Berkeley & Curtis) Saccardo (7 
QM 371e C+ +  W.L. White Cardboard Florida USA 
QM 373c C+ W+ . Cardboard Florida USA 
QM 840 (JQMD 637) C+ W+ Tent New Guinea 
QM 841 (JQMD 9335) C+ W+ “s Tent New Guinea 

Sphaeropsidales (non-sporulating) (38) 

Sphaeropsis sp. (3) 
QM 46h C— W—_ W.L. White Tent rope India 
QM 47a C— W- “ Wax paper India 
QM 104g C— W- Rubber boot New Guinea 

Spicaria sp. (3) 
QM 822 (JQMD 511) C— W-—_— G.W. Martin Shoe New Guinea 
QM 823 (JQMD 957) C— W- e Shoe leather Guadalcanal 
QM 824 (JQMD 1036) C— W-— _ L.G.Isfort Canvascover Guadalcanal 
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Sporochisma s 
QM 708 (Fla E- ae C+ W-— __ D.H. Linder Food cans Florida USA 

Sporocybe sp. ? (1) 

Sporotrichum pruinosum Gilman & Abbott (7) 
OM 168 (UP-215) C+ W-—  W.L. White Photogr. film 

C+ W-— Burlap Penna. USA 

c+ W-— ee Burlap Penna. USA 

QM 591 (JQMD 490) C+ W-— o Raincoat New Guinea 

QM 593 (JQOMD 545) C+ W-— “ Shoe New Guinea 

QM 825 (JQMD 432) C+ W-— - Blanket New Guinea 

QM 826 (JQMD 1214) C+ W * Hand band New Guinea 

Sporotrichum schenckii Hektoen & Perkins (0) 
QM 257 (NIH 7109) C-—- W- Human leg Guatemala 

QM 258 (NIH 7021) C—- W- Human arm S. Africa 

Sporotrichum sp. (30) 
QM 89a W— Canvas legging New Guinea 

Stachybotrys atra Corda (20) 

QM 94d ca 

QM a 
QM 13 
QM Be oe Meehan 637) 

QM 395 (AMP 65) 
QM 827 (Fla B-10) 

Stachybotrys sp. (7) 
QM 3694 

QM 900 (Fla C-10) 
Stemphylium bo 

QM 

W+ W.L. White 
W+ C+ 

C+ W+ : 
C+ W+ a conf. 

Whi 
C+ W+ 
C+ W+ 3 W.L. White 

C+ W+ 

W+ 
C+ W+ 

tryosum Wallroth (0) 

Wee 544 (Schneidau 6770) C+ 

Stemphylium consortiale NG Thiimen) Lae & oe (5) 

QM 416 w+ L. Whit 

QM 147c an w+ ul W. hen 

Stemphylium sarcinaeforme (Cavara) Wiltshire (0) 
QM 283 C We 

Stemphylium sp. (10) 
QM 78b 
QM 367a 

Stereum sp. ? (1) 

Stilbum sp. (1) 
QM 833 yj OM 1085) 

Stysanus sp. (1) 
QM 834 (JOMD 187) 
QM 905 

Syncephalastrum elegans Marchal (3) 
C-— W- QM 709 (Fla G-13) 

C+ W+ 
C+ W+ White & Downing 

C+ W-+ = L.G_Isfort 

C+ W+ 
C+ W+ 

D. H. Linder 

Trousers 
Leather band 
Haversack 

Pepper seed 
Haversack 
Tent 

Cardboard 
Cardboard 
Shower curtain 

Air contaminant 

Bn rope 
Tent 

Red clover 

Canvas tent 
Cardboard 

Wool 

Soil 
Paper 

Suspenders 

New Guinea 
New Guinea 
New Georgia 

Iowa USA 
New Guinea 
Florida USA 

New Guinea 
Florida USA 
Florida USA 

Louisiana USA 

dia 
New Georgia 

New York 
USA 

Yew Guinea 
Florida USA 

Indiana USA 

Indiana USA 
From 

Sinden 

Florida USA 
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Syncephalastrum nigricans Vuillemin (3) 
QM 835 (Fla F-92) C— D. H. Linder Matches Florida USA 

Syncephalastrum racemosum (Cohn) Schroeter (18) 
M 57a C— W-—_ V.M. Cutter Leatherette New Guinea 
M 826 C-— W- i Haversack New Guinea 

QM 836 (Fla B-23) C— W- _ D.H. Linder Canteen cover Florida USA 

Syncephalastrum sp. (12) 
QM 837 (JQMD 349) CcC— Ww- Belt New Guinea 

Syncephalis sp. (1) 
QM 838 (JQMD 933) C— W+  V.M. Cutter Tarpaulin New Guinea 

Synsporium sp. (1) 

Thamnidium elegans Li ) 
QM 545 (Schneidau 8140; ATCC 8997) 

C—~ W- 

Thamnidium piriforme (Bainier) Ri (0) 
QM 546 (Schneidau 8148; ATCC 8992) 

Ce = 

Thielavia sepedonium Emmons (10) 
QM - W+ C.W. Emmons Tent India 
QM C+ W Wax paper India 
QM hs (JOMD 963) C+ W+ Tent New Guinea 

Thielavia terricola (Gilman & Abbott) Emmons (6) 
214 (Emmons 5100; ATCC 1722) 

C+ W+ Soil Iowa USA 
QM 843 (JQMD 1170) C+ W+  C.W. Emmons Tent New Guinea 

Thielaviopsis basicola (Berkeley Poa Ferraris (0) 
QM 547 (Schneidau 8500; ATCC 9853) New Zealand 

CH -_ 

areal ils p. (1) 
9 (Pan B. 218ElI) C+ W+ ~ D.H. Linder Canvas Canal Zone 

Pte prasina Preuss (1) 

Torula sp. (6) 
QM 216 (BOL D-45) C-— W- Jute canvas India 
QM 217 (BOL D-150) W+ Webbing tape 

Torulina sp. (46) 
QM 710(Fla D-51) C+ W-+ D-H. Linder Cot straps Florida USA 

Traversoa sp. (1) 

ies neni 

QM 

63d 
QM 844 (Fla C-55) 

p. (1) 
711 (Pan B- 816All) 

Trichoderma viride Harz (363) 
QM oa C+ 

C+ 
C+ w+ cc 

co. w+ “ 

C+ W-+ D-H. Linder 

W+ # W.L. White 
w+ «“ 

D. H. Linder 

Trichoderma viride Harz var. Koningii Oudemans (10) 

Trichoderma sp. (32) 
QM 219 (BOL D-166) C+ W+ 

Textile sample 

su half 
Tentage 

Pistol belt 
Tent rope 
Cotton rope 
Socks 

Parachute 

Canal Zone 

oo 
w Hebrides 

New Guinea 
= ia 
New Guinea 
Florida USA 
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Trichophyton mentagrophytes (Robin) Blanchard (0) 

QM 248 (NIH 640) C— W+ Human foot Georgia USA 

QM 252 (NIH 666) C— W+ Dog Kansas USA 

Trichophyton rubrum (Castellani) Sabouraud (0) 

Trichophyton sulfureum Sabouraud (0) 

QM 249 (NIH 657) C— W+ Human scalp Mexico 

Trichophyton tonsurans Malmsten (0) 

C— W+ C.W.Emmons Human scalp Guatemala QM 251 (NIH 662) 

Trichosporium sp. (3), 
QM 846 (JQMD 836) W+ LG. Isfort 

QM 847 (JQMD 1023) C+ W+ 

pc aa a roseum Link (3) 

QM 10 Cc— 

tvirachium dependens Limber a 

QM 4g- C— — W.L. White 

aaa roseum van ay (4) 

QM 164 CW 

QM 285a C— W-—_ W.L. White 

QM 494 C— W-— _ Reese & Downing 

Tritirachium sp. (5) 

Tryblidopycnis sp. (1) 

Tubercularia sp. (5) 
QM 848 (JQOMD 198) C+ W-— _ G.W. Martin 

Vermicularia section (2) 
QM 712 (Pan B-607D) 

Verticicladium sp. (2) 

Verticillium dahliae Klebahn (0) 

Verticillium malthousei Ware (0) 
QM 515 C— W-+__ E.T. Reese 

Verticillium niveostratosum Lindau (1) 

C+ W-+  OD.H. Linder 

Verticillium sp. (26) 
QM 849 (JQMD 310) aes 

QM 851 (Fla B-59) C+ ie W.C. Se 

OM 852 (Fla C-7) C+ We 
Volutella sp. (1) 

Wardomyces anomala Brooks & Hansford (0) 
QM 903 (IIlman-V-135) C— W— 

Xenosporium sp. (2) 

Zygodesmus sp. (3) 
QM 853 (JQMD 865) C. Wee 
QM 854 (JQMD 1114) C-..Wee 
QM 855 (JQMD) 1174) C+ W+ 

Zygorrhynchus moelleri bg 2 

M 856 (Fla 4-29) 
Mycelia sterila (523) 

Undetermined (163) 

Tent 
Tent rope 

Leather liner 

Leather shoes 

Veg. ivory 
button 

Kapok pad 
Cotton & nylon 

Tent 

Canvas 

Mushroom 

Belt 
ent 

Web belt 

Soil sample 

New Guinea 

Guadalcanal 

New Guinea 

Bougainville 

Tropics 

Penna. USA 
Ohio USA 

New Guinea 

Canal Zone 

Penna. USA 

New Guinea 
Florida USA 
Florida USA 

New Guinea 
New Guinea 
New Guinea 

Florida USA 
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Organism Activity Identified By Substrate Locality 

Acetobacter suboxydans Kluyver and deLeeuw. (0) 

M B1473 Army Medical School 621 

Actinomyces albus Krainsky (0) 
478 Bur. Nutr. Home Ec., 

WwW S. Waksman 

Actinomycete, unidentified (53) 
M B76 C— H. W. Reuszer Dyed duck Canal Zone 

QM B157 C+ ff Dyed duck Canal Zone 

QM B642 C— i Blanket New Guinea 

QM B668 C— et Raincoat New Guinea 

QM Bo68s1 Cc— ef ocks New Guinea 

QM B814 C+ E. T. Rees Tarpaulin New Guinea 

QM B937 C— H. W. Reuszer Haversack New Guinea 

QM B957 C— i Cotton rope New Guinea 

QM B1058 C-— Ms hoe New Guinea 
QM B1086 C+ Shoe New Guinea 
QM B1359 C+ " Cot, canvas Florida USA 

QM B1477 w+ : - Levinson Wool, buried Penna. USA 
QM B1479 H. Downing Wool, buried Penna. USA 

i aie (schuylkilliensis) Eisenberg “ 
QM B1461 J. T. Baker Chemical Co. 

G. M. Eisenberg 

Aerobacter aerogenes ae Beijerinck (0) 
QM B1463 (NRRL B562) 

— bookeri oe Bergey et al (0) 
1484 ATCC 912 Ww 

Alcaligenes faecalis at and Chalmers (0) 
QM B1483 ATCC 8749 _ 

Bacillus alvei Cheshire and Cheyne (3) 
om N.R. Smith Trousers New Guinea 

QM B1087 . Tent flap New Guinea 
QM 8B1105 C— a Shoe New Guinea 

Bacillus ipa eee and McBeth (0) 
N.R. Smith 

Bacillus i (Fligge) oe emend. Ford (13) 
M B47 W+ N.R. omith Treated canvas acs Zone 

QM fh C—- W- entage Guinea 
QM B1080 C— sh ew Guinea 
QM B1334 Elastic covering Florida USA 

Bacillus cereus Frankland and Frankland (112) 
QM B28 W— N.R.Smith Tent Canal Zone 
QM B42A W+ ‘ Canvas nal Zone 
QM B387 w+ as Decayed wood Canal Zone 
QM B476 C—- W+ . Tent anal Zone 
QM B826 C— W+ . Shoe India 
QM B927 W— ne Shoe New Guinea 
QM B1079 7 Shoe New Guinea 
QM B1286 gf Socks Florida USA 
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Bacillus cereus var. mycoides Fligge (57) 

B479 W+ N.R.Smith Soil Colombia 

QM Boi0 C— — * Tarpaulin New Guinea 

QM B743 C— W+ % New Hebrides 

QM B8s25 C— —- - Shoe ia 

QM B898 C— W+ "4 Scabbard New Guinea 

QM B964 W+ " Knapsack New Guinea 

QM B1081 N.R. Smith Shoe w Guinea 

QM B1405 . Canal Zone 

Bacillus circulans Jordan, emend. Ford (11) 

QM B353 C— N. R. Smith Canvas Canal Zone 

QM B629 C— #5 Belt New Guinea 

QM B857 C— W+ - Kit, Canvas New Guinea 

QM B1292 s Socks Florida USA 

OM B1335 § Elastic cover Florida USA 

QM B1376 Cotton bag Florida USA 

QM 81470 VD Research Laboratory 

M-14 C. McLeod Produces antibiotic 

Bacillus firmus Werner (13) 
QM B172 c W— N.R.Smith 

QM Bo647 C— 
QM Boo w+ is 
QM B719 C— & 
QM B824 Ww «“ 
QM B1124 

Bacillus firmus-circulans intermediates (5) 
B787 W— N.R.Smith 

QM B98s8 Ewe : 
Bacillus megatherium deBary (188) 
QM Bo03 W— N.R.Smith 

QM B705 + a 
QM B773 W+ % 
QM B793 W+ S 
QM B844 C— W+ i 
QM B975 w— aS 
QM B980 w+ ss 
OM B1193 # 
QM B1227 is 
QM B1276 ig 

Bacillus polymyxa (Prazmowski) Migula (4) 
M B768 C— N.R. Smith 

QM B995 C— S 
QM B1100 C— a 

Bacillus pumilus Gottheil (66) 
M B21 W-— N.R.Smith 

W (<9 QM B170 a 
QM B746 W+ 
QM B803 W+ « 
QM B846 W+ « 
QM B910 W+ « 

anvas 
Trousers 
Raincoat 
Shoe 
ope 

Tarpaulin 

Tentage 
Tentage 

Rope 
Canvas bag 
Leather 
Trousers 
Helmet liner 
Rope 
Precoated can 
Shelter half 

Tarpaulin 
Rubber boot 
Khaki shirt 

Tentage 
anvas 

Tent 
Pistol belt 

Canal Zone 
New Guinea 

Guadalcanal 
ndia 
New Guinea 

New Guinea 

New Guinea 
New Guinea 

Florida USA 
Florida USA 

New Hebrides 
New Guinea 
New Guinea 

Canal Zone 

Cover, cellulose New Guinea 
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BACTERIA, ACTINOMYCETES AND YEASTS (continued) 

Organism Activity Identified By Substrate Locality 

QM B1309 « Canvas bag Florida USA 
QM B1383 = Cotton socks Florida USA 

Bacillus sphaericus Neide (7) 
M B41 N. R. Smith Canvas Canal Zone 

QM Bs91 C— W- " Shoe New Guinea 

QM B1118 C— Tarpaulin Guinea 
QM B1152 C— 7 Suspender straps New Guinea 

Bacillus ad var. —— Gottheil a 
B7 Ww Smith Shoe ail 

QM ele WwW Legging New Guinea 
QM B873 W-— 7 Web strap New Guinea 
QM B8&96 " Glove, canvas New Guinea 
QM B1082 a Shoe New Guinea 

Bacillus subtilis Cohn, emend. Prazmowski — 
M Bo639 W+ N_R. smith Socks New Guinea 

QM Boss - Socks New Guinea 
QM B742 C— W+ Canvas roll New Guinea 
QM B778 W+ ” Grey netting Russell Is. 
QM B835 W+ : Tent lines Haw 
QM B845 C—- W- . Leather New Cus 

OM B922 wi NLR. emith Tent New Guinea 
QM B942 Cc Shoe New Guinea 
QM B952 oo: . Te Guinea 
QM B1228 a Precoated can Florida USA 
QM B1230 " Lacquered can Florida USA 

Bacteria unidentified (435; for the most part gram-negative to gram-variable rods) 
QM B54 C+ Tentage Canal Zone 
OM B123 C+ Cotton duck Canal Zone 
QM 8142 C+ Cotton duck Canal Zone 
QM 8230 C+ Cotton duck Canal Zone 
QM B240 Cotton duck Canal Zone 
QM B275 C+ Cotton duck Canal Zone 
QM B283 C+ Cotton duck Canal Zone 
QM B318 C+ Cotton duck Canal Zone 
QM B319 C+ Cotton ] Zone 
QM B1469 Liquefies cellosize (Hydroxy- 

ethyl cellulose) Penna. USA 
QM B1471 Rhotex-QS L-200 (Rohm & 

spect ensal biazotea eee a Bergey et al. (0) 
QM N.R. Smith 127 C+ 

Haas) Penna. USA 

Sean ae (aleman and McBeth) Bergey et al. (0) 
M B52 6N.R.Sm 

Cellulomonas fimi steed and Scales (0) 
27 N.R. Smith 133 C+ 

Cellulomonas flavigena (Kellerman and McBeth) Bergey et al. (0) 
BS2 N. R. Smith 134 C+ 

Cellvibrio fulvus Stapp and Bortels (2) 
18 Ca. 

QM B102 Ca 
.C. Haynes 

ce 

Soil Canal Zone 
Cotton duck Canal Zone 
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BACTERIA, ACTINOMYCETES AND YEASTS (continued) 

Organism Activity Identified By Substrate Locality 

Cellvibrio vulgaris Stapp and Bortels (11) 

QM Bi C+ W. C. Haynes Duck, in soil Canal Zone 

QM B2 C+ 4 Duck, in soil Canal Zone 

QM B4 C+ ‘ Duck, in soil Canal Zone 

QM Bo C+ x Muslin Canal Zone 

QM B8 C+ a Soil Canal Zone 

QM B9 C+ “9 Soil Canal Zone 

QM Bi2 C+ ts Soil Canal Zone 

Cellvibrio sp. (3) 
QM B H. W. Reusz2r Tarpaulin Canal Zone 

QM B93 = Tarpaulin Canal Zone 

nebacteriun 2 sp. (12) 

QM B487 C+ H. W. Reuszer Sling, rifle New Guinea 

QM B493 C+ 7 Tentage New Hebrides 

QM B503 C+ = Leggings New Guinea 

QM B509 C+ ¢ Haversack New Guinea 

QM B514 C+ - Tent New Guinea 

QM B521 Tent rope New Guinea 

Escherichia coli (Migula) Castellani and Chalmers (0) 

457 

QM B1465 J.T. Baker B-44(ATCC 9673) 

Lactobacillus arabinosus Fred, Peterson and Anderson (0) 

Army Medical School 31-0-1 

Lactobacillus casei (Orla-Jensen) Holland (0) 
QM B 74 Army Medical School 31-£-1 

Lactobacillus fermenti Beijerinck (0) 
B1476 Army Medical School 31-1L-1 

Micrococcus pyogenes var. aureus (Rosenbach) Zopf (0) 
B1458 G. F. Re ddish 

Strain for reduction of dihydro- 
ascorbic aci 

FDA strain for 
phenol coeffi- 
cient test. Penna. USA 

Micrococcus sp. (23) 
QM B30 Tentage Canal Zone 
QM B296 C— ada duck Canal Zone 
QM B398 C— Len Canal Zone 
QM B454 Ge duck Canal Zone 
QM B821 C— Tenting India 

Proteus vulgaris Hauser (0) 
QM B1464 J.T. Baker B-31 (ATCC 7246) W— 

Pseudomonas aeruginosa eee Mee (0) 
H. S. Levinson 
P. Kopper 

QM B1468 
QM B1485 

Pseudomonas elongata Humm (0) 
M B1472 

Pseudomonas sp. (1) 
QM B1482 

H. Humm 

W+ = 4H.S. Levinson 

SE on Dae plate. 
(e st 

r; no 

pyocyanin produced. 

Agar liquefier. Marine source 

Wool Penna. USA 
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BACTERIA, ACTINOMYCETES AND YEASTS (continued) 

Organism Activity Identified By Substrate Locality 

Rhodotorula bronchialis (Ciferri and Redaelli) Lodder (0) 
B1480 T. Sproston Air contaminant Vermont USA 

Saccharomyces lactis (0) 
M Bi450 Bakers’ yeast Bavaria 

QM B1452 Bakers’ yeast Bavaria 
QM B1454 Bakers’ yeast Bavaria 

sa hy Romer 7 Castellani ye Shona (0) 
QM B1459 (ATCC 9150) P. C. Norman Carrier strain Illinois USA 

FDA strain for 
phenol coeffi- 
cient test. Penna. USA 

Ene typhosa pe White (0) 
QM B1460 

Serratia marcescens Bizio (0) 
M B1455 From M. Landy, 

Wyeth Drug 
Co. Phila. USA 

QM B1466 (ATCC 990) 

Be ae a eg eee (Krzemieniewska) Stanier (23) 
2 USDA, Gray’s strai 

C4 
QM B490 C+ Trousers New Guinea 
QM B492 H. W. Reuszer Shoe New Guinea 
QM B497 C+ 7 Tenting Italy 
QM B506 C+ - Canteen cover New Guinea 
QM B511 7 Trousers New Guinea 
QM BS517 C+ ee Suspender straps New Guinea 

Sporobolomyces ie (0) 
QM 81488 ATCC 6 

hc Uileocio lactis ae Lohnis (0) 
67 J.T. Baker B-78 (NRRL B446) 

Torula ates 
QM B1489 ATCC 2504 

Torula utilis (0) 
QM B1487 ATCC 8206 

Trichosporon asteroides (O) 
QM B1486 ATCC 4155 
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CLASSIFICATION OF YEASTS FROM THE FERMENTATION 

OF COMMERCIALLY BRINED CUCUMBERS *” 

Joun L. EtcHELLs AND THomas A. BELL 

Bureau of Agricultural and Industrial Chemistry 

Agricultural Research Administration 

U.S. Department of Agriculture, Raleigh, N.C. 

During the fermentation of cucumbers in salt brines, a part of the micro- 

biological activity is due to yeasts. Their portion of the fermentation 

proper is considered gaseous in nature and covers a wide range with respect 

to brine concentration, the maximum salt tolerance observed under com- 

mercial conditions being upwards of 20 to 22 percent by weight. Since a 

vigorous gaseous fermentation by yeasts in cucumber brines is associated 

with the production of “bloaters” or hollow cucumber stock, their behavior 

is of economic importance to the industry. Previous work on the subject 

has dealt chiefly with population studies. Specifically, these reports have 

been concerned with the influence of brine concentration (Etchells, 1941; 

Etchells and Jones, 1943); the addition of organic acids (Jones, e¢ al, 

1940); the addition of sugar (Veldhuis, et a/, 1941); and more recently in 

connection with the amount of fermentation gas evolved and its composi- 

tion (Etchells, Fabian, and Jones, 1945). 

While the above work established that yeasts were associated with 

cucumber fermentations under conditions typical of the industry, it gave 

no information as to the species that might be growing in the brines. The 

present investigation was undertaken with a two-fold purpose; (1) to 

obtain more specific information on the principal types of yeasts occurring 

during the gaseous fermentation of salt-stock cucumbers, and (2) to deter- 

mine whether a definite sequence of yeast types occurred during the period 

of general yeast activity. Basic information of this nature is of prime im- 

portance since only through such studies can suitable brining procedures 

or control measures be properly developed, with the ultimate objective of 

placing the cucumber pickling industry in the group of controlled fermenta- 

tion industries. 
Studies of the chiefly oxidative surface yeasts, associated with luxuriant 

scum formation, constitute the bulk of the information known concerning 

the yeast types present in connection with brined, salted, and pickled 

vegetables. The latter types are commonly present on the surface of brines 

exposed to air but sheltered from direct sunlight. At the outset in the 

present work a clear-cut distinction should be made between the film- 

forming yeasts and the fermentative subsurface yeasts in commercial cucum- 

ber brines which are responsible for the gaseous fermentation. 

1 Agricultural Chemical Research Division Contribution No. 236. 

2 This study was carried out under a cooperative project with the Department of 

Horticulture of the North Carolina Agricultural Experiment Station. 



88 Fartowia, VoL. 4, 1950 

It has been pointed out (Etchells and Jones, 1946; Etchells, Jones, and 
Lewis, 1947) that conditions permitting active growth of film-yeasts, such 
as afforded by open containers sheltered from direct sunlight, are not gen- 
erally favorable for obtaining the best information as to the predominating 
subsurface yeast flora contributing to the gaseous fermentation. In the 

present study, 40 of the 42 commercial fermentations in large vats were 

under outside conditions. Hence, growth of surface scum was controlled 

by direct sunlight. In the case of the two sheltered vats, film-yeasts were 

present on the brines but the regular sampling technique (from approxi- 

mately 6 feet beneath the brine surface) reduced contamination of the sub- 

surface brine samples with film-yeasts to the point where it was no problem. 
Thus, species of Debaryomyces, Pichia and Mycoderma such as found bv 

Mrak and Bonar (1939) from surface films of various brined foods would 
not ordinarily be expected in any numbers, This point is substantiated 
in the data to follow. 

INTRODUCTORY STUDIES 

During the 1946 brining season a beginning was made on the yeast 

classification work with 218 isolates which were obtained from 22 un- 
sheltered fermenting vats, the latter being divided equally between two 
commercial plants (A and B) located in eastern North Carolina. The 

brining treatments were similar in that the initial concentration employed 
by both plants to cover the green cucumbers was designed to equalize at 
about 10 percent. They differed chiefly in the rate of increase of brine 

strength; plant A increased the brine strength to 15 percent in about 6 

weeks, whereas plant B took about one-half that time to reach the same 
strength. At both plants, the fermentations selected were about 18 to 21 

days old and all showed active gas evolution. These vats were sampled 
only three to four times each during the period from the middle of July 

until the first week of September. It was intended that this introductory 
study should give information on how many generic groups might be in- 
volved and the possible influence of the two brining treatments on these 
groups. 

It developed that the 218 isolates could be divided into 213 that were 
asporogenous and 5 that were sporogenous. The asporogenous group was 
divided into 138 isolates which had small to tiny cells, fermented 3 sugars 
(glucose, sucrose, and raffinose 14), and were strongly nitrate positive; 
and 75 isolates that were round to oval, fermented both lactose and maltose, 
and were moderately to weakly nitrate positive. The first group was classi- 
fied as Torulopsis and predominated during the first part of the fermenta- 
tion; the second group was classified as Brettanomyces, and predominated 
during the latter part. Further, the two groups had one characteristic in 
common; both were short-lived on slant cultures of ordinary dextrose agar. 
This fact nearly resulted in loss of the collection of these yeasts. It was 
first discovered in connection with the tiny-celled type, and a large propor- 
tion of the isolates obtained from the brine samples taken during July and 
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August were dead by the latter part of September. The 75 lactose and 

maltose fermenters were then inspected and found to be in a very poor 

state of viability. These were finally revived by adding lactose broth 

directly to the slant culture. Thereafter, they were kept in 4 percent 

lactose broth at room temperature with excellent results for periods up 

to 9 months. 
In October 1946, an effort was made to re-isolaie the tiny-type Torulo psis 

from the original brine samples of the 22 vats taken during the two sam- 

plings of July and August and which had been refrigerated (3-4°C.). 

This was only partially successful. A possible explanation for this ap- 

peared to lie in the fact that 74 of the 75 Torulopsis isolates obtained came 
from the 11 fermentations followed at plant B, where the brines, as com- 

pared to those from plant A, had very little acidity. The rapid increase in 
brine salinity employed at plant B afforded very little opportunity for a 
fermentation by the lactic acid bacteria. This would indicate that the 
tiny-cell type Torulopsis was sensitive to the brine acid of the plant A 
samples during storage in the refrigerator. 

It was indicated that the sporogenous isolates, classified’ as Hansenula 
and Torulaspora, were obtained less frequently since only 3 cultures of the 

former genus and 2 of the latter were found. 
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Figure 1. Yeast populations and the increase of brine concentration at two 
commercial plants (A and B). 

EXPERIMENTAL 

With the above points in mind, the work for the 1947 season was con- 
tinued at the two plants mentioned in the 1946 study and included 10 
fermentations at each plant. Sampling started shortly after the vats were 

filled and brined and continued at frequent intervals for approximately 
100 days. Individual vats were chosen at random and represented differ- 
ent periods of the season during which cucumbers were being brined. Fer- 
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mentations occurred for the most part over a period from July until mid- 
October with brine temperatures within the range of 25 to 27°C., except 
for the period from mid-September to mid-October when they were 20 to 
25°. Eighteen vats were located outside and were unsheltered; two at plant 
B were sheltered. The brine temperature of the latter two vats averaged 
about 3° lower than those that were outside. The rate of increase in brine 
strength employed by each plant, and the resulting yeast populations ob- 

TABLE 1. ORIGIN oF 1226 YEAST ISOLATES FROM 20 FERMENTATIONS AT 2 COMMERCIAL 
Prants (1947 SEAson) 

Prant A 

Vat Number Vat Capacity Number of Isolates 
(and Date (and cucumber Obtained Using Fermentation Period 
Filled) size) * Glucose Agar Covered by Isolations 

Without With 
Sal Salt 

bu. (n0.) days 

F-161 415 (3’s) 40 27 11th to 104th; (16,14) ? 
(7-3) 

F-163 425 (3’s) 37 26 7th to 76th; (15,15) 
(7-3) 

F-164 450 (3’s) 45 30 7th to 104th; (17,16) 
(7-3) 

F-167 725 (3’s) 40 a1 7th to 104th; (15,15) 
(7-3) 

F-221 475 (3’s) 35 28 8th to 101st; (15,14) 

(7-6) 

F-236 495 (3’s) 39 28 8th to 101st; (16,15) 

(7-6) 

F-287 580 (2’s) 25 22 Ist to 94th; (14,12) 
(7-13) 

F-288 320 (3’s) 22 20 Ist to 94th; (12,10) 
(7-13) 

F-291 600 (2’s,1’s) 37 21 Ist to 87th; (12,11) 
(7-20) 

F-10* 390 (1’s) 21 15 8th to 59th; (9,8) 
(7-20) 

Sub-total 341 248 
Total 589 

*Plant A: No, 1’s, small ae up to 1” in dia.; No. 2’s, medium, up to 114” 
dia.; No. 3’s large, ana 4" d 

Plant B: FR refers to field run 1 cucumbers, ungraded as to size. 
Plant A used the National variety; plant B, the Earliest of All. 
° Figures in parentheses in column Rone fie number of brine platings on glucose 

agar without salt and with salt, respectively, from which isolations were made, 
°Vat emptied by plant before observations were completed. 
*Vats sheltered from weather; all others in the open. 
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Prant B 

Vat Number Vat Capacity Number of Isolates 

(and Date (and cucumber Obtained Using Fermentation Period 

Filled) size) * Glucose Agar Covered by Isolations 

Without With 

Salt Salt 

bu. (no.) days 

21-20 650 (FR) 41 32 8th to 105th; (15,15) ? 
(7-2) 

21-21 650 (FR) 36 25 11th to 104th; (15,14) 

(7-3) 

22-21 610 (FR) 41 24 11th to 104th; (15,12) 

(7-3) 

1-7° 625 (FR) 40 30 4th to 76th; (15,14) 

(7-3) 

23-3 850 (FR) 35 28 2nd to 102nd; (15,14) 

(7-5) 

23-4 775 (FR) 42 26 2nd to 102nd; (16,13) 
(7-5) 

14-10 * 750 (FR) 42 23 5th to 98th; (16,12) 

(7-9) 

15-104 1000 (FR) 31 26 8th to 98th; (13,13) 
(7-9) 
B1-1 620 (FR) 42 20 9th to 88th; (12,10) 

(7-19) 

B2-13 500 (FR) 31 22 9th to 88th; (12,11) 

(7-19) 

Sub-total 381 256 

Total 637 

tained, are shown in figure 1. The curves represent mean values for 10 

fermentations at each plant. 
The brine samples were collected, plated, and counted according to 

methods previously described by Etchells (1941) and later revised by 

Etchells and Jones (1946). Two collections of isolates (1,226 in all) were 

obtained; one from acidified dextrose agar, the other from the same medium 

containing 8 percent salt by weight. The purpose of the salted medium was 

to determine whether any types were present that required salt in relatively 

high concentrations for growth. None, however, was found and the plate 

counts for the fermentations were essentially the same on either medium. 

At each plating interval the plates from the high dilutions were set aside 

for picking representative colonies. 
The details concerning the origin of the isolates obtained during the 

1947 season are shown in table 1. Of the total number of isolates picked, 

approximately 48 percent came from the fermentations at plant A, and 

52 percent from plant B. In both cases there were fewer isolates picked 
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from salt agar, since it had originally been intended only to supplement 

those from the unsalted media as a check against missing any of the halo- 

philic types mentioned. In all but two cases the cultures isolated covered 

the fermentation period adequately from the standpoint of yeast activity. 

The exceptions were vat F-10 at plant A, and vat 1-7 at plant B; both 

were emptied before the last sample could be obtained. 
The methods employed and classification systems used were essentially 

those outlined in the monographs by the Dutch workers, Stelling-Dekker 

(1931), Lodder (1934), Diddens and Lodder (1942), and Custers (1940). 

The work of Bedford (1942) was used for the genus Hansenula. Also, the 

excellent review by Henrici (1941) was most helpful, as was the generous 

assistance of Dr. L. J. Wickerham of the Northern Regional Research 

Laboratory, U.S. Department of Agriculture. 
Certain modifications and additions were made in connection with the 

taxonomic tests of the Dutch workers. The basal broth for sugar fermenta- 

tions consisted of peptone 0.5 percent, yeast extract 0.25 percent, and 

3 to 4 percent solutions of the test sugars in 15 x 150 mm.-tubes contain- 

ing 10 x 45 mm.-inserts. In order to determine the status of the raffinose 
fermentation (14 or complete fermentation), both raffinose and melibiose 
(in 4 percent solutions) were used. Here, owing to cost of these com- 

pounds, small 8 x 75 mm.-tubes were used either with a petroleum jelly 

seal or one of heavy mineral oil. The latter seal was preferred for the slow 

fermentation characteristic of some of the veasts encountered. The basal 

medium used for sugars was also employed for determinations on the utili- 

zation of ethyl alcohol (3%). Inoculated and uninoculated basal medium 

controls were run in all cases. 
For the nitrate test, the synthetic medium of Stelling-Dekker was used, 

but in liquid form fortified with an addition of 0.1 percent of yeast extract, 

which was necessary as a supplementary source of growth accessory sub- 

stance for one yeast group (Torulopsis). Wickerham (1946) has shown 
that certain species of yeasts previously recorded as negative for utilization 

of ammonium sulfate, urea, and asparagine were found to be positive when 
required amounts of pure vitamins were added. In the present work the 

test for nitrate reduction was not by growth differential but by the common 
test for nitrites used by bacteriologists (S. A. B. Manual, 1937). In our 

opinion, the test as we use it is more satisfactory than the growth test on 
slants particularly for species where slant growth is ordinarily scant and 

for those which require a supplementary source of vitamins. The chemical 

test is not infallible, however, and the precautions outlined in the Manual 

should be followed, particularly in case of negative results. The test, ac- 

cording to Wickerham (1947), should be repeated at about 2-day intervals 

of growth to establish maximum nitrite accumulation and to avoid false 

negatives, The use of both slant and broth cultures for testing has proved 

very helpful in our hands when nitrate reduction is weak, or nitrite ac- 

cumulation is of small magnitude. 
For the sporulation tests a vegetable juice medium prepared from a 
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commercially canned product was used.* This medium was essentially the 

same as that originally described by Wickerham, Flickinger, and Burton 

(1946). We prepare the medium as follows: Equal parts of juice and 

water are adjusted to pH 6.0 by addition of 10 percent sodium hydroxide. 

Then, 2 percent agar and 0.4 percent calcium sulfate are added, the mix- 

ture is heated to dissolve the agar, tubed, and sterilized at 15 lbs. pressure 

for 15 minutes. The final pH is usually about 5.8. The medium has a 

tendency to foam and wet the plugs, but this can be corrected for the most 

part by placing the racks of tubed media in a boiling water bath for 10 

minutes and then autoclaving carefully. The principal difference in the 

two media is the higher pH (6.8) preferred by Wickerham e¢ al. and the 

addition of a yeast cake. Also, they prefer the use of fresh slants not over 

8 hours old. 
Early in the present study a test was made using the modified vegetable 

juice medium and seven other sporulating media, i.e., potato plugs, potato 

agar, dilute carrot juice agar (McKelvey, 1926), carrot plugs, Gorodkowa’s 

agar, dilute cucumber juice agar, and gypsum slants (Lindegren, 1945). 

Two Torulaspora isloates and 4 Hansenula isolates from brines, together 

with 3 known species of Saccharomyces and 2 of Hansenula, were tested 

on each medium. The media were observed at intervals for a period of 

several weeks, Considering all genera as a group, the vegetable juice 

medium was considered superior for indicating spore formation; Gorod- 

kowa’s was next best. Carrot agar was the best individual medium for the 

Hansenula, but very poor to negative sporulation for these yeasts was ob- 

tained on the 2 potato media. However, the potato media proved superior 
for the Torulaspora isolates. The results for the known species were essen- 

tially the same in that the vegetable juice was the best single medium. 
One strain of S. ellipsoideus gave poor results on all media used. As a 

result of this and subsequent tests with known species from the Northern 
Regional Research Laboratory (Peoria), the vegetable juice agar was 
adopted as a screening medium for dividing all the brine isolates into sporo- 

genous and asporogenous types. Representatives of the latter types were 
thoroughly tested, however, on several other media before recording nega- 
tive results. 

The test for mycelium production was made using point inoculations on 
poured plates of cornmeal agar to which centered cover glasses were applied 

(Wickerham and Rettger, 1939). The potato medium of Lodder was also 

tried but the above procedure gave better results. Modifications of Custers’ 
“standard test”? were used in detecting acid production in aerobic culture. 
Several concentrations of suspended chalk in slants and poured plates of 
both regular glucose agar and a synthetic agar with glucose were tried. The 

regular glucose agar (used in this and other tests where mentioned) con- 
sisted of the following ingredients; Glucose, 2 to 5 percent; yeast extract, 

0.25 percent; KeH POx, 0.1 percent; salt, 0.5 percent; peptone, 0.5 

§’ Manufactured by Campbell Soup Co. under the name “V-8.” It is probable that 
other products of essentially the same composition would prove satisfactory. 
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TABLE 2. SUMMARIZED MORPHOLOGICAL, CULTURAL, AND BIOCHEMICAL CHARACTERIS- 

Tics OF 1424 Yeast IsoLATES FROM 42 COMMERCIAL CUCUMBER FERMENTATIONS. 

Generic group, species allocation, Glucose Agar Glucose Broth 
number of isolates.t Vegetative Cells Growth Growth 

I. Na sau ied Berles 
A. roliniana Pes nov. m veg. juice agar a White, moist, glist No ring 

es ates elvcose ae iia smal seconsiey colonies ening no film; 
49.6% streak. Scant amount of broth clears 

3 a Short: an i os growth. Sells peo gee rapidly 
shaped ce r clusters; death approx. 3-6 
some elonga wks. on Aaas GP in boa 

B. T. holmit (Jorgensen) Lodder Cells predominately short- Light buff, glistening, No ring; 
4 isolates oval, 3-4 X 4-5.5zh. practically smooth, no film. 

% 

Il. Brettanomyces Kuff. et van Laer 
A. B. Me pres hu nov From broth 3-4 X 4-54, ‘oung rowth white, Ring; 

a isolat roun to oval, some glistening, smooth; ol no film. 
8% elongated. On agar gutunes Govelnn light pink 

slants, generall lav color from 
same size. _Characteris- a néelis short-lived 
tic on ie . Belin in slant cultures. Abund- 
Ogiv cul- ant growth 
ie 

B. B. scoala sp. nov. 
aa isolates Cells predominately round, White, smooth,  glisten- Ring; 

9 Mn but — a be slight ing, abundant growth. no film. 
oval; dia., some 
niche gyi “clusters 
of many cells. Pcie 
cells in old cultur 

III. Saccharomyces (Meyen) Reess 
Subgenus Zygosaccharomyces Barker 

Z. sp From broth, cells gen- White to light cream; Ring; 
50 isolates erally large, mostly oval dull; irregular; surface no film. 
3.5% and in cell colonies. Av, gently folded; aodemnie 

. 2. Sp. - -5-7; some to abundant ‘growth. 
9 isolates 5 larger; elongated chains 

0.6% of cells on old media. 

IV. Hansenula Sydow 

A. su ewes Bedford Cells large, round, oval, White, told mois Ring; 
49 isola sausage-shape, irregular: glisten ng, ‘abunda ‘ very 

3. a x 8, some elongated. growth; a ative with slight film. 
Clusters of several cells. ge. 

V. sig Lindner 
; f cruilenmond Cells presominately round White, smooth,  glisten- Ring; 

6 feplal to slight oval, 3-6u dia ing, abundant growin no film. 
ae mostly 4.54.  eiucters of Some strains with granu- 

three to four cells. lar surface. 

VI. ree eee 
ing (De ’Rossi) Janke Grey, thin, moist, glis- No ne 

5- ingly tening, no film 4 ‘eolat 
O.1 ih 

sees a ia a. pes 
late, 
or 

smooth;  trans- 
parent wavey es 
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Growth ‘ 
in Nitrate Action on Sugars Ascospore Outstanding 

Ethyl Assimilation Fermente Not Fermented Production Chic aii 
Alcohol 

Absent Strongly lucene (2)2 Maltose Not found on 8 s Small cell size; short-lived 
positive Sucrose (3) Galactose A 3 lation media mane nature; strong nitrate Jest 

Raffinose (2) Lactose over period of sev- rapid fermentation; nt 
Melibiose eral mon amount of growth; alan 

teristic colony formation. 

Glucose (2) Not found on sporu- Rapid fermentation of glu- 
Moderate Negative Sucrose (2) Maltose lation media observed cose, sucrose, galactose, and 

Galactose (2) actose over period of sev- raffinose 1/3); short, oval 
Raffinose (2) Melibiose eral months. cells. 

Good Positive Glucose (4) found on 8 sp Fermentation of maltose, lac- 

growth Sucrose (6) lation media observed tose, and melibiose; aslally 
ith Maltose (5) over pare od of sev a slow, prolonged fermenta- 

ring; Galactose (8) eral nths. tion behavior; death of cells 
no film Lactose (8) in aerobic culture due to 

Raffinose (12) acid production; high salt tol- 
Melibiose (12) erance, 

Predominately round cells; 
Moderate Pogitive Glucose (7) Sucrose A Not found on sporu- slow, aaroloneed Feemontation 
growth (latent) Maltose (12) Galactose A lation media observed of glucose and maltose; vig- 
with Lactose over period of sev- orous assimilation of galac- 
ring; Raffinose eral months, tose; high salt Pee a 

no film Melibiose de f cells 
cult 

Moderate Negative Glucose (3) cro ositive; isogamic Limited fermentation powe 
growth Maltose heterogamic conjuga- variable action on sucrose in 

Galactose A I-3 spores per low concentrations; typical 
ring Lactose eee Av. spore 3 sporulation; high salt  tol- 
after one Raffinose A X 4.5; round to erance, 
month. Melibiose oval. 

Maltose § A Fosive; usually hat- 
Moderate Positive Galactose A shap' pores, 1-4 Lack of significant 
growt Sucrose (3) Lactose Bets ascus}; spores mation ; vigorous re 
with Raffinose (7) Melibiose mostly 2 xX 34; OCc- assimilation; variable action 
ring; casionally und on ci ose; typical sporu- 
no film spores, 3 dia latio. 

Moderate Negative Glucose (1.5) Maltose Positive; conjugation Formation of long conjuga- 
growth Sucrose (1.5) Galactose tubes formed prior to tion tubes and absence of 

ith Raffinose (1.5) Lactose spore formation, but distinct evideuee of conju 
haha Melibiose no conjugation. Spores gation; characteristic 
slight smooth, round, 1-4 spores, aah oil dro 
ring; per ascus, 3-4 dia. 
no film 

Sucrose 
Negative Negative Glucose Maltose found on sev- Apiculate cells and er 

Galactose eral sporulation media. strong acid production, ex- 
Lactose ceeding the Brettanomyces. 
Raffinose 
Melibiose 

1 Percentages shown on basis of total isolations made (1444); 20 isolates (1.4%) remain not fully classified but include 
3 isolates of Candida, 4 of Endomycopsis, an r atypical Torula spora. nies, totals include 218 cultures from 1946 season 

£ Ac tion on sucrose earlable ranging from none to a lat 
5 Nin 

in parenthes Be refer to approximate ‘age in days for maximum gas in insert. 
a Aeciiletion of comp 

tent ferm ti 
e of 59 isolates ferment maltose strongly in 3 days and aU paTeHLy belong to a different species. 

é Action on maltose variable, ranging from no fermentation to a latent, weak fermentation. 
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percent; and agar, 1.5 percent. The synthetic medium was the same as 

that used by Stelling-Dekker except it contained 0.01 percent yeast extract. 

The most clear-cut results were obtained with poured plates of chalk 

glucose agar receiving a 2 mm. spot inoculation of the test yeast. At least 

two levels of chalk suspension, i.e., about 0.5 and 0.8 percent, were found 

to be helpful in determining the degree of acid production indicated by 

the cleared zone around the yeast growth. In preparation, the finely ground 

chalk should be kept in suspension and the plates poured just short of the 

agar solidification point. 

RESULTS 

The characteristics of the genera found during the 2-year study are 

shown in table 2. Column 1 of this table gives summarized data on the 

predominance of individual species. 

Predominating Genera 

The predominant genera found fall into the following groups: (1) genus 

Torulopsis; (2) genus Brettanomyces; (3) genus Saccharomyces, sub- 

genus Zygosaccharomyces, (4) genus Hansenula; (5) genus Torulaspora; 

(6) genus Kloeckera; plus an initial group, genera Rhodotorula and 

Debaryomyces, and an unclassified group of 20 isolates. 

Group I, Genus Torulopsis: Of the 721 cultures isolated in this group, 

four were identical to T. kolmii (Jorgensen) Lodder and require no further 

discussion. The remaining isolates were a homogenous group having small 

to tiny cells, which ferment glucose, sucrose, and raffinose (1%) rapidly, 

are short-lived, strongly nitrate positive, and apparently sensitive to the 

acid they produce. On chalk-containing media definite acid production is 

observed. They are rather tolerant of solutions of high osmotic pressure as 

indicated by rapid growth and gas production in broth containing 40 and 

60 percent by weight of sucrose. In laboratory tests their tolerance to salt 

is > 15 but < 20 percent by weight. Their tolerance in cucumber brines 
is probably slightly above 15 percent. 

These yeasts have certain characteristics in common with the three 

species isolated by Kroemer and Krumbholz (1931) and described in 

detail by Krumbholz (1931) as the ‘‘small-celled osmophilic Saccharo- 

myces”’ which were identified as S. stellatus, S. bacillaris, and S. granulatus. 

Later, Lodder (1934) reclassified the first two as Torulopsis stellata and 

T. bacillaris, but did not mention the status of S. granulatus. We have 

been unable to locate a culture of this species either in this country or 
abroad. Krumbholz describes S. granulatus as very small and short-lived; 
but it cannot be definitely identified with our group of isolates since he did 
not report on response to the nitrate test; nor did he find growth in raffinose, 

although dextrose and sucrose were fermented. Both T. stellata and T. 

‘Later, in June 1948 Miss N. J. W. van Rij of the CBS advised us that they had 

requested this yeast from Krumbholz shortly after his paper was published but the 

culture had died. 
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bacillaris ferment the same sugars as our isolates but are nitrate negative 
as recorded by Lodder (and confirmed by us in repeated tests) and would 
be eliminated on this count alone. 

Although it appears that a definite relationship exists between the two 
small-celled osmophilic species of Kroemer and Krumbholz and the small- 
celled brine isolates, the relationship is not sufficient to prohibit species 
separation. area we propose to place our isolates as Torulopsis carol- 

iniana sp. no 
Group II, on Brettanomyces: The isolates placed in this genus con- 

sisted of 561 that fermented all seven test sugars (including lactose and 
maltose) and 27 that fermented only two, glucose and maltose. This sec- 
ond group are nearly spherical in shape (with a tendency for ogive shape 
in old cultures) and the fermentation of the two sugars is very slow. Also, 
they are inclined to be short-lived on slant cultures and death is presum- 
ably due to acid production as indicated by clearing of chalk agar. The 
nitrate test, however, is generally weak and latent, appearing after about 
10 days on slant cultures. This point, plus the absence of any pseudomy- 
celium, may appear to raise a question as to the allocation of this group 
to the Brettanomyces; but neither of these characteristics is considered 
critical by Custers (1940) in his thorough study of the Sia ct 
also that they were obtained during the latter stage of fermentation (from 
six vats at plant B only, 1947) when the other Brettanomyces species was 

present, is an additional strong point in favor of their inclusion in this 
genus. They will be therefore considered as such for the present under 
the proposed name of Brettanomyces sphaericus sp. nov. 

The group of 561 cultures that fermented all seven sugars was similar 
to B. clausseni Custers; differing in that they fermented raffinose and 
melibiose (equivalent to complete raffinose). They differed also, in that 
the cells were round to oval as compared to the more elongated cells of 

® Since completion of the present investigation, a culture me Torulopsis lactis- 
condensi (Hammer) was received from the ‘‘Centraalbureau.” was isolated by 
H ‘ ; 

rulo psis aoe sp. nov. However, the cells of 7. lactis-condensi are 
tho 

(Stelling-Dekker, Lodder, Diddens and Lodder, Custers). Possibly further study of 
other isolates of T. lactis-condenst from condensed milk (other than the CBS culture) 
would indicate the exact extent of the similarity between the two yeasts. However, 
additional strains do not appear to be available here or abroad (Wickerham, 1948). 
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. Claussenii. The Brettanomyces from brine origin were extremely salt- 
tolerant, as might be expected from their appearance in the fermentation 
at a time of high brine strength. In laboratory tests they grew on solid 
media containing 24 percent salt by weight. Fermentation in a 60 percent 

sucrose solution was also better than in a 40 percent solution, although 
there was much more cell growth in the latter. Tests on cornmeal agar did 

not reveal the presence of pseudomycelium for the isolates tested, and 
essentially the same results were obtained when B. claussentt (NRR 14 414) 
was used. The pseudomycelium for 5. claussenii in the illustration by 

Custers shows it to be extremely poorly developed. Yet the brine isolates 

showed even less. Strong acid production by the Brettanomyces on slant 

cultures is given considerable taxonomic weight by Custers. This char- 
acteristic was thoroughly studied on glucose media with different concen- 

trations of chalk suspended in the agar. All the yeast genera found in 

brines as well as the four known species of Brettanomyces were tested for 

acid production. In brief, it was observed that the known Brettanomyces 
(B. bruxellensis, B. lambicus, B. anomalus, and B. claussenii) species as 
reported by Custers are very strong acid producers; however, this character- 
istic is not restricted to them alone. The lone Kloeckera species from brine 
was more active. Also, other genera from brines (Torulopsis and Han- 

senula) were good chalk-clearers at the 0.5 to 0.8 percent suspension level. 

The Brettanomyces isolates from brine likewise produced acid as indicated 

by the zone of chalk cleared, but were not equal to the four known species. 
To our knowledge this is the first time that yeasts of the genus a 

tanomyces have been obtained and described from sources other tha 

European breweries. In his thorough study of the genus Br es 

Custers found that all but one of the 17 strains collected were of brewery 
origin. The exception was an isolate obtained from fermenting grape must, 

reidentified by him as B. bruxellensis. There was no indication that the 
genus had been isolated outside of Europe. There is the possible exception 

of a single isolate from 31° Balling sirup reported by Bedford (1942) as 
B. bruxellensis. Bedford did not describe the isolate which was incidental 
to a thorough study of the Hansenula genus, and attached no significance 
to its occurrence. A study of his thesis (Bedford, 1941) shows several 
characteristics that make his placing of the isolate as B. bruxellensis ques- 
tionable. Since Bedford’s culture was presumably no longer living (Mrak, 
1948) no comparison could be made with our CBS culture of B. bruxel- 
lensis.® 

The fermentation reactions and different morphology of the Brettan- 
omyces isolates from high-salt brines during the latter portion of the fer- 
mentation is considered sufficient basis for species separation from B. 

er, however, we were informed by Wickerham (1948), who was one of the 

does not belong in Brettanomyces, but is a species closely related to Torulopsis utilis. 
We are inclined to accept Wickerham’s classification of Bedford’s isolate as being 
correct, 
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claussenti. The name Brettanomyces versatilis sp. nov. is suggested. Two 
Brettanomyces isolates, Y-207 and Y-232, were found during the 1946 
study that were characterized by growth but no fermentation of sucrose 
in low concentrations; however, both raffinose and melibiose (complete 
raffinose) were fermented and in other respects they were similar to the 
main group. For the present they are considered as variations of B. 
versatilis sp. nov. 

Group III, Genus Saccharomyces, subgenus Zygosaccharomyces: The 
59 isolates in this genus were divided into two groups; A, 50 that fermented 
glucose, but gave a variable action on sucrose; and B, 9 that fermented 
glucose, sucrose, and maltose. Growth in sucrose media prior to making 
the test did not appear to influence the results for the Group A isolates; 
nor did the use of 10 percent sucrose solution instead of the 4 percent 
solution regularly used. Whereas the 10 and 20 percent solutions of 
sucrose gave good growth but no gas, the 40 and 60 percent solutions were 
fermented. This indicated an osmophilic relationship for the action on 
sucrose. Growth in salt media was within the range of 20 to 24 percent by 
weight. Group B yeasts were not tested for salt tolerance on laboratory 
media, but their growth in the fermenting brines at about 18 percent is 
ample proof of their ability to withstand high osmotic pressures. The 
Zygosaccharomyces are well known for their tolerance toward solutions of 
high osmotic pressure, particularly those containing sugar, such as honey, 
maple syrup, and concentrated grape musts. This subject has been ade- 
quately reviewed by Henrici (1941). Their tolerance to high salt brines, 
however, does not appear to be so well established. (Cf. Addendum.) 

In an attempt to place the yeasts of Group A as to species, a compilation 
of the detailed characteristics of some 25 known species was prepared. 
About one-half of these fell into the “weakly fermentative” class. Species 
separation appeared to be based on such minor differences that it appeared 
that continued attempts would further complicate an already confused 
picture. For this reason, our Zygosaccharomyces will be listed merely as 
species A and B until a satisfactory taxonomic examination of the described 
species is made by workers in this field. The new culture list by the ‘Cen- 
traalbureau” (CBS, 1947) names 50 species, 8 of which have synonyms; 
undoubtedly there are more than this conservative number. 

Group IV, Genus Hansenula: The 49 isolates placed in this genus were 
characterized by the fermentation of glucose, sucrose, and raffinose (74): 
a variable maltose fermentation; a vigorous galactose utilization; and either 
extremely thin film production or no film at all. These characteristics 
(supplemented with the rest shown in table 2) are similar, but not identical, 
to the species H. subpelliculosa Bedford. The variable fermentation of 
maltose is not entirely consistent; but out of 11 cultures studied by Bed- 
ford, one did not ferment this sugar. In a test of an additional 136 cultures 
by us obtained from refrigerated brine samples (which are not included in 
our present total of Hansenula isolates), 58 fermented maltose in varied 
degrees while 78 did not. As to utilization of galactose, Bedford had 6 out 
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of 11 cultures that gave a negative test in a synthetic medium. We are 

inclined to believe that the fermentation of maltose could well be con- 

sidered a weak characteristic for the species, providing a sufficient number 

of cultures are studied. It is obvious that galactose utilization is variable 

for Bedford’s isolates; hence, we believe that for the present no sound basis 

exists for separating our isolates from the species # ansenula sub pelliculosa 

Bedford. For this reason, the 49 isolates listed in table 2 and the 136 ob- 

tained from refrigerated brine samples are placed in that species. Repre- 

sentative isolates fermented 60 percent sucrose, and on laboratory media 

tolerated between 20 and 24 percent salt by weight. When compared to 

the pseudomycelium produced by H. anomala, that produced by the brine 

Hansenula appeared insignificant. 

Group V, Genus Torulaspora: The 6 cultures of this genus were con- 

sidered identical with 7. rosei Guillermond. Four characteristic spores 

per ascus were frequently found on vegetable juice agar although this im- 

portant characteristic is not mentioned for the species by Stelling-Dekker. 

Any redescription of this yeast should include this observation on sporula- 

tion. A single culture of T. rosei was isolated from grapes by Mrak and 

McClung (1940), but otherwise it appears not to have been found in this 

country. The salt tolerance for the brine isolates was between 15 and 

20 percent. Rapid growth and fermentation of 40 and 60 percent sugar 

solutions was obtained. 
Group VI, Genus Kloeckera: A single culture similar to K loeckera magna 

(De ’Rossi) Janke was obtained. As previously mentioned, this yeast 

produced more acid in aerobic culture, using a chalk agar, than any of the 

four known species of Brettanomyces. This was found to be true at differ- 

ent levels of chalk suspension (approx. 0.5, 0.8, and 1.6 percent). Mrak 

et al. (1942) demonstrated that an isolate of Kloeckera africana (and one 

of Hansenula anomala var. sphaerica) clarified slants of Custers’ chalk 

media more readily than did species of other genera (Pichia, Hanseniasp- 

ora, Candida, Torulopsis) isolated from figs. 

Initial Group, Genera Rhodotorula and Debaryomyces: Earlier work 

(Etchells, 1941; and Etchells and Jones, 1943) has shown that the begin- 

ning of active yeast development in cucumber brines of about 10 percent 

strength starts in about 1 week. It was also shown that the initial yeast 

populations present at the time the vats are filled and covered with brine 

drop to extremely low numbers during the first few days prior to active 
development. In the present study, it had been planned to investigate the 

initial flora at the time the vats were filled and brined. This would be 
termed the “initial” plating at “0” days. This portion of the study was 
not fully realized for two reasons; (1) such vats were not always available 

at both plants, and (2), more important, there was a high incidence of 

molds in most of the initial brines sampled, making the plates useless for 
picking colonies, although after the first few days the molds are no longer 
found. Of the 7 vats that were sampled initially, only 3 had plates (salt 
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agar only) that were at all suitable for picking. Twelve isolates were 

picked. Of the 9 placed generically, 4 were classified as Rhodotorula and 

5 as Debaryomyces. Representatives of these genera were not obtained 

again throughout the study of the 20 fermentations. (The above yeasts 

have not been included in the total number of isolates since they represent 

initial values for only 3 of the 20 vats studied and were obtained from only 

one plating medium. ) 

Unclassified Group: Twenty isolates were obtained which have not yet 

been fully classified. Although they have been studied rather thoroughly, 

some do not fit into known species descriptions, for one reason or another. 

Some segregation of the group, however, can be made. Seven of the isolates 

are film yeasts, four of which were taken from the heavy surface film of 

the two sheltered vats followed at plant B and properly should be excluded 

from this study. All of the film yeasts produced well developed pseudomy- 

celium and four appear to have a mixture of both true and pseudomy- 

celium. The latter 4 have been classified as Endomycopsis. The remaining 

three film yeasts, which came from 1- to 2-day-old samples, appear to fall 

in the genus Candida. The finding of four isolates classified as Endomy- 

copsis is significant because heretofore yeasts of this genus have not been 

associated with surface films present on brined material (Mrak and Bonar; 

Henrici). 

Distribution of Isolates According to Source 

For this discussion, cultures from both media used for isolations will be 

grouped together since no outstanding floral differences arose through the 

use of the glucose agar with salt. The summarized results (table 3) show 

that two yeasts, T. caroliniana sp. nov. and B. versatilis sp. nov., were con- 

sistently found in all 20 fermentations and represented the bulk (88 per- 

cent) of all cultures identified. It appears that the individual brining treat- 

ment may have exerted an influence on the frequency with which certain 

of the minor species were obtained. For example, all of the isolates of 

Torulopsis holmii, Torulaspora rosei, 45 of the 46 Hansenula sub pelli- 

culosa cultures, and 50 of the 59 Zygosaccharomyces isolates came from 

plant A. Also, none of the 27 cultures of the new species, B. sphaericus 

was obtained at plant A. As mentioned before, generally this plant em- 

ployed a much slower rate of increase in brine strength (from 10 to 16 

percent) than plant B, and considerably lower total yeast populations 

were obtained (Cf. figure 1). In connection with the 45 isolates of H. 

subpelliculosa obtained at plant A, 28, or 62 percent, came from one fer- 

mentation (vat 167). This was the only case of what amounted to an 

active fermentation by this yeast. The 50 Zygosaccharomyces (species A) 

cultures came from 8 fermentations at plant A, whereas the 9 cultures 

of species B all came from one fermentation (sheltered vat 15-10) at 

plant B. 
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Predominance of Individual Species 

The results for the 2-year study with respect to the individual number 
of isolates assigned to individual species, and their percentage of the total 
isolations made (column 1 of table 2), are given for the six generic groups 
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Figure 2. Yeast populations at two eis plants according to sequence of 
species. Upper part, plant A; lower part, plant 
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encountered, in the decreasing order of frequency with which they were 

found 
The Torulopsis and Brettanomyces genera represented 1,309 cultures 

out of 1,444, slightly over 90 percent of all yeasts isolated, were obviously 

by far the types most frequently obtained. The remaining four genera 

(Hansenula, Zygosaccharomyces, Torulaspora, and Kloeckera), constituted 

but 115 cultures, about 8 percent of the total isolates. A breakdown of 

the two principal genera found shows that two individual species within 

Torulopsis and Brettanomyces, i.e., the tiny-celled yeast T. caroliniana 

sp. nov. and the fermentative yeast B. versatillis sp. nov., predominated, 

accounting for 1,278 cultures, 88.4 percent of the total cultures. The 
former species represented almost 50 percent of all cultures, and the latter 
nearly 40 percent. 

Before it can be stated whether a definite sequence of species existed 
during the general fermentation, a few remarks concerning their respective 

periods of activity are needed. At both plants the tiny-celled yeast, T. 

caroliniana sp. nov., after starting growth within about 7 days, represented 
the bulk of the total populations, until about the 30th day, when their 

numbers declined. At plant B, these yeasts reached much higher numbers 
than at plant A. Between the 25th to 40th day, the fermentative yeast, 
B. versatilis sp. nov., appeared and thereafter was consistently found 
throughout the remainder of the 100-day period of observation. In the 
case of plant B this yeast appeared later but reached definitely higher 
numbers (five-to ten-fold) than for plant A. The less frequently obtained 
species from plant A were found as follows: The cultures of Torulopsis 
holmii and of Torulaspora rosei appeared at the end of the fermentation 
by Torulopsis caroliniana. The Zygosaccharomyces (Type A) appeared 
between the 32d to the 55th day. The Hansenula subpelliculosa cultures 
generally were found near the end of the T. caroliniana fermentation; in 
the case of vat 167 they were consistently found between the 18th and 
49th days. The less frequently obtained yeasts at plant B were the Type 
B Zygosaccharomyces found between the 43rd to 70th day (in one vat 
only); and the poorly fermentative Brettanomyces species found between 
the 23rd to 70th day. 

A general picture as to yeast sequence in the fermentations at plants A 
and B, based on the glucose agar isolates from the 1947 season, is shown 
in figure 2. In the preparation of these diagrams, only data for four prin- 
cipal yeasts that showed definite individual population trends were used. 
Data for the two sheltered vats from plant B (vats 14-10 and 15-10) 
are omitted because the brine strengths in these two cases, after reaching 
15 percent, were not increased as were the 8 outside vats. 

Description of New Species 

Torulopsis caroliniana sp. nov. 

¢ 

Cellulae parvae vel perpusillae, breve ovales vel ovoideae, plerumque aggregatae, in 
agaro glucoso in 24-48 horis 1.5—2 x 3-4 w; in mediis liquidis multo saccharosis leniter 
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ee fermentationem glucosii, sucrosii, raffinosii (14) in diebus 2-3 inducens, jure 

glucoso cito claro, annulo et pellicula absentibus; fermentatio maltosii, galactosii, 

tactosii, et melibiosii non visa, set assimilatio galactosii producta; auctus in alcoholi 

thylico carens; reductio valida nitrati ad nitritum in diebus 3-4; pseudomycelium 

i i €0 n visu ga 

coloniae cellularum elongatarum praesentes; ascosporae non visae in mediis 8 8 sporu- 

mense una, typice margine lobato et annulis concentricis praedita, centro in aetate fer- 

ruginosa ; pees tationem rapidam solutionum 40-60% saccharium inducens; toleratio 

salis > 15 sed < 20% in culturis, in fermentationibus salsimentorum naturalibus supra 

15%. 
In fermentationibus salsimentorum cucumeris (10-15% salis) in diebus 7-30. 

Cells, small to tiny, short-oval to egg-shaped, usually in clusters. On 

glucose agar slants and broth at 24 to 48 hours, cells average 1.5—-2 x 3-4 p, 

cells slightly larger in liquid media with higher sugar concentrations. Rapid 

fermentation of glucose, sucrose, raffinose ( ae within 2 to 3 days. Glucose 

broth clears rapidly; no ring, no film. No fermentation observed for 

maltose, galactose, lactose, and melibiose; “but m moderate assimilation of 

dlactose is obtained. No growth in ethyl alcohol. Strong reduction of 
8 
nitrate (KNO;) to nitrite after 3 to 4 a (chemical test). Pseudomy- 

celium not found on cornmeal or malt extract agar in 3 weeks; none found 

in potato broth, only cell colonies with more elongated cells. Ascospores 

not found on 8 sporulating media observed over several months. Cells 

short-lived on slants of ordinary media (3 to 6 weeks). Definite acid 
production on chalk containing media. Glucose slant cultures white, moist, 

glistening with scant to moderate amount of growth. Giant colony on 

glucose agar small, approximately 1 cm. at 1 month, characteristically 

lobed edge with concentric rings. Slight rust color starting at the center 
with age. Rapid fermentation of high sugar solutions (40 and 60 percent 
by weight). Tolerance to salt is > 15 but < 20 percent by weight in 

a baal tests; tolerance in natural brine fermentations slightly above 15 
percent. Source: During the active fermentation of cucumber brines (10 
to 15 percent salt), starting on about the 7th day, and continuing until 

about the 30th day. 

Brettanomyces versatilis sp. nov. 

hess plerumque ovales, interdum rotundae; in agaro et jure glucosis in 48-72 

s 3-4 x 4-5 uw; cellulae ogivae in culturis vetustis; fermentationem glucosii, sucrosii, 

maltost galactosii, lactosii, raffinosii et melibiosii jeducens: fermentatio mediorum 

° 
= 

= nm oO $at) oD out oO oO a 5 co Sa 7) ae 7 = _ 77 
ag 

oO sg c n 
_ 

an o fa] o i>] wo = oO tad j=) wn oO eo oO [= n ne) 
5 

far) —_ po 
e 

oO j=} jon j=] ant 
‘oo 
o ° j=) peal (2) =) _ p 

civanten’ in span glucoso alba, levis, annulis concentricis inconspicuis praedita, demum 
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infra e centro rosea: usque lavendula; fermentationem solutionum sucro (40- 

60%) inducens; toleratio salis extrema (20-24%) in fermentationibus eee et 

naturalibus 
In fommentanonibus salsimentorum cucumeris in diebus 30 usque 100 longe et tarde 

continuanti. 

Cells predominately oval but some round. On glucose agar slants and 
broth at 48 to 72 hours, cells average 3-4 x 4-5 yw. Characteristic cell 
colonies from broth; typical ogive cells in old cultures. Fermentation of 
glucose, sucrose, maltose, galactose, lactose, raffinose, and melibiose. Char- 

acteristic slow, prolonged fermentation of sugar media over a period of 

months. Good growth in ethyl alcohol; ring but no film. Ring but no 
film in glucose broth. Moderate reduction of nitrate (KNOs3) to nitrite 
(chemical test). Pseudomycelium not found on cornmeal agar in three 
weeks, or in potato broth after 2 months. Ascospores not found on 8 sporu- 
lating media observed over several months. Cells short-lived on slants 
of ordinary media (4 to 6 weeks). Cultures can be maintained for approxi- 
mately 9 months in 4 percent lactose broth at room temperature. Strong 
acid production on chalk media in aerobic culture. Young, glucose slant 

cultures white, glistening and smooth. Latent development of a pink to 
lavender color in old cultures starting from center area, Giant colony on 

glucose agar dull white, smooth, with slight concentric rings. Latent devel- 

opment from center (bottom) of pink to lavender color. Fermentation of 
high sucrose solutions (40 and 60 percent by weight). Extremely salt- 
tolerant in both laboratory tests and natural fermentations (20 to 24 per- 
cent by weight). Source: During the latter part of the fermentation of 
cucumber brines, starting at about 30 days and continuing in a slow, pro- 
longed manner until at least the 100th day. 

Brettanomyces sphaericus sp. nov. 

Cellulae plerumque rotundae, in agaro glucoso in 48-72 horis 3-5 w in diam., vel 

nosii nec melibiosii; sucrosiu um et galactosium _utuntur ; auctus ATS EAE in 

nitrati ad nitritum latens; pseudomyceliu garo fari 3 

0 
In statibus ultimis fermentationis salsimentorum cucumeris in aneenina ionibiis 

magnis (15-20%) salis. 

Cells eae eerae round; those from glucose agar slants and broth at 

8 to 72 hours, 3-5 p i BER tior: some slightly larger. Clusters of many 

oe in oe a tendency for ogive cells in old cultures. Slow fermentation 
of glucose and maltose. Sucrose, galactose, lactose, raffinose, and melibiose 

not fermented, but sucrose and galactose utilized. Moderate growth in 
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ethyl alcohol; ring but no film. Ring but no film in glucose broth. Latent 

reduction of nitrate (KNO;) to nitrite. Pseudomycelium not found in 

cornmeal agar in three weeks. Ascospores not found on several sporulating 

media observed over several months. Cells somewhat short-lived on slants 

of ordinary media. Moderate acid production on chalk media in aerobic 

culture. Young, glucose slant cultures white, smooth, glistening, entire, 

with abundant growth. Fermentation of 40 percent glucose solutions with 

flocculent growth. Slow fermentation of 60 percent sucrose solutions; 

feeble fermentation of 40 percent; no fermentation at lower concentra- 

tions (20, 10, and 5 percent). Very salt-tolerant in artificial media and 

in natural brine fermentations (18 to 20 percent by weight). Source: 

During latter part of the fermentation of certain cucumber brines at high 

salt concentration (15 to 20 percent). 

TasLe 4. EXAMINATION OF SALT-STOCK CUCUMBERS FROM SEVEN FERMENTATIONS 

(Prant A) FoR BLOATERS OR HoLLow CUCUMBERS. 

Vat Say Amount of 

(and Date Salt Stock Bloaters Found 

Opened-1948) Examined * 

bushels bushels percent 

F-161 5 5 

(4-20) 

F-163 282 66 ao 

(4-24) 
F-164 274 106 39 

(4-27) 

F-167 391 176 45 

(5-1) 

F-221 302 114 38 

(5-28) 

F-236 305 159 52 

(5-27) 

F-288 177 81 46 

(5-27) 

1Vats contained large sized cucumbers (114 inches in diameter or larger). 

Bloater Formation During Fermentation 

After the completion of the curing period, the salt-stock from the 10 

vats at one of the plants was graded out for percentage of bloaters (hollow 

cucumbers). This was done according to regular plant procedure. The 

results for seven vats, those that contained large sized cucumbers (11% 

inches in diameter and larger), are shown in table 4. The proportion of 
bloaters found ranged from 23 to 54 percent of the total amount of stock 

in individual vats. Bloater formation was attributed to the gaseous yeast 
fermentation, and Torulopsis caroliniana was considered to be the principal 



ETcHELLS & BELL: YEASTS 109 

species involved. The results on the number of bloaters formed are com- 

parable to those reported by Jones, Etchells, Veerhoff, and Veldhuis (1941) 

for large sized cucumbers cured in barrels and 85-bushel vats at 10.5 per- 

cent brine strength. 
Three lots, vats F-287, F-291 and F-10, not shown in table 2, contained 

small sized stock (less than 114 inches in diameter). These graded out 

less than 10 percent bloaters. The relationship of less bloaters being 

formed during gaseous fermentation when smaller sized cucumbers are 

brined is the same as that shown earlier by the above authors. 

DISCUSSION 

The tiny yeast, T. caroliniana sp. nov., and the new Brettanomyces 

species, B. versatilis, were in consistently higher numbers in the brines of 

plant B as compared to plant A. This is attributed to the influence of the 

more rapid increase in brine strength employed by plant B which markedly 

reduced the growth of the less salt-tolerant lactic acid bacteria, thereby 

leaving more fermentable material from the cucumbers for the yeasts. 

This relationship was readily demonstrated by definitely lower brine acid- 

ities for plant B, as compared to plant A, and lower numbers of lactic 

acid bacteria as demonstrated by microscopic examination and plate counts 

for these organisms. Previous studies (Jones and Etchells, 1943) have 

shown that only a very small amount of fermentable sugar remains in the 

brines by the end of the first 30 days. Hence, the Brettanomyces fermenta- 

tion evidently was supported by another carbon source; probably the ethyl 

alcohol produced earlier by the Torulopsis species, T. caroliniana, or the 

organic acids contributed chiefly by the lactobacilli. 
The two species, J. caroliniana and B. versatilis, dominated the yeast 

flora at plant B; they were also the types most frequently isolated at plant 

A. There was evidence, however, of fermentation trends of two additional 
yeasts, Hansenula subpelliculosa and Zygosaccharomyces (species A) at 

the latter plant. Although neither of these yeasts was found in all ten fer- 

mentations, they were, however, found with sufficient frequency to indicate 

at least a minor role in the average fermentation. The well-developed fer- 
mentation by H. subpelliculosa in vat 167 would be sufficient evidence to 
warrant inclusion of this yeast in any general consideration of the yeast 
flora. Since both of these yeasts made their appearance near the end of 
active development of the tiny-celled Torulopsis, it seems plausible that 
lack of a readily fermentable carbon source was the major factor which 
limited their continued development. Neither type grows particularly well 
in ethyl alcohol as compared to the yeast that succeeded them in the brines, 
namely, B. versatilis. The latter species at plant A did not reach popula- 
tions much above 10,000 to 15,000 per ml. from about the 35th day on, 

which is further evidence of lack of nutrients in these brines. It is doubtful 
if the brine acidity had much of an inhibitory influence on the species of 
Hansenula, Zygosaccharomyces, and Brettanomyces in plant A brines. 
Such an effect would have first been noticeable on the Torulopsis fermenta- 
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tion, since these yeasts are much more sensitive to the brine acid than the 

other genera mentioned. 
In an investigation of this kind, the principal limiting factor on the 

extent of species separation is the number of isolates than can be picked 
and subsequently identified. Even with an unlimited number of isolates 
from the high dilution plates there is always the question of what minor 

species might be present at lower population levels. In this connection, it 

is conceivable that the Brettanomyces started growth at about the same 

time as the tiny-celled Torulopsis (about 7 days); but due to lower popula- 
tion levels did not become ‘‘predominating” until the tiny yeasts were 

reduced to a level so that the former group appeared on the plates. The 

same is probably partly true for the Hansenula and Zygosaccharomyces. 

Better separation could no doubt be effected by development of differential 
media for detection of specific yeast groups, based on their particular bio- 

chemical properties. 

SUMMARY 

A study of the yeasts predominating during the fermentation of cucum- 
bers under commercial conditions is presented, During the 1946 and 1947 
seasons, 1,444 isolates were obtained by frequent sampling of 42 ferment- 
ing vats at two commercial pickle plants in eastern North Carolina. During 

the period of observation, the brine strength of the fermentations was 
within the range of 10 to 18 percent by weight. 

The 1,444 isolates were reduced to the following six genera in the order 
of frequency of isolation; Torulopsis (721); Brettanomyces (588); Zygo- 

saccharomyces (59); Hansenula (49); Torulaspora (6); Kloeckera (1); 
plus 20 isolates not fully classified. The first two genera named represented 
a total of 1,309 cultures or slightly over 90 percent of all yeasts isolated. 

Furthermore, two new species within these genera, the tiny yeast Torulop- 

sis Caroliniana sp. nov., and the very fermentative yeast, Brettanomyces 
versatilis sp. nov., predominated, accounting for 1,278, or slightly over 88 

percent of the total cultures. The first species dominated the early part 
of the fermentation and was then followed by the second in a slow fer- 
mentation which continued up to the end of the observation period (about 

100 days). This was the most clear-cut yeast sequence obtained for all 

20 fermentations at both plants. In addition, 4 cultures of Torulopsis 

holmi (Jorgensen) Lodder were found, as well as 27 cultures that have 

been placed in the Brettanomyces genus as B. sphaericus sp. nov. 

The remaining four genera (Zygosaccharomyces, Hansenula, Torula- 

Spora, and Kloeckera) obtained less frequently consisted of 115 cultures, 

or about 8 percent of the total isolates. These cultures were placed as fol- 
lows: The 59 Zygosaccharomyces (50, type A;9, type B) were not identified 

as to species due to the confused state of the genus; the Hansenula were 
considered to be H. subpelliculosa Bedford; the Torulaspora isolates were 

identical to T. rosei Guillermond; the single isolate of Kloeckera was 
similar to K. magna (De ’Rossi) Janke. All the above 115 cultures, with 

the exception of 9 maltose fermenting Zygosaccharomyces cultures and 1 
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culture of H. subpelliculosa were obtained from one plant, as were the 

4 cultures of T. kolmii. This was attributed to the difference in brining 

treatment. 
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ADDENDUM 

The 9 yeast isolates referred to in this report as species B of the genus 
Zygosaccharomyces (Cf. table 2, column 1, Group ITT, ae Lae 3, column 

7) are considered to be the same as Z. Eclomenaen ; = recently 
obtained from films on commercial cucumber brines. (CE Site hells.s J. Lbs, 
& T. A. Bell. 1950. Film yeasts on commercial cucumber brines. Foo 

Tech., 4:77-83.) 
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A REVIEW OF CERAMIUM ALONG THE PACIFIC COAST OF 
NORTH AMERICA WITH SPECIAL REFERENCE TO ITS 

MEXICAN REPRESENTATIVES ! 

E. YALE DAwson 

As a result of explorations for marine algae along the Pacific Mexican 
coast during the last 25 years, the number of species of Ceramium recorded. 
in our Pacific North American marine flora has been increased nearly five- 

fold. Notwithstanding, no key to the species, nor survey of the genus as 
it is represented in our flora has been prepared, while the task of identify- 
ing our plants has become increasingly more difficult and uncertain. 

Within the past four years the writer’s field work in Mexico has brought 
to hand some three hundred separate collections of Ceramium, study of 
which has shown that all but two of the known Pacific Coast species occur 

in Mexico. Several apparently undescribed plants have been detected, and 

these, together with some troublesome uncertainties among our older 
species, have called for a practical treatment of the genus at this time. 
Of each of these new Mexican collections, material kept in liquid preserva- 
tive has made possible the preparation in a uniform manner of a series 
of permanent study-slides in which the specimens exhibit minimum dis- 
tortion. 

Dr. George J. Hollenberg of the University of Redlands, Redlands, 
California, has kindly made available for this study his fine collection 

of Ceramium from southern California. These specimens, particularly his 
numerous slide preparations, have been most useful in verifying a number 
of determinations and in indicating northernmost localities in the distribu- 
tion of many species. 

Examples of all of the collections cited, except those of Hollenberg, are 
on file in the Herbarium of the Allan Hancock Foundation. All collection 
numbers are the writer’s unless otherwise indicated. The dates of the 
author’s collections are as follows: 16-1094, January-February 1946; 
1095-1655, April 1946; 1646-1989, May 1946; 2756-3145, October 

1946; 3146-3581, November 1946; 3582-3764, December 1946; 3765- 
3940, January-February 1947; 5143-5312, September 1948; 6462-7278, 

March 1949, 

The drawings were made by the author. 
Acknowledgments are due to Dr. G. F. Papenfuss and to Mr. P. C. 

Silva of the University of California for the loan of specimens, and to 
Dr. Carl L. Hubbs of Scripps Institution of Oceanography, La Jolla, Cali- 
fornia for the contribution of specimens, particularly from Guadalupe 
Island. To Dr. George Hollenberg I am especially indebted for the use 
of his large collection of specimens and for other aids in this study. 

+ Contribution from the Allan Hancock Foundation. 
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Most of the writer’s Mexican collections were obtained in 1946-47 dur- 

ing tenure of a John Simon Guggenheim Memorial Foundation Fellowship 

for which grateful acknowledgment is expressed. 

A KEY TO THE SPECIES OF CERAMIUM OF THE PACIFIC 

COAST OF NORTH AMERICA! 

1. Thallus completely corticated throughout ............ 0... e cece eee 2 

1. Thallus with nodal cortication for the most part continuous, but at least in 

ome part with ecorticate internodal spaces, or the cortex thin and loose 

over oe ducal ate enn e seme pate See vihelegs eh naa 8 

1. Thallus with cortication only at the nodes, or with uninterrupted cortication 

only in older, lower parts or on reproductive branches .................... 

2. ener ais deciduous or persistent spines on apices or on short, lateral 

BEANGRES a once cris bce beenteend eae eats ese inne ana am was 3 

2. ee er beetle leds ai eG teh Gaskost tee tooohei tarda ategeasiaedanicesasen de ntacae diate Wack aia 4 

a: as sharp, unicellular spines at apices or dear ie short, lateral branch- 

ist cue eae eee ees 1. Ceramium horridum 

3. an two or more multicellular spines cane mature sr ee main or 

lateral branches .............. 7. Ceramium pacificum (in 

4, Cortical cells, at least for the greater ie in distinct ena rows; 

apices divergent ......... 2. Ceramium Eatonianum 

4. Cortical cells not in distinct, eae rows; apices divergent or forci- 

DALE 4.4 fois. ad ouewrea hike seme aid ae eee ne dhe agree e Ress Pepe saree es 

5. Plants with penetrating, bulb-tipped, saan rhizoids ................. 

hi: bei ae area ea eek 3. Ceramium codicola 

5. Plants without bulbous rhizoids ............ 000.0000. cee 6 

6. Plants creeping, extremely robust, the cortex 200 w thick or more ...... 

Sil aside dene eis ee wee dae ata 5. Ceramium obesum 

6. Plants erect, not particularly robust; cortex much thinner ............. 7 

7. Apices divergent; with many short, proliferous branches, densely congested 

above 6. Ceramium viscainoense 

pices more or less incurved; with many lemme rae a but these 

not congested in upper parts .. 7. Ceramium pacificum (in ) 

8. Cortical bands only slightly separated above, covering . expanding 

internodes below by basipetal growth, but the secondary cortication 
thin, loose and often incomplete; with many prtterous branchlets 
agidhar gelesen senee aees 8. Ceramium washingtonien 

8. Nodal cortication discontinuous, particularly so in ee r parts, usually 
continuous above or ee ana discontinuous; usually without conspicu- 

ous proliferous branchlet 

8A. Cortication continuous a but not in lower and middle portions .. 
Ena aes eee ees 4. Ceramium sinicola var. typicu 

8A. Cortication par continuous ons e, but conspicuously interrupted 
at the dichotomie ioraee amium sinicola var. interruptum 

*Tt should be emphasized that identifications according to this key will be most 
successful when the material being examined is fresh or in liquid-preserved state, 

since drying distorts the appearance and arrangement of the cortical cells upon hich 
a number of distinctions are based. 



© 

_ — 

_ — 

— Ww 

_ WwW 

ae 

ray an 

— ~~) = 

= Oo 

NO —y 

i) _ 

Dawson: REVIEW OF CERAMIUM 115 

8A. Cortication continuous except in extreme basal parts ................. 

4. Ceramium sinicola var. Johnstonii 

Plants bearing conspicuous multicellular spines ......................0-. 10 

“Plants: without Conspicuous SpINeS. ..... 0.2) ca ee nee tue ne en ee 11 

10. Spines mainly abaxial, more or ae deciduous: 3 egies. ea os 

By aac epee Rs aie ic 9. amium ounieuintrn 

10. Spines whorled at the nodes, ri te Pee MEEPS ecto: 

10. Ceramium hamatispinum 

ae band showing conspicuous basipetal and (or) acropetal secondary 

Reena GE ih sc sary, scape vig es anace 7g TE OH Be tea eee ENR ata 12 

Cortical band without conspicuous basipetal or acropetal secondary growth 13 

12. Tetrasporangia immersed within the cortical anid? syti cat eae ee es 

RC ee eee ee 11. Ceramiu oe ae 

12. Tetrasporangia projecting from the cortical band ................... 

Be a eg oe ee oe ne kl eee 12. Ceramium Ten 

Cortical cells arranged in distinct horizontal and vertical rows in lower two 

thirds of the nodes ........... 14. Ceramium recticorticum 

Cortical cells not arranged in vertical rows ............ 00. cee cence 14 

14. Outer cortical cells of nodal band separated into two groups by a 

horizontal clear space usually at about the lower third of the node; 

tetrasporangia INVOlUCKALE: 5... 625 eck ce oe es Gel ene ts Ss 15 

14. Outer cortical cells of nodal band not clearly divided into two groups; 

tetrasporangia immersed, involucrate or naked .................-...0.. 7 

) laments each bearing, at first abaxially, a short, thick, 

apically rounded, unicellular hair, or ae later sometimes whorled ........ 

Be fa EE econ. 13. ramium fimbriatum 

. Nodes without such a specialized hair ............. 2.0... 00 cece eee eee 16 

16. Cells of lower portion of divided cortical band distinctly and persistently 

horizontally elongated ....15. ra m Masonii 

16. Cells of lower portion of divided cortical band, except in young stages, 

angular, small and not distinctly horizontally elongated .............. 

Se MPR Ta ee PMO OE Les is es 16. Ceramium i 

. Tetrasporangia immersed in the cortex, not projecting ................... 18 

» Wetraspotangia: projecting, naked’ =e ie ee oi hs bee rane 23 

. Tetrasporangia projecting and involucrate, at least by bracteate filaments © 

(sometimes secondary tetrasporangia obscurely involucrate in C. persona- 

ROL a ee he MPO ON A osc CRCt Sa on A ues bo ue a ee een eg 20 

18. With conspicuous opposite rigs procumbent RP eee a eae 

Rr aha eet 2 8 18a oe 17. mium procumbens 

18. Without conspicuous opposite ae erect or entangled .......... 19 

Filaments 140-200 w diam. or more 4. Ceramium sinicola (in part) 

Filaments 80-100 » diam. ..... 18. Ceramium equisetoides 

202.Filaments less than SO widiatins tae eee rim ae eg eee 21 

20. Bilaments: 70=200» fu (diamis eae heer te ie ad. sh Suhel aueee trays ie 

. Tetrasporangia solitary at the nodes, the involucres unilateral............. 
19. i eramium serpens 

. Tetrasporangia whorled at the nodes, the involucres aaa ime eres 

20. Cer ui amium Cam 
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22. Cortical band about half as long as broad; tetrasporangia initially secund 
mainly abaxial, later whorled, more or less involucrate by bracteate fila- 
ments; with descending rhizoidal harris within some of the axial 
COS: acsy pies Waguid acd ee 4 mium personatum 

22, Cortical band about half as long as er tetras ial ge initially secund, 
ly adaxial, later aman slightly invo olucrate; 

diner 
— appendages 

within the seal cells 

22. Cortical band one third to of as long as broad; each secund, 
abaxial, ioe alee involucrate throughout ; without ane ages within 
the axial cells ............ 22, Ceramium mazatlanen 

. Plants smaller, the lower nodes rarely exceeding 130 u in ade bo Ww 

. Plants larger, the lower nodes 150-450 w in diameter (sometimes not over 
130 w in slender forms of C. caudatum) 

to ies) 

24. Internodes ee tad are than 3 times as long as cortical band; adult 
nodes of e than 2 tiers of cells a 

24. Internodes, except near tips, 4-10 times as long as cortical band; nodes 
ly 2 tiers of cells ...23. Ceramium affine 

24A. Filaments less than 35 w diam. .....0 20.2 ee es 
Oude ein ate a eae 23. Ceramium afline var. originale 

24A. Filaments more than 40 w diam. ................. 00.0.0. cee 
23 iaRer nk arduureneare : Cerne affine var. peninsularis 

25. Cortical band consisting of larger, rounded, downwardly directed cells in 
lower part of band, and smaller, angular cells in upper part; lower internodes 
114-2 times as long as broad; distantly branched ........................ 
fg hs ee ee ade pee 25. Ceramium avalonae 

25. Cortical bands with irregularly arranged, small, ee cells on the surface 
throughout; is internodes less than as lon napaet rather densely 

above .............. 26. Ceramium zacae oo 

26. Upper ae reduced in diameter, commonly 10 r less; tetra- 
sporangia appearing large compared to ae penne band, 1% the 
diameter of the band or larger 

26. ree branches not 

(to 300 wu); 
eae band 

branched 

much reduced in diameter, commonly over 150 
tetrasporangia mostly appearing small compared to bearing 

Older internodes less than as long as bro bo ~r 

Cee Tete ree ee ree eramium zacae (in part) 

Older internodes 1.5—2.5 times 2 bare as bo “wr OAC: ute pica puweateweo cece ee 
Soi Pangani te sani a dusts Besant ramium caudatum 

28. Apices prominently circinate- ae tetrasporangia mainly ae aa 
from adaxial surface of the node or sometimes scattered around the 
tire node ................ 28. Ceramium clarionensis 

28. Apices not circinate; tetrasporangia whorled, projecting from upper half, 
particularly the upper margin, of cortic al band 

29 ra 

SYSTEMATIC LIST 

1. CERAMIUM HORRIDUM Setchell & Gardner 

Setchell & Gardner, 1924, p. 777, pl. 26, figs. 49, 50, pl. 79; Dawson, 1944, p. 318. 

Previously well-known in the Gulf of California from Guaymas, Sonora 
and northward, this distinctive plant has recently been collected in the 
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southern Gulf of California at Isla Carmen (Dawson 6965), in San Lorenzo 
Channel (Dawson 6926) and at Mangles Anchorage north of Isla Carmen 
(AHF Sta. 526-36). Its spination makes it one of the most readily 

recognized of the completely corticated species of our coast 

2. CERAMIUM EATONIANUM (Farlow) De Toni 

De Toni, 1903, p. 1493; Smith, 1944, p. 327, pl. 84, figs. 3-4; Dawson, 1945a, p 
62, 67; 1949a, p. 223; Taylor, 1945, p. 271; Doty, 1947, p. 187. Centroceras Eatonianum 
Farlow, 1875, p. 373. Ceramium sebrinum J. Agardh, 1894, p. 37. Centroceras ore- 
gonense J. Agardh, 1876, p. 107 

Although long well-known in California and in Oregon, this plant has 
previously been reported in Mexico only from Punta Descanso, Cabo 
Colnett and Isla Cedros. Recent collections show that it is common along 

virtually the entire west coast of Baja California. Specimens are now at 

hand from Punta Baja (Dawson 1142), Miller’s Landing (1379), Punta 
Santa Rosalia (1426, 1513, 2918), Bahia Ositos (1591) and from Bahia 
Santa Maria, Isla Magdalena (7267). 

3. CERAMIUM CODICOLA J. Agardh 

Plate 1, fig. 6 

J. Agardh, 1894, p. 23; Setchell, 1905, p. 60; Smith, 1944, p. 326, pl. 84, fig. 
Doty 1947, p. 187; Danone 1944, p. 318 (in pare. a codio phila he x 

Gardner, 1937, p. 89, pl. 8, figs. 23, 24; Dawson, 1945, 

Although this species has been known in if “California flora for over 
half a century, it has apparently become increasingly misunderstood as 
the knowledge of our flora has been extended southward. In 1905, Setchell 
correctly pointed out one of the major distinguishing features of Ceramium 
codicola: unbranched, chromatophore-containing rhizoids with large, glo- 

bular ends. Smith, 1944, reiterated this character in describing the plant 

from Monterey, but it has not heretofore been noticed that the plant dis- 
tributed in the Phycotheca Boreali-Americana as no. 248 and verified by 
Kylin, 1941, as identical with the Agardhian type, is not identical with 

the plant most commonly found epiphytic on Codiwm fragile at La Jolla, 
and elsewhere in southern California. We have, in fact, two species of 

Ceramium of similar external appearance epiphytic on Codium, the one, 
C. codicola, of northern occurrence, north to Alaska, and the other, C. 

sinicola, of southern occurrence south to San José del Cabo and in the 
Gulf of California (see discussion below). In southern California the 
ranges of the two species overlap, C. codicola being occasional in drift at 

La Jolla and common on Codium in the Channel Islands. C. stnicola is 
common on intertidal Codium at La Jolla and may occur on a number 
of other hosts. 

The specimens from Isla Guadalupe, Baja California described by Set- 

chell and Gardner as Ceramium codiophila seem clearly to correspond with 

the original concept of C. codicola. Similarly far southern locals for this 

species are represented by Dawson 2838 from Punta Santa Rosalia, Bahia 
Viscaino and by Howell 20b, Bahia San Bartolome, Baja California. 
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4. CERAMIUM SINICOLA Setchell & Gardner 

Plate 1, figs. 4-5 

Setchell & Gardner, 1924, p. 773, pl. 25, figs. 40, 41, pl. 75; Dawson, 1944, p. 315; 

Hollenberg, 1948, p. 158 (in major nue). Ceramium ee Setchell & Gaduen 

1924, p. 773, pl. 28, fig. 64, pl. 74. Ceramium Johnstonii Setchell & Gardner, 1924, 

p. 774, pl. 76, 77. Ceramium interruptum Setchell & Gardner, 1924, p. 775, pl. 26 

fig. 47. Ceramium codicola : Agardh, as interpreted by Dawson, 1944, p. 318 an 

part); 1945, p. 67; 1949, p. 2 

Hollenberg’s recent report of this species in southern California has 
called for a review of the species as a whole, and particularly for a clari- 
fication of the type locality. The type specimen, found entangled with a 

Laurencia species, was cited by Setchell and Gardner from the Gulf of 
California following their assumption that “Ensenada Bay” indicated on 
the original label was in that region. Reéxamination of the original Lau- 

rencia specimen, Ivan Johnston 67, kindly loaned by the Herbarium of 
the University of California, shows that it is probably L. subopposita, not 
a species of the Gulf of California, and is associated with another plant 
unknown there, Pterosiphonia Baileyi. A comparison of the date, April 7, 
1921, with the general account (Slevin, 1923) of the Expedition of the 

California Academy of Sciences to the Gulf of California in 1921, reveals 
that on that date Johnston was aboard the steamer Mazatlan which had 

departed from Los Angeles, southward bound, on April 5. This would 

have placed Johnston at Bahia de Todos Santos (often known as Ensenada 

Bay) Baja California on the date indicated on the label, and explains the 
identity of the Laurencia and Pterosiphonia which are not in keeping with 

the flora of the Gulf. Ceramium sinicola becomes, thus, a species posi- 
tively known from Pacific Baja California by reason of the type. This 

enables us more readily to accept a wide distribution for this species in- 
cluding southern California, Pacific Baja California and the Gulf of Cali- 
fornia, an interpretation strongly supported by the large Mexican Cera- 
mium collections now at hand 

Although both Ceramium sinicola and C. codicola occur on Codium 

along southern California and northern Baja California where their ranges 

overlap, the characters of their rhizoids make them readily distinguish- 
able. The former produces slender, branched, non-bulbous rhizoids (fig. 5) 

which may be of various lengths and depths of penetration depending 

upon the texture of the host to which they attach. In C. codicola, which 

seems to occur only on a the unbranched rhizoids are pigmented 
and bulbous at the tips (fig. 

One to several eee spines commonly occur on mature apices 
of C. sinicola (fig. 4). Such spines appear to be absent in C. codicola. 

Ceramium sinicola is an extremely variable plant, in habitat, size and 
in cortication, and in some of its varied forms may be confused with other 

species. It is best identified by means of a series of several specimens, both 
juvenile and mature, among which the characters particularly of the corti- 

cation may be interpreted. In the great majority of cases the uppermost, 
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mature parts of the plants show complete cortication, or cortication only 
here and there interrupted, most commonly just above the dichotomies. 
The more slender, basal branches, however, ordinarily show prominent 
internodal spaces between the truncate cortical bands. In some of the 
more slender forms, and those growing in less exposed situations, there 
may be widely discontinuous cortication with internodes in the lowermost, 
prostrate portions up to 3 times the length of the cortical bands. Depend- 
ing upon the continuous or discontinuous character of the cortication, three 
varieties may be recognized (see key): C. sinicola var. typicum nom. nov., 
C, sinicola var. Johnstonii (S. & G.) Dawson, and C. sinicola var. interrup- 
tum (S. & G.) Dawson. 

Since Ceramium sinicola is already well known as an abundant and 
widely distributed species epiphytic on various algae throughout the Gulf 
of California, further collections need not be cited for that area. Its occur- 

rence along the Pacific Coast of California and Baja California may be 

outlined, however, by the following collections: CALIFORNIA — Hollen- 

berg 624.6, Whites Point, San Pedro; Hollenberg 797, 812, Santa Catalina 
Island; Hollenberg 581.6, 1598, Corona del Mar; Dawson 316, 2084, 5422, 
La Jolla. BAJA CALIFORNIA —— ‘Dawson 246, Punta Descanso; 1161, Punta 
Baja; 6707, Isla Magdalena (Pacific side); 6902, Cabeza Ballena; 2953, 

Miller’s landings 

5. CERAMIUM OBESUM spp. nov. 

Plate 1, figs. 7-9 

Thallis prostratis, repentibus, rhizoidum plurium (ubi contactum factum) op 
affixis, cylindricis, 90-1100 mw diametro, totis bene corticatis, ramulis secundariis 
numerosis spinescentibus donatis; cortice bistratoso ad 300 « crasso. 

Plants prostrate, creeping, growing over themselves and other small 
algae and debris, attaching by masses of small rhizoids produced from all 
contacting surfaces, very coarse, cylindrical, 900-1100 » diam., with axes 

20-22 mm. long, completely corticated throughout, abruptly reduced at 
the apex to the short, coarse, strongly forcipate tips; primary branching 
dichotomous, infrequent; secondary branching irregular, frequent, con- 

sisting mostly of very short branchlets with strongly circinately curved 

tips; cortex very thick, completely covering the axes, consisting of an inner 

layer of thick-walled rotund cells 25-100 w diam. adjoining the central 
axial cells which are about 400 » diam., and an outer layer of densely 

packed small anticlinally elongated cells 15-25 » long by 5-9 yp wide; 

reproduction not seen 

Type: Dawson 964, on intertidal rocky shore at Bahia Agua Dulce, 
Isla Tiburon, Sonora, Mexico. February 21, 1946. HAHF 5279, 

This extremely robust species is suggestive in anatomy and gross mor- 
phology of Ceramium crassum Okam., of Japan, but its prostrate, creep- 
ing habit and rhizoidal attachment among mat-forming small algae dis- 
tinguishes it from that erect, epiphytic species. 
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6. CERAMIUM VISCAINOENSE sp. nov. 

Plate 1, figs. 1-3 

Thallis 15-25 mm. altis, rosulatis, saxicolis, pro more dichotome ramosis; epee 
adultioribus 400-500 , diametro, nodis constrictis; cortice toto continuo; ramis 
secundariis proliferis brevibus, raulitesits, supra conmettiee apicibus digee albus 
acutis; tetrasporangiis immersi 

Thalli 15-25 mm. high, tufted, saxicolous, attached by massed and 
coalesced short rhizoids which in mature plants form a spongy disc, 
consisting of several to many dichotomously branched axes arising fon 
the base; older branches 400-500 y diam., catenately constricted at the 
nodes, gradually reduced in diameter above and the constrictions less 

prominent; secondary proliferous branches multifarious, short, increas- 

ingly abundant and more congested above; ultimate baniches diy aneni. 

non-forcipate, acute; cortex continuous throughout, primarily of irregu- 
larly disposed small angular cells and a few larger cells at the junction of 
the rotund axial cells, generally thin or incomplete over the bulging mid- 
parts of the central axial cells, the longitudinally arranged small, mostly 
elongated cells of young segments becoming in part increasingly longer 

or even filamentous as secondary, acropetal and basipetal cortical growth 
progresses; tetrasporangia 30-35 » diam., completely immersed in the 

cortex; cystocarps surrounded by 3-5 ingohicnl branchlets. 
TvPE: Dawson 1430, intertidal rocky shore at Punta Santa Rosalia, 

Baja California, Mexico, April 13, 1946. HAHF 5225. 
Ceramium viscainoense shows by its microscopic characters a similarity 

to C. pacificum. A comparison of specimens of both species collected at 

Punta Santa Rosalia on the same day, however, indicates several appar- 

ently significant differences. Most conspicuous in C. viscainoense are the 

divergent apices and the dense massing of short, secondary branches in 
the upper parts of the plant. These short branches are in turn branched, 

the ultimate segments being spine-like (fig. 2). The prominent constric- 
tions at the nodes and the thin, loose cortications of the internodes (fig. 3) 
also appear to be characteristic. 

7. CERAMIUM PACIFICUM (Collins) Kylin 

Plate 4, fig. 30 . 

Kylin, 1925, p. 61; 1941, p. 29; Smith, 1944, p. 326, pl. 83, fig. 3; Dawson, 1945a, 
p. 67; Doty, 1947, : 187. Lana rabrsin var. er aes ane in Phyc. Bor. 
Amer. no. 893, 1747 

PLATE 1 

Figs. 1-3. Ceramium viscainoense. 1. Habit of a portion of the type specimen, « 7 
2. Terminal part of a tetrasporangial branch of the same, ” 30 iat 
section of an older oe 80. 

Figs. 4-5. Ceramium Gna. 4. Apex of : oe branch to show spine, * 300. 
5. Part of a typical branched rhizoid, « 1 

Fig. 6. Ceramium codicola. A typical, ad bulb- tipped tea S 120 
Figs. 7-9. Ceramium obesum. 7. Habit of part of the type speci ,x 5. 8. Outline 

ature apex to show forcipate tips, * 27. 9. Longitudinal phere through a 
main branch from the type specimen, « $5 
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Widely distributed along the California coast and northward to Van- 

couver Island, this plant has been reported in Mexico only from extreme 

northwestern Baja California. Recent collections include several luxuriant 

examples (Dawson 1509, 1610, 1557) from the area just south of Punta 

Maria at the northern edge of Bahia Viscaino. 

The specimens of completely corticated Ceramium from southern Alaska 

cited by several authors under C. rubrum (see Setchell & Gardner, 1903) 

have not been reviewed, but they may be expected to represent far northern 

examples of C. pacificum. 

8. CERAMIUM WASHINGTONIENSE Kylin 

Kylin, 1925, p. 62, fig. 41; Doty, 1947, p. 187. 

This northern Ceramium appears to be the only one of our coast not 

to be expected to occur in Mexico. Kylin has pointed out several dis- 

tinctions from its apparent near-relative C. pacificum, It is also notable 

that the continuous cortication above, with only thin separating lines 

between the nodes, becomes slightly discontinuous below as a result of the 

elongation of the internodes at a rate slightly greater than that of the growth 

(mainly basipetal) of the secondary corticating cell rows. 

9, CERAMIUM PANICULATUM Okamura 

Okamura, 1921, p. 114, pl. 179, figs. 8-16; Dawson, 1944, p. 319. 

First reported in the eastern Pacific from Guaymas, Sonora, this interest- 

ing plant has recently appeared in several other Mexican collections: Daw- 
son 1980, 3522, Guaymas, Sonora, 3237, Punta Palmilla, Baja Calif., 6810, 
Cabeza Ballena, Baja Calif., and 3637, Mazatlan, Sinaloa. It would seem 
to be restricted to the more tropical waters of the Pacific Mexican coast. 
Tetrasporangia found on Dawson 3237 are essentially like those of Japan- 
ese specimens. 

It should be noted that in some cases, as in the Guaymas collections 

3522 and 1980, that the spines on some branches may be only scantily 
developed, or occasionally not at all. 

10. CERAMIUM HAMATISPINUM sp. nov. 

Plate 3, figs. 20-22 

Thallis in se ce pulvinis intertextis, 90-130 diametro, distanter dichotome 

ramosis, ad nodos tantum icra apicibus circinnatis; nodis verticillo spinarum 

5-6 Senet crassarum, pro more uncinatarum, multicellularium armatis. 

Thalli forming ee masses amid small, mat-dwelling algae, the 

filaments 90-130 ,» diam., or 50-70 » diam. in young parts, irregularly and 
distantly, dichotomously, divergently branched, corticated only at the 
nodes; apices circinate; nodal cortex 40-60 » long, of irregularly arranged 
small, angular cells and producing a whorl of 5-6 usually 3-celled, non- 

deciduous, stout spines 30-50 ,» long with sharp, usually hooked tips, the 
hook directed basally; internodes elongating early, becoming 100-250 p 

long in older filament parts; nodes occasionally with slender, accessory 

rhizoids; secondary cortical expansion essentially absent; reproduction not 
seen. 
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Type: Dawson 3706, intertidal, Mira Mar, Nayarit, Mexico, December 

20, 1946. HAHF 48800 
This is one of the most distinctive of Pacific Ceramium species by man- 

ner of the conspicuous whorls of stout, usually hooked spines arising from 

the middle of each node and persisting throughout the life of the filament. 

11. CERAMIUM EVERMANNII Setchell & Gardner 

Setchell & Gardner, 1930, p. 169, pl. 8, figs. 28-29. 

Although some sterile, southern California specimens such as Hollenberg 

3343 from Corona del Mar correspond with this species in their vegetative 

features, Ceramium Evermannii remains positively known only from the 

type locality, Isla Guadalupe, Baja California. The specimens cited under 

this name by Dawson, 1945, have proved upon reéxamination to be 

Ceramium californicum, since emergent, rather than immersed, tetra- 

sporangia have been detected. 

12. CERAMIUM CALIFORNICUM J. Agardh 

Plate 3, a 18 

J. eae 1894, p. 45; Kylin, 1925, p. 61; , p. 29; Collins, Holden & Setchell, 

in Phyc. Bor. Amer. no. 447. Ceramium pipe Setchell & Gardner, as inter- 

preted by oe 1945a, p. 62. 

This species is amply distinct from our other incompletely corticate 

species by its tetrasporangial and cortical characters. The cortex is of 

small, irregularly disposed angular cells external to the larger, submerged 

nodal cells. The outer cortex grows by both basipetal and acropetal ex- 

pansion such that in older parts it more or less completely covers the 

internodes. The projecting Wines distinguish this plant from the 

apparently closely related C. Everma 
Specimens are now at hand rae ene localities of northwest Mexico: 

Dawson 5164, 5183, 6494, Cabo Colnett; 1167, 1213, Punta Baja; 1510, 

Punta Santa Rosalia; 6711, Bahia Magdalena. In the latter specimens 

the internodes are short above and the cortex in lower parts completely 

covers the internodes. Most of the specimens examined show a more or 

less distinct constriction of the cortical band at the nodal junction. 

13. CERAMIUM FIMBRIATUM Setchell & Gardner 

Setchell & ee 1924, p. 777, pl. 26, figs. 43-44; 1937, p. 88, pl. 7, fig. 18; 

Dawson, ne 317 

This ae ae species has heretofore been recorded only from 

the Gulf of California and from extreme southern Baja California. Recent 

collections demonstrate its wide occurrence along the Pacific Coast of Mex- 

ico: Hollenberg 2571, Punta Banda, Baja Calif., Dec. 1938; Dawson 1407, 

Punta Santa Rosalia, Baja Calif.; Williams 4/24/46, Scammon Lagoon, 

Baja Calif.; Dawson 6826, Cabeza Ballena, Baja Calif.; Dawson 3596, 

Mazatlan, Sinaloa; Dawson 3842a, Acapulco, Guerrero. It is closely re- 

lated to the group of species including C. Masonii, C. recticorticum and 

C. Taylorii in which the tetrasporangia are whorled and involucrate, and 

in which the cortical band is divided at about the lower third into two 
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distinct parts. In C. fimbriatum the cells of this _ cortical part are 
often horizontally elongated somewhat as in C. Maso 

14. CERAMIUM RECTICORTICUM sp. nov. 

Plate 3, figs. 23-24. 

Thallis epiphyticis, e filamentis basalibus ope rhizoidum affixis; partibus erectis 
ad 3 mm, altis, 50-60 « diametro, ad nodos tantum corticatis, alternatim ramosis; 
zonis corticalibus e cellulis rectangularibus factis horizontaliter elongatis, seriebus 
horizontalibus verticalibus bene formatis, opere ad nodi marginem superum tantum 
interrupto; tetrasporangiis verticillatis, Geiss 

Thalli epiphytic, 1.5-3 mm. high, often densely tufted, attached to the 
host by prostrate, basal parts of filaments bearing long rhizoids; branching 
apparently alternate; filaments 50-60 » in diam. above, with non-forcipate, 
slightly incurved apices, corticate only at the nodes; cortical bands about 
2/3 as long as broad, slightly tumid, consisting, except at the upper mar- 

gin, of more or less rectangular cells horizontally elongated and arranged 
in about four definite horizontal and vertical rows, these regular rows 
maintained and usually unmodified by growth or snlaevenient below; in- 

ternodes scarcely evident in uppermost 500 » of branch tips, lengthening 
to 10-30 ». somewhat lower, and then elongating markedly to 
in the entangled, basal laments from which verticils of rhizoids arise at 
the nodes; tetrasporangia 20-25 » diam., maturing within 300 » of apex 
of terminal branches, borne in whorls of 3-5 (mostly 4) within the corti- 
cal band which is modified by their expansion to form an involucre; 
cystocarps and antheridia unknown 

TYPE: i 1769, on Coeloseira pacifica, Bahia Bocochibampo, near 
Guaymas, Son a, May 16, 1946. HAHF 487 

Additional saree: Dawson 501, 509, 455a, “1706, 1749, 1772, 3566, 
epiphytic on various hosts, Bahia Bacochibamps, Sonora: 3667, Mazatlan, 
Sinaloa 

This species differs from closely related Ceramium Tavylorii by the strik- 
ingly regular arrangement of the cortical cells. At Bahia Bocochibampo, 

PLATE 2 

Fig. 10. Ceramium ornatum. A portion of a tetrasporangial filament from the type 
collection, & 125. 

Figs. 11-12. Ceramium Masonii. 11. Portion of the upper part of a plant of Dawson 
3417 from La ie X 250. 12. Portion of a filament of Dawson 6770 from Cabeza 
Ballena, & 25 

Fig. 13. Tonia Taylori. Portion 3 mm. from the tip of a filament of an uncom- 
mon form with broader and more medianly situated space between the two parts 
of the divided outer cortical band (Dawson ou Mazatlan) < 250. 

Figs. 14-15. Ceramium mazatlanense. 14. U r part of a tetrasporangial plant to 
show — nodal bands and abaxial CRE * 125. 15. Part of a filament 
1.5 mm. from the apex of a mature tetrasporangial plant of the type collection, * 
250. 

Figs. 16-17. Ceramium affine var. peninsularis. 16. A sterile part of a filament from 
the type collection, & 225. 17. A tetrasporangial node from the type specimen, 
330. 
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where both species have been found growing together, they are easily dis- 
tinguished. 

15. CERAMIUM MASONII sp. nov. 

Plate 2, figs. 11-12 

Ceramium gracillimum Griffiths & Harvey, as interpreted by Dawson, 1944, p. 319. 
Ceramium transversale Collins & Hervey, as interpreted by —— & Candace mee 
p. 170, pl. 7, figs. 23, 24; Collins, Holden & Setchell, in Phyc. 150 

Thallis epiphyticis ope rhizoidum affixis e filamentis inferis pai ea: in- 
tertextis orientibus, 4-5 (10) mm. altis, 40-50 w parte supera diametro, parte infera 
60-80 w diametro tantum, ad nodos eoutinatis, alternatim ramosis; zonis corticalibus 
in tertio infero linea perspicua partitis, zonae ipsius tertio infero seriebus 1-2 cellu- 
larum elongatarum horizontaliter facto; tetrasporangiis verticillatis, involucratis. 

Thalli epiphytic, attached by rhizoids from the nodes of semi-prostrate 
or entangled lower filaments, to 4-5 (or 10) mm. high, 40-50 » diam. 
above, 60-80 » diam. below, corticated only at the nodes, without second- 

ary cortical expansion; branching apparently alternate; apices non-forci- 
pate, slightly incurved; internodes long below, to 5 times the nodal diam- 

eter; cortical bands divided in their lower third by a clear line, consisting 
in the upper two thirds of larger, angular cells cutting off a few smaller, 
superficial cells, the lower third of 1-2 tiers of horizontally elongated cells; 
tetrasporangia whorled, borne within the cortical band which is modified 
by their growth to form an involucre; antheridia in whorled tufts at the 

nodes. 

Type: Dawson 6756, epiphytic on Galaxaura, Cabeza Ballena, Baja 
California, Mexico, March 11, 1949. HAHF 48796, 

Additional materiale Mixioo<<- Diwadn 6770, Cabeza Ballena; 3442, 

3417, Bahia de La Paz; 470, Bahia Bocochibampo, Sonora; 3518, Ensen- 
ada de San Francisco, Sanorae 6730, Punta Frailes, Baja Calif.; 6631, 
Isla Margarita, Baja Calif.: ae 5/14/46, Isla Cedios. Sana: Calif.; 

Hubbs 46-144, Isla Guadalupe Baja Calif., Dec. 1946 aeutical ie 

the specimens originally collected by Mason on Isla Guadalupe and as- 
signed to C. transversale by Setchell & Gardner). CALtrorN1A — Hollen- 
berg 2227, Corona del Mar, Dec. 1937; Phyc. Bor. Amer. 2150, Laguna 
Beach, Feb. 1913. 

Study of the several species of Mexican Ceramium in which the corti- 
cal band is divided in its lower third has led to a reéxamination of the 
Ceramium gracillimum of Europe and the possibly synonymous C. trans- 
versale of the western Atlantic and Caribbean in an effort to determine 

more accurately the relationships of the Pacific Coast plant. At the outset 
it is assumed that the name C. byssoideum Harvey is to be considered 
synonymous with C. gracillimum Griffiths & Harvey in accordance with 
the studies of Feldmann-Mazoyer (1940). A comparison, then, of the 

Pacific plants and those of Europe recognized under the latter name has 
shown some significant differences. Chief among these are a greater regu- 

larity of the elongated cells of the lower part of the cortical band in the 

Pacific plant, the involucrate, whorled, tetrasporangial arrangement, and 
the absence of the conspicuous gland-cells of C. gracillimum. These dif- 
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ferences appear to indicate that the Pacific American plants are not con- 
specific with the European. As for C. transversale Collins & Hervey, an 
examination of some of the type material from Bermuda shows no appar- 
ent vegetative difference, though the manner of production of tetrasporangia 
appears to be unlike that in the Pacific specimens. In C. transversale the 
tetrasporangia are sub-secund and only 1-2 at a node, while in the Pacific 
plants the tetrasporangia are regularly whorled and in groups of 3 or more. 

Inasmuch as there appear to be many uncertainties in an attempt to 
identify our Pacific Coast specimens either with the European C. gracilli- 
mum or with the doubtfully distinct western Atlantic C. transversale, and 
in view of the apparent tetrasporangial differences in C. Masoniz, ai has 
seemed best to consider our Pacific plant as an independent species. The 
taxonomic history of many other of our plants earlier identified with 
Atlantic species lends support to this view. 

16. CERAMIUM TAYLORII sp. nov. 

Plate 2, fig. 13; Plate 4, figs. 31-33 

Ceramium fastigiatum Harvey, as interpreted by Taylor, 1945, p. 271 (in part). 
Ceramium gracillimum Griffiths & Harvey, as interpreted by Hollenberg, 1948, p. 158. 

Thallis ope rhizoidum affixis a filamentis basalibus prostratis orientium; partibus 
erectis 5-16 mm. altis, diametro supra 60-80 yw, subtus ad 180 ad nodos tantum 
corticatis, alternatim eee zonis corticalibus subtumidis, in tertio infero linea 
perspicua partitis; zonae ipsius tertio infero in cellulis parvis ea partito ; 
tetrasporangiis verticillatis, eae tis. 

Thalli epiphytic or saxicolous, arising from prostrate filaments adhering 

by rhizoids from the ventral nodal surfaces, the erect parts to 5 (or to 
16) mm. high, 60-80 » diam. above, to 180 » diam. below, apparently 

alternately branched; tips non-forcipate, divergent or somewhat incurved 
in youth; cortical bands somewhat tumid, about 2/3 as long as broad, 

separated by internodal spaces of 40 » or less above, but sometimes to 

150 » below (or rarely to 700-800 » in unusual plants of lax habit), 
divided in the lower third into two parts by a clear line, the cells in the 
lower third often at first horizontally elongated, but ultimately divided 
up into small, angular cells, the upper part of the band consisting of several 
larger, deep-seated cells cutting off smaller cells toward the top and outside 
of the band; tetrasporangia whorled, 2-6 at a node, about 30 » diam., 
borne within the tumid upper 2/3 of the divided cortical band which be- 

comes modified by their expansion to form an involucre; old branches 
bearing empty involucres appearing catenate; antheridia borne in a more 

or less continuous superficial layer on terminal branches above the region 
of internodal elongation, tending to be confined to adaxial surfaces; cysto- 
carps borne terminally, surrounded and completely overarched by 5-6 

long, clasping, involucral branches. 

Type: Dawson 3393, Cabeza Ballena, Baja California, Mexico, No- 

vember 9, 1946. HAHF 48797 

Additional material: PActFic BAJA CALIFORNIA — Dawson 211a, Punta 
Descanso; 7268, Bahia Santa Maria, Isla Magdalena; 1644, El Cardén, 
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near Punta Maria; 1576, 1587, Bahia Los Ositos; 2814, 1425, Punta Santa 

Rosalia; 6708, Bahia Magdalena. GuLr or CAaLirorniA— 613, 617, 

1898, 1962, 1969, 1982, 3520, Ensenada de San Francisco; 759, 786, 724, 

744, 800, Isla Patos; 1002, 1018, Isla Partida; 1039, Isla Raza; 7176, 
Puerto Escondido; 7051, Isla Carmen; 3401, 3368, 3342, 3320, Cabeza 

Ballena. StnaLoa — 3658, 3599, 3675, 3623, 3618, Mazatlan. NAYARIT — 

3704, Mira Mar. GUERRERO — 3878, 3899, Acapulco. 

Several specimens collected by Hollenberg in southern California, par- 

ticularly at Laguna Beach, have been seen and verified as this species. 

A comparison of Taylor’s Mexican specimens with recent collections 

from Pacific Mexico and with typical Ceramium fastigiatum from the 

Atlantic revealed that two different species are involved. Superficially, in 

size, habit and in the tumid appearance of the cortical bands, C. Taylorit 

resembles C. fastigiatum, but in structure of the cortex they are quite 
distinct. C. Tavlorii is particularly easily recognized by the fact that the 
cortex is divided by a distinct horizontal line, usually in its lower third, 
into two parts in which cell divisions in each are such as not to obscure or 

disrupt this line. In C. fastigiatum such a division of the cortex does not 

occur and the cells of the band are irregularly disposed with no special 
horizontal or vertical arrangement. This division of the cortex is similar 

to that in C. Masonii, but in that plant the cells of the lower part of the 
cortical band are distinctly horizontally elongated and remain so, while 
in C. Taylorii they become divided up in an angular manner. In C. Masonit 
the number of cell rows in the lower cortical third is usually at first one, 
later two. In C. Taylorii this lower part of the band is broader, usually 
of two tiers at first, later three or sometimes four. The division into angu- 
lar cells may sometimes result in horizontally elongated cells, but these 
are of irregular shape and disposition. 

17. CERAMIUM PROCUMBENS Setchell & Gardner 

Setchell & Gardner, 1924, p. 772, pl. 27, figs. 51-54; Dawson, 1944, p. 318; Hollen- 

berg, 1948, p. 158 

This small, epiphytic plant with extensive prostrate parts and con- 
spicuous opposite branching, first reported in the Gulf of California, has 

been shown by Hollenberg to be a common epiphyte along southern Cali- 
fornia. He has also collected it on Santa Catalina Island, California 

(Hollenberg 759, April 1935). His California specimens have been veri- 

fied and compared with material from various hosts taken both along 
Pacific Baja California (Dawson 2763, 2800, Punta Santa Rosalia) and 

in the Gulf of California (1323, Bahia de Los Angeles, Baja Calif.; 1816, 
Ensenada de San Francisco, Sonora). 

18. CERAMIUM EQUISETOIDES Dawson 

Dawson, 1944, 320, pl. 51, fig. 1. Ceramium sinicola var. interruptum (Setchell 
& Gardner) Daron. as interpreted by Hollenberg, 1948, p. 158 (in minor par 

The type has been reéxamined and compared with several new collec- 
tions from the Gulf of California. It now appears that this species may 
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be related, because of its immersed tetrasporangia, both to Ceramium 

procumbens and to C. sinicola, from which it is distinguished, respectively, 

by its lack of opposite branches, and by its characteristically elongated 

internodes and proportionally short cortical bands. In some instances the 

tetrasporangial branches are 2-3 times forked and occasionally with the 

swollen fertile parts interrupted just above the dichotomies by 1-2 vege- 

tative segments with ecorticate internodes, somewhat as in Ceramium 

sinicola var. interruptum. 
Recent collections from five stations between Puerto Libertad, Sonora 

and La Paz, Baja California confirm the wide range within the Gulf of 

California, Hollenberg’s material from Balboa Harbor, California, in- 

cluding his no. 1082, Oct. 1935, agrees with this species. Its occurrence in 

the protected harbor appears to be in accord with the ecological require- 

ments of the species as indicated by its habitat in the Gulf of California. 

19. CERAMIUM SERPENS Setchell & Gardner 

Setchell & Gardner, 1924, p. 775, pl. 27, fig. 58; Dawson, 1944, p. 318. 

This species is similar in size and in the involucrate tetrasporangia to 

Ceramium Camoui, but the tetrasporangia are usually solitary at the nodes 

rather than in whorls. The involucre, thus, is unilateral. Plants may be 

much taller than the type, though of the same filament diameter. Dawson 

3132 from La Paz, Baja California is topotypic, but is more than 10 mm. 

high, with elongated internodes below. A collection from Punta Palmilla, 

Baja California, Dawson 3264, contains specimens identical with the type 

illustration. 

Perhaps related here is a plant from Cabo Pulmo, Baja California, 

Dawson 3097, epiphytic on Dictyota crenulata. It has solitary, emergent, 

non-involucrate tetrasporangia and heavier cortical bands with more tiers 

of cells than in Ceramium affine. 

20. CERAMIUM CAMOUII Dawson 

Dawson, 1944, p. 319, pl. 51, figs. 2-3. 

This minute, inconspicuous plant with its highly developed tetrasporan- 

gial involucres grows entangled amid other microscopic algae on rock 

surfaces. Since it seems not to occur in pure stands of its own kind, it is 

easily overlooked and its presence has been detected thus far only in two 

of the recent Mexican collections: Dawson 1751, entangled with Centro- 

ceras, Bahia Bocochibampo, Sonora; 3467, entangled with Polysiphonia, 

La Paz, Baja California. A tetrasporic collection by Hollenberg, 2545, 

from the bay side of Punta Banda, Baja California, is identical with Daw- 

son 1751 and places this species for the first time in the flora of the outer 

Pacific Coast. The cortical bands of C. Camoui are conspicuously tumid, 

extremely so when bearing tetrasporangia, and the internodes character- 

istically long. 
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21. CERAMIUM GARDNERI Kylin 

Plate 3, fig. 19. 

Kylin, 1941, 29; Smith, 1944, p. 325, pl. 2. Ceramium ee J. 
Agardh, as ie eee by Gardner, in pais. ae Americana 2248. 

Although this species has not been reported in California ai of Mon- 
terey, two specimens in agreement with cotype material in the Hancock 

Foundation copy of Phyc. Bor. Amer. are at hand: Cooper 470, Dec. 1946 
from Ventura, and Hollenberg 1325, April 1936, from Santa Cruz Island. 

It has not yet been identified with certainty in the Mexican collections 
Ceramium Gardneri is similar to C. personatum and may be distinguished 

by its tetrasporangia which are initially secund and adaxial. In C. per- 
sonatum the tetrasporangia are at first abaxial. 

The plants from Puget Sound and Vancouver Island cited by Collins 
(1913) as Ceramium tenuissimum (Phyc. Bor. Amer. 1298) and as C. 

strictum, are apparently related to C. Gardneri and are in need of further 
examination. 

22. CERAMIUM MAZATLANENSE sp. nov. 

Plate 2, figs. 14-15. 

Thallis epiphyticis, 3-4 mm. altis, ope rhizoidum e filamento prostrato nascentium 
affixis, 90-110 « diametro, ad nodos tantum corticatis; zonis corticalibus parvis, 25-30 
aalliilia angularibus ; er as emergentibus, secundis, 1-3 aggregatis in fads 
abaxiali ramorum, involucrat 

Thalli epiphytic, 3-4 mm. high, attached by rhizoids from the ventral 
surface of a prostrate, basal part of a filament; erect filaments 90-100 p 
diam., rather irregularly dichotomously branched, corticated only at the 
nodes, without secondary cortical expansion; apices forcipate; cortical 
band very short, 25-30 » long, consisting of angular cells 7-25 p in greatest 
diameter, the largest below and beneath, bearing numerous fine hairs; in- 
ternodes elongated below, sometimes to 150 »; tetrasporangia projecting. 
secund, borne singly or in groups of 2—3 at the nodes on the abaxial sides 

PLATE 3 

Fig. 18. Ceramium californicum, Part of a filament 1 cm. below the apex, from 
Dawson 5164, Cabo Colnett, & 100. 

Fig. 19. Corneein Gardneyi. Part of a filament 1 cm. below the apex, from a cotype 
pean in Phyc. Bor. Amer. 2248, 100. 

Figs. 20-22. Ceramium pi eee 20. Terminal part of a young filament from 
the type collection to show abundant spines and circinate tips, * 85. 21. Detail of 
multicellular, hooked a < 550. 22. Part of an old filament to show persistent, 
whorled spines 

Figs. 23-24. ee pemesibenrad 23. A series of cortical bands from a sub- 
terminal portion of the type specimen, & 250. 24. An older portion of a filament 
of the type specimen sea persistence of vertical rows of cells, the long inter- 
nodes and rhizoids, « 250. 

Figs. 25-26. Comenius avalonae. 25. A series of nodes near the apex of a topotype 
specimen, 225. 26. An older portion of a filament of the same plant to show 

50. 
Figs. 27-28. Ceramium zacae, 27. Young nodes of a plant from the type collection, 

X 225. 28. Lower nodes of a plant from the type collection, & 350. 
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of the branches, about 35 » diam., half enveloped by a cortical involucre; 
antheridia in low, pulvinate masses at the nodes, partially or completely 
encircling them; cystocarps not seen. 

Type: Dawson 3606, epiphytic on Codium, Mazatlan, Sinaloa, Mexico, 
December 8, 1946. HAHF 48798 

Additional material: Dawson 3815, 3819, at granite headland south 

of Salina Cruz, Oaxaca, Mexico, Jan. 1947; Dawson 40-657, rocky point 

just north of Kino, Sonora, July 16, 1940. 
This species has a nodal structure suggestive of Ceramium Gardneri 

though the cortical bands are much shorter. The solitary, abaxial, involu- 
crate tetrasporangia are further distinctive as well as the presence of 

creeping filaments “rooting down’”’ to the host. The tetrasporangial speci- 
mens from Salina Cruz show regularly abaxial, strongly involucrate tetra- 
sporangia, but do not have the circinately curved tips of the type. Their 
apices are more attenuate than those of the type and but slightly forcipate. 

23. CERAMIUM AFFINE Setchell & Gardner 

Plate 2, figs. 16-17. 

Setchell & Gardner, 1930, p. 172; Dawson, 1944, p. 317, pl. 51, fig. 4. 

The type material of Ceramium affine from Isla Guadalupe, Baja Cali- 
fornia apparently represents a slender variant of this species. Recent col- 
lections contain examples identical in form and reproduction with the 
type, but of larger size. The only specimens known in which the filament 
diameter is as small as in the type (24-28 ,) are those from Puerto Refugio 
in the Gulf of California (see Dawson, 1944). The large form of this 
species, found in several collections from Mexico and in one from south- 
ern California, exhibits vegetative characters of nodal cortication and in- 
ternodal elongation virtually identical with the type, though the plants 
are of fully twice the size in all dimensions. Despite this range of size 
among vegetative parts of the two variants, the tetrasporangia are essen- 
tially the same in each: about 40 » in diameter including the thick, hyaline 
envelope. 

The name Ceramium affine var. peninsularis var. nov. is proposed for 
the aque variant. 

Cum speciei forma typica optime acai at partis vegetativis duplo majore; 

ee pro ratione minoribus, formae typicae accedentibus 

Like the type of the species but ee the size in all vaeetetive dimen- 
sions, 60-70 » diam.; tetrasporangia as in the type, approximately 40 be 
diam. 

Type: Williams, April 27, 1946, dredged in 4-6 m., Isla Concha, Scam- 
mon Lagoon, Baja California, Mexico. HAHF 48799, 

Additional material: Williams, May 1946, Scammon Lagoon, Baja 
California; Dawson 6892, Punta Frailes, Baia Calif.; Hollenberg 1590, 
Corona del Mar, Califor Nov. 1936. 

The plant identiGed by Taylor, 1939, as Ceramium fastigiatum forma, 
from Punta Gorda, Baja California, is ptobably the same as the present 
plant. 
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It is proposed to designate the small variant represented by the type 
of the species as Ceramium affine var. originale nom. nov. 

The plant from Ecuador referred questionably to Ceramium affine by 
Taylor, 1945, has been reéxamined. Although the tetrasporangial arrange- 
ment is similar, it appears to be an entirely distinct species. 

24. CERAMIUM PERSONATUM Setchell & Gardner 

Setchell & Gardner, 1930, p. 171, pl. 6, figs. 21-22. 

Heretofore known only from Isla Guadalupe, this species has been de- 
tected in recent collections from the northern Bahia Viscaino. It seems 
closely related to Ceramium Gardneri, but may be distinguished by its 
tetrasporangia which are initially secund and abaxial, later becoming 
whorled. There may be considerable resemblance to Ceramium zacae in 
some instances, especially in tetrasporangial parts, but C. zacae differs by 

its short, lower internodes and non-tumid cortical bands, as well as by its 
non-bracteate tetrasporangia. The descending rhizoidal appendages within 

the internodal cells reported in the original description have been seen in 
each of the specimens and appear to provide a good specific character. 
Three collections from Pacific Baja California are referable here: Dawson 
1511, Punta Santa Rosalia; 1575, 1594, Bahia Ositos. All have abaxial 
tetrasporangia more or less clearly involucrate by bracteate filaments. The 
Bahia Ositos collections include specimens up to 25 mm. high with quite 
tumid nodes and many secondary branchlets. 

The specimens from Costa Rica referred questionably to this species 
by Taylor, 1945, are sterile and cannot be identified with certainty. 

25. CERAMIUM AVALONAE Dawson 

Plate 3, figs. 25-26. 

Dawson, 1949, p. 17, pl. 5, fig. 31, pl. 14, fig. 56. 

Ceramium avalonae shows considerable superficial, microscopic re- 
semblance to C. zacae and has a similar tetrasporangial arrangement. The 

branching habit and the structure of the nodal cortication, however, are 
amply distinct. The disposition of the large cells in the lower part of the 
node, cutting off smaller cells above and toward the outside is a character 
which persists in older parts of the filaments. The outer cortical cells of 
C. zacae are irregularly arranged. In it the larger cells lie interior to the 
smaller ones and are ordinarily situated in the middle of the nodes rather 

than in the lower part. C. zacae is more abundantly branched above than 
C. avalonae, and the older nodes are not tumid as in the latter. The lower 

internodes of C. zacae are relatively shorter than in C. avalonae, being less 
than as long as wide, rather than 1.5 times as long as wide or more. New 
materials show that the tetrasporangia of C. avalonae are not necessarily 
solitary at the nodes as originally described, though the abaxial arrange- 
ment is maintained even when two or more tetrasporangia are produced 
at a node. 

Several collections by the writer and by G. J. Hollenberg from the type 
locality, Santa Catalina Island, California have yielded Ceramium avalonae. 
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A tetrasporic specimen from Isla Guadalupe, Hubbs 12/7/46, extends its 
range into Mexican waters. 

26. CERAMIUM ZACAE Setchell & Gardner 

Plate 3, figs. 27-28. 

Setchell & Gardner, 1937, p. 89, pl. 8, figs. 22a-22c; Dawson, 1945a, p. 62. 

Recent collections by Hubbs, 8/20/46, from Isla Cedros near the type 

locality of Ceramium zacae at Bahia San Bartolomé, have yielded typical 
mature examples of this species. These plants show clearly the short 
internodes which distinguish C. zacae both from C. avalonae and C. cauda- 
tum, From C, caudatum it also differs by its non-tumid nodes which are 
not provided with whorled rhizoids or secondary uncinate branches as in 
that species. 

The original description states that the tetrasporangia are arranged in 
two regular rows, one on each flank of the upper dichotomies, but re- 

examination of material from the type collection shows that the tetra- 
sporangia are often whorled in groups of three or more at a node. 

Some collections from southern California which serve to extend the 
known distribution of this species northward are: Dawson 343, La Jolla; 

Hollenberg 584.5, Corona del Mar; Dawson 5674, Santa Catalina Island. 

27. CERAMIUM CAUDATUM Setchell & Gardner 

Setchell & Gardner, 1924, p. 776, pl. 27, figs. 55-57; Dawson, 1944, p. 317. 

Ceramium caudatum is a rather variable species which sometimes is diffi- 
cult to determine by means of the key. It is in some ways similar to C. 

zacae, to C. avalonae and to C. personatum, particularly in its tetra- 
sporangial parts. From C. zacae it is easily distinguished by its longer, 
lower internodes and tumid cortical bands. From C. avalonae it differs in 
larger size, in the irregular disposition of the cells of the cortical band, 
and in the whorled rather than typically abaxial tetrasporangia. From C. 

personatum it is distinct in its lack of descending appendages within the 

internodal cells and in the non-involucrate or non-bracteate tetrasporangia. 
Ceramium caudatum is often provided with characteristic whorled rhi- 

zoids at the nodes and commonly produces uncinate accessory branchlets. 

This species has recently been detected in several collections from the 

Gulf of California, the most typical being Dawson 3480, Bahia Empalme, 
Sonora, and 857, Isla Jorge, Sonora. Hollenberg has found typical material 
in southern California: Hollenberg 644, upper Balboa Harbor, and Hollen- 

berg 820, Santa Catalina Island. A collection by Hubbs, 12/7/46, from 

Isla Guadalupe also appears to be referable here. 

28. CERAMIUM CLARIONENSIS Setchell & Gardner 

Plate 4, fig. 29. 

Setchell & Gardner, 1930, p. 170, pl. 7, figs. 25-27. 

The present study has shown that this plant is a common and easily 
recognized species both in the Gulf of California and along the Pacific 
Coast of southern California and Baja California. The moderately large 



Dawson: REVIEW OF CERAMIUM 

eyed 
O5 
QW Da ce) By) ox 

ee ee a ap ee 
rey Kcoms 

S meter 

O9g2 
eet (es) 

6 a) 2) 
‘ 

Q2Q ree 0e% 
SAGO 

0 A) 0 
C20 os 
ie bd 

5) 

“29 

cS 
Go Lay ib RY Sy 

og toe 
PWS ies 

4.9 ne 
Wee 

ma) 

IS 
ass S00 D g D So 

Oo O80, 

29. 

PLATE 4 

Fig. 29. Ceramium clarionensis. Profile o terminal portion of a tetrasporangial 

plant from Guaymas, Sonora, showing adaxial fertile areas, « 55. 

Fig. 30. Ceramium pacificum. A young node from Dawson 1610, Bahia Viscaino, * 

Se 

Figs. 31-33. Ceramium Taylorii. 31. A series of young nodes from mithin 1 mm. 

of the apex of a filament, showing distinct division of the cortical band, *« 250. 
32. Terminal part of a tetrasporangial branch showing involucrate condition, & 150. 

33. An older, lower node showing small, angular cells of lower portion of cortical 

band, * 250. 
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size, the strongly circinate apices and the truncate cortical bands becoming 

tum id below, are distinctive vegetative characters. The production of 

numerous, emergent tetrasporangia, sometimes all the way around the 

node, or commonly only on the adaxial side, without cortical modification, 

is a distinctive reproductive character. The tetrasporic characters of the 

type material have been reéxamined and found not to be represented clearly 

in the original description or illustration. The tetrasporangia are not as 

fully developed in numbers on the type as in some of the new material, 

but those present show a much more clearly emergent, projecting character 

than is indicated by the Setchell and Gardner illustration, Furthermore, 

the occurrence of bracteate filaments associated with the tetrasporangia 

are neither of regular nor of conspicuous occurrence in the type material 

reéxamined. Such filaments within the tetrasporangial wall are not ordi- 

narily present in the other collections now at hand. 
Although short hairs may be present or absent, almost every specimen 

exhibits to some degree the presence, external to the cortical cells, of small, 

often globular masses of material staining deeply with aniline blue. These 

globules are often extremely conspicuous and in some cases are obviously 

exudation products for they occur external to the cell membrane and in 

contact with the cortical cell by means of a slender extension of the cell 

contents through the wall to the exterior. Sometimes the globules are of 

such regular occurrence and of such uniform size as to give a highly orna- 

mented aspect to the filament (in this regard see Setchell & Gardner, 1930, 

pl. 7, fig. 25). At other times they may be smeared, giving an unsightly 

appearance to the slide-preparation. Similar forms suggesting “gland cells” 

are commonly observed in Ceramium Taylorit. 
Recorded heretofore only from Isla Clarion, the species is now at hand 

from many localities along the Pacific Coast. Its distribution may be out- 
lined according to the following collections: 
CaLirorNia — Hollenberg 516, Corona del Mar; Hollenberg 549, Bal- 

boa Harbor; Dawson 2088, La Jolla. Pactric Baya CaLirornia — Wil- 
liams 4/30/46, Scammon Lagoon; Williams 5/14/46, Isla Cedros; Dawson 

1393, Miller’s Landing. GuLF oF CALIFORNIA AND SOUTHWARD — Daw- 

son 679, Puerto Libertad, Sonora; 850, Isla Jorge, Sonora; 745, Isla Patos, 

Sonora; 1018a, Isla Partida, Baja California; 612a, Ensenada de San 

Francisco, Sonora; 7028, isla Espiritu Santo, Baja 8 6800, 
Cabeza Ballena, Baja Calitondias 3696, Mira Mar, Nay 

In some instances field records show that these plants aoe a brilliant 
green iridescence in nature. This was particularly true of several from 
northern localities in the Gulf of California. 

A number of recent collections are tetrasporangial, but only those from 
summer stations. None collected earlier than March shows reproduction. 
The Mira Mar plant, collected in December, is antheridial, but cystocarpic 
plants have not yet been note 

The degree of development of the small, angular cells which usually 

form a continuous, outermost layer of the cortical band is variable in 
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this species. In a few cases, notably in Dawson 2813 from Punta Santa 

Rosalia, Baja California, they may be so scantily developed as to cause the 

underlying layer of larger cells to appear superficial, thus giving a different 

appearance to the cortical band. 
Those parts of plants in which the tetrasporangia may occur all the way 

around the node give an appearance strikingly like that in Ceramium 

ornatum. The quite invariably circinate branch-tips of C. clarionensis, 

however, provide a ready distinction from the non-circinate C. ornatum. 

29. CERAMIUM ORNATUM Setchell & Gardner 

Plate 2, fig. 10. 

Setchell & Gardner, 1930, p. 172. 

This species has not again been detected and may be presumed to be a 

Guadalupe Island endemic. An examination of part of the type material 

reveals that the diameter of the main axes is 300-450 y, rather than 130 p 

as given in the original description. Since no illustration has heretofore 

appeared for this species, a drawing is given from a plant of the type col- 

lection 
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It is with the deepest sorrow that we record 

the death of William Lawrence White, 

Associate Professor of Botany and Director 

of the Farlow Library and Herbarium at 

Harvard University. He was an eminent 

mycologist and true friend and counselor to 

students. 
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TAXONOMIC AND DISTRIBUTIONAL STUDIES OF MOSSES 
OF CENTRAL AND EASTERN PENNSYLVANIA 

EDWIN THEODORE MouL 

Workers in the field of phytogeography and ecology of Bryophytes have 

been handicapped in recent years by the lack of up-to-date check lists and 
authentic distributional data concerning many moss species in states and 

other local areas. Because of this deficiency students of general ecology 
have generally disregarded the Bryophyte flora entirely or given it only 
slight attention. For these reasons, the problem of collecting mosses and 
studying their distribution and habitat preferences in Central and Eastern 
Pennsylvania seemed necessary and worth while. 

In the historical sketch given below, it will be realized that Central and 
Northern Pennsylvania was, to all practical purposes an “unknown land” 
bryologically. 

HISTORY OF BRYOLOGICAL STUDY IN PENNSYLVANIA 

The study of Bryophytes has not been neglected in Pennsylvania, but 

most of the work has been confined to the southeastern and northeastern 
counties and the district around Pittsburgh. 

The most significant early collecting and study of mosses was made by 

Muhlenberg in Lancaster County. Because of his correspondence with 

eminent botanists in Germany, England, France and Sweden, many species 
of mosses have “Lancaster County” or “Pennsylvania” as their type local- 
ity. Muhlenberg’s ‘Index Flora Lancastriensis,”’ published in the Trans- 

actions of the American Philosophical Society, includes a list of the 
Bryophytes of Lancaster County. 

Thomas P. James, a druggist of Philadelphia and co-author with Leo 

Lesquereux of the “Manual of Mosses of North America,” lived part of 

his life in Delaware County near Radnor and made large collections in 
the counties surrounding the city. The section on mosses in Darlington’s 

“Flora Cestrica” was prepared by James. Part of his herbarium is in the 
collection of the Academy of Natural Sciences of Philadelphia and is in 
excellent condition. Very little information other than locations and dates 

was given, as was the case with most of the early collections. 

139 
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Dr. Thomas Conrad Porter, author of the “Bryophyta and Pteridophyta 

of Pennsylvania,” collected mosses in several localities. In 1853 he became 

Professor at Franklin and Marshall College in Lancaster and made collec- 

tions in that and nearby counties. In 1866 he was appointed Professor of 

Natural Science at Lafayette College in Easton and while there made most 

extensive collections in Northampton and Monroe Counties. That part 

of his herbarium not destroyed by fire in the science building at Lafayette 

College was deposited in the collection of the Academy of Natural Sciences 

of Philadelphia. 
Rev. Francis Wolle of Bethlehem, better known for his work in algae, 

collected Bryophytes in the northeastern counties and many of his speci- 

mens are in the Herbarium of the University of Pennsylvania. Much of 

this material is of little use in distributional studies because exact localities 

and dates are vague and even lacking in many cases. 

Eugene A. Rau, also of Bethlehem, was a contemporary of Wolle and 

worked in the same territory. His collections are distributed in a number 

of herbaria, but the bulk of them is in the New York Botanical Garden. 

Distributional data are lacking in much of the material. 

Dr. John K. Small and Dr. A. A. Heller, while students at Franklin and 

Marshall College, made many interesting Bryophyte collections in Lan- 

caster, Lebanon and Dauphin Counties in the fall of 1888 and spring of 

1889. 
The formation of the Philadelphia Moss Chapter of the Sullivant Moss 

Society in February 1899 with Dr. A. F. K. Krout as President and 

Josephine B. Lowe as Secretary, stimulated anew the interest in mosses in 

this vicinity. Material collected and identified by this group in the environs 

of Philadelphia and in Berks and Monroe Counties is deposited in the 

Herbarium of the University of Pennsylvania and is well documented. It 

has been of great value in the present study. 
Mr. George B. Kaiser, at one time Curator of the Sullivant Moss Society 

Herbarium, collected and studied the mosses around Philadelphia and many 

of his specimens are to be found in the two local herbaria. 

Through the efforts of D. A. Burnett, the moss flora of McKean County 

is well known and specimens are widely distributed in herbaria. W. C. 

Barbour has done the same for the area around Sayre in Bradford County. 

Dr. O. E. Jennings has surveyed the moss flora of the western half of 

the state and published the ‘““Manual of Mosses of Western Pennsylvania” 

in 1913. 
In 1933 Miss Grace Tees in partial fulfilment for a Master’s Degree at 

the University of Pennsylvania, prepared a check list of mosses of the 

Philadelphia area including all the territory in New Jersey, Pennsylvania, 

Delaware and Maryland within a 100 mile radius of the city. This manu- 

script is in the Library of the University of Pennsylvania and has proved 

valuable in completing the present study. 

A glance at the map of Pennsylvania will show immediately that up to 

the present writing the central and northern portions of the state have been 
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bryologically unknown. With this in mind the author has concentrated his 

collecting in these areas, visiting 44 of the 67 counties of the state. Acknowl- 

edgment should be made to the following for their collecting of Bryophytes 
while doing field-work with other groups of plants: Robert L. Schaeffer, Jr. 
in Northampton County; Harold W. Pretz in Lehigh County; Hans Wilkens 

in Berks County, Paul R. Wagner in Schuylkill County. Others responsible 
for 20 or more collections utilized in this study are: 

Adams, J. W. Lippincott, C. D. 

Austin, C. F Leeds, A. N. 

Barbour, W. D Lisi, A. G. 

Bartram, E. B. Long, Bayard 

Beals, A. T. Lowe, J. D. 
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COLLECTING PROCEDURE 

In making collections for this study, individual species or groups of 

species growing together were placed in individual bags. Exact information 

regarding substrate, type of cover and habitat was recorded. During the 

first part of the study the pH of the soil was taken by the colorimetric 

method using a LaMotte Soil Testing Kit. Later, soil samples were col- 

lected and readings made on a Leeds and Northrup pH meter to check the 
previous results. Only when sufficient readings have been taken is this 

information included in the text. Exact locations and elevations of collect- 
ing spots were made with the aid of United States Topographic Maps. 
Associated species of plants, especially the Bryophytes, were noted in the 

field or later during the laboratory examination. Whenever the material 
examined was fertile, the condition of the antheridia and archegonia or 
the sporophyte was noted. 

The method of recording the distribution of species by counties is that 

outlined by Fogg (1947) in his study of the methods applied to a state 
flora survey. In addition to the county records for each species, a sum- 
marizing form was kept, tabulating information from each individual speci- 
men concerning habitat, substrate, pH range, elevation, associates or suc- 

cession and reproduction. From these master records, the data for each 
individual species was easily organized. 

ECOLOGICAL STUDIES 

In attempting to explain the distribution of mosses in Pennsylvania, all 
the ecological factors usually so important in influencing Phanerogamic 
distribution, such as Physiographic Provinces, glaciation, macroclimate, 
geographic relationships and forest types, have been investigated and do 
not provide an adequate explanation. But the factors controlling the micro- 
habitat of the mosses, that is the temperature, moisture, light, edaphic and 
biotic conditions of the particular site, appear to be more important and 
offer the most reasonable explanation of distribution. 

PHYSIOGRAPHIC PROVINCES 

The area under investigation covers 49 central and eastern counties of 

the state, extending to the western boundaries of McKean, Elk, Clearfield, 

Cambria and Somerset Counties. 

The topography of this portion of Pennsylvania is divided into six major 

provinces (Fenneman, 1938), traversing the state in a northeasterly to 

southwesterly direction. 

The Coastal Plain is confined to the extreme southeastern corner of 
the state and is limited on the west side by the Fall Line. The City of 
Philadelphia and its suburbs occupy much of this narrow belt, thus obscur- 

ing its original character. 
Bounding this area on the north and extending from the Delaware River 

to the Mason and Dixon Line is the Piedmont Province. It consists of 
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wide fertile limestone valleys, rolling hills of crystalline rock and the 
Triassic lowlands along the northern boundary. 

The Blue Ridge Province extends northeastward into the state through 
parts of Adams, Franklin, Cumberland and York Counties, nearly to the 
Susquehanna River where it has its terminus. The Reading Prong of the 
New England Province extends into Pennsylvania in a southwesterly direc- 
tion from the Delaware River through parts of Northampton, Carbon and 

Berks Counties. These areas consist of narrow belts of crystalline ridges 
forming the southern boundary of the “Great Valley” of the Ridge and 
Valley Province. In the region between them, the Ridge and Valley Prov- 

ince immediately adjoins the Triassic lowlands of the Piedmont Province, 
i.e., between the Schuylkill River and a point 10 miles west of the Susque- 
hanna River. 

The southern portion of the Ridge and Valley Province is known as the 
“Great Valley” and is underlain by Cambrian and Ordovician limestones 
and shales; it averages 10 to 20 miles in width. It is known under the local 
names of Lebanon Valley and Cumberland Valley; its southern extension 

into Virginia is the famous Shenandoah Valley. The northern portion of 

the Province is a succession of eroded valleys and hard, resistant, even- 
crested ridges of sandstones and shales. Their elevation increases westward 

from 1300 to 1600 feet. 
The Allegheny Mountain section is characterized by high ridges, reach- 

ing an elevation of 3200 feet in southern Somerset County. These moun- 
tains are plateau-like and are separated by valleys which are, according to 
Fenneman (1938), deeply dissected plateaus and not lowlands. These ridges 
form the front escarpment of the Appalachian Plateau Province. 

From elevations as high as 2000 feet, the Plateau Province decreases 
gradually toward the west and merges finally with the Central Lowlands. 
It is characterized by broad plateau areas deeply cut by narrow stream 
valleys. Only the northeastern and northwestern portions of this plateau 
were covered by the Wisconsin glaciation (Fig. 1). 

These physiographic provinces are of minor importance in the distribu- 
tion of mosses within the state. A few boreal species, such as Mnium cin- 
clidioides and Brachythecium Starkei, have not been found to occur outside 
of glaciated territory up to the present writing. Two species of Dicranum 
have been collected from the Ridge and Valley Province westward, but 
there are no species confined to any one Province. The relatively slight 

range of elevation in Pennsylvania as compared to that farther north and 
south is probably a factor to be considered. The distribution of mosses is 
more closely associated with microclimates, as will be shown subsequently. 

MACROCLIMATE 

The average annual precipitation ranges from 36 inches in the southern 

part of the Ridge and Valley Province, Bedford and Fulton Counties, and 
along the northern boundary in Bradford, Tioga and Potter Counties to 
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48 or 50 inches in Somerset County, where the highest elevations of the 
state are found. The rainfall for the eastern half of the state averages be- 
tween 40 and 46 inches, with the highest precipitation in the southeastern 
corner. With abundant rainfall, well distributed throughout the year, 
mosses are common and abundant in the state. The individual species are 
restricted in their distribution by the evaporation rate of the particular site. 

The temperature range in the state is not extreme. The average January 

temperatures are low at 22 degrees F. in the northern and central counties 
and 32 degrees F. in the counties of the southwestern and southeastern 
corners respectively. The average July temperatures vary from 66 degrees 

to 70 degrees F. in the northern and central part of the state to 74 degrees 
and 76 degrees F. in southwestern and southeastern Pennsylvania. The 
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Fig. 1. Climatic zones in Pennsylvania. (Adapted from Livingston and Shreve). 

lower temperature area corresponds to the ‘‘cool” area of Livingston and 

Shreve (1921) and the higher temperature area to their ‘‘“medium”’ (Fig. 1). 

Some species of mosses prove to be more abundant in one or the other 

temperature belt, but are not sharply delimited. This can be accounted 

for by the fact that mosses are influenced by the microclimate of their 
immediate habitat, rather than by the macroclimate of the meteorologist 
(Richards 1932). 

GEOGRAPHIC RELATIONSHIPS 

Utilizing the geographic distribution for mosses presented by Sharp 
(1939) as a basis for relationships, the flora of Pennsylvania shows four 
geographic affinities. 

First is a group of mosses of boreal affinities, circumpolar in their dis- 
tribution, and reaching their maximum development in the far north. They 
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reach their southern limits in Pennsylvania and occur in the northern coun- 
ties, chiefly in glaciated territory (Fig. 2 and 3 
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Fig. 2. Range of Mnium cinclidioides Huben. An example of mosses with Arctic affin- 
ities some of which reach their southern limits in the state. 

Fig. 3. Range of Climacium dendroides ais Web. & Mohr. An example show- 
ing range of a species with Arctic affinitie 
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Secondly, there are the moss societies which show relationship with 

those of the spruce-fir forest and entering Pennsylvania all along the 

northern boundary, funneling down the mountain chain through central 

Pennsylvania to the southern boundary and on into the Southern Appalach- 

Mountain system of Tennessee and North Carolina. Their distribu- at) n 
tion corresponds generally to the “cool” climatic zone of Livingston and 
Shreve (Fig. 1). They are found growing in the cool ravines and bottoms 
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occupied by the Eastern Hemlock Forest Formation of Nichols (1935). 
The fact that this type of microclimatic and forest conditions occur in 

parts of the state outside the “cool” zone, accounts for the occurrence of 
many species of mosses of this group in counties far removed from their 
normal range. The Wissahickon ravine in Philadelphia County and the 
hemlock ravines along the York County shore of the Susquehanna River 
are examples (Fig. 4 and 5). 

Leucobryum glaucum (Hedw.) Schimp. 
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Fig. 6. Range of Leucobryum glaucum (Hedw.) Schimp. A widespread species and 
typical of the deciduous forests. 
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Fig. 7. Range of Thuidium delicatulum (Hedw.) Mitt. Another widespread species 
of the more mesic deciduous forests 
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Anomodon Rugeltt Hylocomnium brevirostre 

Calliergonella Schreberi H. splendens 

Cirriphyllum piliferum H. umbratum 

Dichodontium pellucidum Hypnum crista-castrensis 

Dicranum Bonjeani Mnium punctatum var. elatum 

D. flagellare Oreoweisia serrulata 

Plagiothecium Mullerianum 

The third group of mosses are those that are widespread and occur in 
suitable habitats in most of the counties of the state. Lack of records for 

a county may usually be attributed to insufficient collecting. These are 
the characteristic species of the mesophytic deciduous forests of the state, 
principally the more xeric second-growth oak-hickory segregate. Communi- 
ties belonging to this group are found on the sandstone-capped mountain 
ridges, their wooded slopes and the isolated oak-hickory woodlands of the 
cultivated fertile valleys (Fig. 6 and 7). 

Anomodon attenuatus Leucobryum glaucum 

Atrichum Macmillani Mnium affine 

Ceratodon purpureus M. cuspidatum 

Dicranella heteromalla var. Plagithecium denticulatum 

orthocarpa Pohlia nutans 

Dicranum scoparium Polytrichum commune 

Entodon seductrix P. juniperinum 

Funaria hygrometrica P. ohioense 

Hypnum imponens Thuidium delicatulum 

H. curvifolium 

The fourth and smallest group in the Pennsylvania flora is that charac- 
teristic of the Coastal Plain. This group is separable into two elements, 
one including those species which migrated out from the Southern Appa- 
lachians onto the Coastal Plain (Sharp, 1939), extending their range north- 
ward to Massachusetts and beyond; and another including species having 
their metropolis in the Tropics and extending into southeastern United 
States and north along the coast, in many cases as far as Long Island or 
New Jersey. 

The first element of the Coastal Plain group in Pennsylvania includes 
such species as Fontinalis Sullivantii, Mnium hornum and Atrichum crispum 

(Fig. 8 and 9), which grow commonly on the shores of the Piedmont 

rivers and their tributaries, where they find the sandy alluvium similiar 
to that of the soil of the Coastal Plain habitat on which they occur with 

greater frequency. There are two possible explanations for this type of 
distribution. Either they originally grew in the sandy alluvium along 

mountain brooks and moved into the more favorable habitat of the Coastal 
Plain after it emerged from the sea as indicated by Sharp (1939) as well 
as from evidence collected by Jennings (1945) which indicates the presence 

of Mnium hornum all through the Appalachian Plateau. Or, migrating 

northward along the Coastal Plain after its emergence, these mosses found 

the alluvial deposits on the banks of streams a suitable habitat and thus 
moved up the rivers and streams into the mountain and plateau regions. 
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Leucobryum albidum, Pogonatum brachyphyllum, Thuidium minutulum 

and virginianum (Fig. 10 and 11), examples of the second class of 

Coastal Plain species, enter the state in the counties of the southeastern 
corner and in Fayette County in the southwestern corner, This type of 

distribution is similar to that of a number of phanerogams found most 
frequently on the Coastal Plain which also oa up the Mississippi 
Embayment into western Pennsylvania. It will also be noted that this 

group is confined to the ‘“‘medium” climatic zone of Livingston and Shreve 
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Fig. 8. Range of Atrichum crispum (James) Sull. A Coastal Plain species that has 
migrated northward from the southern Appalachians. 

Fig. 9. Range of Mnium hornum. Another example of a Coastal Plain species. 
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NATURAL VEGETATION 

In order to show relationship between moss distribution and forest cover 
it is first necessary to decide upon an accepted ecological classification of 
forest types. Illick (1928) has divided the forest vegetation of Pennsyl- 

vania into nine types, many of which grade into one another. These dis- 
tinctions are finer than is required for the present purpose. Since Nichols’ 
(1935) classification is simpler and more appropriate, I have chosen to 

a | Leucobryum albidum (Brid.) Lindb. 

: nr = Sar at vocal ada Wail TN 

i — — ee . ; I | \ 2, 

| ‘| | | seed | i Si ) 
3 . ext * aE . i! 

ae a oe] A yomad | Le ~~ ry A 

aaa -—— "Y N\ | Mccaase azeowine / : / : y, ~. a 5 es ie \ ‘i Te, i i Po pid / i TD 

| i os ss es ae ee E ra “etna! at A : a ie ey heoas'd y 

—-, Fai ; ea, OL : at ets - cmmen yj a j { ‘ iN ia \ ; ie Pa ny - a 
i % | xr ye 1 a Ty so Phd | dA NaF That NO OTK 

of +l oe ae. VU Coomurinit \ e Cee 

| j / aoe rile aes ma f ed Day 
/- sis. / / aaa if Tormey a ne re 4 

# chy y Cf gfe ge ae ) fj % i an ae 7 es 
a, : byt < pa — j a acer Al f 4 we oA \ N \, * 

| 2. é am Sy MU A a, Dae Tocasrti, pias AS » 

a ow fies ot , a a @ % er al | sexe ay Pa OX @ Oey ig a / / / b N, t WE : 

10. : fi bo | ¢ as ~ 
Peineed Jie eee a fl ee ee 

a Pogonatum brachyphyll (Rich.) Beauv, 

H a maha meg sl viccal “ios FN 

}- +d ener j i | \ | x 

mo pes! —, 
‘ {Sue ga a oA s L. [0 TR Toco, 

Be epee OT OA ‘ae MWe ces | eres gem ‘ 4 f: EX 

: A pat of .. 7 os ee 7 ere ee or 
| | i [Serato I \ Ao oN ies ( pa Va 

: / re ah : rae tf i 

nee amas { Soha AZ \. ana, ¥, a ete oe é t ye ee \. a ro 

CF eed | Fe gl ee aa gle F Teo pe Voy 4 RY nw et Bagel 
| -—iml ‘ ‘ soe haart \ UA \ 

— tre: | | * os tas i. \ ee oe a ae ee a ee ce 
i a On ed a 

7 Ce / y i ea, ee | 
.” ae 4 t ON ew ‘Sf : : “ / / / ; 7 ’ - 

\ / ae Z S 4 3 i Ay go \ 
| cata ¢ NN, / v4 fix ai, N de on x 

aes fo dam aay Ne sa ae Casein oy, : x 
a Ps ie / € fo c wera oy and 

— ee So aaa Ng 
ee ee Ae a a 
| q f (| ff | OY a : 4 % ; ‘ 

jee ae 2 ee ee ae See ee 

Fig. 10. Range of Leucobryum albidum (Brid.) Lindb. A southern Coastal Plain 

species extending north to southern Pennsylvania, Related to tropical species. 

Fig. me Range of Pogonatum brachyphyllum (Rich.) Beauv. A southern Coastal 
Plain species extending north to Pennsylvania. 
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utilize it for this study. Thus Central and Eastern Pennsylvania lie in part 
of two formations, the Eastern Hemlock Forest of Nichols and the Eastern 
Deciduous Forest of Sargent (Nichols, 1935). 

EASTERN HEMLOCK FOREST 

The Eastern Hemlock Forest is a convenient name used by Nichols for 
a climax that could be more appropriately called “eastern hemlock-white 

pine-northern hardwood region.” It corresponds roughly with the ‘‘North- 
ern Pine Belt” of Sargent and the “Lake Forests” of Weaver and Clements. 
The more characteristic species involved are Tsuga canadensis, Acer sac- 
charum, Fagus grandifolia, Betula lutea, Pinus strobus, Tilia glabra, Ulmus 

americana, Fraxinus americana, Quercus borealis, Prunus serotina, Picea 

rubra, Abies balsamea, Picea glauca, Acer rubrum and Pinus resinosa. The 
moss and liverwort flora of this formation is reported by Nichols as being 
very extensive both in quantity and number of species. The evidence from 
collections made in this forest area bears out this conclusion for Pennsyl- 
vania. 

The characteristic species of the Hemlock Forest constitute the cover of 

the major portion of the forested area in the northern counties and in 
suitable habitats down the ‘“‘cool” funnel of the central mountainous sec- 
tion. Tongues of this forest are also found on north-facing slopes and in 
deep cool ravines in many other portions of the state. The composition 

of this forest, as to species and their relative abundance, is observed to 
vary both in different parts of the region and locally so that it can be 

; cane into ‘“‘segregates” in which one group or another of tree species 

domina 

In ite high, drier portions of this forest, where the birch-beech-maple 
segregate Predauiuates: the moss species which commonly carpet the soil 
are: 

Atrichum pope Mnium affine 
Brachythecium spp. M. cuspidatum 

Dicranella Bh Plagiothectum spp. 

Dicranum Bonjeani Polytrichum commune 

D. rugosum P. juniperinum 
D. scoparium P. ohioense 
Eurhynchium spp. Thuidium delicatulum 
Leucobryum glaucum 

In the same forest segregate on slopes and in depressions where condi- 

tions are more mesic, species of mosses that require slightly more moisture 

are found growing with the above named species. 

Amblystegium spp. Hypnum imponens 
Bartramia pomiformis A. pratense 
Fissidens adiantoides Mnium orthorhynchum 

Where sandstone rocks are exposed, but shaded by the forest cover, and 

soil and humus has accumulated, Dicranum fulvum finds a desirable habitat. 
The corticolous flora of the Eastern Hemlock Forest is sparse. Several 
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species occur occasionally on the lower and more moist portion of the 

tree trunks, but only Thelia asprella is common and universally present. 

Dead logs and stumps are common, in all stages of decay. Where the 

environmental conditions are conducive to growth, one finds these logs 

and stumps more or less covered with mosses and liverworts: The dominant 

species on such subtrates are: 

Brotherella recurvans Hypnum imponens 

Dicranum flagellare Mnium cinclidioides 

parium Tetraphis pellucida 

Heterophyllium Haldanianum 

In the cool ravines and bottoms, where hemlock is the dominant species of 

tree, occurs the Hylocomium union of moss species approaching that char- 

acteristic of the northern spruce-fir forests (Sharp, 1939). The low tem- 

perature, high humidity and deeper shade of such a habitat seems to favor 

their lush growth. The species commonly present are: 

Atrichum undulatum H. splendens 

Brachythecium salebrosum Hypnum. crista-castrensis 

Calliergonella Schreberi Mnium affine 

Climacium americanum M. longirostrum 

C. dendroides M. punctatum var. elatum 

Dicranum scoparium apenas roseum 

Drepanocladus uncinatus Sphagnu 

Hylocomnium brevirostra Thuidinm ailcatdiin 

n rocks, exposed and submerged, in the cold streams that flow through 
these glens and ravines, are growing semi-aquatic and aquatic species of 

mosses. Those usually present are: 

Eurhynchium rusciforme F. dalecarlica 

E, strigosum var. robustum gt ala fluviatile 

Fontinalis antipyretica var. Pohlia n 

gigantea ph eit ed aciculare 

EASTERN DECIDUOUS FOREST 

The Eastern Deciduous Forest is highly complex in its structure and 
varies greatly from place to place. Prominent species in this climax are 
Quercus spp., Hicoria spp., formerly Castanea dentata, Liriodendron tultp- 
ifera, Fagus grandifolia, Acer saccharum, Fraxinus americana, Prunus 

serotina, Tilia spp., Betula lenta, Aesculus octandra, Magnolia acuminata 
and Juglans nigra. The trees in this forest climax tend to be large and 

long-lived, the forest canopy is usually several storied with one or more 
layers of small trees and shrubs. According to the writer’s observations, 

this forest type tends to be more xeric than the Hemlock Formation, 

especially in the area of second and third growth. The Deciduous Forest, 
through its varied forest types, orginally covered the remainder of the state 
treated in this discussion. Much of the area formerly occupied by this 
formation is now devoted to agriculture or industrial and urban develop- 
ments, thus completely eliminating the woodland. 
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Mosses and liverworts tend to be quantitatively less abundant here 
than in the Hemlock Forest. Nichols (1935) holds that their growth is 
checked by the accumulation of leaves and debris which covers the forest 
floor in autumn. I believe, however, that repeated disturbance of these 

areas by lumbering and ane as well as the existence of relatively xeric 

and acid conditions, are additional factors that must be considered. 
In the dry valence of the oak and hickory segregate, widely scattered 

patches or cushions of mosses occur. They grow on the acid soil an 
humus, frequently at the bases of trees or rocks. The following species 
are most frequent in such habitats: 

Atrichum Macmillani Hypnum imponens 
Aulacomnium heterostichum Leucobryum glaucum 
Bartramia pomiformis Mnium affine 
Cirriphy Bo M. cuspidatum 
Dicranella heteromalla var. Plagiothecium denticulatum 

orthocarpa Ee commune 
Dicranum scoparium P. oh 
Diphyscium ican Thuan ee 
Ditrichum pallidum T. virginianum 
Eurhynchium serrulatum 

On the top of the sandstone ridges in the scrub-oak forest, Polytrichum 
piliferum occurs along with the more xeric species listed above 

The exposed rock surfaces in the oak-hickory segregate support a moss 
flora, which in time, accumulates fine soil and humus. These prepare the 

substrate for the invasion of mesic species of mosses. Those commonly 
found in this type of habitat are: 

Anomodon rostratus Grimmia pilifera 
Dicranum fulvum Hedwigia ciliata 
D. fuscescens 

Decaying logs and stumps support a distinctive moss flora: The species 

universally present are: 

Dicranum scoparium Hypnum imponens 
D. flagellare 

In stream valleys on the alluvial soil where the maple-tulip-oak segregate 
predominates, another group of moss species are common: 

Amblystegium spp. Heterophyllium Haldanianum 
Atrichum crispum j 
A. undulatum M. hornum 
Aulacomnium palustre M. punctatum 
Brachythecium rivulare Pohlia nutans 
Eurhynchium oa P. Wa ti 
Fissidens taxifoliu Thuidium delicatulum 

Rock outcroppings along the shores of these streams and submerged 
rocks in the streams serve as the substrate for the following species: 

Fontinalis novae-angliae Hygroamblystegium ae 
Grimmia alpicola var. rivularis Rhacomitrium acicula 
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Corticolous mosses are even less abundant than in the Hemlock Forest, 

but scattered growths do occur in more humid situations. The following 

are the common species: 

Fissidens subbasilaris Platygyrium repens 

Leskea gracilescens Thelia asprella 

L. obscure 

On eroded banks and newly made cuts along roads through the deciduous 

forest, the bare soil is colonized by a typical moss flora, including: 

Atrichum Macmillani Pogonatum pensilvanicum 

Dicranella heteromalla Polytrichum juniperinum 

Ditrichum pusillum P. ohioense 

Philonotis fontana (in wet 

ditches) 

Where former cultivated fields have been allowed to lie fallow for a 

number of years, a growth of weeds and shrubs starts the ecological suc- 

cession back to the forest climax. Here a distinct group of mosses are 
found covering the soil at the base of the weeds and shrubs or in open 

exposed situations. They are principally the following species: 

Ceratodon purpureus Mnium cuspidatum 

Eurhynchium serrulatum Physcomitrium turbinatum 

Funaria hygrometrica Polytrichum juniperinum 

Leucobryum glaucum P. commune var. perigonale 

In some parts of the area covered by the Deciduous Forest, limestone is 

the underlying rock. When this and other calcareous rock are exposed 

or just under the surface and covered by acid humus, the following mosses 

are common and show vigorous growth: 

Amblystegium spp. Cirriphyllum Boscii 

Anomodon attenuatus Climacium americanum 

. minor Fissidens adiantoides 

A. rostratus Orthotrichum strangulatum 

Brachythecium spp. Rhodobryum roseum 

Bryum argenteum Thuidium recognitum 

Besides the larger ecological formations discussed above, there are two 

distinct edaphic climaxes within the state that should be mentioned, the 

serpentine barrens of Delaware, Chester and Lancaster Counties and the 

shale bluffs and hillsides found on south-facing slopes of Brailler, Chemung 
and other shales in Bedford and Fulton Counties. 

The serpentine barrens, from all available evidence, were never covered 
with forests, but were natural grassland. Their phanerogamic flora is quite 
unique and contains a few endemic species. To the present writing no 

endemic species of mosses have been found there, but those commonly 
occurring on these serpentine outcroppings are: 
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aka attenuatus Eurhynchium serrulatum 
rostra 

A Ai esate Serratum 

Tortella humilis (on log) 
Weisia viridula 

(Lancaster Co.) 

The shale bluffs and hillsides are more wooded in the northern parts of 
Bedford and Fulton Counties and pass gradually into the shale barrens 

proper, which extend southward in the Ridge and Valley Province from 

the southern part of Bedford County to southwest Virginia. They are cov- 
ered with a sparse stand of oak, juniper and scrub pine, with a scattered 

growth of shrubs and herbs. The soil consists of large and small flaky 
particles of shale with little humus. The mosses listed below, which occur 
on these areas, are very similar to those found on the tops of the sandstone- 
capped ridges throughout the state: 

Anomodon attenuat Leucobryum glauc 
A. rostratus (at base ot the bluffs) 
Atrichum Macm 
Aulacomnium ee ian (more 

wooded slopes 
Bartramia pomiformis (more wooded 

slopes 

piel ee cian (on 

ocks) 
Ame ee repens (bark at bases 

of trees 
Polytrichum juniperinum 
P. piliferum 

eee Reta Thelia Lescurit (on shaley soil) 
spur: Thuidium delicatulum (shaded 

oes  pallidu areas 
Grimmia Pe (on rocks) T. virginianum (more exposed 
G. pilifera (on rocks spots 
Hedwigia ciliata (on rocks) Tortella humilis 
Leskea gracilescens (on juniper 

trees) 

Many species of Cladonia are associated with these mosses, commonest 

being Cladonia verticillata and C. rangiferina. Cetraria islandica occurs in 
the bare exposed areas. 

HABITAT AND ENVIRONMENTAL FACTORS 

In the local distribution of mosses, it is evident from observations made 

in the field and the study of distributional data, that factors other than 
topography, macroclimate and vegetational cover are involved, and are 

indeed more important. These factors are the microclimatic, edaphic and 
biotic conditions of the particular growing site of the individual moss 
plant. 

The microclimate is determined by the light, temperature and humidity 
of the relatively small area in which the plant grows. Fluctuations of these 
conditions are caused by the slope of the soil, exposure and minor irregu- 
larities in the surface (Braun-Blanquet, 1932). The slight variation of 
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any one of these features causes a marked change in the moss flora within 

a slight radius at a single locality. 

Because of the interaction of the conditions of light, temperature and 

humidity, it is difficult to determine the effects of each of them individ- 

ually on the different species of mosses. An increase in the amount of light 

brings with it a rise in temperature and the more rapid evaporation of 

moisture (Richards, 1932). Only with controlled conditions, where tem- 

perature and moisture can be kept constant, would it be possible to deter- 

mine the true relationship of the light factor to the growth of mosses. 

Mosses seem to be generally more shade-tolerant than higher plants. 

There are a greater number of species as well as more individual plants or 

cushions in shaded areas than in bright light. It is difficult to say whether 

they are just tolerant of shade in order to escape competition or actually 

grow best in a low light intensity. On the other hand there are some species 

of mosses growing on rocks and barrens which withstand high light in- 

tensities. Most of these are relatively dark in color, blackish or reddish- 

brown, presumably to protect them from the high light intensity. Species 

which might invade such territory may be excluded because of the high 

temperature and moisture deficit, rather than the fact that they cannot 

tolerate strong illumination. The Hylocomium union described above al- 

ways occurs in deep shade. Sharp (1939) tells of its disappearance when- 

ever trees are cut or blown down. Light is admitted, raising the temperature 

and increasing the rate of evaporation, thus making the habitat unsuitable 

for this union. 

Some species of Polytrichum grow in exposed positions. Polytrichum 

piliferum is found almost exclusively in the sun on sterile barrens or 

sandy mountain tops. P. commune and juniperinum flourish more fre- 

quently along sunny roadsides, covering large areas in old fields and open 

sand pits. Because of their growth in huge cushions it is possible they can 

retain a great amount of moisture by capillarity and thus withstand the 

drying effects of the higher temperature of an exposed situation. 

In dealing with temperature we do not know if the limiting factor is 

the mean annual, absolute maximum or minimum, or average daily max- 

imum or minimum (Richards, 1932). We do know, however, that the 

temperature near the soil surface shows greater variation than the tem- 

perature 5 to 10 cm. above the ground where the air movement tends to 

equalize it (Braun-Blanquet, 1932). The temperature of the substrate 

itself varies, particularly with the exposure and direction of slope. It has 

been found however that moss cushions and tufts usually maintain a tem- 

perature slightly higher than the surrounding air and the substrate upon 

which they grow (Richards, 1932). 

There is no experimental evidence available as to the upper limits of 

temperature at which mosses will grow and survive. Sharp (1939) gives 

the example of Hedwigia growing on exposed rocks in eastern Tennessee, 

withstanding a summer temperature of 50 degrees C. and a winter tempera- 

ture of —34 degrees C. Observations made in the field while collecting 
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have not been sufficient to justify final conclusions as to the effect of tem- 

perature on the distribution of Pennsylvania mosses. What appears to be 

the result of low or high temperature, may be caused by the light or 

humidity factors. 
Mosses vary widely in their relationship to moisture. They range from 

species that are exclusively aquatic to those that live in the extreme xeric 

conditions found on bare, exposed rock surfaces. 
Terrestrial and epiphytic mosses are sensitive to the saturation deficit, 

wind velocity and other factors affecting the rate of evaporation. However, 

their ability to absorb atmospheric moisture and retain it within the tuft 

or cushion is not only important in continuing the metabolism of the 

plant, but may frequently result in changing the habitat (Richards, 1932). 

Stream banks, humid glens and ravines, depressions or any other irregu- 

larity of the ground surface that aids in the retention of moisture are 

abundantly covered with a moss flora rich in species and quan 

Many studies have been made of the water-holding ability a the bark 

of various trees and its effect on the epiphytic species present. It has 

generally been concluded that epiphytes, to flourish, need a low rate of 

evaporation combined with efficient water-holding ability of the bark of 

trees (Richards, 1932). This combination of conditions occurs in the 

cool shady ravines and glens in Pennsylvania and it is only in this type 

of habitat that corticolous mosses are found abundantly. 
The response of Bryophytes to edaphic factors is sharper and clearer 

than in flowering plants (Richards, 1932 and Sharp, 1939). The fact 

that mosses are close to the substrate and apparently absorb moisture and 

mineral substances through their delicate rhizoids, may account for this 

marked response. Many species are narrowly limited to specific substrates. 
The very physical nature of the soil itself, whether it is clayey or sandy, 

seems to determine the presence or absence of some species of moses 

(Richards, 1932). Pogonatum pensilvanicum prefers bare clay soil while 

many species of Polytrichum appear to flourish best in sandy soil. Humus, 
rotting-wood, bark of trees and various types of rock surfaces are populated 
frequently by some species of mosses that occur on no other substrate. 

Some mosses, known as calcicoles, prefer a substrate containing soluble 
lime; several of these are listed above. Some other species are definitely 
calcifuge, while a few like Ceratodon purpureus and Cirriphyllum Boscii 
seem to have no preference one way or another. Care must be taken in 

the analysis of the substrate, as frequently acid humus on top of limestone 
may lead to the designation of a calcifuge species growing on this humus, 

as a calcicole. 
This brings up the question of hydrogen-ion concentration. As pointed 

out by Sharp (1939) there is no substrate character that has been more 
thoroughly investigated than that of pH. In Pennsylvania, as elsewhere, 

the mosses growing on the humus and debris of the forest floor are distinctly 
acid, ranging from a pH of 4 to 6. The mosses which prefer this acid sub- 
strate are the Polytrichaceae, many of the Hypnaceae and related families, 
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the genera Dicranum and Leucobryum. On the other hand Funaria hygro- 

metrica, Physcomitrium turbinatum, Rhodobryum roseum, species of 

Bryum, Anomodon and Orthotrichum are circumneutral and examples of 

a class of mosses growing from pH 6 to 8. As might be anticipated, there 

are a few species like Ceratodon and some Mniums which are found growing 

over a wide range of pH. 

Attention should be called to the distribution of mosses on slopes in 
respect to the pH of the soil. Glenn and Welch (1931) have pointed out 
that the pH rises from a low of 4 or 5 at the top of a wooded slope to 

6 or 7 and even 8 at the bottom, usually along a stream bank. The species 
of mosses present change from acid-loving, xeric species at the top to 
circumneutral, mesic and aquatic species at the bottom. This has been 

found to be generally true in stream valleys in Pennsylvania. However, 
where hemlock is the dominant tree, the pH at the bottom of the slope 
may not go above the neutral point (pH 7). Consequently there is a 

transition from the acid-xeric types of moss communities at the top of the 
slope to the more circumneutral-mesic communities at the foot. 

ASSOCIATES AND SUCCESSION 

The influence of living organisms in the environment of the various 

species of mosses constitutes the biotic factor. In this study attention has 
been focused primarily on the vegetation. A discussion of the relationships 
of higher plants to certain moss communities has already been given. From 

observation it seems that lichens, liverworts and the mosses have a closer 
and more intimate effect among themselves in matters of invasion and 
succession than the higher plants have upon them. Certain relations ob- 

served again and again are worth recording at this point. 
It has been generally observed that in many successions the Pleurocar- 

pous species will in time overgrow and crowd out the Acrocarpous mosses. 
The creeping habit of the Pleurocarps gives them an advantage over the 

erect habit of the other group. In the tight cushions and tufts of Acro- 
carpous species, it is rare that one does not find some Pleurocarpous species 

invading. 

It has been demonstrated that most moss succession is from alkaline to 

acid condition (Glenn and Welch, 1931). Field notes made from observa- 
tion throughout the part of Pennsylvania covered, uphold this statement. 
The moss plants themselves, by accumulating soil and humus and by build- 
ing a deep cushion of dead and decaying plants under their new growth, 

aid considerably in changing the pH of their own environment, frequently 

making it unsuitable for themselves, but more attractive for invading 

species. The leaching of calcium or other minerals from rock surfaces 

sometimes accounts for the change (Glenn and Welch, 1931). 
On bare rock surfaces Grimmia pilifera seems to be the pioneer in many 

cases. After this species has accumulated a small amount of soil, Anomodon 

attenuatus invades, eventually crowding out the Grimmia. This species 

accumulates a fine textured, black soil at the base of the thick carpet-like 
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growth. When these mats of Anomodon grow on a moist shaded rock face, 
Thuidium delicatulum invades the mat. Anomodon rostratus also gets 
started in these mats and restricts A. attenuatus to the periphery of the 
mass. 

The association of Aulacomnium heterostichum and Bartramia pomt- 
formis is quite common and has been observed by Steere (1933). Dicra- 
nella heteromalla seems to like the same habitat condition and has been 
noticed frequently growing with the above species. 

In many collections of Thuidium delicatulum, made in swampy hemlock 
bottoms, it has been found interwoven with the hepatic Trichocolea tomen- 
tella (Ehrh.) Dumort. The superficial resemblance of the two species is 
quite striking. 

On eroded clay banks or where fresh cuts have been made along roads, 
trails and stream banks there occurs an interesting succession involving 
Pogonatum pensilvanicum and the lichen Baeomyces roseus. This has been 
brought to the attention of bryologists by Conard (1939) and is treated in 
detail under the species P. pensilvanicum. 

Additional treatment of associations and successions is given whenever 
possible under each individual species. 

CONCLUSION 

In concluding the discussion on distribution, it is apparent to the writer 
that microhabitat is the important factor in the distribution of mosses in 

Pennsylvania. The moss communities found occurring in the various prov- 
inces and forest types are the direct results of the factors controlling the 
microhabitat. These factors of light, temperature, moisture, soil and bio- 
logical competition are naturally influenced by the macroclimate, topog- 
raphy, forest cover and glaciation, but it is the microhabitat of the site 
itself which finally determines the moss species that shall grow there. 

TAXONOMIC STUDIES 

On the following pages are reported all the species of mosses (Bryales) 
which are known from Central and Eastern Pennsylvania. For each species 
are included notes relative to its frequency, substrate, habitat, associates, 

reproduction and a list of the counties from which material has been 

seen. All specimens seen from east of the line formed by the western bound- 
ary of McKean, Elk, Clearfield, Cambria and Somerset Counties and new 
records for the counties west of that line are cited. The writer has also 
added published records, east of the above line, for which he has been 
unable to locate specimens. In the citation of individual specimens, the 

collectors’ names are given with their field collection number or date. A 
number, unaccompanied by a collector’s name, indicates the author’s col- 
lections. The following abbreviations are utilized in the citations: 

A. Academy of Natural Sciences, Philadelphia. 

Co Chicago Museum of Natural Histor 

J. Jennings, Manual of Mosses of Western Pennsylvania. 
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NY New York Botanical Garden. 

PC Porter Catalogue. 

SMS Sta Moss Herbarium. 

™ cript of Miss Grac . Tee 

No letter ie a citation indicates the Herbarium of the 

University of Pennsylvania. 

The arrangement of the classes, orders and families adopted in this list 

follows that of Schaffner (1938) and Sharp (1939). The number of species 

of mosses reported in this list is 249 with 32 varieties, but with more inten- 

sive collecting in that part of the state not previously worked, this num- 

ber will be increased. 
Keys to classes, orders, families, genera and species are provided and are 

adapted from various sources. These keys apply only to the species oc- 
curring in the area covered by this paper. 

BRYALES (Odontocarpae) 

(Adapted from Sharp, 1939) 

A. Sporangium without a anna spores very large; operculum and ag 

none; small acrocarpous mosse I. Archidiales, 

Sporangium with a definite Sane spores aeldively sacl enaie with 

an aap and peristome, but some cleistocarpous; acrocarpous and 
. 

Sees rpou 
Petistome tent thin, coved fan the cell- walle of a single ieee ol celle, 

always transversely barred; sometimes entirely wanting . 
llular, rarely absent, if present derived from several 

not transversely barred, or, if sia barred, then the 

VI ee 

II. Dicranales. 

ios] BS) o ini ms a o ° © oe @ ° ee. => 

lavers of cells, 
capsule decidedly dorsiventral and zygomorphic 

Peristome single, rarely wanting; usually acrocarpous mosses 

Peristome double or sometimes wanting; endostome thin and membranous, aa 
sometimes lacking 

Endostome mostly imperiectly eedaned or ens ambiwes thick- 
exostome teeth greater than that of the inner ening of outer surface of 

TR eodonidles 

-] Peristome distinctly double aud fhe eadiostoms iaialhy well developed, 

except in Astomous groups; pleurocarpous or acrocarpous 

Endostome segments absent or, when present, alternating with the tect a the 

exostome; hypophsis lacking or minute; pleurocarpous or acrocarpou : 

Endostome processes when var opposite the teeth of the exostome, either 

with them, but the peristome sometimes cae wantin 
Svlanennale: 

= 
free or united 
hypophsis sometimes highly developed; acrocarpous mosses. 

F. ares usually wanting, gametophyte usually flattened, the Tis inequi- 

ateral ; sds cells not differentiated; calyptra usually mitriform; most 

eurocarpous IV. Hoch onaies 

F. Cilia usually sense Sainkiophuie séeastonally ‘Haiened _— variable 

in ae ag ee cucullate; alar cells variable; pleurocarpous and acro- 

car : : : V. Hypnobryales. 

ORDER I. ARCHIDIALES 

Archidium ohioense Schimp. Very rare. 

Published record not seen: Lancaster, along the Tucquan Creek, Porter, PC. 
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ORDER II. DICRANALES 

Leaves in more than 2 rows on the stem Se er 

Leaves in two rows on the stem VIL. Fisdentaceae, 

B. Gametophytes gray-green, an eelonless calls in 1 the qaick: ae 
Tene. 

B. Gametophytes light green LC cil black; leaves ae one-cell in 

thickness; colorless cells infrequent 

. Calyptra covering the entire ce wks he ae Eee VIL. ei iiacean: 

. Calyptra not covering the entire ca 

D. Gametophyte dark, brownish or “ee econ on techer necks cee 

peristome teeth red or brown V. Acces hen 

D. Gametophyte usually green, on various substrate sta lone or short, 

peristome teeth variously colore : 

pes and sporophyte 1 cm. or x , Eqitte on oe ees mateo 
IV usually awned . Seligeriaceae. 

ee te and eit eusily J aciite 1 cm.; Par on various sub- 

strate; leaves frequently papillose, sometimes awne F, 

F. Gametophytes of most species with falcate-secund leaves; ener. teeth 

usually peascare lanceolate and bifid half their length . J. Dicranaceae. 

F. Gametophytes of few nee with falcate-secund ee peristome teeth 

usually linear, or ae o the base, or lacking, or capsules astomous 

Leaves very slender; leaf-cells smooth . . é ie Te hasan, 

Leaves broad to slender depending on the species; leaf. eae papillose 

VI. Tortulaceae. 

I. DICRANACEAE 

Alar cells not conspicuously enlarged B. 

Alar cells te eee F. 

B. Leaf-cells papillos Cc; 

B. Leaf- cells See Sooth,. :, See : D. 

Peristome teeth undivided and lial edie te 5. iy ee re ies. 

Peristome teeth divided . . . ....... + + + + 5, Dichodontium. 

D. Leaf crisped when dry fo iy ap ge ee ca’ he aS ete at : 

D. Leaf not crisped when aie : . . . 1. Dicranella. 

Gametophytes less than 5 mm. high: sedlt erect paver not eo 
Rhaodoweisia. 

Gametophytes more than 5 mm. high; capsules inclined and eascatr 
4. Oncophorus. 

he .Coctaavihebandsof stereid cells , c a -. Sw. ie epee ee co 

F. Costa without bands of stereid cells . . . . . . . 8 Paraleucobryum. 

. Costa relatively narrow, capsule with stomata .... . . 6. Dicranum, 

Costa relatively broad; capsule without stomata ... . 1 Dicranodontium, 

1. DicrRANELLA Schimp. 

Seta lal sometimes becoming dark with age . . ........ =B. 

Seta = an a & Sse <a CS. 

B. Lo le a alltel, mouth Fnedieced wite en dry gos Be BOS ee te me omalla. 

B. Capsule scarcely plicate, mouth erect when as . heteromalla, var. orthocarpa. 

Leaves entire 

Leaves serrate or aealieiiate. ge at cw woe ee & Reb eR Baca v Cena. 
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D. Leaves subsquarrose, from a sheating bas Schreberi. 

D. Leaves secund or erect, pellucid by reason oe very ‘eee thine ‘oeelled cells 
rufescens. 

Dicranelie crispa (Hedw.) Schimp. Excluded because of its western range. Published, 

not seen: Carbon, Rau, PC; Lancaster, Dillerville Swamp, James, PC; Lehigh, Rau, 

PC.) 

Dicranella saieebdanetg (Hedw.) Schimp. oan Widespread throughout the 

state, but more comm n the mountainous are 

ae ea Soil a twine logs. Ph4 to . 

HABITAT: All forest types of the state. Wooded hillsides, wood roads and stream 

banks. Elevation from 150 to 2200 fee 

ASSOCIATES: Growing with Pohklia nutans and Tetraphis pellucida. 

REPRODUCTION: Antheridia and archegonia shriveled and brown by July. Capsules 

mature and closed in September, November and December collections. Open and spores 

still present in March. (32 specimens examined, 12 fruiting.) 

COUNTIES: Berks, poe Clinton, Delaware, Elk, Lehigh, Luzerne, McKea 

Monroe, Montgomery, Montour, Northampton, nein rae nile Potter, Schuylkill 

Susquehanna. (16 ome. Published, not seen: Center, Matternville and Bear 

Dicranella heteromalla (Hedw.) Schimp., var. orthocarpa (Hedw.) ih Com- 

moner than the species and generally ea in eastern half of the stat 

SUBSTRATE: All types of soils, ine logs and rocks covered with one pH 

range from 4 to 6. More frequently 5: 

HABITAT: All forest types of the aa. Mountain tops, wooded hillsides, roadbanks, 

streambanks, lake shores, old fields and bases of trees. Elevation from 50 to 2567 feet. 

ASSOCIATES: With Atrichum spp., Polytrichum spp., Leucobryum glaucum, Aula- 

comnium heterostichum, Bartramia pomiformis, Hypnum spp., Ditrichum pallidum and 

species of Cladonia 

REPRODUCTION: Immature capsules in August. Mature capsules closed until 

December and January, open and shedding spores from February until March. (142 

Fan examined, 119 fruiting.) 

COUNTIES: Adams, Bedford, Berks, Blair, Bradford, Bucks, Carbon, Center, oe 

Clearfield, Clinton, Columbia, Crawiord, Cumberland, Dauphin, Delaware, Elk, Fra 

delphia, Potter, Snyder, Somerset, Sullivan, Susquehanna, Tioga, Venango, Warren, 

York. (43 counties.) 

Dicranella rufescens (Smith.) Schimp. Rare. On wet soil along streams and at the 

wamps. 

COUNTIES: Cambria, Galitzen, James (A); Lancaster, Dillerville Swamp, Porter 

(A); McKean, 6 collections of Burnett (NY & A); Philadelphia, Wissahickon, James 

(A). (4 counties). Published, not seen: Delaware, Painter’s Arboretum, Krout, T™; 

Elk, McMinn, PC; Huntingdon, Porter, PC; Monroe, James, PC 

Dicranella sa (Hedw.) Schimp. Rare. On clayey stream banks and wet 

cliffs. (3 specimens.) 

COUNTIES: Lanes, Dillerville, James (A); Monroe, Bushkill, Bartram 8/17/21 

(NY). (2 counties.) 

(Dicranella soe (Hedw.) Schimp. Excluded species. Reported by Porter from 

Lancaster County, but no specimens are preserved. Mrs. Britton refers those from the 

above locality to D. heteromalla — the form with the curved pedicels. See Porter Cata- 

logue, footnote p. 16. 



Mout: StTupIES oF MOSSES 163 

Dicranella varia (Hedw.) Schimp. Not common. Scattered over the state. On soil 

and rock surfaces. (16 specimens.) 

COUNTIES: Delaware, Lancaster, Lehigh, McKean, Montgomery, Northampton, 

Philadelphia. (7 counties). Published, not seen: Chester, James, PC and Chester 

Valley, Kaiser, SMS. 

2. RHABDOWEISIA B.S.G. 

A. Leaves serrulate above . . 2, be" cesta . . denticulata, 

A. Leaves narrowly acute and piteee: entire . . . . qian var. americana. 

Rhabdoweisia denticulata (Brid.) Bry. Eur. Rare. Confined to the northern 

counties 

SUBSTRATE: Sandstone and conglomerate. 

HABITAT: Shaded ledges and crevices of rocks. 

COUNTIES: Carbon, Onoko Glen, Wolle (NY) and Stony Creek, Wolle (NY) ; 

McKean, Hawkins, Burnett 585 (NY) and Toad Hollow, Burnett 2591 (NY); North- 

ampton, Easton, Rau (NY) and Porter, 11/10/68 (A); Pike, East Branch Falls, Rau 

(NY) and Little Bushkill Creek, Bartram, (NY). Published, not seen: As R. crispata 

(Dicks.) Kindb., Philadelphia, Kaiser, Bryologist 19. 

Rhabdoweisia denticulata (Brid.) Bry. ape var. americana Culmann. Rare. Pub- 

lished as R. fugax in previous publication 

COUNTIES: Carbon, Stony Creek, Reale (NY); McKean, Toad Hollow, Burnett 

8/1/97 (NY) and Hawkins, Burnett (A); Northampton, Easton, 9/82 (NY) and 

Delaware Water Gap, Musci Appl. Austin 71 (A); Pike, Bushkill, Wolle 7/1/74. 

3. OrEoOwEISIA De Not. 

Oreoweisia serrulata (Funck.) De Not. Rare. On moist rock faces and in crevices. 

COUNTIES: Bucks, Narrowsville, James 11/67 (A & NY); Monroe, Delaware River 

below Bushkill, Bartram (NY), Indian Rock, Bartram 653 (NY), Buck Hill Falls, 

Wolle 6/74 (NY), Delaware Water Gap, Musci Appl. Austin 70 (A); Pike, Bushkill, 

Wolle 7/74 and Wolle 8/73. Published, not seen: Carbon, Rau, PC; Franklin, Mercers- 

burg, Porter, PC. 

4. OncopHorus Brid. 

A. Leaf base ovate; en sas eee = distinct ; leaf margins ae of two 

layers of cells and recurved irens 

me Jee ees a Pall esl not Seacl leaf margin cone not 

recu : 

B. Plants ent green, usually on decayed weed’ ipaes jamin a ines s- 

ratos Wahlendergi 

Rauet 

= 

ose 
B. mene fulvous, Haually: on polis: appar tea lainitival bistratose 

Oncophorus Rauei (Aust.) Grout. Very rare. 

Type locality: Carbon County, Onoko Glen near Mauch Chunk, 700 feet, on shaded 

dry rocks, A. T. Beals (A). 

Oncophorus virens (Hedw.) Brid. Rare. 

COUNTIES: Cambria, Wilmore, James 7/61 (A); Monroe, Tobyhanna, Porter 

11/68 (A); Pike, Salsbuny, Rau Sas (NY). (3 counties.) 

Oncophorus Wahlenbergii Brid. Rare. On rocks, soil and logs in shaded situations. 

COUNTIES: McKean, five collections by Burnett (NY). Published, not seen: Lehigh, 

Rau, TM. 
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5. Dicuopontrum Schimp. 

Dichodontium pellucidum (Hedw.) Schimp. Rare. Rocky streams in cool moist 

places. 
COUNTIES: Monroe, Wolle, 8/21/73. 

6. DicraNnumM Hedw. 

A. Capsules straight and erect or nearly so, never strumose B. 

A. Capsules curved and cernuous, strumose in some spec E 

B. Leaves papillose on the back about 1% the way aes crisped ahen ary, 

not secun ntanum. 

B. Leaves sual on Che back or Slightly eoushe near ‘the aoe ern or 

more or less secund and crisped 

C. Costa excurrent in all leaves . . Dz. 

C. Costa not excurrent; stems usually re flagellae in ‘the axils of noe upper 

es ; flagellare. 

D. Mena sad costa of oo entire ; — wsuall peciey.. oe ww «Divide. 

D. Margin and costa of leaves serrulat oe ee ofulvum. 

E. Upper leaf cells 1-2:1, rarely more, their oaths not pitted wee & & Boe OF 

E. Upper leaf cells more elongated, more or less me Bg Ge ae ae soe cde 

F. Plants robust, leaves undulate go 
F. Plants medium sized to ee leaves tint ieee (except occasionally 

in condensatum) . : 

G. Leaves erect-open when en somewhat pect peak ae ee Bie 

G. Leaves more or less crisped when dry, acute 
H. Leaves ovate to ovate-lanceolate, sles a ‘little tee the qaiddls: finely 

papillose over all the upper dorsal surface; setae solitary spurium., 

H. Leaves oblong-lanceolate; broadest at or near the base, more or less 

roughened with coarse eee on the upper dorsal surface; setae usually 

aggregate. . , Drummondit. 

I. Leaves strongly aia peer seat “ies ones his Loe. ee fuscescens. 

I. Leaves not secund, often straight condensatum. 

Leaves undulate; setae aggregate rugosu 

J. Leaves not undulate ae slightly so in + Banleanl : 

K. Leaves with a slender strongly serrate apex, igus falcate- andi never 

undulate  . coparium. 

K. Leaves laxly spreading rarely aaa sometimes slighty undulate, wie oe 

often obtuse apex . Bonjeani. 

Dicranum Bergeri Bland. Rare. Confined chiefly to the “cool” area, reaching its 

southern limit in the state. In bogs. 

COUNTIES: Northampton, Rau (A); Pike, Wolle, 1873. (2 counties). Published, 

not seen: Bucks, Rau, PC; Chester, “Flora Cestrica,” PC; Delaware, Smith, PC. 

Dicranum Bonjeani De Not. ms common. Chiefly confined to the “cool” area. 

SUBSTRATE: Wet soil and hum 

HABITAT: Principally in the ee hemlock formation. Peat bogs, swamps, stream 

banks, moist thickets and wet shaded roadsides. Elevation from 500 to 2500 feet. 

ASSOCIATES: With Polytrichum spp., Plagiothecium spp., and twice in the shade 

of Lycopodium s 
REPRODUCTION: Capsules mature and closed in July collections. (14 specimens 

ee 1 fruiting.) 
COUNTIES: 2 Bradford, Carbon, Center, Chester, Cumberland, Franklin, 

pennies Potter, Snyder, Somerset, Wayne, Yor rm (13 counties.) 
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Dicranum condensatum Hedw. Rare. More common on Coastal Plain of New 
Jersey. 

SUBSTRATE: Sandy 
ae locality: ate “County, but the co-type found in the herbarium seems to be 
D. spurium Hedw. (4 speci 
COUNTIES: Dauphin, es ae Small 11/1/92 (NY & A); Lebanon, Moun- 

tains about cold spring, Small 9/1894 (NY); Northampton, Bushkill Gap, James 

10/69 (A). (4 counties.) 

Dicranum Drummondii C. Mull. Rare. The “cool” mountainous area of the state. 

SUBSTRATE: On moist soil in shaded places. (6 specimens.) 
COUNTIES: Bedford, Chaneysville, True 60; Monroe, Pocono Mountains, Porter 

A); Naomi Pines, Small 6/7-11/89 (NY); Pike, N. of Bushkill, Bartram 

4/30/21 (NY). (3 counties.) 

Dicranum flagellare Hedw. Common in Ridge and Valley, Allegheny Mountain and 

Plateau Provinces 

SUBSTRATE: Rotting wood and humus. pH4. 
HABITAT: All forest types of the state. ya thickets, roadsides, wooded slopes 
and shale bluffs. Elevation from 600 to 2100 fee 
ASSOCIATES: Polytrichum spp., Hypnum spp., ad various lichens, ae Sie 

REPRODUCTION: Flagellae usually present at all seasons. The majority of t 

capsules open and shedding spores in September. (55 specimens examined, 17 tne 

COUNTIES: Bedford, Cambria, Clarion, Clearfield, Clinton, Columbia, Cumberland, 

Elk, Huntingdon, Indiana, Juniata, Luzerne, McKean, Monroe, Northampton, Potter, 

Snyder, Somerset, Sullivan, Tioga, Warren. (21 counties.) sie not seen: 

Blair, Porter, PC; Carbon, Rau, PC; Chester, “Flora Cestrica,” PC; Delaware, Smith, 

PC; Lancaster, Muhlenbers: T™,; and Small, PC; Philadelphia, tend Kaiser 

TM; Pike, Eich’s Pond, Moldenke 3332. 

Dicranum flagellare Hedw., var. minutissimum Grout. Differs from the species 

chiefly by its small size 

COUNTIES: Clearfield, 14 mile northeast of Bigler, 4553; Brooks Rock, no county 

given, Wynne 7 (NY). 

Dicranum fulvum Hook. Common. Chiefly in the mountainous “cool” area. 

SUBSTRATE: Rocks. (Sandstone, shale and quartzite.) 
HABITAT: All forest we On rocks and boulders along stream banks, roads, shale 

bluffs, lake shores, in ravines and on wooded slopes. Elevation from 400 to 2320 feet. 

ee ATES: Commonly ea some species of Cladonia. Also with a wide variety of 

REPRODUCTION: Capsules open as early as August, but the majority shedding 

spores in September. (42 specimens examined, 5 fruiting.) 

COUNTIES: Bedford, Berks, Carbon, Chester, ee eles aay Dela- 

ware, Fulton, Juniata, Lancaster, Lebanon, Luzer Lyc Kean, eens 

Northampton, Pike, Potter, ee Somerset, Uni oa ena ngo, ee , Way (2 

counties). Published, not seen: Montgomery, Zieglersville, Tees 528 TM, Philadelphia, 

James, PC and Wissahickon, ‘ae T™. 

Dicranum fuscescens Turn. Fairly common in the “cool” mountainous region. 

SUBSTRATE: Soil, litter and soil accumulation on sandstone. 
HABITAT: Chiefly in eastern hemlock formation. Bases of trees, shaded road banks, 

boulders, Le ae and thickets. Elevation from 650 to 2200 feet. 

ASSOCIATES: Dicranum scoparium, Pohlia nutans, Hypnum imponens, and species 

of Cladon 
REPRODUCTION: Capsules mature and closed in October. (14 specimens examined, 

1 fruiting.) 
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COUNTIES: Bradford, Columbia, Fayette, Luzerne, Lycoming, Monroe, Perry, Pike, 

Snyder, Sullivan, Union. (11 counties.) xsiccati examined: Austin, Musci Appal. 

Supp. I - Mountains of Pennsylvania to New England and northward and west- 

ward (N 

(Dicranum majus Smith. Excluded species. Published records, specimens not seen: 

Blair, Porter, PC. Very doubtful, E. G. Britton.) 

Dicranum montanum Hedw. Rare. On logs and roots of trees in the mountains. 

COUNTIES: Bucks, Nockamixon, 5694; Elk, Bennet Branch, McMinn 10/65 (A); 

Monroe, Pocono Summit, Britton 6/7/89 (NY), Naomi Pines, Britton 8/1/93 (NY); 

Philadelphia, Wissahickon, Tees 662 (A). (4 counties.) Published, not seen: Hunting- 

don, Porter, PC. 

Dicranum rugosum (Hoffm.) Brid. Not common. Confined mostly to the “cool” 

SUBSTRATE: On moist shaded soil and rocks. 

HABITAT: Chiefly in the eastern hemlock formation. Shaded mountain sides, stream 

rates and = woods. Serpentine barrens in Lancaster County. Elevation from 350 

o 2320 fee 

hearer Hypnum spp. (18 specimens.) 

COUNTIES: Bedford, Bucks, Fayette, Huntingdon, Juniata, Lancaster, Lehigh, Mon- 

roe, Northampton, Snyder, Tina Warren, Wayne. (13 counties). Published, not seen: 

Chester, Chester Valley, James PC; Fulton, Porter, . 

Dicranum scoparium Hedw. Commonest species of Dicranum. Widespread. 

SUBSTRATE: Soil, rotting wood, humus and soil accumulation on rock surfaces. 

HABITAT: All forest types of the state. Mountain tops, wooded slopes, stream banks, 

trails, road banks, ravines, bases of trees, shale bluffs and serpentine barrens. Elevation 

from 100 to 2320 feet 

ASSOCIATES: Chief associates are Leucobryum glaucum, Hypnum spp., Polytrichum 

spp., Thuidium delicatulum an - a wide variety of acid woodland mosses. Also asso- 

ciated with species of Cladon: 

REPRODUCTION: Young cbs 2 to 3.5 cm. long in June. Capsules mature 

and shedding spores from September to November. Capsules mostly empty by Decem- 

ing.) 

COUNTIES: Adams, Bedford, Berks, Bradford, Bucks, Cambria, Carbon, Center, 

Chester, Clearfield, Columbia, Crawiord Cumberland, Dauphin, Delaware, Franklin, 

Fulton, Huntingdon, Juniata, gees Lebanon, Lehigh, Luzerne, Lycoming, McKean, 

Mifilin, Monroe, Montgomery, Northampton, Northumberland, Perry, Philadelphia, 

Pike, Potter, Snyder, Somerset, Sullivan, SNere hanna, Tioga, Union, Warren, York. 

(42 counties). Published, not seen: Clinton, near Loch Haven, J. 

Dicranum spurium Hedw. Not common. Confined to bare rocky slopes and wind 

gaps of the Ridge and Valley Province. 

SUBSTRATE: Shaley and rocky soil. 

HABITAT: Oak woods. Barren slopes and shale bluffs. 

ASSOCIATES: Chiefly with species of Cladon 

COUNTIES: Bedford, Carbon, Dauphin, Franklin, Fulton, Huntingdon, Lehigh, 

Monroe, Northampton. (9 counties.) 

Dicranum viride (Sull. & a Lindb. Rare. Counties of the “cool” mountain area. 

SUBSTRATE: Rotting wood and humus. 

HABITAT: Birch-beech-maple ele (9 specimens. ) 
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COUNTIES: Bradford, Columbia Cross Roads, 4038; Cambria, Allegheny Mountains, 

James 11/62 (A); McKean, Burnett, three records (NY) ; Monroe, Pocono Plateau, 
Britton 7/24/93 (NY) and Bocono Mountain, James 11/65 (A); Northampton, Bethle- 
hem, Rau (NY); Pike, Rau (NY). (5 counties. 

7. DICRANODONTIUM 

Dicranodontium denudatum (Brid.) E. G. Britton. Limited to the northern moun- 
tain counties. Mostly on wet rocks. Elevation from 1600 to 2100 feet. Associated with 
Plagiothecitum spp. and Tetraphis pellucida. (13 specimens.) 

COUNTIES: McKean, Guffey, 5674 and eleven records of Burnett (A & NY); Mon- 
roe, Pocono, Porter 8/23/59 (A). (2 counties. 

8. PARALEUCOBRYUM (Lindb.) Loeske 

Par See longifolium (Hedw.) Loeske. Not common. Locally in a few 
eastern c 

ese ea GEES and bases of trees. (6 specimens.) 
COUNTIES: Berks, Flying Hill, Wilkens 11/12/27 (A); Bucks, Morrisville, James 
10/3/49 (A); McKean, Bradford, Burnett (NY); Monroe, Tobyhanna Mills 9/13/92 
(NY) and Pocono Mountain, James 10/69 (A); Northampton, Easton, Porter, 11/ 
67 (A). Published, not seen: Gannon, Rau, PC; Chester, “Flora Cestrica,” PC. 

II. LEUCOBRYACEAE 

Lreucospryum Hampe. 

A. oe ee generally over 2 cm. long; upper tubular part of leaf longer 
n the flattened basal portion . glaucum. 

A. ron phyte generally less than 2 cm. longs upper hia a ay Tear shores 
than the flattened basal portion albidum. 

Leucobryum albidum (Brid.) Lindb. a Coastal Plain species confined to south- 
eastern and southwestern counties. (5 specimens.) 

NTIES: Carbon, Stony Creek, Rau aan this specimen is questionable; Chester, 
Chester Valley, James (A); Fayette, Ohio Pyle, Browne 639 (C); Lancaster, Eagle 
Tavern, Porter (A). (4 counties). Published, not seen: Berks, Hiester, PC; Delaware, 
James, PC; Huntingdon, Porter, PC; Philadelphia, James, PC. 

Leucobryum glaucum (Hedw.) Schimp. Abundant. Forms thick cushions. Occurs 
in all the Physiographic Provinces. 

SUBSTRATE: Soil and humus, rocks and well rotted logs and stumps. pH4 to 5. 
HABITAT: All types of woodlands within the state, from the summits of the moun- 
tains and dry shaley slopes to wet swampy bottoms, less frequently in old fields and 
weedy meadows. At elevations from 100 to 2100 feet 
ASSOCIATES: Commonly with species of the fellesrine mosses: Polytrichum, 
Dicranum, Thuidium and Atrichum., Also with species of Cladoni 
REPRODUCTION: Earliest appearance of sporophytes in alice material on Au- 
gust 19th with setae 1 cm. long. Mature a, appearing from November through 
December. (153 specimens examined, 13 fruiting.) 
COUNTIES: Adams, Bedford, Berks, ade Bucks, Carbon, Center, Chester, 
Clearfield, Clinton, ea Cumberland, Dauphin, Delaware, Franklin, Fulton, Hunt- 
ingdon, Juniata, Lancaster, Lebanon, Lehigh, Luzerne, Lycoming, McKean, Mifflin, 
Monroe, Montgomery, Northampton, Northumberland, Perry, Philadelphia, Pike, Pot- 
ter, Snyder, Somerset, Sullivan, Gusidchannh, Tioga, Union. Venango, Warren, York. 
(42 counties. 
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II. DITRICHACEAE 

A. Capsule cleistocarpous, dehiscing irregularly and without peristome . . . . B. 

A. Capsule with operculum and peristome . co. evi ds & 

. Capsules ovoid, beaked, immersed . 1. Pleuridium., 

B. Capsule pyriform or long-necked, aaa is pies exeertel . . 2, Bruchia. 

C. Capsule with a slender neck as ‘ane as the urn or much longer . . 3. Trematodon. 

C. Capsule without obvious s a ae eo 4 D. 

D. pie distinctly 2- ce with sheathing bases a er 4. Distichium. 

D. Leaves not 2-ranked eet ae eB E. 

E. Capsules paces sulcate, aiehtly: strumose . . . . ee ee a Glen. 

E. Capsules (except D. pallidum) not sulcate . 2 2 1 1 ee ee 6. Ditrichum. 

1. Preuripium Brid. 

A. Calyptra mitrate; stomata near the middle of the capsule-wall . . . palustre. 

A. Calyptra cucullate; stomata basal . 2 2. ee ee ee es subulatum, 

(Pleuridium acuminatum Lindb. Excluded species. Only the following records with no 

specimens available: Northampton and Lehigh Counties, Rau, PC.) 

Pleuridium palustre (Bruch. & Schimp.) Bry. Eur. Rare. Old fields. 

COUNTIES: Philadelphia, ay ala James 5/66 (A). Published, not seen: 

Chester, Chester Valley, James, P 

ecient subulatum (Hedw.) Lindb. Rare. Fallow fields. (5 _ 

COUNTIES: Delaware, Radnor Township, Kaiser 4/7/10; Lehigh, R u (A); North- 

ampton, 7. m, coe 1864 (A); Philadelphia, Moyamensing, pa 5/31/66 (A) 

and Kingsessing, Bede Church, James 5/51 (A). Published, not seen: Chester, Dar- 

lington, TM. 

2. BrucuHia Schwaegr. 

A. Neck of capsule about the length of the spore-producing region . . . Sullivanti. 

A. Neck of capsule very short, at times almost inconspicuous . . . . . flexuosa. 

Bruchia flexuosa (Sw.) C. Mull. Rare, probably overlooked, Meadows, soil under 

the grass. (3 specimens.) 

Type locality: Lancaster, Muhlenberg, type specimen (NY 

COUNTIES: Lancaster; Philadelphia, James 5/66 (NY) a and Moyamensing, James 

5/31/66 (A). (2 counties). Published, not seen: Bucks, James, PC; Chester, James, PC. 

Bruchia Sullivanti Aust. Rare. Meadows. Published, not seen: Philadelphia, James, 

PC 

3. TrematTopon Mx. 

A. Neck as long as urn of capsule . 2 1. ee ee ee es ambiguus. 

A. Neck twice aslong asurn . 2. we ee ee . longicollis. 

Trematodon ambiguus (Hedw.) selina Rare. Probably overlooked. Moist grassy 

places and exposed clay banks. (3 specimens. 

COUNTIES: Hae Alleghen a eine Porter and James (A); Luzerne, near 

Hazelton, Rau 6/73 (NY); Pike, ce 8/73 (NY & A). (3 counties). Published, not 

seen: Carbon, Rau, Ae 

Trematodon longicollis Mx. Rare. Moist woodlands. With Funaria hygrometrica 

and Pohklia nutans. (3 specimens.) 



Mout: StTupIEs oF MosseEs 169 

COUNTIES: Cambria, 1852 (NY); Northampton, Centerville, Schaeffer 8/5/47; 
Philadelphia, near Tacony, James 6/20/50 (A). (3 counties.) 

4. Disticnium Bry. Eur. 

Distichium capillaceum (Hedw.) Bry. Eur. Very rare. Shaded limestone ledges. 
COUNTIES: Monroe, along the Delaware River, Bushkill, Bartram 6/21/21 (NY). 

5. CERATODON Brid. 

Ceratodon purpureus (Hedw.) Brid. Very common. Widespread. 

SUBSTRATE: oe rocks (limestone and shale), cinders, sand and wood. pH range 
4 to 7, no prefere 
HABITAT: Poe thickets, old fields, oe railroad embankments, walls and 
curbing along city streets. Elevation from 50 to 1900 feet 
ASSOCIATES: With Polytrichum commune, P, piliferum, Funaria hygrometrica, 
Dicranella heteromalla, and species of Cladonia. 
REPRODUCTION: Sporophytes 1 mm. ia in March, growing to 1.5— 
length by April. Capsules mature and shedding spores May to August. (74 i na 
examined, 43 fruiting.) 
COUNTIES: Adams, Bedford, Berks, Blair, Bucks, Carbon, Chester, Columbia, Dela- 
ware, Franklin, Fulton, Le fey Luzerne, liveom ming, McKean, Monroe, Montgomery, 
Nowhaniplon Philadelphia, ORs, Schuylkill, Snyder, Somerset, Sullivan, York. 
Me ues Published, not seen: Cambria, Cresson, J; Center, 2 records, J; Clinton, 

h Haven, J; Teen Muhlenberg, RC and Small SMS. 

6. Dirrichum Hampe. 

A. Seta of sporophyte bright yellow . . ...... 2.2... . . pallidum, 

A. Seta a sporophyte red to brown re ea ea sey als, 
B. n of perichaetial leaf as fone as ‘the milened bas . . pusillum, 
B. pe of perichaetial leaf much shorter than the ee bane . . . lineare, 

Ditrichum lineare (Sw.) es Not common. Probably overlooked. Widespread. 

SUBSTRATE: Soil pH5 t 
HABITAT: All forest ae a meadows. fees banks, ditches, roadsides and allu- 
vial bottoms. Elevation from 150 to 1600 fee 
REPRODUCTION: Young sporophytes ap ee in April. Capsules mature and 
closed in September weepean a eas (15 specimens examined, 5 fruiting.) 

COUNTIES: Adams, an Dauphin, Delaware, Lehigh, McKean, Monroe, 
Northampton, Philadelphia, Warren. (10 counties.) 

Ditrichum pallidum ae Hampe. Common. Widespread. 

SUBSTRATE: Soil. pH4 t 
HABITAT: All forest ee i old fields. Wooded slopes, roadsides, fallow slopes, 
ee ae serpentine barrens, quarries and rocks along streams. Elevation from 100 
o 1550 fee 
Ngureil Gore Dicranella heteromalla, Funaria hygrometrica and Atrichum Macmil- 
lani. Also with species of Cladonia 
REPRODUCTION: Capsules Saat) in April and shedding spores then and through 
May. (51 specimens examined, 26 fruiting.) 
COUNTIES: Adams, Bedford, Bradford, me Chester, Columbia, Delaw Elk, 
Lehigh, McKean, Monroe. Montgomery, North ee Perry, Philadelphia Schuylkill 
oe Sullivan, Warren, York. (20 Lean: Published, not seen: Center, Scotia, 
Tusse ee Mountain and Matternville, J; Lancaster, Muhlenberg, T and Smithville, 
Smal NPC. 
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Ditrichum pusillum (Hedw.) E. G. Britton. — common. Widespread. 

SUBSTRATE: On moist bare soils. pH5 t 

HABITAT: Open hardwood and cae = forests and old fields. Moist wooded 

hillsides, shores of ponds, along roads and on disturbed soils. Elevations from 75 to 

1500 feet. 
ASSOCIATES: Dicranella oe Ceratodon purpureus and Bryum sp 

REPRODUCTION: Capsules mature in September. Open and eel fa in 

October and November. Empty ene present until May. (25 specimens examined, 

16 fruitin 

COUNTIES: Bradford, Center, Chester, Columbia, Delaware, Huntingdon, Lancaster, 

Lehigh, Montour, a ag mpton, Philadelphia, Schuylkill, York. (13 counties). Pub- 

lished, not seen oFemersville, Tees 280, Mt. Neversink, Wilkins 11/18/27 and 

Gibraltar Hill, Wilkins 9/18/21 TM; Montgomery, Fraser’s Bog, Wismer 1/29/33 and 

Marble Hall, Tees 348 TM 

IV. SELIGERIACEAE 

A. Alar cells of leaves not enlarged 1. Seligeria. 

A. Alar cells of leaves enlarged 2. Blindia. 

1. SELIGERIA Bry. Eur. 

A. Seta straight or nearly so; capsules broadest at the mouth B. 

A. Seta recurved when moist ; aia slightly narrowed at the os or at least 

no wider than in middle recurvata 

B. Leaves finely serrulate, hie awn ee ionen, fapee ing . . oo. pusilla. 

B. Leaves entire or nearly so, the awn short, thick and abrupt ea talcanen: 

Seligeria calearea (Hedw.) Bry. Eur. Very rare. On wet limestone rocks. 

Published, not seen: Huntingdon, Warrior’s Ridge, Porter PC. 

Seligeria pusilla (Hedw.) Bry. Eur. Very rare. Damp shaded limestone cliffs. 

COUNTIES: Monroe, Indian Rocks, Bartram 580 (NY) 

siete recurvata (Hedw.) Bry. Eur. Very rare. Moist shaded limestone rocks. 

COUNTIES: Northampton, College Hill, Easton, Porter 11/1863 (A) and Spruce 

Hill, ee Porter 5/16/60 (A). 

2. Buinpia Bry. Eur. 

Blindia acuta (Hedw.) Bry. Eur. Very rare. Wet sloping rock faces. 

RN Monroe, Bushkill, Bartram 836 (NY) and Delaware Water Gap, James 

10/71 (A). 

V. GRIMMIACEAE 

Leaf-cells not sinuose or sinuose only in the basal portion of the leaf 1. Grimmia, A. 

A. Leaf-cells sinuouse throughout most of the leaf . . . . . . 2. Rhacomitrium. 

1. Grimms Hedw. 

A. Columella usually attached to the lid sa ee with it; ue immersed, 

symmetrical, larger than the arene ; 

A. Columella free from the lid and persistent 

Leaves: muticous, not hyaline- iar pained. more or exe 5s repand or aa at 

at apex alpicola var. en 

B. Leaves wih more or less ‘developed hyaline potuts Lo. ee ee Pocarpa. 

C. Lower leaf cells sinuose, but shorter than in Rhacomitrium . . . . . pilifera. 
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C. Lower leaf cells not sinuose Mets : 

Seta straight or nearly so, a ae always iovser than the capeites laevigata, 

D. Seta arcuate or flexuose, nearly aa eee than the uae which i 

often longitudinally sulcate when dry . Olneyi. 

Grimmia alpicola Hedw., var. rivularis (Brid.) Broth. Rare. 

SUBSTRATE: Rocks in or by strea pH 8. 

COUNTIES: Berks, Stonersville nn N. of Reading, Wilkens 12/25/27 (A) and 

E. of Spangsville, Wilkens 10/30/27 (A); Dauphin, Pillow 5536 and Halifax 5491a; 

Lancaster, Millersville 2597 & 2592. (3 counties). Published, not seen: Cumberland, 

Small, P 

Grimmia apocarpa Hedw. Fairly common. Widespread. (Including varieties 

ambigua and conferta 

SUBSTRATE: Rock. (Limestone, shale and syenite.) 

HABITAT: Open woods, vacant lots, quarries and exposed rock surfaces. Shale bluffs, 

shores of rivers, railroad embankments and face of dam. Elevation 50 to 1100 feet. 

COUNTIES: Bedford, Berks, Carbon, Center, Chester, Delaware, Lancaster, Monroe, 

Northampton, Philadelphia. (10 counties). Published, not seen: Bucks, Richlandtown, 

Tees 566 TM; Cumberland, Small, PC; pel Rau, PC; McKean, Burnett, PC; 

Montgomery, Zieglersville, Tees 525 TM 

(Grimmia Doniana Smith. Excluded species. Only records not substantiated by 

specimens: Northampton County, James and Porter, PC.) 

Grimmia laevigata (Brid.) Brid. Very rare. Non-calcareous rocks. 

COUNTIES: Lancaster, along the Conestoga Creek, Porter 4/62 (A). Published, not 

seen: Blair, Tyrone, James 

karan Olmeyi Sull. Rare. Eastern Pennsylvania. Rocks along stream banks. 

ES: Bucks, Tohickon Creek, Gadsby 7/1/11; Northampton, Pen Argyl, 

Sane 7/10/47, Easton, Wolle 1893 and Parte 11/67 & 8/70 (A); Philadelphia, 

Wissahickon, James 8/51 (A). Published, not seen: Chester, French Creek, James 

Lancaster, Sma I] PC. 

Grimmia pilifera Beauv. Commonest species in the state. pena ae 

SUBSTRATE: Rock. (Limestone, conglomerate, quartzite and syenite.) 

HABITAT: All type of woodland and fe ad Shale bluffs, es of lakes and 

serpentine barrens. Elevation 200 to 2000 

REPRODUCTION: ee open ae spores Genet in April. (34 specimens exam- 

ined, 2 fruiting.) 
Type locality: Lancaster, Muhlenberg. 

COUNTIES: Adams, Bedford, Berks, Bucks, Chester, Delaware, Franklin, Fulton, 

Lancaster, Monroe, Northampton, Pike, Sullivan, Susquehanna, York. (15 counties.) 

(Grimmia trichophylla Grev. Excluded species. Published record but no specimens 

available: Chester, Darlington TM; Lancaster, Dillerville, Porter 6/60 TM.) 

2. RHACOMITRIUM Brid. 

A. Leaf with broad, obtuse apex . ....... . . aciculare, 

A. Leaf with slender, acute apex ... . . . .. . heterostichum var. sudeticum. 

Rhacomitrium aciculare Brid. Not common. “Cool” mountainous area of the state. 

SUBSTRATE: Roc 
HABITAT: Eastern retail formation. Rocks along stream banks. Elevation from 

220 feet to 1850 feet. (13 specimens.) 

COUNTIES: Carbon, Dauphin, Lehigh, McKean, Mifflin, Montgomery, Sullivan, 

York. (8 counties). Published, not seen: Cambria, James PC; Lehigh, Rau, TM. 
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Rhacomitrium eg (Hedw.) Brid., var. sudeticum (Funck.) Jones. Rare. 

Southern part of the 

HABITAT: Rocks in ee woods along stream banks and shores of ponds. (5 

specimens. ) 

COUNTIES: Lehigh, Rau (A); Philadelphia, Wissahickon, James 5/53 (A); York, 

Long Level 2012. (3 counties). Published, not seen: Chester, Darlington, TM 

VI. TORTULACEAE 

A. Leaf usually narrow, often linear-lanceolate, not oe above the middle; 

margin if differentiated, never so above the middle 

A. Leaf usually broad, ovate-oblong, spatulate or ae sometimes differ- 

ntiate 
B. Basal fear elle Agraling: aoe is the eee in a dictinel band é Tortella. 

B. Basal leaf-cells hyaline, not extending up the margin in a distinct band . C. 

CG. teat tawlale: yn cc ee Re eRe EER Ee See eee ee 

C. Leaf not involute 

D. Basal leaf-cells (espasialiy a she. upper leaves) 5- 10 ais: as “lone as 

wide; upper leaf-cells distinct; sporophyte immersed . . Astomum. 

D. Basal leaf-cells (especially of the upper leaves) 2-6 snes as ae as 

wide; upper leaf-cells dense and indistinct; sporophyte exserted . 2 Weisia. 

E. Leaf long, 2-3 mm., often eam 4 mm., le cea pee 

gin undulate ay open sinuose . Trichostomum. 

E. a not generally longer than 2 mm.; margins fea or revo ii te . 

F. Leaf-margins plane ha convoluta almost so, ae fexareed at 

F. Leaf- nee iccued at hase or aang one side Je. ee a ae ce Se. Gee 

G. Leaf not crisped when dry; peristome lacking . . . . . 3. Gymnostomium. 

G. Leaf crisped when dry, peristome of 32 filiform teeth Barbula a 

H. Margin revolute near the middle; stem not more eHien 2 mm, — 

piliferous; sporophyte immersed oy acu 

H. Margin revolute near the base or signees one eile: stems more hen : mm, 

high; leaf not piliferous; sporophyte exserted 

I. Stem sparsely radiculose, never tinged with reddish- ae. eeuaoalan in cross 

section; upper leaf cells distinct; papillae low and few; en lac 
t Hyemnosstiom 

I. Stem es often tinged with reddish-brown, never triangular in cross 

section; upper leaf cells eid (not strongly so in Didymodon) ; See 

16 or 32 teet 

J. Peristome i 16 Eset more or ies eadea or perio along ation ina, 

erect or twisted to right; upper leaves short, obtuse-lingulate 7. Didymodon. 

J. Peristome of 32 filiform teeth, dios twisted to left; upper leaves not 

as above 8. Barbula. 

K. Leaves without ees eualice: or propaul an none . 

K. Leaves with evident papillae or propagula or both; peristome of filiform a M. 

L. Plants minute, bulbiform, protonema eet capsule a 
0. Acaulon. 

L. Plants larger, not as above . . : sah Pottia. 

M. Peristome teeth from a narrow basal Beene eee oe and gues ted, 

never twisted more than 1 turn esmatodon. 

= . Peristome teeth from a wide pied membrane, sails ated more (bie 

1 turn . Tortula. 
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1. AstomumM Hampe. 

A. Leaf margins strongly involute; setae solitary . . . . . . . . B. 

A. Leaf margins mostly plane; setae often clustered . . . . ea clanum. 

B. Seta much shorter than the capsule . Tvioeie we . Mublenbergianum. 

B. Seta as long as the perichaetial leaves . . . 1... . .  phascoides. 

Astomum ludovicianum Sull. Rare. No specimens seen 

Published records: Chester, “Flora Cestrica,” PC; pain Glenolden, Krout 4/28/07 

TM; Northampton, Monocacy, Rau PC. 

Astomum Muhlenbergianum (Sw.) Grout. Rare. Old pastures. 

Type locality: Probably eastern North America. 

COUNTIES: Bucks, Narrowsville, James 4/59 (A); Northampton, Monocacy, Rau 

3/73 (A) and Easton, Porter 1868 (A); Philadelphia, Moyamensing, James 5/66 (A). 

Published, not seen: Berks, Kaiser 5/2/12 SMS; Delaware, Smith TM; Lancaster, 

Muhlenberg TM; Lehigh, Rau TM. 

Astomum phascoides (Hook.) Grout. Rare. Old fields. No specimens seen. 

Published records: Chester, James PC; Lehigh, Rau, PC; Northampton, Bethlehem, 

Rau PC 

2. Wetsia Hedw. 

Weisia viridula Hedw. Fe common. eee 

SUBSTRATE: Bare soil, slag a ock su 

HABITAT: Hardwood forests, ea Ee ane and meadows. Frequently in sunny 

situations on road banks, slag piles, in weedy tangles and on rock outcrops. 

REPROD ane Capsules mature in February. Open in March and April. (25 

specimens, 8 frui 

OU : anes Bedford, Berks, Bucks, Chester, Delaware, Lancaster, Lehigh, 

McKean, Montgomery, Northampton, Philadelphia, York. (12 counties). Published, 

not seen: Chester, James, PC. 

3. GymMnostomMuM Hedw. 

Gymnostomum aeruginosum Smith. Rare. Northeastern part of the state. On 

moist rocks in limestone regio 

COUNTIES: Bucks, een Rau 6/1/74 (A); Northampton, Bingen, Wolle 

11/73, Easton, Porter 11/68 (A) and Porter 6/67 (A); Pike, Bushkill, Wolle 8/26/73. 

(3 counties). Published, not seen: Huntingdon, ae Creek, Porter PC; Lehigh, Rau, 

PC; eos Morris Arboretum, Tees 666 T 

4. HyMeENostyLium Brid. 

Hymenostylium recurvirostrum (Hedw.) Dix. Rare. Wet limestone rocks. 

COUNTIES: Bucks, Tinicum, Ruth 167 (A); Lehigh, Rockdale, Wolle 7/28/74 and 

Rau (A). Published, not seen: Carbon, Parryville, Rau, P 

5. Tricnostomum Bruch. 

pues cylindricum (Bruch.) C. Mull. Rare. On moist rocks. 

COUNTIES: Cambria, Allegheny Mountains, Porter (A); Chester, as 12/50 and 

Coventryvil 12/30/50 (A). Published, not seen: Carbon, Onoko Glen, Rau and ee 

PC; tingdon, Alexandria, Porter PC; ehich, Bear Creek, Wolle PC; McK 

Toad Pie Burnett, J; Monroe, Delaware Water Gap, Rau PC; Northampton, Bear 

Creek, Wolle PC 
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6. TortTetta (C. Mull.) Limpr. 

A. Leaf long, linear-lanceolate, with a very acute apex . . tortuosa. 

A. Leaf oblong-acuminate, ee acute, es mucronate by ike e excurrent 

costa F ; : ; . humilis. 

Tortella humilis (Hedw.) Jennings. Fairly common. one 

SUBSTRATE: Rocks, bases of trees and decay 

HABITAT: Mixed hardwoods, crevices of ae oe i shaley banks and decay- 

ing logs. 
ASSOCIATES: Cladonia. 
REPRODUCTION: Capsules ae star in spring. (18 specimens, 5 fruiting.) 

Type locality: Lancaster, Pennsylva 

COUNTIES: Berks, Bucks, Cambria, Center, Fulton, Lancaster, McKean, Monroe, 

Montgomery, Northampton, Philadelphia. (11 paiinbiee. Published, not seen: Chester, 

James PC; Delaware, James PC; Huntingdon, Pennsylvania Furnace, J. 

Tortella tortuosa (Turn.) Limpr. Rare. On rocks. 

COUNTIES: Carbon, Stony Creek, Wolle 8/74; Bene Porter (A); Lehigh, 

(A); Northampton, aie Porter 11/1/68 (A). (4 counties). Published, not see 

Bucks, Nockamixon, James PC; Cambria, Cresson, Tas PC; Pike, Rau PC; Phila. 

delphia, Kaiser, percocet "XIX, 

7. Dipymopon Hedw. 

Didymodon recurvirostris (Hedw.) Jennings. Very rare. Usually on calcareous 

rocks. 
COUNTIES: Lehigh, Rockdale, Wolle 7/25/74 (A) and Rau (A). Published, not 
seen: Montgomery, Zieglersville, Tees 544 TM; Philadelphia, Germantown, Tees 739 
TM; Delaware, Darby, Krout 9/26/08 TM 

Hyopuita Brid. 

(Hyophila Tortula (Schwaegr.) Hampe. Excluded species. Only published records, no 
specimens: Lehigh, Rau, PC; Monroe, Pocono Plateau, Austin, PC; Northampton, 
Bethlehem, Rau PC.) 

8. Barsputa Hedw. 

A. Leaves squarrose-recurved, reddish; stem reddish-brown . . x “Be 

A. Leaves not squarrose-recurved, gametophyte light or dull wis -green fallax. 
B. er leaf long, sheathing, convoluted; stem-leaf very slightly re- 

curved along proximal margin, less than 3 mm. ce . convoluta. 
B. Perichaetial leaf not convoluted, sheathing, or cdasmictousls ‘different 

from rest; stem-leaf margins recurved ia leaf cape over 
m. long ; . unguiculata. 

Barbula convoluta Hedw. Rare. On calcareous soils. In woodlands and the open. 

COUNTIES: Northampton, Easton, Porter 5/68 (A); Snyder, —. 5506a. 
Published, not seen: Berks, Reading, Wilkens TM: Lycoming, McMinn, PC. 

Barbula fallax Hedw. Rare. On moist rocks. 

COUNTIES: Lehigh, Rau (A); Monroe, Analomink Creek, James 11/65 (A); Mont- 
gomery, Collegeville, Wagner 28 (A); Northampton, Easton, Porter 11/69 (A), and 
Bingen, Rau 4/74 (A). Published, not seen: Bucks, Narrowsville, James PC; North- 
umberland, James PC 

Barbula unguiculata Hedw. Rare. ae es soil frequently disturbed. Also 
conglomerate and limestone rocks. Old fiel 
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ASSOCIATES: Grimmia pilifera 

COUNTIES: Berks, Stonersville 5857, three collections of Wilkens (A); Lehigh, West 

Bethlehem, Ruth 34 (A); Northampton, Weygat, Porter 11/1/62 (A); Easton, Porter 

10/21/68 (A) and Easton, James (A) ; i ager Cresheim Lane, Kaiser 3/26/10 

and Lawrence Hill, James (A); York, James 2/65 (A). Published, not seen: Bucks, 

Upper Blacks Eddy, True 7/15/25 ne Chester, James PC; Center, Porter PC; 

Delaware, James PC; Huntingdon, Porter PC; Lancaster, Small PC; McKean, West 

Branch Swamp, Burnett Ale aa Biymoith Meeting, Tees 751 TM. 

9. Puascum Hedw. 

Phascum cuspidatum Hedw., var. americanum Ren. & Card. Rare. Soil in fields. 

COUNTIES: Delaware, Glenalden, Krout 5/12/03; Northampton, Bethlehem, Rau 

10/75 (A) and Easton, Porter 11/68 (A); Philadelphia, Bustleton, James 4/66 (A). 

Published, not seen: Bucks, Morrisville, James PC; Chester, “Flora Cestrica” PC; 

Lehigh, Rau PC 

7-8] 

10. Acauton C. Mull. 

A. Plants subglobose, more or less three-cornered; seta larger than the ee 

spores mostly under 30 microns, finely and sharply papillose . . triquetrum. 

A. Plants ovoid-bulbose; seta shorter; spores over 30 microns, smooth or finely 

granulated SD 0 ac 

Acaulon rubrum (Rohl.) Grout. Very rare. On bare soil. 

COUNTIES: Chester, eta James 12/50 (A); York, Porter 5/77 (A). Pub- 

lished, not seen: Lehigh, Rau PC; Northampton, Rau PC. 

Acaulon triquetrum (Spruce) C. Mull. Very rare. On soil. 

COUNTIES: Philadelphia, Bustleton, James 10/66 (A). 

11. Portia Furnr. 

Pottia truncata (Hedw.) Furnr. Rare. Soil in fields, under grass and shrubs. 

COUNTIES: Philadelphia, Moyamensing, James 12/65 (A). Published, not seen: 

Bucks, Lehnenburg, Ruth TM; Delaware, Lima, Tees 675 TM; McKean, Bradford, J; 

Pee Ogontz, Kaiser TM; Northampton, Bethlehem and Oakland Park, 

uth TM. 

12. DresmarTopon Brid. 

A. Leaves not bordered, ending in long hair points; capsule erect and symmetric 

or nearly so plinthobius. 

A. Leaves eared ty a aoa bind of Tighter cells little different or slightly 

more elongate, leaves acute . . Porteri. 

Desmatodon plinthobius Sull. & Lesq. Rare. On limestone rocks. 

COUNTIES: Lancaster, Porter (A). 

Desmatodon Porteri James. Rare. Limestone rocks. 

Type locality: Easton, Pennsylvania, Jam 

COUNTIES: Northampton, Easton, Wolle and Monocacy, James 5/10/74 (A) and 

Musci Appal. Austin (A). 

13. Tortuta Hedw. 

A. Growing on trunks of trees; leaves very concave with costa very short-excur- 

rent and bearing propagula . .....-... . =... + + « papillosa. 

A. Growing on soil and stones 
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B. Hair point on leaf rough; basal membrane neely sists the teeth in 
lengt : . ruralis, 

B. Hair point empath or earn SO; a tyasal nematic narrow . . . . = muralis. 

Tortula muralis Hedw. Rare. On moist stones and brick walls. 

COUNTIES: Bucks, Narrowsville, Ruth 146 & 144 (A); Northampton, Easton, Wolle, 
Porter 1889 and Musci Appal. Alistins Philadelphia, Wissahickon, Long "7 (A). 
Published, not seen: Lancaster, Levan’s Mill, Eby PC. 

Tortula papillosa Wils. Very rare. Bark of trees 

COUNTIES: Blair, Tyrone, James 11/52 (A); Philadelphia, Bustleton, James (A). 

Tortula le (Hedw.) Smith. Rare. On soil and rocks 

COUNTIES: Bucks, Narrowsville, Porter 11/67 (A); Center, State College, Taylor 
12/1/22; See James 8/67 (A). 

VU. ENCALYPTACEAE 

ENCALYPTA (Schreb.) Hedw. 

Encalypta streptocarpa Hedw. Rare. On calcareous rocks. 

COUNTIES: Lancaster, Porter 4/54 (A); Monroe, Analomink, James (A); North- 
ampton, Easton, James, Musci. Appal. Austin (A). Published, not seen: Cambria, 
Cressoii, James PC; Lehigh, Rau, PC 

VU. FISSIDENTACEAE 

FissipENs Hedw. 

A. Gametophyte slender, oo es 2 we & » ee de « & @ ow & Joon, 

A. Gametophyte not aquat io oe 
B. Leaf with at least a anal horde ae narrow, Aonsaned calls 2s ae ©. 
B. Leaf without evidence of a border of narrow, elongated cells . . D. 

C. Border aati confluent at apex with the percurrent costa; snthentltat bud 
axillary ryoides. 

C. Border at apex narrow or aes eticaaia — at Le of stem ee 
D. Leaf bordered by several rows of paler, short cells adiantoides, 
D. Leaf, if bordered by paler, shorter cells, with only a ar row : : 

E. Costa excurrent into a short point... ...... . . . . taxifolius. 
E. Costa failing to reach the tip of the lea 

F. Costa almost reaching the leaf apex; cells 17- 20. microns in Maamacise 
osmundoides, 

F. Costa pie cae: 8-10 cells below the leaf apex; cells 7-10 microns in 
diameter : subbasilaris. 

Fissidens adiantoides Hedw. Fairly common. Widely distributed over the state. 
SUBSTRATE: Soil and rock exposures. (Shale and limestone.) Occasionally on bases 
of trees and exposed roots 

HABITAT: All forest fies of the state. On stream banks, on rock walls, at bases of 
trees and at the bottom of wooded slopes. Elevation 500 to 1400 feet. 

RODUCTION: Capsules approaching maturity in August and still closed in 
ees Empty capsules present in April. (20 specimens examined, 5 fruiting.) 
COUNTIES: Bedford, Berks, Bucks, Franklin, Huntingdon, Juniata, Lancaster, Lehigh, 
McKean, Northampton, Schuylkill, er Tioga. (13 counties). Published, not 
seen: Cansbria, Cresson, James and Porter, PC. 
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Fissidens bryoides Hedw. Rare. On soil. 

COUNTIES: Lehigh, Rau (A); Northampton, Spruce Hill and College Hill, Easton, 
Porter (A); Philadelphia, Bustleton, James (A). (3 counties). Published, not seen: 
Chester, James, PC; Elk, James, PC; Lancaster, Muhlenberg, PC. 

Fissidens bryoides Hedw. var. incurvus (Starke) Monken. Commoner than the 
species 

SUBSTRATE: Wet rocks and s 
HABITAT: Densely shaded sae banks and springs. (9 specimens.) 
COUNTIES: Berks, Delaware, McKean, Northampton, eee (5 counties). 
Published, not seen: Lancaster, Muhlenberg, PC; Lehigh, Rau 

le cee Bushii Card. & Ther. No specimens seen. eae in Genet (1936) 1:19 
Easton in Nowhamptan County, Small.) 

Be cristatus Wils. All specimens found so designated prove to be F. adiantoides 
upon microscopic examination.) 

rey ngs ilewart (Mont.) Sc himp. Rare. Attached to rocks and timber submerged 
n swift w . (8 specimens examined.) 

ane Berks, Bucks, Delaware, Lancaster, Lehigh, Northampton, Philadelphia. 
(7 counties). Published, Hot seen: Huntingdon, Porter, PC. 

Fissidens minutulus Sull. Rare. On wet rock surfaces in cool shaded habitats. 

(5 specimens examined). 

COUNTIES: Blair, Kittanning Gap, Porter (A); Bucks, Riegelsville, True 9/13/25; 
Carbon, Stony Creek, Wolle 8/74; Northampton, Easton, Porter 11/1868 (A); Phila- 
delphia, near Schuylkill, James 1864 (A). (5 counties). Published, not seen: Chester, 
Darlington, PC; Lancaster, Muhlenberg, PC; Lehigh, Rau, PC; McKean, Hawkins 
Hollow, Burnett, J; Monroe, James, PC 

Fissidens hiss Hedw. Rare. Soil and bark of trees along shady brooks 
and in ravines. (7 specimens examined.) 

COUN an Carbon, Onoko Glen, Wolle 1873; Huntingdon, Porter 6/22/90 (A); 
Lancaster, Dillerville, True 9/11/24 and S. of eae ncaster, Tees 656 (A); Lehigh, Rau 
A); Monroe Delaware Water Gap, James (A); Northampton, Easton, Porter (A). 

Published, not seen: Pike, Rau, PC. 

Fissidens subbasilaris Hedw. Rare. Bark at the base of trees in hardwood forests. 
HABITAT: Elevation 100 to 850 feet. (3 specim 
COUNTIES: Delaware, Crum Creek, Krout ine Northampton, Easton, Porter 
(A); Snyder, Troxelville 5504. (3 counties, Published, not seen: Carbon, Onoko Glen, 
Rau, PC; Lancaster, Muhlenberg, PC; McKean, Quintuple, Burnett, J 

7a taxifolius Hedw. Commonest species of the genus in the state. Widely 
distribu 

ee ay Bare clayey soil. pH5 t 
HABITAT: Most frequently in oak-hickory woods, but also found in thickets and old 
fields. Along stream banks, at the bases of trees and on newly disturbed clay banks. 
Elevation 150 to 1000 fee 
ASSOCIATES: Growing with Dicranella heteromalla, Pohlia nutans and species of 
Eurhynchium, Hypnum and Cladonia. 
REPRODUCTION: Calyptra still present on capsules of plants collected in February. 
(25 specimens examined, 2 fruiting. 
COUNTIES: Bucks, Dauphin, Delaware, Lancaster, Lehigh, McKean, Montgomery, 
Montour, Northampton, Neeembetead Philadelphia, York. (12 counties). Pub- 
lished, not seen: Chester, James, PC. 
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(Fissidens viridulus (Web. & Mohr.) Wahlenb. No specimens seen. Reported in Grout 

(1936) 1:12 a sterile form collected on stones in stream at Strath Haven, Delaware 

County, Krout.) 

ORDER III. LEUCODONTALES 

A. Cells in the distal portion of the leaf isodiametric . . . Ao & & & Bs 

A. Cells in the distal portion of the leaf longer than wide F D. 

B. Leaf ecostate, perichaetial leaf with cilia . . be -€ Ill. Heduisaonss, 

B. Leaf costate, perichaetial leaf without cilia ss C. 

C. Peristome always with linear-lanceolate teeth . . ye ene 

C. Peristome absent, or, if present, with hay oye atti fash Il. Orthotrichaceae. 

D. Gametomhyte slender, often 14 to 4 feet long, aquatic . VIII. Fo aaa 

D. Gametophyte shorter, less than a inches in length, none strictly aquatic . 

E. Gametophyte dendroid in habit (obscure in Climacium Kindbergii) 

E. Gametophyte not exhibiting a dendroid habit . G. 

F. Branches pointing in one direction like tages af a ore iio ieee 

vertical surfaces of moist, shaded rocks VI. Porotrichaceae. 

F. Branches divergent in several directions ; a erowane on . vertical surfaces 

of rocks VII. Climaciaceae. 

G. Graiarieis teened until the leaves appear oliand as iti in two rows 
V. Neckeracea?. 

G. Gametophyte not flattened . . . . . . . . . . « « IV. Leucodontaceae. 

I. PTYCHOMITRIACEAE 

PTYCHOMITRIUM Fuern. 

Ptychomitrium incurvum (Wahlenb.) Sull. Rare. = rock surfaces and old rock 

walls. Capsules mature, with calyptra present, in January. 

Type locality: Lancaster County, Pennsylvania. 

COUNTIES: Berks, Oley Furnace, Wilkins 59 (A); Bucks, Nockamixon, Kaiser 

5/3/10; Northampton, Bethlehem, Wolle 7/73 and Weygat, Porter 11/27/07 (A); 

Philadelphia, Falls of the Pennypack, Krout 7/16/08 and Bustleton, James 9/60 and 

three other records (A). (4 counties). Published, not seen: Delaware, James, PC; 

Lancaster, Conewago, Small, PC 

II. ORTHOTRICHACEAE 

> Gametophyte prostrate, with numerous erect, short lateral branches 
4, Drummondia. 

A. Gametophyte more or less erect a ae B. 

Gametophytes forming compacl cushions on wees ods 3. Amphidium. 

B. Gametophytes, if growing on rocks, not forming compact cushions C. 

C, oe immersed or emergent, calyptra smooth; leaves not crisped when 

dr 1. Orthotrichum. 

C. Capsule plainly eect , calyptr hay oe crisped oe in U. amer- 

na) . 2. Ulota. 

1. OrtHoTRICHUM Hedw. 

A. Rock- ae species ; — single, teeth 16, erect or erect- iad on 

dry capsules ; d. 

A. Tree- ere ae species ; pesto Anais path ena oe into 8 pairs, 

recurved or reflexed when : oA 
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B. Capsules fully peat 16-stri cope . oe ew) Qnomalum. 
B. Capsules immersed or emergent, + eee é . .  strangulatum. 

C. Stomata ee (i.e. aes both guard cells on ‘Be es 

C. Stomata immer: ee 2 baer G. 
D. Leaves Eine brogal ported! matric siane Prarie hin ay obtusifoivm. 
D. Leaves acute, margins revolute or involute ate E. 

E. Capsules nearly or quite ey ere er ee ee 

E. Capsules immersed to emergen ee Ee a ee : 
F. Capsules smooth when ee completely ingneeeea oe ee ee SEKIatUM: 
F. Capsules strongly ribbed when dry, neck immersed . . . . sordidum. 

G. Capsules strongly contracted below the mouth when dry ee so strongly 
plicate that the red-brown folds are in contact on the outside when dry and 
mpty . . . Stellatum. 

G. Capsules very slightly or not at all aieineed ae ee stronely ae 
pale whitish or yellow : : 
H. Leaves entire, ieee ae eociie apex Ghcenee, 
H. Leaves ae at least) dentate with euojectne ells. Often eoicdlate I 

I. Leaves mostly acute at apex, not rounded; usually some ie an apiculus of 
a single Se ehe aa eeeeale meray 8-plicate when . pumilum, 

I. Leaves obtuse, rounded and some sharply ‘nace apex Lefts ote 
projecting cells; capsule smooth or faintly 8-plicate when dry . pusillium, 

pani Se anomalum Hedw. Rare. On limestone rocks. 

COUNTIES: Bucks, Narrowsville, James 11/67 (A) ; Delaware, Manoa, Krout 7/4/07; 
Lancaster, ate 12/9/65 (A); WMonteo omery, Pottstown, Krout 7/6/10; Northampton, 
Easton, Porter 5/68 (A); Philadelphia, Wissahickon, Fame 5/59 (A 

Orthotrichum elegans Hook. & Grev. Very rare. Bark of trees. 

COUNTIES: Bucks, Bedminster, Krout 8/30/06. 
(Orthotrichum Hallii Sull. & Lesq. Excluded species. Range Rocky Mountains. Pub- 
lished records: Lancaster county, Porter 1862 TM.) 

cea obtusifolium Brid. Rare. On bark of trees, the following collections 
all on p 

Soni ES: Monroe, Pocono Mountains, Britton 6/24/93 (A); Philadelphia, Penny- 
pack Creek, James 2/64 (A). Published, not seen: Northampton, Bethlehem, Rau, PC. 

Orthotrichum ohioense Sull. & Lesq. Rare. On bark of trees. Capsules mature in 
April 
COUNTIES: Chester, Laurel, Commons 59 (A); Lancaster, New Texas, Carter (A) ; 
McKean, Burnett 3021 (A). Published, not seen: Lehigh, Rau PC; Northampton, 
Bethlehem, Rau PC; Philadelphia, Wissahickon, James 5/59 TM 

Orthotrichum pumilum Dicks. Rare. Bark of deciduous trees. Elevation 100 to 
feet. 

COUNTIES: Delaware, Strath Haven, Krout 9/21/08; Lehigh, Dorney’s Park, Krout 
6/11/09; Northampton, Easton, Porter 11/1/67 (A); Philadelphia, Chestnut Hill, 
6/5/60 (A). Published, not seen: Lancaster, Safe Harbor, Conewago and Tucquan, 
Small PC 

Orthotrichum ean buses Rare. Bark of trees. 

Type locality: Pennsylvan 
COUNTIES: Chester, West Grove, Krout 6/4/09; Philadelphia, Lowe 4/26/02, Wolle 
7/73, Darby Road, 6/6/60 (A), Kingsessing and Wissahickon, James 5/62 (A). Pub- 
lished, not seen: Bucks, Kintnersville, Ruth, TM. 
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Orthotrichum sordidum Lesq. & James. Rare. On bark of trees. 

No specimen seen. Published records: Lancaster, Conewago, Small PC; Monroe, Mount 
Pocono, Garber PC 

Orthotrichum stellatum Brid. Rare. On bark of trees. 

COUNTIES: Huntingdon, Alexandria, Porter 8/13/59 (A); Lancaster, Safe Harbor, 
June 6/59 (A); Philadelphia, Wissahickon and Fairmont Park, James 6/61 (A). Pub- 
lished, not seen: Chester, James PC; eae James PC; Lehigh, Rau PC; McKean, 
Burnett PC; Northampton, Bethlehem, Rau PC; Northumberland, James PC. 

Orthotrichum strangulatum Schwaegr. Rare. On rocks. 

COUNTIES: Bedford, Saxton, 4566; Bucks, Tohickon Creek, Gadsby 7/1/11; Center, 
State College, Wahl 7/29/47; Delaware, Darby Creek, Spencer 7/4/07; Lancaster, 
Porter (A). Published, not seen: Cambria, Cresson, James PC; Northampton, Easton, 
James PC. 

Orthotrichum striatum Hedw. Rare. On tre 

S: Monroe, Pocono Forks, James we (A). Published, not seen: Bucks, 
Narrowsville, James PC. 

2. Uxtota Mohr. 

A. Leaf not crisped, scarcely contorted . . . 2... 2. 2...) americana. 

A. Leaf contorted or crispe dy fe Gok Bk. oh , 
Capsule smooth except for the small, ileed sana . . . . . Ludwigii. 

B. Capsule strongly 8-ribbed owe ee. Crispa 

Ulota americana (Beauv.) Limpr. Fairly common. 

SUBSTRATE: Rock surface. (Limestone and quartzite.) 
HABITAT: Eastern hemlock and deciduous forests. oem 150 to 800 feet. 
ASSOCIATES: Dicranum fulvum 
(15 specimens examined. 
Type locality: Pennsylvania (Muhlenberg). 
COUNTIES: Berks, Bucks, Chester, Juniata, EAneaStes, McKean, Monroe, Northamp- 
ton, Philadelphia. (9 counting), Published, not seen: Cambria, Cresson, James PC; 
Center, Matternville, J; Delaware, Lindenbere, Rout 7/14/10 TM; Huatiuedon, 
Porter PC; Lebanon, Penryn, Small PC; Lehigh, Rau PC; Pike, Rau PC; Somerset, 

ina J. 

Ulota crispa (Hedw.) Brid. Fairly common. 

SUBSTRATE: Bark of deciduous trees. (12 specimens examined. 
COUNTIES: Berks, Cambria, Clearfield, Elk, Lancaster, McKean, Northampton, 
Philadelphia, Sullivan. (9 counties). Published, not seen: Center, Bear Meadows, 
Porter PC; Chester, “Flora Cestrica’” PC; De ieee Smith, TM; Lebanon, Porter PC; 
Monroe, Tabane: Garber and Pocono, James PC; Pike, Rau PC. 

Ulota Ludwigii Brid. Rare. Bark of trees 

COUNTIES: McKean, Rutherford, er 3/6/93 (A); Monroe, Pocono Forks, 
Porter 8/1/60 and James 10/69 (A). Published, not seen: Center, Bear Meadows, 
Porter PC; Chester, “Flora Cestrica” PC; Delaware, Smith PC; ieneasien Conewago, 
Small PC. 

3. AMPHIDIUM (Nees) Schimp. 

a Autoicous; leaf margins Pee oe leaves entirely smooth, not Line 
lose above . lapponicum. 

Dioicous ; eat margins more or ies recurve perchactil ee eer 
near the a bo ee a ‘: Mougeotii. 

- 
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Amphidium lapponicum (Hedw.) Schimp. Rare. Wet rocks and crevices of rocks. 

COUNTIES: Bucks, Narrowsville, Porter (A); Franklin, Mercersburg, Porter 8/52; 
Monroe, Buck Hill Falls, Britton 7/14/89 (NY) and Delaware Water Gap (NY); 
Northampton, Easton, Rau 1872 (NY), Bushkill Gap, Porter eee (A) and Ban- 
gor, Porter 11/68 (A). (4 counties). Published, not seen: Carbon, Rau PC; Delaware, 
Smith TM; Huntingdon, Porter PC; Pike, Rau PC; Philadelphia, Tae James 
PC. 

Amphidium Mougeotii (Bry. Eur.) Schimp. Rare. On damp shaded rock. 

COUNTIES: Bucks, Narrowsville, Porter 11/28/67 (A); Monroe, Delaware Water 
Gap, Garber 11/6/68 (A); Philadelphia, Wissahickon, James 4/59 (A); Pike, Rau 
(NY). (4 counties). 

4. DrummonptiA Hook. 

Drummondia prorepens (Hedw.) Jennings. Rare. On bark of trees. 

COUNTIES: Lancaster, Conewago, Small 1/1/92 (A), New Texas, Carter 12/93 (A) 
and Safe Harbor, James 6/18/59 (A); Lehigh, Rau (A); McKean, ‘Quintuple, Burnett 

not seen: Chester, James PC; Delaware, James PC; Philadelphia, James P 

UI. HEDWIGIACEAE 

Hepwicia Hedw. 

Hedwigia ciliata Hedw. Common. More frequent in the mountainous areas. 
SUBSTRATE: On dry non-calcareous rocks. (Shale, serpentine, trap and conglom- 
erate.) 
HABITAT: Woodlands and in old set Shale ee serpentine barrens, roadsides 
and south-facing slopes. Elevation 200 to 1900 fee 
ASSOCIATES: Bartramia pomiformis a species ot Hepaticae and Cladonia. 
REPRODUCTION: Capsules mature and shedding spores in April and May. (51 
Heres 11 fruiting. 
COUNTIES: Adams, Bedford, Berks, Bucks, Center, Chester, Cumberland, Delaware, 
Fulton, Huntnedont Juniata, Lancaster, Lehigh, McKean, onroe, Montgomery, 
Northampton Perry, Philadelphia, Schuylkill, Sullivan. (21 counties). Published, 
not seen: Dauphin, Peters Mountain, Small PC; Pike, Eich’s Pond, Moldenke 3340. 

IV. LEUCODONTACEAE 

A. Secondary stems little branched; calyptra smooth . . . . . . .  Leucodon. 
A. Secondary stems profusely branched; calyptra hairy . ..... . Leptodon., 

1. Leucopon Schwaegr. 

A. Seta shorter than the perichaetial leaves . . . . . . . . . . . ~~) brachypus. 

A. Seta longer than the meade leaves 
B. Stem-leaf slenderly acuminate, strongly plic ate Pees ae pase Ue es VSCLULOLA CS, 
B. Stem-leaf abruptly ns -acuminate, scarcely plicate F j 

Leucodon brachypus Brid. Rare. On trees. 

COUNTIES: Carbon, Wolle; Lancaster, New Texas, Carter 12/93 (A); McKean, 
Langmade, Burnett 1276; Monroe, Pocono, Porter (A). Published, not seen: Cam- 
bria, Porter and James PC; Chester, Coventry, James PC; Pike, Rau PC. 

Leucodon julaceus (Hedw.) ae Rare. On trees and rotten logs. 
Type locality: Probably Pennsylva 
COUNTIES: Beaver, Delaware, ees Monroe, Mercer, Montgomery, Philadel- 
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a, Wayne. (8 counties). Published, not seen: Cambria, James PC; Chester, “Flora 
ees PC; McKean, Burnett PC; Nowhacipien. Bethlehem, Rau PC. 

Leucodon sciuroides (Hedw.) Schwaegr. Very rare. On rocks and trees. 

COUNTIES: Delaware, Landenberg, Krout 7/14/10. 

2. Lepropon Mohr. 

Leptodon trichomitrion (Hedw.) Mohr. Rare. On trees and rocks in moist woods. 

COUNTIES: Berks, Bernharts 5836; Lancaster, Porter 3/26/62 (A); Monroe, Bush- 
kill Gap, Porter 11/16/68 (A) and Delaware Water Gap, James 11/68 (A). Published, 
not seen: Chester, “Flora Cestrica” PC; Delaware, Smith PC; McKean, Burnett PC; 
Northampton, Rau PC; Philadelphia, Fairmount Park and Byberry, James PC; Pike, 

au PC. 

V. NECKERACEAE 

A. Leaf not cultriform or lobed . 2 & ow 2 es » a « «© L, Meckera. 

A. Leaf cultriform or complicate- bilobed Soe ee ee ew 2, Homalia. 

1. NecKERA Hedw. 

Neckera pennata Hedw. Rare. On trunks of trees in cool moist woods. 

COUNTIES: Lancaster, Porter (A) and New Texas, Carter 12/93 (A); Lehigh, Rau 
(A); Monroe, Pocono, Porter 8/23/59 (A); Northampton, Bergens Station, Wolle 
8/72. (4 counties). Published, not seen: Cambria, Cresson, Porter PC; Chester, “Flora 
Cestrica” PC; Delaware, Smith TM; Franklin, Werceisnure: Porter PC; NMeKean, 
Burnett PC; Philadelphia. Fairmont Paik PC; Pike, Rau PC. 

2. Homatia (Brid.) Bry. Eur. 

Homalia Jamesii Schimp. Very rare. On moist shaded cliffs and ledges. 

COUNTIES: Lehigh, Rau (A); Pike, Wolle and Rau 8/73 

VI. POROTRICHACEAE 

PorRoTRICHUM Brid. 

ssteserhiag alleghaniense (C. Mull) Grout. Not common. Confined to the north- 
em ¢ tie 

sees Rocks and hum 
HABITAT: Eastern hemlock be aon In swamps and on stream banks. (12 speci- 

COUNTIES: Bucks, reac Lehigh, McKean, Monroe, Northampton, Wayne. 
(7 counties). Published, not seen: Berks, Friedensburg, Wilkens 1/15/28 TM; Cam- 
bria, Cresson, a PC; eee Martic Forge, Porter PC; Philadelphia, Wissa- 
hickon, James P 

VII. CLIMACIACEAE 

Ciimacium Web. & Mohr. 

’ a ees 3 to 4 times as long as broad; median leaf cells 7 to 10 times as | 
s broad a ondroides, 

> 

_ ae 5- a 1; as leat oll: not more han 7 1 ‘ 
B. Ganistoplivtes distinctly tree-like in habit; median pat ills 5- 7: 1 americanum, 
B. Gametophytes obscurely aa e-like in habit, often nearly prostrate in den 

tufts; median leaf cells 2- Kindbereii 
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Climacium americanum Brid. Commonest species of the genus in Pennsylvania. 

In all the physiographic provinces. 

SUBSTRATE: Soil, rotting-wood, soil and humus accumulated on wet ledges of 

silicious, crystalline, conglomerate a limestone rock. pH range from 4 to 8. Most 

samples above 7. 
HABITAT: Prefers dense stands of mixed hardwoods, but also found under mixed 

stands of pine and hemlock with hardwoods. Less frequently occurring in old fields 

and grassy thickets. Usually at the base of slopes, under moist shaded ledges, along 

stream banks and in swampy areas. Elevation 150 to 800 feet. 

ASSOCIATES: Hypnum spp., Thuidium spp., Atrichum spp., and Cirriphyllum Boscii. 

REPRODUCTION: Capsules are mature in November. Spores are shed from this time 

through December and January. Empty capsules remain on some plants until July. 

(60 specimens examined, 10 Ba ng.) 

Type locality: Lancaster, P 

COUNTIES: Adams, oe Blair: Bradford, Bucks, Center, Chester, Delaware, Frank- 

lin, Lancaster, Lebanon, Lehigh, Monroe - Montzomen) Northampton, Philadelphia, 

Schuylkill, Union, York. (19 polities), Published, not seen: McKean, Bradford, 

Burnett, PC. 

Climacium dendroides (L.) Web. & Mohr. A northern species extending into Penn- 

sylvania north of the glacial moraine. 

SUBSTRATE: Soil. 

HABITAT: Under hemlock-birch-maple forest cover. Stream banks, pond shore and 

edge of bogs. Elevation 1200 to 1448 fee 

ASSOCIATES: With Mni spp., and Fissi iden. 
eee All iia naa in ae condition. (8 specimens exam- 

ned.) 
COUNTIES: Bradford, Herrickville 3978; Monroe, Buck Hill Falls, Browne; Sus- 

quehanna, St. Joseph 3906; Tioga, Niles Valley, 4108, 4112, 4088, 4083; Wayne, Lake- 

wood, Dix 9/13/46. (5 counties). Published, not seen: Chester, Darlington, PC; 

Dauphin, Harrisburg, Small PC. ie e ee specimens cited in Miss Grace Tees’s 

manuscript as C. dendroides prov e C. americanum: Bucks, Center Bridge, Tees 

102 (A) ; Delaware, Wayne, ae eee Philadelphia, Pennypack, Krout 7/16/08. 

Climacium Kindbergii (Ren. & Card.) Grout. Fairly common. More frequently 

found in the southern and southeastern counties. 

eee Soil, rotting wood and accumulated humus on rock surfaces. pH 4 

07. 

ae AT: Mixed hardwoods and hardwood-hemlock forests. Swampy areas, stream 

ee pond shores and moist areas at the bottom of slopes. Elevation 100 to 1500 

pe ue. Mnium spp., and Thuidium delicatulum. 

REPRODUCTION: Capsules mature in autumn. Empty capsules present in April. 

(14 specimens examined, 1 fruiting.) 

COUNTIES: Adams, Berks, Center, Lebanon, Lehigh, Monroe, eee 

Somerset, Susquehanna, York. (10 écutticgs Published, not seen: Buc Revere 

Long 612 TM; Delaware, Llewelyn Mills, Kaiser 1/21/11 SMS; Lancaster, Se Hop 

and Penryn, Scial 1 PC; Luzerne, Lily Lake, Small PC; McKean, Bradford, ee 

PC; Montgomery, Zieglersville, Tees 527 TM 

VII. FONTINALACEAE 

yAalbeafi ecostates 0 .. uccc Aes ee on) eh ee eee ss a Lee ontinaliss 

Av ceeafiecostate. © a if. pee es ee ea 2 2 Dichely ma: 
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1. Fontinaris (L.) Myrin. 

> . Older cauline leaves typically keeled or keeled-conduplicate, younger cauline 

leaves and branch leaves keeled, keeled-conduplicate, or concave 
antipyretica var. gigantea. 

e Neither cauline nor branch leaves keeled-conduplicat 

Leaves dimorphic, cauline leaves and branch oe ‘holla with delet: 

gradation in shape and size more or less absent 

Leaves more or less uniform, cauline and branch eastie eae with ‘nies 

gradations in ieee or size present (except F. novae- ean var. hetero- 

phylla.) 

Od 

OQ ean or more or - Gece saeuie ear 45. 5 mm. fades abou 
m. wide, usually about 1-1.5 times the length of the branch leaves aii 

a: leaves flaccid, narrowly lanceolate to narrowly ovate-lanceolate, 

3-8 mm. long, 0.5-2 mm. wide; pea! 1.5-3.5 times the length of the branch 

leaves. . . Sullivanti 

Dz. Coulline inaees more or less concave or diannelied, sialnniiatt more or less 

firm 
D. Cauhine leaves slightly concave or : aladost. plane, malority more or ese 

flaccid to very cid . . Duriaei. 

Oo 

= Leaves narrowly- ae or cies meee 2-4 mm. Tae 0. ea 1. 1.28 mm. 

wide, 3-3.5:1; apices usually more or less acute; plants ees upper peri- 
chaetial leaves usually narrow at the apex, acute or apiculat dalecarlica. 

. Leaves slightly distant, usually ovate-lanceolate, 2.5-6 mm, Tee ic 
ide, 1.75-4:1; apices usually denticulate, some more or less aicullaie: upper 

perichaetial leaves with apices rounded or subapiculate . . novae-angliae, 

Fontinalis antipyretica Hedw., var. gigantea Sull. Fairly common, chiefly confined 
to the northern mountainous counties. Abundant where found 

SUBSTRATE: Rocks in stream bed. 
HABITAT: Cold rocky mountain brooks, under hardwood forests and hemlock-alder 
thickets. Elevations 450 to 2000 feet 
ASSOCIATES: One collection mixed with Elod 
REPRODUCTION: All collections examined were sterile. (12 specimens examined.) 
COUNTIES: Cambria, Ebensburg, James (A); Clinton, Rauchtown 4999; Lancaster, 
Bart township, Porter 1862 (A); Lehigh, Rau (A); McKean, Corydon, 4457; Mon- 

novae-angliae by Dr. W. H. Welch). ae not seen: Blair, James PC; Dela- 
ware, Smith PC; Philadelphia, James PC; Pike, Rau P 

eri biformis Sull. Excluded species. ae is aa Ohio and Indiana. Not 
the eastern states. (See Cardot in Grout’s Vermont Mosses). Published 

1 not authenticated by specimens: Lancaster, Small PC; McKean, Burnett PC; 
Pike, Rau PC.) 

Fontinalis dalecarlica Bry. Eur. Not common. Widely distributed. 

SUBSTRATE: Rocks and stones in brook 
HABITAT: Shaded brooks and springs. Mixed hardwoods, hardwood and pine and 
hemlock forests. Elevation 500 to 2000 feet. 
REPRODUCTION: Mature closed capsules present on collection made on Novem- 
ber 11th. (19 specimens examined, 2 fruitin 
COUNTIES: Berks, Hamburg, Wilken s (A); Bucks, Narrowsville, Porter (A) ; Pa 
ter, Bear Meadow, Porter (A) ; Chester, "Creek ae James (A) ; Columbia, 1 mi. 



Mout: Stupies oF MOosseEs 185 

of Red Rock, 2839; Delaware, Saran Township, Krout; Franklin, St. Thomas, 
2693; Lycoming, Montgomery, 4381; Mifflin, Milroy, 4418, 4386; Monroe, Merwins- 
fal Fogg, Delaware Water a nee and Porter (A), Tobyhanna, Porter (A), 
Buck Hill Falls, Browne 8/20/07; Pike, Milford, 5790; Schuylkill, Pine Grove, Krout; 
Te Eaglesmere, Githens 244, Ricketts Glen, Githens 236; Union, Keystone Camp, 
840. (14 counties). Published, not seen: Carbon, Rau PC; Lancaster, Martic Forge, 

Porter and Mt. Hope, Small PC; Lehigh, Rau PC; Philadelphia, James PC. 

Fontinalis disticha Hook & Wils. Very rare. A southern species. Represented in 

(A); Schuylkill, Pine Grove, Stauffer (A). (2 counties) (Number 524 labelled 
F. disticha Aust. Musci Appalachiani, Supp. I determined as F. Swllivanti Lindb. by 
Dr. W. H. Welch. (A).) 

Fontinalis Duriaei Schimp. Very rare. Represented in Pennsylvania by the follow- 
ing collections: Huntingdon, Porter (A) and Spruce Creek, James (A); Northampton, 
Bethlehem, Schweinitz (A). (2 counties.) 

(Fontinalis Lescurii Sull. Excluded species. No authentic Pennsylvania specimens avail- 
able of this species. A specimen labelled F. Lescurit collected at Tunkhannock, Mon- 

roe County by Porter on June 15, 1859 (A) has been determined as F. Novae-angliae 
y Dr. W. H. Welch. Another specimen collected in a shallow brook, Blue Mountains, 

North of Hamburg by Wilkens 5/13/28 (A) has been determined as F. dalecarlica 
Bry. Eur. by Dr. Welch. Published, not seen: Huntingdon, Porter PC; McKean, 

Burnett PC; Monroe, Mt. Pocono and Water Gap, James PC; Pike, Rau PC.) 

Fontinalis Nee eas Sull. Most common species in Pennsylvania. Widely dis- 
tributed over the 

SUBSTRATE: ee and dead branches in streams and edge of lakes. pH 7. 
HABITAT: Shallow water at edge of lakes and ponds, brooks and spring outlets. 
Under the shade of hemlock, hemlock-hardwood, and hardwood forests and thickets 
along streams in old fields. Elevation 75 to 2200 feet. 

ASSOCIATES: One specimen heavily incrusted with growth of diatoms. 

REPRODUCTION: All specimens examined were sterile. (17 specimens.) 

COUNTIES: Adams, Arendtsville, 5791, 5799; Chester, Daylesford, 5798; Delaware, 
Collingsdale, Krout 7/27/07; Fayette, Markleysburg, 4784; Franklin, St. Thomas 
2692a; Lancaster, Martic Forge, Porter (A); Luzerne, Red Rock, 2881; Monroe, 
Tunkhannock, Porter (A); Philadelphia, Germantown, Porter (A); Somerset, Rox- 
bury, 5192; Sullivan, Eaglesmere, Githens 242; Sere? Gelatt, 3856; Warren, 
Russell 2692 and Youngsville 5792; Wayne | Wa aymar 4; York, Hallam, 5794. 
(15 counties). “Publish hed, not seen: Hantiaedon Spruce ae Porter PC; Northamp- 
ton, Rau PC; Pike, Rau P 

Fontinalis Novae-angliae Sull., var. cymbifolia (Aust.) Welch. One collection 
made in James Brook on top of Broad Mountain, 2 miles north of Nesquehoning, 
Carbon county, 2798. Elevation 1685 feet. 

Fontinalis Novae-angliae Sull., var. heterophylla Card. Bradford, Burnett 5/13/96. 

Fontinalis Novae-angliae Sull., var. latifolia Card. Monroe county, Pocono Forks, 
Porter 8/9/68 (A). 

Fontinalis Sullivanti Lindb. A southern coastal plain species. 

COUNTIES: Chester, Falls of French Creek, Krout 5/17/10; Sullivan, C. D. Lippin- 
cott (A). v counties). (Number 524 labelled F. disticha Austin in Musci Appalachi- 
ani, Supp. I. Rocky rivulets, mountains of N. J. and Pa. has been determined as F. 
Sullivanti by Dr. W. H. Welch. ( 
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2. DicHELYMA Myrin., 

A. Costa long-excurrent . . toe ee ee ew Capillaceum. 

A. Costa subpercurrent to ee excurrent . . . . ; . . . . pallescens. 

Dichelyma capillaceum Bry. Eur. Rare. On dead wood and humus in swamps and 

rivulets. Hemlock ravines. (5 specimens.) 

COUNTIES: Chester, Chester Valley, James 6/50 (A); Crawford, Rendalls Corners 

5773; Lehigh, Rau (A); Monroe, Delaware Water Gap, Rau 11/1/74 (A). (4 counties). 

Published, not seen: Delaware, Smith 

Dichelyma pallescens Bry. Eur. Very rare. 

COUNTIES: Monroe, Tobyhanna, James 10/69 (A). Published, not seen: McKean, 

Bradford, Burnett PC. 

ORDER V. HYPNOBRYALES 

A. Sporophyte lateral on primary stem or branch B. 

A. Sporophyte terminal on main axis eo a ee ee oe ae 

B. Leaf papillose, but without snctenins mis nds Sate yy 

B. Leaf smooth or papillose because of projecting cell ‘ends except in 

Schwetschkeo psis én D. 

C. Gametophyte usually ss Nacsinig ehE to aadenies green. . . tt. T cen 

C. Gametophyte seldom julaceous, bright green to very dark II. Leskeaceae. 

D. Capsule erect and symmetrical (Hypnum imponens may ‘he sought here.) EE. 

D. Capsule seldom erect, usually curved . a oe & : 

E. Leaf costate, or if ecostate, then papillose . . . . . ... IL Vibeoiiueeas: 

E. Leaf ecostateand smooth . ....... .. . . . IV. Entodontaceae. 

F. Leaf ecostate or nearly ‘ G. 

F. Leaf costate, cere Aeubiy so scenes in Canciyltune Bidialane ~ ww 2 @ Hh 

G. Gametophyte —- foliate except in ceil striatellum; leaves 

seldom secund VIL. ha placa 

G. Gametophyte not canal foliate: ge mus secund VII. Hypnaceae. 

H. Capsules usually —— short, thick and asymmetrical, little contracted 

below the mouth w 
H. rales usually ene auounbes erlindrical soraewhiat contracted bate 

th uth when dry V. mblytgiacae, 

I. — nae and usually reaching beyond the wdaale i the leat peraph 
a ee 

I. ae dedble anal eaelle not _— pace oiten ee ‘ae large 
. Hylocomiaceae. 

i Repeeee Go kno aacseunenee 

J. Leaf papillose . 2... 2... ee ee Ur 

K. Leaf-cells longer than wide . . . ........ . . . . X&. Bryaceae. 

K. Leaf-cells nearly isodiametric XI. Mniaceae. 

L. Endostome membrane divided above ve 64 Bliform, appendiculat cilia, 

forming a kind of delicate net-wo ; XIV. Timmiaceae. 

L, Endostome not as a So bie ee eo eee a eo a oe OME 

M. Capsule much longer than wide . . . . . . . . . . »~=XIL. Aulacomniaceae. 

M. Capsule subspherical, very short . . . . . . . . . . XIII. Bartramiaceae. 

I. THELIACEAE 

A. Paraphyllia present . 4 «© » « « «© « © «» » » « » » @ » « « Li Dhelta. 

A. Paraphyllia absent . . . . 2... ee ee ee ee eee 2, Myuerella. 
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1. Tuer Sull. 

A. Papillae on dorsal surface of leaf not branched . . . . . . . . . ~— hartella. 

A. Papillae on dorsal surface of leaf branched beta BEd dei! iy 

B. Gametophyte growing on trees; leaf margin aa .  asprella 

B. Gametophyte growing on sand or rocks; leaf ies Rania iliate Lescurit. 

Thelia asprella Sull. Not common. Chiefly in the mountainous counties. 

SUBSTRATE: Bark of trees 

HABITAT: Eastern hemlock formation. On bark of oak and cedar in cool moist 

ravines and stream valleys. Elevation from 700 to 1500 feet. (12 specimens examined, 

5 fruiting 
ASSOCIATES: With lichens occasional] 

COUNTIES: Bucks, Carbon, Columbia, Leh igh, Monroe, bade ome Northampton, 

Pike, Schuylkill. (9 counties). Published, not seen: Chester, Chester Valley, James 

PC; Delaware, James PC; Lancaster, Conewago and ma Hope, Small PC; 

McKean, Bradford, Burnett PC; Monroe, Tabyhaane Mills, James PC; York, Small 

RE, 

Thelia hirtella (Hedw.) Sull. Rare. On bark of trees. 

Type locality: Lancaster, Pa. 

COUNTIES: Bucks, Plumsteadville, Garber and Solesbury, Fisher 12/96 (A); Lan- 

caster, Conestoga, Porter 9/7/53 (A); Northampton, Easton, James 11/68 (A). (4 

counties). Published, not seen: Delaware, Radnor, James PC; McKean, Gates Hollow, 

Burnett J; Philadelphia,. Fairmount Park, James PC. 

Thelia Lescurii Sull Sue 

SUBSTRATE: Soil and ro 

HABITAT: Oak-hickory bere and stone walls around old fields. Elevation 550 to 

700 feet. 
REPRODUCTION: Capsules open and spores present in Janua 

COUNTIES: Berks, Wernersville, Williams 1/6/04 and Oley Tones Wilkens 60; 

Fulton, Warfordsburg 4750. 

2. Mvyurettra Bry. Eur. 

Myurella Careyana Sull. Rare. On rock surfaces of cliffs. 

eee NTIES: Lancaster, Porter 8/59 (A) and Cedar Hill, Porter 4/26/62 (A) ; Mont- 

mery, Ringing Rocks Park, Krout 7/6/10; Northampton, Easton, Rau (A) a and 

Bushkill Gap, Porter (A). Published, not seen: Bucks, Narrowsville, Porter PC; 

Carbon, Rau PC; Franklin, Mercersburg, Porter PC; Huntingdon, amare Porter 

PC; Lehigh, Rau PC; Monroe, Analomink Creek, anne PC; Pike, Rau 

II]. LESKEACEAE 

A. Robust plants (except Anomodon tristis and A. rostratus), without nel 

phyllia, leaves densely papillose and subopaque; capsules erect and sym- 

metric; pee e with segments narrow and cilia ey or ae 

archegonia on the branches . . Anomodon. 

A. Plants ea to robust; eee mostly fe capsules a peristome 

various; archegonia mioeely, on the ste 
Plants with abundant filiform pareoulline eich are Geral: branched: 

capsules curved, peristomes perfec 
B. Paraphyli less abundant; a various; “peristomes with ailia’ rudis 

mentary or often lacking 3 ; 

C. Paraphyllia ate along the stem a Hehe to oe leaf fe Smee oe elitium. 

C. Paraphyllia abundant, not felted and not attached to the leaf base . 1. Thuidium, 
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lane margins; peristome teet th Bln: inner peristome of a ceanenl 

ies basal cous ran 4, Lindbergia. 

D. Leaves ovate to aie aieicks sbieadive when rapiets oaulatane teeth 

slender-pointed, eer linear in most spec . . 3. Leskea. 

1. Tuuiwrum BS.G. 

A. Apical cell of branch leaves crowned with 2-4 papillae B. 

A. Apical cell of branch leaves with a single terminal papilla G. 

B. Paraphyllia numerous, more or less branched c. 

B. Paraphyllia few, small, mostly linear-oblong, 2- 6 ‘alli long F. 

C. Stems closely once pinnate, branches ceca when dry D. 

C. Stems loosely pinnate, branches pinnate to bipinn E. 

D. Plants comparatively soft; leaf cells with me 5 ‘ial papillae on aah 

sus cw ek hha ao wR ea we eo OOM 

D. Plants rigid; leaf cells with a single papilla on each surface . . . abietinum, 

E. Stem leaves spreading-recurved, margins me costa percurrent ; ee 

leaves not ciliate; seer calcicolous recognitum., 

E. Stem leaves erect-spreading, margins rec cecal costa  siuciaiitnae ie the 

apex; perichaetial leaves silicates plants very ievalede bi-tripinnate. . delicatulum. 

Plants very small, 1-2 cm. stems and branches filiform, branches papillose 
pygmaeum. 

F. Plants small, 2-4 cm.; branches smooth . . . minutulum. 

G. Stem leaves roundish-ovate, sala acuminate to a heed aie point ; 
margins erose-serrate ; .. virginianum, 

G. Stem leaves rather gradually ee acuminate; margins eee serrate or 

tire ; : zicro phyllum. 

Thuidium abietinum (Brid.) Bry. Eur. Rare. 

SUBSTRATE: On soil and conglomerate rock. 
HABITAT: In ravines and old fields. 
ASSOCIATES: ete | with Hypnum spp. and Polytrichum commune. 
(6 specimens exam ) 
COUNTIES: pede. Krumsville, Schaeffer 11/28/47 and Stonersville 5885; Northamp- 
ton, a Potter & James (A): (12 counties.) 

Thuidium delicatulum (Hedw.) Mitt. Abundant. In all physiographic provinces. 

SUBSTRATE: Soil, rotting wood, accumulated humus on rock surfaces. pH 4 to 5 
HABITAT: All forest types, preferring the dense stands. Very common along wooded 
streams, in dark moist ravines, hemlock bottoms and shaded road banks. An indicator 
of mesophytic conditions. At elevations between 150 and 2200 feet. 
ASSOCIATES: Growing with Hypnum spp., Polytrichum spp., Atrichum spp., and 
Cladonia spp., in the mesophytic forests. Along stream banks and in hemlock bottoms 
with Mnium spp., and the hepatic Tricocholea tomentella. 
REPRODUCTION: Young sporophytes averaging 2 mm. long were found in a speci- 
men collected in September. Immature capsules were found in meus and closed 

Clearfield, Clinton, Columbia, Crawrtoy d, Cunberland, Bauskin Delaware, Franklin 

Pike, Potter, Schuylkill, Snyder, Somerset, Sullivan, Susquehanna, Tioga, Union, 
Venango, Warren, York. (45 counties. 
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Thuidium microphyllum (Hedw.) Best. Rare. More common further south. 

SUBSTRATE: Soil, rotting wood and humus on rock surfaces 

REPRODUCTION: Young sporophytes 15 mm. long present on specimens collected 

May 16. Capsules open on material collected June 17. (4 specimens examined, 2 fruit- 

ing. 
COUNTIES: Delaware, Moylan, Spencer 5/30/06; Northampton, Slateford, Schaeffer 

7/1/47; Philadelphia, Wissahickon, Krout 1906 (A) and Highlands, Haydock (A). 

(3 counties). Published, not seen: Berks, Leesport, Wilkens 10/22/27 TM; McKean, 

Bradford, Burnett J 

huidium minutulum (Hedw.) Bry. Eur. Rare. More common southward. O 

rotting logs and exposed roots. Capsules mature in November. (4 specimens, all 

fruiting. 

Type locality: Lancaster county, Muhlenber 

COUNTIES: Blair, Burgoon Gap, Garber are (A); Cambria, Allegheny Moun- 

tains, James 10/1861 (A); McKean, Bolivar Run, Burnett 2034 (A); Northampton, 

Easton, Porter 11/13/68 (A). (4 eouities); Published, not seen: Carbon, Mauck 

Chunk, James PC; Chester, Chester Valley, James PC; Delaware, James PC; Hunting- 

don, Porter PC; Lancaster, Muhlenberg TM; Monroe, James PC and Levis Falls, 

Moldenke 3343; Philadelphia, Wissahickon PC. Following specimens cited as this 

species in Tees Mss. from Berks county, have been determined as T. virginianum: 

Blind Hartmans, Wilkens, Nov. 13, 1927 (A) and White Bear, Wilkens, Oct. 20, 

1929 (A). 

Thuidium pygmaeum Bry. Eur. Rare. Calcareous rocks. Capsules open in Septem- 

ber and October. (3 specimens.) 

COUNTIES: Northampton, Easton, Porter and James (A). Published, not seen: 

Lehigh, Rau PC; Philadelphia, James : 

Ce recognitum (Hedw.) Lindb. Not common. Occurs in all physiographic 

province 

Se acti Soil and rock surface in limestone regions. 

HABITAT: Moist shaded woods. One collection on rock exposure in a limestone sink 

overgrown by Juniperus virginiana. Elevation 550 to 2000 feet. 

FR erate oe mmature capsules present in June, empty capsules in December. 
(8 specimens, 2 frui 
COUNTIES: eee Beans Cove Church 4733; Berks, Bernharts 5882; Franklin, 

Greencastle 5877 and Housum 4681; Lancaster, Rag necille! Carter 6/30/93 (A); 
McKean, Hazelhurst 5889; Northampton, Slateford, Schaeffer 8/19/47 and Easton, 

Porter 11/1868 (A): (6 counties). Published, not seen: Clinton, between Renovo and 

Haneyville, J; Monroe, Pocono, James, PC; Philadelphia, James, PC. 

Thuidium scitum (Beauv.) Aust. Rare. 

SUBSTRATE: Soil, fallen logs and bases of trees. 
HABITAT: Hardwood forest. 
ASSOCIATES: One collection mixed with Thuidium delicatulum. 
ner oer Capsules mature and open in late October. (8 specimens, 3 fruit- 

g.) 
COUNTI ES: Blair, var. aestivale, Bald Eagle, James 1/30/59 (A); Lehigh, New 
Smithville, Schaeffer 11/28/47; McKean, Bradford, Burnett 7/5/96 and Gilbert Run, 
Burnett 2811, also var. aestivale, Burnett Brook, Burnett 2790; Northampton, var 
aestivale, Bethlehen, Rau (A); Philadelphia, Wissahickon, James 5/65 (A); Bike. 
Elbow Swamp, Wolle 1873. (6 kines Pu iu li a not seen: Chester, New Gar den, 
James PC; Lancaster, Muhlenberg, TM. Specimen labelled 7. scitum from Berks 
county, Gibraltar Hill,  Waillzens HE ee in are Tees Mss, determined as T. vir- 
ginianum., 
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Thuidium virginianum rene Lindb. Fairly common, All provinces of the state 

in more open and drier woodlan 

SUBSTRATE: Soil and humus a rocks. (Shale, sandstone and trap.) pH 4. 

HABITAT: Under stands of pine, pine-oak and hemlock-hardwoods. South facing 

ooded slopes, roadsides, shale bluffs and sandstone ledges. Elevation 150 to 1000 feet. 

ASSOCIATES: Atrichum Macmillanii, Grimmia pilifera, Bartramia pomiformis, 

Hypnum spp. and lichens of the genus Cladonza. 

REPRODUCTION: lo 1 to 1.5 cm. long in April, capsules immature on 

material collected in May Capsules open and empty in September and October. 

COUNTIES: Adams, Berks, Bucks, Center, Dauphin, Huntingdon, Northampton, 

Philadelphia, Snyder, Sullivan. (10 counties). Published, not seen: Blair, Bald Eagle 

Valley, Porter PC; Cambria, Cresson, James PC; Delaware, Krout, 5/30/07 T™,; 

Lancaster, Muhlenberg and New Texas, Small PC; Monroe, Buckhill Falls, PC. 

2. Hetoprum (Sull.) Warnst. 

Helodium paludosum (Sull.) Aust. Not rare. Widespread. Local. 

SUBSTRATE: Soil and humus. o 6. 

HABITAT: Grassy ditches, marshy ote and wet areas, usually near the edge of 

hardwood forests. Elevation 100 to 500 

ASSOCIATES: With Aulacomnium palu 

REPRODUCTION: Capsules mature a apse in April. Open in May and June. 

(9 specimens examined, all fruiting.) 

COUNTIES: Bucks, Chester, Delaware, Franklin, Lehigh, Montgomery, Northamp- 

ton, Philadelphia. (8 counties). Published, not seen: Lancaster, Muhlenberg, TM and 

Dillerville Swamp, Porter PC; McKean, Bradford, Burnett, J (var. helodioides (Ren. 

& Card.) Grout.) 

3. LesKeA Hedw. 

A. Leaves papillose, costate; median cells usually isodiametric ; aaaiigs teeth 

abruptly incurved from a bulging base when dry 

A. Leaves smooth or nearly so, costate or ecostate; peristomial seat: erect Pies 

ry . nervosa 

B. Leaman ona lanceslate: snute io acuminate, more tha: ene as nue as 

wide 4 

B. Leaves: ovale: subaaute to abhise, less than twice as 3 long as ‘oiile ' : 

C. Capsule straight, operculum short-conic . . . . . . . . . . . « polycarpa. 

Cc; cea curved; operculum long-conic +a oe ew arenicola. 

Leaves symmetric, biplicate, eee s often erlite 2 oy oe oe eraclescens. 

Leaves asymmetric, not plicate, margins plane ; eo ie obscura. 

Leskea arenicola Best. Very rare. Bases of trees. 

COUNTIES: Delaware, Chelsea, Krout 5/27/11 TM. 

Leskea gracilescens Hedw. Common. 

SUBSTRATE: Roots, rotting logs and bark of trees. 

HABITAT: Alluvial woods, open hardwoods and juniper trees in old pasture. 

q atus. 

REPRODUCTION: Capsules mature and closed in May. Open and shedding spores 

in June and July. Empty —— present until September. (20 specimens, 13 fruiting.) 

Type locality: Pennsylvan 
COUNTIES: Bucks, Franklin, Fulton, Lancaster, Lehigh, pea Northampton, 

(7 counties). Published, not seen: Berks, Wernersville, Tees 269 ; Montgomery, 

Elkins Park, Tees 296 and Arcola, ‘ace 519a TM; Sl oe Tees 

299 TM 
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Leskea Penieee (Schwaegr.) Myrin. Rare. On bark of t 

COUNTIES: Delaware, Strath Haven, Krout 9/21/07; Lehigh, Fogelsville, Schaeffer 
eae McKean, Bennett Brook Burnett 7/12/66 

Leskea obscura Hedw. Not common. 

SUBSTRATE: On bases of trees and rotten wood and soil. 
HABITAT: Hardwoods. Stream banks, ravines and soil deposited on a bridge. Eleva- 
tion 100 to 640 feet. 
REPRODUCTION: Capsules mee in June. Open in July, remaining on the plants 
until October. (11 oie 5 fruiting.) 
Type locality: Pennsylva 
COUNTIES: Bucks, eee Delaware, Lancaster, Lehigh, Montour, Northampton. 

(7 counties). Published, not seen: Blair, Tyrone, James PC; McKean, Burnett PC; 
Philadelphia, Wissahickon, James PC and Pennypack, Krout 5/30/07 TM. 

Leskea polycarpa Hedw. Fairly common. Eastern half of the state. 
SUBSTRATE: Bark of trees, rotten wood and rarely on stones 
HABITAT: Woodlands. On exposed roots, old stumps, bases of trees prostrate trunks 
and stone walls. 
REPRODUCTION: Sporophytes 1 cm. long in April. Mature and closed in June. 
Open and shedding spores in July. (14 specimens, 5 fruiting. 
COUNTIES: Berks, Delaware, Lancaster, Lehigh, Montgomery, Northampton, Phila- 
delphia. (7 counties). Published, not seen: Bucks, Ottsville, Long 603 & 604 TM; 
Chester, Valley Forge, Tees 367 TM. 

4. LinpsBercia Kindb. 

Lindbergia brachyptera (Mitt.) Kindb., var. Austini (Sull.) Grout. ee rare. 

On bark of trees and stones. Frequently on the bark of Juniperus virginian 
COUNTIES: Lehigh, Rau (A); Northampton, Bethlehem, Rau (A). Published, not 
seen: Lancaster, Dillerville Sani Small PC; Monroe, Water Gap, Austin PC. 

5. ANomopon Hook. & Tayl. 

A. Secondary stems and branches slender, julaceous when dry . . .... . &B. 

A. Secondary stems and branches coarse, ea ad rad bi EEO ey As ; 
B. Leaf acute, ending in a hair point : Eo ee eee = erst rats: 
B. Leaf lingulate, obtuse . .  tristis 

Cc: ee stems much Reaacied many branche attenuate to » agelform: 
many of leaves apiculate and toothed at the apex attenuatus. 

C. Ben aat stems sparingly branched, no attenua ee 
D. Upper portion of leaves lingulate- iis ln ee ie ie nee soften 

secund; usually growing on roc viticulosus. 
D. Upper onion of leaves lingulate anid “Of ea saga ical mG secund ; 

plants nearly always growing on bark of trees, stumps or logs : 

E. Leaves not decurrent having large fimbriate-papillose auricles, often maces 
Rugelii. 

E. Leaves ot elie iiaaeahe ae decurrent, without auricles, not 
apiculat ; 2 ; SE. PRs ate an a NINOP: 

Anomodon attenuatus (Hedw.) Huben. Common. Generally distributed over the 
state. Forms a thick carpet-like growth. 

SUBSTRATE: Exposed rock surfaces, less frequently on bases of trees. Very frequent 
and vigorous on limestone and conglomerate, but also occurs on shale, sandstone. and 
quartzite. pH 7 to 8. 
HABITAT: be cag woods, occasionally under hemlock and juniper. Cliffs, ravines, 
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shale bluffs, talus slopes, serpentine barrens, stream banks and at the bases of trees 

to one foot above the soil surface. Elevation 150 to 2567 feet. 

ASSOCIATES: Overgrows Grimmia pilifera and is itself overgrown by Anomodon 

rostratus, Thuidium delicatulum and species of Cladonia. This and other species of 

Anomodon accumulate a very fine dark soil at _ base of the carpet-like masses pre- 
paring the way for more mesic species of moss 
REPRODUCTION: Capsules open and patina on material collected in December and 

January. (42 specimens examined, 3 fruiting. 
COUNTIES: Adams, Bedford, Berks, Bucks, Center, Chester, Dauphin, Delaware, 
Franklin, Lancaster, Lehigh, Montgomery, Northampton, Philadelphia, Somerset, Sul- 
livan, York. (17 counties). Pee not seen: Huntingdon, Pennsylvania Furnace J; 
McKean, Bolivar Run, Burnett J. 

Anomodon minor nee Lindb. Not common. Widespread in the state. 

SUBSTRATE: Bark of trees, occasionally on rocks. (Limestone and conglomerate.) 
HABITAT: On bases of trees, around bases of boulders and foot of cliffs, in moist 
deciduous woods. Elevation 200 to 1600 feet 
REPRODUCTION: Spores ripe in late fall or winter. (13 specimens examined.) 
Type locality: Eastern North America (Muhlenberg) probably Pennsylvania 
COUNTIES: Berks, Stonersville, 5983; Bucks, George School, Krout 5/7/10: Center, 
Phillipsburg, James (A); Franklin, Web Run, 4664; Lebanon, Rau (A); Lehigh, 
Fountain Hill, Wolle; McKean, Sideton Creek, Burnett 2864 (A); Monroe, Buck Hill 
Falls and Cresco, Baawnes Northampton, Bath and Riverton, Schaeffer and Easton, 
Porter (A). (9 counties: Published, not seen: Cambria, James PC; Lancaster, 
Muhlenberg PC; Philadelphia, Byberry, James PC. 

Anomodon rostratus (Hedw.) Schimp. Fairly common. Widespread. 

SUBSTRATE: Rock surfaces. (Limestone, conglomerate and shale.) Bases of trees. 
HABITAT: Open deciduous woods, pine-oak woods and old pastures overgrow 
juniper. On boulders, in limestone quarries and sink-holes, shale bluffs, bases of ae 
and stream banks. Elevation 100 to 900 feet. 
ASSOCIATES: Mixed pe Mnium spp., overgrowing Anomodon attenuatus and in 
turn invaded by Cladonia 
REPRODUCTION: ne te napus in September, open in October. (42 specimens 
examined, 4 fruiting.) 
Type ipuatiis Lancaster County, Pennsylvani 

NTIES: Bedford, Berks, Blair, Bradford, Bucks, Center, Chester, Franklin, 
Huntingdon, Lancaster, Lehigh, Monroe, Narthametan, Philadelphia, York. (15 
counties). Published, not seen: Delaware: Cresson TM and Wawa, Kaiser TM; 
McKean, Burnett PC. 

Anomodon Rugelii (C. Mull.) Keissel. Rare. Bases of trees. Northern plateau region. 

COUNTIES: McKean, Gates Hollow, Burnett 3 (A); Monroe, Pocono Mountain, 
Porter 1869 (A); Pike, Rau (A). (3 oo pe ed, not seen: Lancaster, Chi- 
quesalunga Crock, Small PC 

Anomodon triste (Cesait)- Sull. Rare. 

SUBSTRATE: Soil, rock surfaces and bark. 
HABITAT: Deciduous woods. 
COUNTIES: Carbon, Onoko Glen, Wolle 6/73; Delaware, Newton township, Krout 
7/4/08; Northampton, Bethlehem, Rau (A) and Easton, Porter 11/6/68 (A); Phila- 
delphia, Manayunk, James 1860 (A) and Wissahickon, James (A). (4 counties). Rey 
lished, not seen: Clearfield, James PC; Chester, James PC; Lancaster, Porter PC; 
McKean, Gates Hollow, Burnett J; Monroe, Analomink Creek, James 

Anomodon viticulosus (Hedw.) Hook. & Tayl. Rare. Rocky cliffs. 

COUNTIES: Bucks, Narrowsville, James 11/1867 (A). en not seen: Frank- 
lin, Mercersburg, Porter PC; Lancaster, Tucquan, Small P 
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Ill. FABRONIACEAE 

A. Gametophyte extremely small; leaf slightly denticulate to ciliate-dentate Hsia 
sionally entire) Fabronia. 

A. Gametophyte larers leaf entire to valehily daneieuibits ; 

B. Leaf costa : ae 2 ene eoH: 

B. Leaf nee Pee kg LS eee 3. Schwetzchkeopsis. 

1. Fasronia Raddi. 

A. Leaf strongly serrate. ye ee ae Re CILIOPES: 

A. Leaf slightly denticlulate to entire . . . ........ =. . . Ravenelii. 

Fabronia ciliaris (Brid.) Brid. Very rare. On bark of trees. 

COUNTIES: oon Bustleton, 6/6/66 (A). Published, not seen: Northampton, 

Bethlehem, Wolle 

Fabronia Ravenelii Sull. Very rare. On bark of trees. 

COUNTIES: Franklin, Mercersburg, Porter PC; Northampton, James PC. 

2. ANACAMPTODON Brid. 

Anacamptodon splachnoides (Froehl.) Brid. Rare. 

SUBSTRATE: In moist cavities in decayin d. 

HABITAT: Eastern hemlock forest. Elevation 150 to 1480 feet. 

COUNTIES: McKean, Bradford, Burnett 140; Montgomery, Ringing Rocks Park, 

Krout 7/23/10; Northampton, Bethlehem, Rau (A); Philadelphia, Wissahickon, 

James 5/56 (A); Tioga, Mansfield, 4047. (5 counties). Published, not seen: Delaware 

mith TM; Lancaster, Muhlenberg PC; Lehigh, Rau PC. 

3. SCHWETSCHKEOPSIS Broth. 

Schwetschkeopsis denticulata eee Broth. Rare. On bark of trees. 

COUNTIES: McKean, Lewis Run, Burnett 1543 (A); Monroe, Analomink, James 

11/68 (A); Rare Eon. Bethlehem, Rau 1874 (A); Philadelphia, Sahlrillk James 

7/53 (A). Published, not seen: Cambria, Cresson, ae PC; Chester, New Garden, 
Michener PC; Delaware, James PC; Lehigh, Rau 

IV. ENTODONTACEAE 

Entopon C. Mull. 

A. Leaf gradually and ne eee cue segments of the inner peristom 

adherent to the teeth of the o : ; He bis. 

A. Leaf acute to apiculate; oe of ihe inner bouton fess Soe 

. Leaves scarcely complanate ‘ erie et sedidctrix. 
B. Leaves strongly complanate . ; Cc. 

C. Plants robust; leafy stems and eee more ihas 1 mm. wide, peistom 
teeth not strongly striolate or papillose . . nes 

C. Plants slender; leafy stems and branches 1 mm. A Gade or ess persome teeth 
striolate or Papillosé Peas Ss gg : oe . compressus. 

Entodon ae gil (Hook. & Wils.) Jaeger & Sauerb. Rare. On bases of trees and 

limestone r 

Goris. Sree ees Krout 7/14/10. Published, not seen: Chester, New 
Garden, Michener PC; Elk, Bennett’s Branch, McMinn PC; McKean, Burnett PC; 
Philadelphia, Bingham’s P 
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Entodon cladorrhizans (Hedw.) C. Mull. Fairly common. Widespread. 

SUBSTRATE: On rotten wood, tree trunks and soil. 

HABITAT: All forest types. Elevation a to 2000 feet. (13 specimens.) 

ASSOCIATES: With Atrichum undulatu 

Type locality: Lancaster, Pennsylvania. 

COUNTIES: Adams, iia Bradford, Cameron, Columbia, Monroe, Philadelphia, 

Sullivan, Susquehanna, Warren. (10 counties). Published, not seen: Chester, Coventry, 

sin ea Delaware, Smith | "TM: Lancaster, Mount Hope, Small PC and Muhlen- 
berg ; Lehigh, James PC; McKean, Burnett PC; ry aoe Vo James PC; Phila- 

ie tote ale Aiea Krout 8/5/08 TM and Kaiees 3/2/11 T 

Entodon compressus (Hedw.) C. Mull. Not common. 

SUBSTRATE: On soil, rotting logs and bases of trees. 
HABITAT: Woodlands, marshy a and old pastures. Elevation 150 to 1300 feet. 
ASSOCIATES: Amblystegium serpen 

Type locality: Lancaster, Pennsylvan 
COUNTIES: perp Greene Landing 4000a; Chester, Coventry, James 12/50 (A); 
Northampton, Easton, Porter 10/9/71 mock Philadelphia, Wissahickon, Krout 9/7/10 
(A) and ei ips 12/67 (A 

Entodon seductrix (Hedw.) C. Mull. Common. Widespread. 

SUBSTRATE: Decaying logs, soil, humus and rock surfaces. (Limestone and quartz- 

ite. 
HABITAT: All forest types and old fields. Wooded slopes, banks of streams, stone 
walls, serpentine barrens and old quarries. Elevation 80 to 18 eet. 
REPRODUCTION: a mature and shedding spores from October to January. 
(30 specimens, 10 fruiti 
Type locality: EPR Penneylya 
COUNTIES: Adams, Berks, Bradford, Bucks, Center, Chester, Delaware, Elk, Lan- 
caster, Lehigh, Montgomery, Northampton, Pirilaclelohia, York. (14 counties). Pub- 
lished, not seen: Huntingdon, J; McKean, Burnett P 
(Entodon Sullivanti (C. Mull.) Lindb. Excluded species. No specimens seen. Pub- 
lished, not seen: Philadelphia, Schuylkill River, James PC) 

V. AMBLYSTEGIACEAE 

A. Leaf-margin strongly differentiated . . . . ... . . . . 4. Sciaromium, 

A. Leaf-margin not differentiated Oo ce we ak & GOA H a? acs ; 
B. Paraphyllia abundant and Gousrie cuous. ... . . . . . 5. Cratoneuron. 
B. Paraphyllia not abundant or conspicuous — coe & ah ae & 

C. Leaves slender, strongly costate and falcate-secund . . . . 10. Drepanocladus. 

C. Leaves not both strongly costate and falcate-secund ; 
D. Leaf obtuse or rounded at apex .. Dh ee ee eS ee 
D. Leaf acuminate and acute . . aoe Bs 

E. Costa subpercurrent; gametophyte not senanads re branched 
8. Calliergon. 

E. Costa lacking or short and double; gametophyte large and pinnately branched 
9. Calliergonella. 

F. Leaf-cells 2-5 times as long as wide . . . . . .. 1. .. . G, 
F. Leaf-cells 5-15 times as long as wide . H. 

G. Gametophyte amphibious; cell-walls not ale thick: costa thin 2. Aviblistenini. 

G. Gametophyte aquatic; cell-walls thick, costa thick and heavy 
. Hygroamblystegium. 



Mout: Stupies or MosseEs 195 

H. Leaf shortly acuminate with obtuse apex . Sei 6.) ye (le ie! Te a 
Leaf more slenderly acuminate with acute apex . ete I, 

I. Leaves squarrose-spreading : 6. Candie 

I. Leaves erect-spreading or dace es Aigo Chigatian polygomum : 
ie eee A. 

1. Lepropictyum (Schimp.) Warnst. 

A. Leaf broadly ioe to ovate-lanceolate, eee abies” eens some 
times growing in wet places but not aqua Fiche poaiiwn. 

A. Leaf longer eee more slenderly acuminate; pamsaee ieee oe aquatic 
riparium, 

Leptodictyum riparium (Hedw.) Warnst. Rare. On rocks in water. 

NTIES: Berks, Jacksonwald Pond, Wilkens 12/8/29 (A); Dauphin, Harrisburg, 
Porter 10/52 (A); Franklin, Mercersburg, Porter 1852 (A); Monroe, Tobyhanna, 
James 10/69 (A); Northampton, Bushkill, Porter 10/68 (A) and Pot Rock Pond, 
Porter 9/10/58 (A); Philadelphia, Wissahickon, James (A). (6 counties). Published, 
not seen: Bucks, Nockamixon, Kaiser TM and Oxford Valley, Tees 248 TM; Chester, 
James PC; Delaware, James PC; Lancaster, Lititz Spring, Porter PC 

Leptodictyum trichopodium (Schultz.) Warnst., var. Kochii (Bry. Eur.) Broth. 

Very rare. No specimens seen. Published records: Center, Scotia J; Delaware, Swarth- 
more, eres 5/03 SMS; Lehigh, Center Valley, Tees 554 TM; McKean, Bradford, 
Burnett PC. 

2. AMBLYSTEGIUM Bry. Eur. 

A. Costa percurrent or nearly so, or excurrent B. 
A. Costa ae well below the apex, usually not far above fies le C 

B. Very slender, densely tufted; leaves finely and sharply ee median 
ae cells 6—-10:1 compactum., 

B. Larger, leaves Entre or a most obsoletely deuticulite: medi cells 3-6:1 
varium. 

C. Median leaf cells reaching 10:1 or longer. . . .. . . . Juratzkanum. 
CG: Median: leal-cellsvless than Sel 2°, .e 0) yh ee eed . Serpens. 

Amblystegium compactum (C Mull.) Aust. Rare. On rock surfaces aoe stream 
banks. With Mnium orthorhynchum and a Hepaticae. Elevation 1400 fee 
COUNTIES: McKean, Gates Hollow, Burnett 1712 (A); Tioga, me Valley 4099. 
Published, not seen: Credited to Pennsylvania by L. Cheney (Bot. Gaz. 24:265). 

Amblystegium Juratzkanum Schimp. Not common. 

SUBSTRATE: Soil, stones and rotting wood. 
HABITAT: Old Giehard pasture on spring box, overgrown land and culverts. Eleva- 
tion 300 to 1450 feet. 
REPRODUCTION: Capsules open and shedding spores in April. (6 specimens.) 
COUNTIES: Adams, Berks; Chester, Montgomery, Northampton, Warren 
ties). Published, not seen: Delaware, Broomall, Fogg 5/19/23 TM; Philadelphia, 
Chamoneoux, Tees 13 39, TM. 

Amblystegium serpens (Hedw.) Bry. Eur. Commonest species in the state. Wide- 
spread. 

Se ereaes Moist substrates of all kinds. Soil, bark, stones and rotting logs. 

HABITAT: Deciduous forests, Stream banks, ravines, wet roadside woods, pond 
shores and bases of trees. Elevation 100 to 1300 feet. 
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REPRODUCTION: sera capsules in March, open and shedding spores in late 
April. (21 specimens, 10 fruiting.) 

COUNTIES: Adams, Berks, Badu Bucks, Chester, Cumberland, Delaware, Lan- 

caster, Lehigh, re Northampton, Philadelphia, York. (13 counties). Published, 

een: Cambria, Lloydsville, J. 

aii laa varium (Hedw.) Lindb. Fairly common. Confined to the ‘“cool” 

ene Rocks, rotting wood and hum 

HABITAT: Principally eastern hemlock a Exposed tree roots, shaded road- 
sides, ravines, shores of ponds and spring boxes. Elevation 100 to 1700 fee 
REPRODUCTION: Capsules open and shedding spores in late April and ealy May. 
(17 specimens, 7 fruitin 
Type locality: Lancaster, Pennsylvania 
COUNTIES: Adams, Berks, Chester, Delaware, Lehigh, McKean, Monroe, spe heent 
ton, Philadelphia, Sullivan, Tioga. (11 counties). Published, not seen: Bucks, & Rau PC; 
Huntingdon, Spruce Creek, Porter PC; Lancaster, Muhlenberg TM and Lanbacten 
Tees 639 TM; Lebanon, Porter PC; Gehiek: Rau PC; Somerset, Ursina J; York, 
Porter PC. 

Amblystegium varium (Hedw.) Lindb., var. ovatum Grout. Slender, julaceous or 
nearly so; stem leaves smaller, 1.2-1.5 mm. long, concave, round-ovate, abruptly and 
narrowly short acuminate. 

COUNTIES: Philadelphia, Holmsburg 5903. 

3. HyGROAMBLYSTEGIUM Loeske. 

A. Costa excurrent . 2... 2. 1 ee ee ee ew noterophilum. 

A. Costa not excurrent 
B. Stem leaves ae Gordatie: owas ie oilone: ipncastaie apex pater lienke 

all forms aquatic 
B. Stem leaves narrower in sgntiine: usualy acute eo a more "slender 

acumen; growing in water or wet plac . irriguum. 

C. Stem leaves oblong-ovate to broadly cae: reunites, 1-2 mm. in ee, 
gradually and evenly narrowed toa rather blunt apex . . . . . fluviatile. 

C. Stem leaves ovate to cordate-ovate, vers less than 1.2 mm. anes ore 
abruptly narrowed to a distinct acumination ae. . orthocladon. 

Hygroamblystegium fluviatile (Hedw.) Loeske. sie common. Widespread. 

SUBSTRATE: On stones and soil in and along stream 
HABITAT: All forest eae Streams and stream comer in dark cool ravines and 
hollows. Elevation 100 to eet 
ASSOCIATES: oe saisen orm 
REPRODUCTION: Capsules open aod shedding spores in May. (15 specimens, 5 
fruiting.) 
COUNTIES: Berks, Chester, Clinton, Lycoming, McKean, Monroe, Philadelphia, 
Schuylkill. (8 counties). Published, not seen: Pike, outlet of East Branch Pond, 
Rau PC. 

Hygroamblystegium fluviatile (Hedw.) Loeske, var. ovatum Grout. 

Type locality: Near West Chester, Chester county, Pennsylvania, F. Windle 5/15/04. 
Grout (1931) 3:74 

Hygroamblystegium irriguum (Wils.) Loeske. Rare. 

dp 
REPRODUCTION: Capsules mature a spores present in May. (7 specimens.) 
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COUNTIES: Adams, Knoxlyn 5845; Berks, Wernersville, Williams 5/9/08; Delaware, 

Williamson School, Lowe 6/3/99; Franklin, Orrstown 6007; Lehigh, Allentown, Pretz 

13613 (A); Northampton, Bethlehem, Rau (A); Philadelphia, Wissahickon, Kaiser 

5/16/10 and Shawmont, Krout 6/14/99. (7 counties). Published, not seen: Bedford, 

Hyndman J; Bucks, Point Pleasant, York 5/32, TM and Lumberville, Long 582, TM; 

Cambria, Cresson and Johnstown, James PC; Huntingdon, Porter PC; Lancaster, 

Muhlenberg, TM; Monroe, Water Gap, Wood, i 

pol ec a noterophilum (Sull.) Warnst. Rare. In streams and springs 

containing li 

Type en ae County, Pennsylvania. 
COUNTIES: Franklin, Mercersburg, Porter (A); Lancaster, Lititz Spring, Porter 5/65 
(A) and Musci Appal. Austin 385, Porter (A); Northampton, Monocacy, Rau 4/72 

(A). (3 counties.) 

Hygroamblystegium orthocladon (Beauv.) Grout. Common. Widespread. 

SUBSTRATE: Rocks and sandy soil. pH 6 to 7. 
HABITAT: Hardwood forests. Wet cliffs, streams and old dam breast. (18 speci- 

mens.) 
COUNTIES: Berks, Bucks, Cambria, Chester, Delaware, Lancaster, McKean, Mont- 

gomery, Northampton, Philadelphia, York. (11 counties.) 

4, ScIAROMIUM Mitt. 

Sciaromium Lescurii (Sull.) Broth. Rare. On wet rocks. 

COUNTIES: Lancaster, Safe Harbor, Porter 7/57 (A); Lehigh (A); Northampton, 

Bushkill Gap, Porter 11/16/68 (A); York, Opposite Marietta, Porter 7/11/57 (A). 

(4 counties). Published, not seen: Carbon, Rau PC; Delaware, Springfield, Krout 9/08; 
Luzerne, Rau PC; Philadelphia, Wissahickon, James PC. 

5. CRATONEURON (Sull.) Roth. 

Cratoneuron ee (Hedw.) Roth. Rare. Streams and wet areas, preferably 

where limestone is presen 

COUNTIES: Bucks eae Rau 7/74 (A); Huntingdon, Spruce Creek, Potter 
(A) ; Lancaster, Tiler vile Swamp, Porter 2/57 (A). (3 counties). Published, not seen 
Northampton, Monocacy, Rau PC. 

6. CampyLium (Sull.) Mitt. 

AS Heavies: strongly Squarrose:).. % suee ta Sth ee Oe os AS cae a vg BE 

A. Leaves not noticeably squarrose ee ee nee ase oc Dy 
B. Leaves strongly costate . . . . Chrysophyllum, 

B. Leaves without costa or with costal short and double C: 

C. Plants very slender; alar cells not conspicuously enlarged or fees spam. 

C. Plants stouter; alar cells conspicuously enlarged and inflated . stellatum. 
D. Stem leaves cordate-ovate, abruptly slenderly peer diaicatis ; a ae 
D. Stem leaves broadly mene eee narrowed to a very slender 

acumination; monoicous . 2. . . polygamum., 

Campylium chrysophyllum (Brid.) Bryhn. Common. Widespread. 

SUBSTRATE: Soil, logs and humus on rock s 
HABITAT: All forest types and old fields. Shaded paths, stream banks, wet cliffs and 
lake shores. Elevation 100 to 2000 feet. 
ASSOCIATES: Eurhynchium serrulatum 
REPRODUCTION: Capsules open ane shedding spores in May. (17 specimens, 3 
fruiting.) 
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COUNTIES: Adams, Bucks, Chester, Columbia, Lancaster, McKean, Monroe, North- 
ampton, Philadelphia, Sucaumiauns: Tioga, York. (12 counties). Published, not seen: 
Carbon PC; Delaware, Brinton’s Bridge, Kaiser 4/22/22 TM and Lima Tees 678 TM; 
Lehigh PC; Montgomery, Zieglersville, Tees 526 TM; Pike, PC 

Campylium hispidulum (Brid.) Mitt. Fairly common. Widespread. 

SUBSTRATE: Soil, old logs and stone walls. pH 5 to 7. 
HABITAT: Hardwood forests. Stream banks, road han wall of bridge, bases of 
trees and wooded slopes 
REPRODUCTION: Capsules mature in May. (12 specimens, 5 fruiting.) 
Type locality: Lancaster, Pennsylvania. 
COUNTIES: Bucks, Center, Chester, Delaware, Northampton, Philadelphia, York. 
(7 counties). Published, not seen: Cambria, James PC; Center, Scotia J; Lancaster, 
Porter and Small PC and Muhlenberg TM; Lehigh, Rau PC; McKean, Burnett PC; 
Monroe, Pocono, James PC; Montgomery, Pottstown, Kaiser 3/22/11 SMS. 

Campylium hispidulum (Brid.) Mitt., var. Sommerfeltii (Myrin) Lindb. 

COUNTIES: Bucks, Narrowsville, James 7/71 (A). 

Campylium polygamum (Bry. Eur.) Bryhn. Rare. 

SUBSTRATE: Humus on wet rocks. 
HABITAT: Beech-maple woods on lake shore. Elevation 100 to 2000 fee 
COUNTIES: Cambria, Allegheny Mountains, James 6/58 (A); Pidadoeei Wissa- 
hickon, James 7/52 and 8/64 (A); Susquehanna, Gelatt 3871. 

Campylium radicale (Beauv.) Grout. Rare. 

COUNTIES: Lehigh, Black River, Rau (A); Northampton, Bethlehem, Rau 6/22/73 
(A) ; Philadelphia, James 6/89 (A) and Wissahickon 6/1/59 (A). Published, not seen: 
Lancaster, Conewago, Small PC; McKean, Bradford, Burnett J; Pike, Rau PC. 

Campylium stellatum (Hedw.) Lange & C. Jens. Rare. 

COUNTIES: Lancaster, Dillerville, Porter 6/66 (A); Lehigh, Rau (A); Northamp- 
ton, Bingens, Rau 5/74 (A). Published, not seen: Chester, “Flora Cestrica” PC; Dela- 
ware, Glenolden, Krout 4/03 TM; McKean, Burnett PC 

7. Hycrouypnum Lindb. 

A. Alar cells large and conspicuous, clear, hyaline or colored, forming distinct 
decurrent auricles; outer layer of stem cells much enlarged . 

A. Alar cells ee walled, 83 distinctly inflated, granulose to saeeaaeil often 
colored ; er layer ors m cells not enlarge palustre. 
B. Alar oh see — can walled; costa usually ee he middle of 

the leaf; dioi lia 
B. Alar cells se a ee and (hike: walled axeapt the outer row or tw 

which are usually thin-walled and often eh costa double, short a 
faint; monoicous. : eugyrium. 

Hygrohypnum eugyrium (Bry. Eur.) Loeske. Rare. “Cool” mountainous area. 

SUBSTRATE: Rocks in stream 
HABITAT: Hemlock forest. Sivearas and spring outlets 
COUNTIES: Carbon, Onoko Glen, Wolle 6/74; ‘Tuntineden, Porter (A); McKean, 
Be Brook, Burnett 7/97; Monroe, Delaware Water Gap, M. R. 7/60; Snyder, 
Troxelville 5481. Published, not seen: Luzerne, Rau PC. 

Hygrohypnum ochraceum (Turn.) Loeske. Rare. 

COUNTIES: Lehigh, Rau (A); Monroe, Pocono aa James 11/68 (A). Published, 
not seen: Cambria, Cresson, Tames PC; Carbon, Mauch Chunk, aii es PC; McKean 
Burnett PC; Northampton, Bethlehem, Rau PC; Pike, Rau PC 
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Hygrohypnum palustre (Hedw.) Loeske. Very rare. 

COUNTIES: Huntingdon, Porter (A). Published, not seen: Carbon, Rau PC; 
McKean, Burnett PC. 

8. CALLIERGON (Sull.) Kindb. 

A. Costa extending to the middle or a little above B. 

A. Costa subpercurrent C 
B. Slender, mellem Poreen fe ah color’ slew Ieeues Seely suberect eal 

imbmented when dry, oblong to ovate- ob) ong amineum. 
B. More robust, brighter green; stem leaves spree. te See eh 

broadly corinte: ovate to suborbicular . . . Richardsoni. 

C. Slender, simple or sparingly branched; alar cells seheaie sered . cordifolium. 

C. Robust, profusely branched; alar cells abruptly enlarged . . . . . = giganteum. 

Calliergon cordifolium (Hedw.) Kindb. Rare. Swamps, northern part of the state. 

COUNTIES: Lehigh, Rau (A) ; Monroe, Pocono Mountain, Porter 6/67 (A) ; McKean, 
Fosters Branch, Burnett 735 (A). Published, not seen: Bucks, Rau PC and Penn 

Valley, Krout 5/10/99 TM; Cambria, Lloydsville, J; Delaware, Smith TM; Lancaster, 

Dillerville, Small 7/25/94, Northampton, Rau PC; Pike, Wynne (1945). 

Calliergon giganteum (Schimp.) Kindb. Very rare. Swamps. 

COUNTIES: Lancaster, Dillerville, Porter (A). 

Calliergon Richardsoni (Mitt.) Kindb. Rare 

Published, not seen: Lancaster, Dillerville Swamp, 7/25/94, Wynne (1945). 

Calliergon stramineum (Brid.) Kindb. Very rare. Swamps. 

COUNTIES: Monroe, Tunkhannock, Porter 7/21/60 (A). 

9. CALLIERGONELLA Loeske 

A. Alar ote aes inflated, thin-walled and ad hyaline, forming Sa 

rent us pidata. 

A. Alar os pee ead pan not be ire nor ate ie : Se 

Calliergonella es (Brid.) Loeske. am 

SUBSTRATE: Swam 
COUNTIES: es Dillerville, Pee: a Northampton, Bingen Swamps, Rau 
6/74 (A). Published, not seen: Lenin: Rau PC; McKean, East Branch, Teina Swamp, 
Burnett J; Snyder, between Shamokin Dam and Richfield J. 

Calliergonella Schreberi (Bry. Eur.) Grout. Fairly common. “Cool” mountainous 
area, chie 

SUBSTRATE: Soil and decaying logs. 
HABITAT: Principally in eastern hemlock ends Swamps, shaded slopes, road 

banks and ditches. Elevation 100 to 2100 fee 
ASSOCIATES: Mnium affine, Lee ‘glaueum, Pohlia nutans. Several times 
oes ee under Lycopodium spp. (21 specimens 
COUNTIES: Bedford, Berks, Bucks, Dauphin, Lancaster, Lebanon, Lehigh, Luzerne, 
ss! Philadelphia, Potter, cuivant Warren, Wayne. (14 counties). Pub- 
lished, not seen: Cameron, Hunt’s Run, Burnett J; Carbon, Rau PC; Chester, James 
PC; Delaware, James PC; Elk, McMinn PC; Huntingdon, Porter PC; McKean, 
Burtiett PC; Monroe, Britton PC and Barett Township, Moldenke 3362; Pike, Garber 
PC; Potter, Eulalie hen. Moldenke 16213; Somerset, Allesheny Mountains, 
Patterson J. 
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10. Drepanociapus (C. Mull.) Roth. 

A. Leaves entire; alar cells usually greatly enlarged and inflated B. 

A. Leaves, some or all plainly dentate . C 

B. Costa stout; enlarged auricular cells no (eaching the east, their call walls 

ee spr hit thickened and colored when old . Sendtneri. 

Costa more slender, enlarged and inflated auricular calls otter reaching 

the costa, not thickened, rarely much colored ; aduncus. 

C. Leaves strongly plicate even when moist . . Loe ee ee ew. UNCINatUS. 

C. Leaves not plicate, alar cells more or less inflated foe ee ee ew flttitans. 

Drepanocladus aduncus (Hedw.) Warnst. Rare. 

COUNTIES: Franklin, Mercersburg, Porter 1852 (A); Northampton, Bethlehem, 

Rau (A); York, opposite Marietta, Porter (A). Published, not seen: Bucks, Nocka- 
mixon, Kaiser SMS; Lancaster, Porter PC. 

Drepanocladus aduncus (Hedw.) Warnst., var. Kneiffi (Bry. Eur.) Warnst. 

OUNTIES: Monroe, Delaware Water Gap, Austin 10/71 (A). Published, not seen: 
Carbon, Wolle PC; Lancaster, Conewago, Small PC; Luzerne, Rau PC. 

Drepanocladus fluitans (Hedw.) Warnst. Rare. Usually in flowing water. 

COUNTIES: Chester, Williston Township, Windle 4/22/08; Delaware, Tinicum Island, 
Krout 7/3/09; Lancaster, Smithville Swamp, Small 10/31/91 (A); Lehigh, Rau (A); 
Luzerne, Hazelton, Wolle 7/75; Monroe, Tobyhanna, James 11/68 (A); Delaware 

Water Gap, Austin 10/71 (A) and Porter 1868 (A). (6 counties). Published, not seen: 
Carbon, Rau PC; Center, Bear Meadow, Porter PC; McKean, West Branch, Burnett 
J; Pike, Rau PC 

Drepanocladus Sendtneri (Schimp.) Warnst., var. Wilsoni (Schimp.) Monkem. 
Very rare 

COUNTIES: Monroe, Pocono Mountain, Porter (A). 

Drepanoclaudus uncinatus (Hedw.) Warnst. Not common. 

SUBSTRATE: ee logs above water level, but in moist situations. 
HABITAT: Swamps and wet wooded hillside. Elevation 100 to 2000 feet. 
COUNTIES: McKean , Corydon 4446 and Rew 5996; Monroe, Mount Pocono, Kaiser 
7/9/10; Philadelphia, ianawnink: James 6/51 (A); ale ae Swamp, Rau 8/73 
(A). (4 counties). Published, not seen: Cambria, Jam ; Chester, Michener PC; 
Delaware, Smith PC; Einiticedon: Porter PC; een ae Porter PC; North- 
ampton, Bethlehem, Bau PC. 

VI. BRACHYTHECIACEAE 

A. Leaf conspicuously papillose beneath by projecting cell-angles . . . 1. Bryhnia. 

A. Leaf not conspicuously papillose beneat eG B. 
B. Leaf large, concave, spoon-shaped, aeaniky astantnite e 4 “3, Cinrighyitum. 
B. Leaf seldom plicate or, if so, more gradually acuminate . . C. 

C. Apical cells of uae leaves often shorter and a than is — costa 
often ending in a spine beneath; operculum long-rostrate 2. Eurhynchium. 

C, Apical cells of ae leaves not noticeably neat costa not es ina 
spine beneath; operculum conic to conic-rostrate 
D. Gam metophyte small: calyptra hairy; inner nerlekonie adherent is ou 

seta rough 6. es 
Gametopbyis fancy salvotea ements inner eee separate from 
outer; seta smooth or rou : 4 ae 

u 
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E. Erect symmetric and cylindrical capsules, lacking cilia in the peristome 
4. Chamberlainia. 

E. More or less cernuous and unsymmetric capsules; cilia well developed 
5. Brachythecium. 

1. Bryunia Kaurin, 

A. Branch-leaf broad, shortly acuminate; apex twisted . . . novae-angliae. 

A. Branch-leaf ovate-lanceolate, more slenderly acuminate; apex not twisted 
graminicolor. 

Bryhnia graminicolor (Brid.) Grout. a common. Widespread. 

SUBSTRATE: Rocks, soil and rotting w 

HABITAT: All forest lat Steep E cded Oe and shaded ravines. Elevation 100 

to 1400 feet. (13 specim 

Type locality: Bee eats Muhlen ber 

COUNTIES: Berks, Bucks, Huntingdon, ‘Tamcaster Se eee Philadelphia, Tioga, 

York. (8 counties). Published, not seen: Delaware, Smith TM; Franklin, Mercersburg, 

Porter PC; Lehigh, Rau PC; McKean, Bradford, Burien PC; Pike PC. 

Bryhnia novae-angliae (Sull. & oh Grout. Fairly common. Widespread. 

SUBSTRATE: Soil and decaying 

HABITAT: Hardwood forests. Moist oodinds stream banks, log in spring, swampy 

area and on serpentine barrens. (13 specimens. 

COUNTIES: Berks, Chester, Delaware, Lancaster, Lehigh, Monroe, Northampton, 

Philadelphia, Sullivan. (9 counties). Published records not seen: McKean, Burnett 

PC; Montgomery, Pottstown, Kaiser 3/22/11 SMS; Pike, Rau PC; York, Porter PC. 

2. EuURHYNCHIUM Bry. Eur. 

A. Apical cells of branch leaves oblong-rhomboidal to circular . x Be 

A. Apical cells of branch leaves not materially different from the tee cl 
errulatum. 

B. Seta rough . hians 

B. Seta smooth a 2 : 

C. Aquatic, on stones in streams . 5 ow h 4! Se Ue ah eas Seuesetioxnnie. 

C. Terrestrial, usually growing on soil Se ee) ah Gp Se ostrzcosune. 

(Eurhynchium diversifolium (Schleich.) Bry. Eur. Excluded species. Range is western 

orth America. Published record: Northampton, Bethlehem, Rau PC.) 

Eurhynchium hians (Hedw.) Jaeger & Sauerb. Fairly common. Widespread. 

SUBSTRATE: 
HABITAT: All forest types. Moist areas in woods, shores of ponds and streams. 

ASSOCIATES: Climacium dendroides. (7 specimens.) 

ee locality: Lancaster, Pennsylvania. 

COUNTIES: Bradford, Bucks, Lebanon, Monroe, Philadelphia, York. (6 counties). 

een not seen: Cambria, Cresson, Porter PC; Chester, Coventry, James PC; 

Delaware, Smith, PC; Elk, Bennett’s Branch, McMinn PC; Franklin, see 

Porter PC; Lancaster, Porter PC and Muhlenberg TM; Lehigh, Rau PC; McKea 

Burnett P PC. 

Eurhynchium rusciforme (Neck.) Milde. Fairly common. Widespread. 

SUBSTRATE: Wet rocks and soil. 

HABITAT: Eastern hemlock oe Stream banks, wet cliffs and swamps. Eleva- 

tion 150 to 1400 feet. (17 specimens.) 

COUNTIES: Bradford, Bucks, ree Clinton, Lehigh, McKean, Monroe, Montgomery, 
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Philadelphia, Tioga, York. (11 counties). Published, not seen: Cambria, seeker 

James PC; Chester, Coventry, James PC; Lancaster, Chickies, Porter and Mou 

Hope, Small PC; Northampton, Bethlehem, Rau PC. 

Eurhynchium serrulatum (Hedw.) Kindb. Common. Widespread. 

SUBSTRATE: Soil, rotting wood and h 

HABITAT: All forest types and old fields. "Wooded hillsides, stream oe roadside 

ditches and banks, overgrown lanes fe ravines. Elevation 10 to 2000 fee 

ASSOCIATES: Dicranum spp., 

REPRODUCTION: Capsules et in ene and October. (54 specimens, 16 

fruiting.) 

COUNTIES: Adams, Berks, Bradford, Bucks, Center, Chester, Clinton, Delaware, 

Lancaster, McKean, Monroe, Montgomery, Northampton, Philadelphia, Potter, Schuyl- 

kill, Sullivan, York. (18 counties). Published, not seen: Cambria, Cresson, James 

PC; Lehigh, Rau PC; Pike, Rau PC 

Eurhynchium strigosum (Hoffm.) Bry. Eur., var. praecox (Hedw.) Husnot. Rare. 

In road cut on north facing bank, pH7. York county, Tildens 6019. Published, not 

seen: Lancaster, Muhlenberg PC 

can aeebal amie (Hoffm.) Bry. Eur., var. reobustum Roll. Common. “Cool” 

mountainous a 

SUBSTRATE: a decaying wood, humus and rock surfaces covered with litter. 

HABITAT: Eastern hemlock formation. al banks, hillsides, bases of trees, ravines 

and stone walls. Elevation 100 to 1400 fee 

REPRODUCTION: Capsules mature seat closed in September and October. (20 

specimens. ) 

COUNTIES: Berks, Bucks, Clinton, Delaware, Huntingdon, Lehigh, McKean, Mon 

roe, Northampton, Philadelphia, Potter, Tioga, York. (13 counties). Published, not 

seen: Chester, Coventry, James PC; Elk, McMinn PC; Lancaster, Muhlenberg TM. 

3. CiIRRIPHYLLUM Grout. 

A. Leaf with a long, filiform acumination . . . . . . . . . . . « piliferum 

A, Leaf shotily acuminate’. * ss ua ao a ae OA ee ew eo Been, 

Cirriphyllum Boscii (Schwaegr.) Grout. Common. Widespread. 

SUBSTRATE: Soil and rock surfaces. (Sometimes limestone.) 

HABITAT: Deciduous forests. Stream and pond shores, old fields, ey and ser- 

pentine barrens. Elevation 150 to 1300 feet. 

ASSOCIATES: Mnium affine, Hypnum spp., and species of Cladonia. (43 a ane 

COUNTIES: Adams, Bedford, Berks, Bradford, Bucks, Chester, Columbia, Delaware, 

Franklin, Lancaster, Lehigh, Montgomery, Northampton, Philadelphia, "Vork. (15 

counties). Published, not seen: Cambria, Porter PC; Huntingdon, Pennsylvania Fur- 

nace, J; Monroe, Mount Pocono, Britton 

Cirriphyllum piliferum (Hedw.) Grout. Rare. 

SUBSTRATE: Soil. 
COUNTIES: McKean, Langmade, Burnett 2869; Monroe, Delaware Water Gap, James 

11/68 (A); Philadelphia, Wissahickon, James 2/52 (A). Published, not seen: Delaware, 

Smith TM; Elk, Benezette PC. 

4. CHAMBERLAINIA Grout. 

A. Plants as robust as Brachythecium oxycladon, and resembling it when sterile 
acuminata. 

A. Plants more slender . . . 1. 1 ee ee ee ee eee Crytophylla. 
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Chamberlainia even (Schwaegr.) Grout. Not common. Soil and rotting wood 

in shaded areas. (9 specimens.) 

Type locality: Lancaster, Paes 

COUNTIES: Center, Chester, McKean, Northampton, Philadelphia, York. (6 co 

ties). Published, not seen: Bucks, Kintnersville, bra 6/31/31 TM; mieada. 

Phillipsburg, James PC; Franklin, Mercersburg, Porter PC; Lancaster, Conewago, 

mall PC and Munhienbere TM; Lehigh, Center one "Tees 555 TM; Montgomery, 

Kulpsville, Tees 250 TM 

Chamberlainia crytophylla (Kindb.) Grout. Rare. 

COUNTIES: McKean, Riverside Park, Burnett 2774 (A). 

5. BrRACHYTHECIUM Bry. Eur. 

A. Costa percurrent or nearly » vs be Balhh My Gute ed alipe bulewum: 

A. Sa eke 14-% the me of the leaf : 

eta ad C. 

é Seta ome Bh ee Econ waloiy » Se de cn oa ye ee gee Aa. jG 

C. Capsules suberect, 3-4:1 ; oxycladon. 

C. Capsules strongly inclined and i ercimctets -3:1 

D. Leaves not ak or striate; stem ce gradually + namoned ior ieee 

O apex ; f acutum., 

D. Leaves nlfeate or Eriate : E 

E. Stem leaves lanceolate, 0.6 mm. peed at fice eraduall ad Soe paneuia 

to a slender acumination . flexicaule. 

E. Stem leaves ovate, es least 1 mm. re at tee: more ata ete ea to 

a slender acumin 

Stem leaves ae Ieneealaie.” 2- 2, 5 by 0.8-1. 1 mm., “median Tent cells 10: 1 
salebrosum. 

F. Stem leaves triangular-ovate, 1.2-0.8 mm., median cells 4-6:1 . . digastrum. 

G. Leaves plicate, long-acuminate, branch leaves strongly serrate . . . . campestre. 

G. Leaves not plicate, shorter-acuminate, branch leaves entire or serrate flagellare. 

H. Secondary stems often dendroid, stem leaves ovate and very sae pointed 

with enlarged and inflated alar cells : vivulare. 

H. Not dendroid; stem leaves slenderly denninate Ee ea tok f I. 

I. Slender, leaves somewhat secund, stem leaves lanceolate . . . . . velutinum. 

I. Robust, leaves not secund, stem leaves ovate to triangular-ov. 

J. Complanate-foliate; leaves cordate-triangular fe ee Fal idly 

decurrent; cilia of inner peristome appendiculat . Starkei. 

ot eT leaves ovate and less sronely decurrent i Hot ee 

pendicu ; P : utabulum. 

Brachythecium acutum —e Sull. Rare. No specimens seen. Northern species. 

Published, not seen: Lehigh, Rau PC; McKean, Burnett PC; oe, Water Gap, 

Austin PC; Montgomery, a Kaiser 11/18/16 SMS; arian Rau PC. 

Brachythecium campestre Bry. Eur. Rare. Northern species. 

COUNTIES: Bucks, Morrisville, James 9/50 (A); Elk, Benezette, James 11/68 (A). 

Published, not seen: McKean, Bennett Brook and Quintuple, Burnett J; Monroe, 

Tobyhanna, Rau PC; Northampton, Bethlehem, Rau PC. 

Brachythecium digastrum C. Mull. & Kindb. Very rare. Rocks on creek bank. 

Capsules open and closed in April. Sat 400 feet. pH6. 

COUNTIES: Adams, Hampton 599 



204 FarLowla, VoL. 4, 1952 

Brachythecium flagellare (Hedw.) Jennings. Common. Widespread. 

SUBSTRATE: Rocks and soil along streams, Semi-aquatic. pH7. 

HABITAT: Alluvial woods. Stream banks, pastures se moist wooded slopes. Eleva- 

tion 100 to 1600 feet. (20 specimens.) 

COUNTIES: Berks, Bucks, Center, Chester, Delaware, Lehigh, McKean, Monroe, 

Northampton, Philadelphia, Pike, Sullivan, Susquehanna. (13 counties). Published, 

not seen: Bedford, Hyndman J; eae Rock Hill and Tucquan, Small PC; Mont- 

gomery, Fraser’s Bog, Wismer 1/29/33 

Brachythecium flexicaule Ren. & Card. Rare. Northern sain On rotten stump 

at 1900 feet in hardwood forest. pH5. Capsule closed in Septem 

COUNTIES: McKean, Rew 5984. Published, not seen: . Muhlenberg PC; 

McKean, Burnett PC. 

Brachythecium oxycladon (Brid.) Jaeger & Sauerb, Common. Widespread. 

SUBSTRATE: Soil and humus covered rocks. 
HABITAT: All forest types. Dry rocks, grassy road banks, stream banks and serpen- 
tine barrens. 
REPRODUCTION: Capsules mature and closed in October and November. (12 speci- 
mens, 4 fruiting.) 
Type locality: —" Pennsylvania (Ludwig 
COUNTIES: Bucks, Franklin, Lancaster, McKean, Monroe, Montgomery, Northamp- 
ton, Philadelphia, Schuylkill, York. (10 counties). Published, not seen: Berks, Werners- 
ville, Tees 270 TM; Delaware, Smith TM. 

Brachythecium populeum (Hedw.) Bry. Eur., var. ovatum, Grout. Rare. On 

stone walls and boulders in woodlands 

ASSOCIATES: Bryum argen 
COUNTIES: Berks, inal ail 5990; Philadelphia, Wissahickon, Githens 494 (A) 
and Holmesburg, Tames 4/60 (A); York, Wrightsville, James 8/24/61. (3 counties.) 
Published, not seen: Delaware, Smith TM. 

Brachythecium rivulare Bry. Eur. Fairly common. Widespread. 

SUBSTRATE: Silt, rocks and rotting wood in stream beds or along the shore. 
H 
HABITAT: Alluvial acre seeps Ravines, wet cliffs, stream banks, falls and dam 
breast. Elevation 100 to 1448 fee 
ASSOCIATES: Atrichum ae and Thuidium delicatulum. 
REPRODUCTION: Capsules mature in November. (18 specimens, 2 fruiting.) 
COUNTIES: Adams, Bucks, Delaware, Lehigh. Luzerne, McKean, Monroe, Nort 
ampton, Philadelphia, Susquehanna, Wyoming, York. (12 counties). Published, not 
seen: Cambria, Cresson, James PC; Chester, Downingtown, Tees 149 & 159 TM 
Lancaster, Mount Hope, Small PC; ‘Monteomery, Arcola, Tees 517 TM. 

y 

rachythecium rutabulum (Hedw.) Bry. Eur. Common. Northern species reaching 
its southern limits in Pennsylvania and New Jersey. 

oo amen Soil and stones in moist places. Less frequent on roots and rotting 

HABITAT: More frequent in the eastern hemlock formation, but occurs in oak- 
hickory woods. 150 to 2 feet. 
REPRODUCTION: Capsules cari and closed in October. Open in November and 
December. (23 specimens, 14 fru 
COUNTIES: Berks, Bradford, em ev Lehigh, Monroe, Montgomery, Nort 
ampton, Philadelphia, Susquehanna, Warren, York. (12 counties), Published, 
seen: Bucks, James PC; Delaware, James bc: Franklin, Mercersburg, Porter PC 
Lancaster, Porter PC and Bartsville, Jackson 2/16 SMS; Philadelphia, Rau PC. 
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Brachythecium salebrosum (Web. & Mohr.) Bry. Eur. Fairly common. Widespread. 

SUBSTRATE: Soil and rotting wood. 

HABITAT: All forest types. seer pa wooded slopes, top of decaying stumps 

and logs, lawns. Elevation 100 to 1700 fee 

ASSOCIATES: Mnium punctatum, ee attenuat 

pee eae Capsules closed and mature in aes and October. (12 

eee 4 fruiti 

COUNTIES: ee Chester, Lehigh, McKean, Monroe, easier uy Potter, ‘Tioga, 

Venane, (9 counties). Published, not seen: Bucks, Brownsburg, Tees 353 TM; Clin- 

, Renovo J; Delaware, Smith TM; Elk, McMinn PC; Leet Porter PC and 

aes TM; Northampton, Bethlehem, Rau PC; Work Porter PC. 

Brachythecium Starkei (Brid.) Bry. Eur. Not common. “Cool” mountainous area. 

SUBSTRATE: Soil. 

ane Eastern hemlock formation. Swamps and wet road banks. Elevation 1500 

to 1700 f 

Ae Rhodobryum rose 

REPRODUCTION: Capsules je oud mature in September 

COUNTIES: Elk, Benezette, McMinn 11/68 (A); Monroe, Tobyhanna, James 10/69 

(A); Potter, Sweden Valley 4276; Warren, Sugar Grove 6004. (4 counties.) Pub- 

lished, not seen: Carbon, Rau PC; McKean, Burnett PC; Pike, Rau PC. 

Brachythecium velutinum (Hedw.) Bry. Eur. Rare. Northern species. 

COUNTIES: Susquehanna, St. Joseph 3917 & 3918; York, Porter (A). Published, not 

seen: ey ee Small PC; McKean, Burnett PC; Philadelphia, Wissahickon, Krout 

9/7/10 

6. HoMALOTHECIELLA Card. 

Homalotheciella subcapillata ve Card. Rare. Widespread. 

SUBSTRATE: Tree trunks and rock su 

COUNTIES: Delaware, Llewellyn, ee 8/ 5/06; Lancaster, Cedar Hill, Porter 

12/10/61 (A); Montgomery, Pottstown, Kaiser 3/22/11; Northampton, Hellertown, 

Wolle 11/73 and Easton, Porter 11/67 (A); Philadelphia, Bartram’s Gardens, James 

10/50 (A) and near Schuylkill, James 12/55 (A). (5 counties). Published, not seen: 

Chester, Warwick Furnace, James PC; Elk, McMinn PC. 

VII. PLAGIOTHECIACEAE 

PracIoTHECIUM Bry. Eur. 

A. Mostly very slender plants, light yellowish green to whitish, glossy; leaves 

little or not at all decurrent; median leaf a narrowly ea alar little or 

not at all differentiated ; ee not plica B. 

A. Usually larger, darker ; leaves eae eat Fails. Bidey: abe leary 

differentiated; capsules mee plicate . : : g e. wh gd H. 

B. Leaves complanate ee: Ee Cc. 

B. Leaves not cGmplenate: eyeine cee be Heke tin, 

C. Leaves entire, scarcely a trace of serration on any # leat ee cells of stem 

very large; plants of cold ravines, growing mostly in moist crevices of ledges 
Mullerianum. 

C. Leaves more or less serrate eA fer hk vale hak oe dR . 

D. Leaves strongly serrate in the upper halt RE lst eda he a ME 

D. Leaves serrulate at or near apex only pens Ge 

E. Plants very slender, une growing on decayed haa or + humus, SS 

n soil : ; turfaceum. 

E. Plants nee growing on ‘ean Aa stones . 
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F. Plants dark green, leaves distant, apex usually bluntish geophilum. 

F. Plants lighter green, usually yellowish and glossy, saves: oer not blunt 
deplanatum. 

G. Plants light yellowish-green, costa very faint or none; growing chiefly in the 
lowlands from Long Island southward . micans, 

G. Plants not yellowish, often dark green; costa ae oe oe aaa 

of leaf; growing in cool ravines and on mountains . elegans. 

H. Leaves not complanate, squarrose-spreading ; eatesiile steonily “abiate 
striatellum. 

H. Leaves complanate . I 

I. Leaves oe acuminate; | capa erect oun snanihes: ties with 
laetum. 

I. Leaves acute to saiaaatia) acuminate; ‘eas: more or ae seclved ~ un- 
symmetric; peristome perfect. . . . . . . . . eee ee , 

Not complanate or only be SO oe a Ae ee aan. 
jy. Conspicuously complanate . K. 

K. Plants dingy or aca green; leaves ee ins ish doieouss oper- 
culum rostrate . . : 3 2 oko we . . sylvaticum, 

K. Plants bright green; monoicous; sacle conic... . . .  denticulatum. 

Plagiothecium ieee (Hedw.) Bry. Eur. Commonest aa Widespread. 

SUBSTRATE: On soil, humus, rotten wood and stones. pH4 t 
HABITAT: All forest fouee Wooded hillsides, road banks, ee i trees and shrubs, 

REPRODUCTION: Capsules mature and closed in May. Open and shedding spores 
from June to September. Empty capsules remain on the plants until November. (31 

COUNTIES: Adams, Berks, Bradford, Bucks, Cambria, Clinton, Delaware, Hunting- 
don, Lancaster, Lebanon, Lchieh, McKean, Monroe, Montgomery, Northampton, Pike, 
Schuylkill. Somerset Butlivan, Tioga, Warren, Wayne, York. (23 counties). Pub- 
lished, not seen: Chester, James PC; Clearfield, Potterdale J and Dubois, Moldenke 
4412; Franklin, Porter PC; Philadelphia, Wissahickon, Tees 80 TM and James PC. 

Plagiothecium panies (Sull.) Grout. Fairly common. Widespread. 

SUBSTRATE: Soil, humus and rocks. 
HABITAT: ee forests. Wooded hillsides, ravines, stream banks, rocks covered 
with humus and bases of trees. 
ASSOCIATES: Mnium cuspidatum. ° 
REPRODUCTION: Capsules present in August. (18 specimens, 2 fruiting.) 
COUNTIES: Adams, Berks, Delaware, Northampton, York. (5 a Published, 
not seen: Chester, James PC; Delaware, James PC; McKean, Burnett 

Plagiothecium elegans (Hook.) Sull. Rare. Northern species chiefly in northern 
mountainous counties. On rock surfaces. 

COUNTIES: neat ton, Wolle and tale James 11/28/67 (A); Sullivan, Lip- 
pincott (A). Published, not seen: Carbon PC; Delaware, Strath Haven, Krout 
8/20/06 TM; McKean, Burnett PC; Sera eve Wissahickon PC; Pike, Rau PC. 

Pieter Sein (Hook.) Sull., var. Schimperi (Jur. & Milde) Limpr. Rare. 

More robust than the species. Hemlock ravine at spring outlet on soil. Elevation 950 
ect. 

COUNTY: Franklin, St. Thomas 5913. 
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Plagiothecium geophilum (Aust.) Grout. Not common. Widespread. 

SUBSTRATE: Rocks and soil. 

HABITAT: Deciduous woods and meadow lined with willows 

COUNTIES: Delaware, North aay 5950; Ee ee Schuylkill, James 9/63 

(A) and Musci Bor. Amer. Ed. 2, Sull. & Lesq. 4 7 (A); Wayne, Aldenville, 3851. 

(3 counties). Published, not seen: Cambria, at Porter PC; Lancaster, Tees 640 

TM; Lehigh, Rau PC. 

Plagiothecium laetum Bry. Eur. Rare. Mountainous area. 

COUNTIES: Cambria, Allegheny Mountains, James 6158 (A) and Ebensburg, James 

11/58 (A) 

Plagiothecium micans (Sw.) Paris. Rare. More common south of Pennsylvania. 

SUBSTRATE: Soil and decaying log 

HABITAT: Woodlands. Banks of as and bases of tree 

COUNTIES: Delaware, Strath Haven, Krout 6/14/10; Lehigh, Shimersville, Schaeffer 

B53 (A); Northampton, Riverton, Schaeffer 8/11/47; Philadelphia, Morris Arboretum 

6026. (4 counties). Published, not seen: Center, Bear Meadow, Porter PC. 

Plagiothecium Muellerianum Schimp. ne aoe species. On moist soil and 

rocks in cool ravines, especially in crevices of ro 

COUNTIES: Lancaster, Martic Forge, Porter ae (A). Published, not seen: Bucks, 

ae Tees 345 TM; Carbon, Rau PC; Philadelphia, Wissahickon, James PC. 

Plagiothecium pulchellum (Hedw.) Bry. Eur., var. nitidulum (Wahlenb.) Husnot. 

are 
COUNTIES: ee Benezette, McMinn 10/68 (A). Published, not seen: Bucks, Nar- 

rowsville, James 

Plagiothecium Roeseanum (Hampe.) Bry. Eur. Not common. Soil in hemlock ra- 

vines. With Pohklia nutans. 

COUNTIES: Adams, cig 5821; Pale Wissahickon, James 10/62 (A) 

and Pennypack, James (A). Published, nee seen: Delaware, Radnor, James PC; Lan- 

caster, Marietta, Porter PC; Eee Burnett t PC; Monroe, Cresco, James PC; North- 

ampton, Bethlehem, Rau PC and Easton, Porter PC. 

Plagiothecium striatellum (Brid.) Lindb. Not common. Wet shaded places on rocks 

and soil. 

COUNTIES: Lehigh, Rau (A); McKean, Marilla Brook, me 3147 (A); M 

roe, Buck Hill ee Niering; Philadelphia, theeaeegey James 6/66 (A); Sullivan, 

Lippincott 6/12/95 (A). (5 counties). Publis hed, not seen: oli Ebensburg, 

ames PC; Carbon, Rau PC; Chester, Chester vale as PC; Delaware, Spring- 

field, Krout 10/5/08 TM; Momibe, Garber PC; Pike, Rau PC. 

Plagiothecium sylvaticum (Brid.) Bry. Eur. Not common. Northern species. On 

wet rocks, soil and humus in cool, shaded places 

COUNTIES: Berks, Blanda, Wilkens 6/24/27 (A) and Carsonia, Wilkens 3/4/27 (A); 

Delaware, Radnor, James 6/55 (A); McKean, Toad Hollow, Burnett 1329 (A) ; Phila- 

delphia, Wissahickon, James 10/56 Gn York, opposite Marietta, Porter 7/11/57 (A). 

(5 counties), Published, not seen: Bucks, Holland, Tees 113 TM; Carbon, Rau PC; 

Chester, Chester Valley, James PC; Franklin, Mercersburg, Porter PC; Lehigh, Rau 

PC; Northampton, Green PC; Bilte: Rau PC. 

na turfaceum (Lindb.) Lindb. Rare. On decaying wood and humus. A 

northern specie 
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COUNTIES: Berks, Bernharts 5841; Cambria, Allegheny Mountains, James 6/59 (A) ; 

Monroe, Tobyhanna, Tees 176 (A). (3 counties). Published, not seen: McKean, 
Burnett PC; Pike, Rau PC 

VII. HYPNACEAE 

A. Stem-leaves secund, often falcate (Heterophyllium may be found here) B. 

A. Stem-leaves not falcate, rarely sen F. 
B. Alar-cells enlarged, usually hya C. 
B. Alar-cells not enlarged, fcccatie, engl and susdvabs E. 

C. Epidermis of capsule not collenchymatous . oe eee D. 

C. Epidermis of capsule et ape ie he «& eek a A | Semato plum 
D. Operculum long-rostra Se ee, a eS 2. Brotherella. 
D. Operculum conical to ee rostrate ; . lL. Hypnum 

E. Capsule erect, symmetric; segments of the inner ee at least partially 
adherent to outer Cee teeth; cilia absent or rudimentary 7. Pylaisia., 

E. a erect or more ana asymmetric; segments free; cilia ee well 
developed ; wee ee. OL. Ay pnum. 

F. : les erect, vores eee: without cilia 8. Platygyrium. 
F. ie inclined to horizontal, usually curved; netifons witli alia : G. 

G. Alar-cells enlarged and hyaline . . bo pd ' 4. Hetase pitti 

G. Alar-cells not enlarged, often small aad ee e ee eee : 
H. Gametophyte very minute; leaves 0.8 mm. or aus in ieee 6. Amblystegiella. 
H. Gametophyte of medium aives ae about 1 mm. in length 5. Homomallium. 

1. Hypnum Hedw. 

A. Alar cells conspicuously enlarged, — and oe B. 

A. ge cells not conspicuously enlarged, oft C 
Region of enlarged alar-cells ae aren team: singin as Teataette 

atientiae. 
B. — of one alar-cells a seins ieib with remaining leaf- 

cells : 
Perr 

C. Leaf papillose a with nant projecting cell-ends . . . . .  molluscum, 
C. Leaf not papillos D. 

D. ny ete vellowish- -green; beautifully ‘alunaeeee pinnate leaf plicate. 
apex curved toward the next lower branch rista-castrensis. 

D. Gametophyte seldom Rec hei nei pinna ately or t inregularly sia d; 
leaf seldom plicate, apex curved toward the subst E. 

E. Capsule nearly erect and symmetric F. 

E. Capsule curved, a metric, inclined or noazanial G 
F. Gata siophisis levy large; capsule 3-4 mm. long ; : ons, 
F. Gametophyte relatively small; capsule less than 2 mm. i lone . . . pallescens. 

G. Quadrate alar cells very numerous 

G. — alar cells few or none a eee : 
H. Leaf usually entire, ee a fas ew tightly qian alae Galle . . cupressiforme. 
H. Leaf sence with no enlarged alar-cells s «= « a « wepide., 

I. Capsule when dry longitudinally aan : woe ee we. Curvifolium. 

I. Capsule when dry smooth or slightly enced foe ee eee ee. fertile. 

Hypnum crista-castrensis Hedw. Not common. Confined to the “cool” mountainous 
area. 

SUBSTRATE: Soil and decaying logs. 
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HABITAT: Eastern se formation. In swampy bottoms and along streams. 

Elevation 1000 to 1700 fee 
ASSOCIATES: With es spp., Hypnum spp., and Thuidium delicatulum. 

COUNTIES: Blair, Bradford, Elk, Lehigh, McKean, Monroe, Northampton, Pike, 

Potter, Tioga. (10 counties) Published, not seen: ee ee Porter PC; Car- 

bon, Rau PC; Chester, New Garden, Michener PC; Clinton, Renovo J; Delaware, 

Smith PC; Tianeister Martic Forge, Saeed PC; ee Wissahickon, James PC; 

Somerset, Allegheny Mountains, Patterso 

Hypnum cupressiforme Hedw. Not common. 

SUBSTRATE: Bark of trees. 
HABITAT: Forests. Bases of trees. 
COUNTIES: Chester, Coventry, James 12/20/50 (A) and Falls of French Creek, 

Kaiser 3/21/11 (var. filiforme.); McKean, Rutherford Rocks, Burnett 1944 (var. 

filiforme.) (A); Philadelphia, Falls of the Pennypack, Krout 8/29/08, W. bank of 

Schuylkill, James (A), Wissahickon, James 10/56 (A) and James 10/58 (A). (3 

counties). Published, not seen: Cambria, ee James PC; Lancaster, Mount 

Hope, Small PC and Beartown, Eby 4/00 S$ 

Hypnum curvifolium Hedw. Fairly common. “Cool” mountainous area. 

SUBSTRATE: Soil, decaying logs and humus covered rocks. 

HABITAT: All forest types and grassy area at edge of woods, ae banks, road- 
sides, wooded slopes and bridge masonry. Elevation 220 to 1600 fee 

COUNTIES: Cumberland, Lancaster, McKean, Monroe, Northampton, Philadelphia, 

Potter, York. (8 counties). Published, not seen: Bucks, Rau PC; Cambria, Ebensburg, 

James PC; Carbon, Rau PC; Chester, Chester Valley, James PC; Delaware, James PC 

and West Bradford Township, Krout 9/19/10 TM; Pike, Rau PC; Somerset, Ursina J. 

Hypnum fertile Sendt. Rare. On decaying wood. “Cool” area. 

COUNTIES: Cambria, Allegheny Mountains, James 6/68 (A) and Chestnut Creek, 

James 6/58 (A); McKean, Bennett Brook, Burnett 8/8/97. Published, not seen: 

Chester, Elverson, Krout TM; Pike, Rau PC. 

Hypnum imponens Hedw. Commonest species in the state. bite 

SUBSTRATE: Decaying logs, soil and humus covered rock surfaces. 
HABITAT: All forest types. Wooded ee stream banks, ditches and oe and 

shaded road banks. Elevation 150 to 2100 fee 
ASSOCIATES: With species of Dicranum, 1 bade Hypnum, Mnium, Eurhyn- 
chium, Heterophyllium Haldanianum, Leucobryum glaucum and Cladonia. 
REPRODUCTION: Capsules matiire in autumn. Closed in September, but open in 

November and December. (57 specimens, 13 fruiting.) 
COUNTIES: Adams, Berks, Bradford, Bucks, Carbon, Center, Chester, Clinton, 

Columbia, Gumbedaud, Dauphin. Delaware, Elk, Lancaster, Lehigh, McKean, Mercer, 
Monroe, Northampton, Philadelphia, Potter, Somerset, Sullivan Tioga, Warren, York. 
(26 counties). Published, not seen: Cambria, Cresson, Porter PC; Franklin, Porter PC; 

Montgomery, Fraser’s Bog, Wismer TM; Pike, Rau PC 

Hypnum molluscum Hedw. shee common. Widespread. 

SUBSTRATE: Soil and exposed roots. 
HABITAT: Hardwoods. Wooded Sate shaded roadbanks and serpentine barrens. 
Elevation 100 to 1450 feet. 
COUNTIES: Lancaster, McKean, Montgomery, Northampton, Philadelphia, Warren. 
(6 counties). Published, not seen: Blair, Garber PC; Cambria, Cresson, Porter PC; 
Chester, New Garden, Michener; Delaware, Smith PC; Elk, McMinn PC; Lehigh, 
Rau PC; McKean, Burnett PC; Monroe, James PC 
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Hypnum pallescens (Hedw.) Bry. Eur. Very rare. A northern species. On soil. 

COUNTIES: Monroe, kar Mountain, Porter 8/59 (A). Published, not seen: Cam- 

bria, Cresson, Porter; Pike, Rau PC. 

Hypnum Patientiae Lindb. Fairly common. “Cool” mountainous area. 

SUBSTRATE: Soil, humus and rotting w 

HABITAT: Principally in the hardwood an ances shaded banks of brooks, old 

fields and ravines. Elevation 80 to 1600 feet. (14 sp 

COUNTIES: Bucks, Columbia, Delaware, McKean, ee Potter, Sullivan, 

T (9 counties). Published, not seen: Berks, Mineral Springs Park, 

Wilkens 11/13/27 and Wernersville, Tees 271 TM; Piiladephia, Wissahickon, Kaiser 

T™. 

Hypnum Patientiae Lindb., var. elatum Schimp. 

COUNTIES: Bucks, Delaware. 

Hypnum pratense Koch. Fairly common. Chiefly in the “cool” mountainous area. 

SUBSTRATE: Soil, humus and wet rock surfaces. 

HABITAT: Principally eastern hemlock forest. Hillsides, ravines, nie banks of 

brooks, wet cliffs and roadsides. Elevation 600 to 1520 feet. (13 specimens.) 

COUNTIES: Berks, Bradford, Cambria, Columbia, Caniberland, eee 4 Lehigh, 

McKean, Monroe, Northampton, Tioga. (11 counties). Published, not seen: Chester, 

Downingtown, Tees 156 TM; Philadelphia, James PC 

oa reptile Mx. Fairly common. Confined to the northern mountainous coun- 

| aoe Bark, rotting wood and rock surfaces 

HABITAT: Chiefly in the eastern hemlock forest. Elevation 750 to 2000 fee 

REPRODUCTION: Capsules closed in July. Open and shedding spores, ro to 

September. (19 specimens, 10 fruiting.) 

COUNTIES: Berks, Bradford, McKean, Monroe, Pike, Schuylkill, Sullivan, ae 

hanna. (8 counties). Published, not seen: Delaware, Smith TM; Lancaster, Muhlen 

berg PC 

2. BroTHERELLA Loeske. 

A. Gametophyte panei foliate ; seal asymmetric and inclined; cilia of 

peristome well deve ; . 

A. oe little ees en erect a cana: cilia none or 

rudimentar tenuirostris. 

B. Gametophyte elossy, walloichs -green ; + anarenlam one- alk 2 as fone as the 

rest of the capsule . recurvans. 

B. Ganetoohos na very _Blossy, scidiouk- yellowish operculum nearly as 

long as the rest of the capsule . delicatula. 

Brotherella delicatula (James) Fleisch. Very rare. 

Published, not seen: McKean, Bradford, Burnett PC 

Brotherella recurvans (Mx.) Fleisch. Common. “Cool” mountainous area. 

SUBSTRATE: Soil, rotting logs and humus covered rock 

HABITAT: Wastes hemlock formation. Stream banks, aa hillsides, and swampy 

woods. Elevation 1400 to 1940 feet. 

REPRODUCTION: eas mature but closed in September, Open in November. 

(18 specimens, 8 frui 
COUNTIES: Berks, Oe ae esnea Clinton, Elk, Lehigh, McKean, seit North- 

ge Pike, ae Sullivan, Tioga. (13 coun ties). Published, not seen: Carbon 

u PC; Chester, James PC; a James PC; Lancaster, Mount Hope, Seal 

oe and Chickies, Porter PC; Philadelphia, James PC; Somerset, Keystone J 
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Brotherella tenuirostris (Schimp.) Broth. Rare. “Cool” mountainous area. 

SUBSTRATE: Bases of trees, rotting wood and humus. 

HABITAT: Wooded stream banks. 

COUNTIES: Berks, Mineral Springs Park, Wilkens 11/13/22 (A); Carbon, Stony 

Creek, Wolle 8/74 and Onoko Glen, Wolle and Rau 7/73 (A); Chester, N. of Dayles- 

ford 4529; Northampton, Bethlehem, Rau (A). (4 counties): Published, not seen: 

Monroe, Delaware Water Gap, Austin PC. 

3. HETEROPHYLLIUM (Schimp.) Kindb. 

Heterophyllium Haldanianum (Grev.) Kindb. Common. Widespread. 

SUBSTRATE: Soil, rotting wood, humus covered rocks and exposed roots. pH4 to 6. 

cee All forest types, old fields oe oo Stream banks, hillsides, wood 

oads and swamps. Elevation 100 to 1700 
ASSOCIATES: Mnium cuspidatum and i ee pellucida. 

REPRODUCTION: Capsules closed in September. Open and shedding spores in 

December. (40 specimens, 25 fruiting.) 
ee Adams, Bradford, Berks, Bucks, Clinton, Columbia, Cumberland, Dela- 

are, Lancaster, Lehigh, McKean, Monroe, Montgomery, Philadelphia, Pike, Potter, 

Schuylkill, Susquehanna, Tioga, Warren, Work (21 counties.) Published, not seen: 

Cambria, Cresson, Porter PC and Ebensburg, James PC; Chester, Chester Valley, 

James PC; Elk, McMinn PC; Northampton, Bethlehem, Rau PC. 

4. SEMATOPHYLLUM Mitt. 

A. aera growing on trees or recently fallen a capsule ae erect 

and symmetric adnatum 

A. Gametophte Jaen: on toute: caps cl id asymmetric Missle 7 . 
. or less in len as ; . .carolinianum. 

_ Leaf 2 mm.ormoreinlength . .. . . . . marylandicum, 

Sematophyllum adnatum (Mx.) E. G. Britton. Rare. On bark of ee trees. 

COUNTIES: Chester, Daylesford, Stewart 3/30/46. Published, not seen: Delaw 

Paper Mill, Krout 9/6/99 TM; Monroe, Buck Hill Falls, Britton PC: Philadelphia, 

Wissahickon, Krout 8/5/08 TM. : 

pace pines carolinianum (C. Mull.) E. G. Britton. Uncommon. 

SUBSTRATE: Rocks and soil 
Eounne Lehigh, Rau a pea baer ll ay Porter 10/69 (A); 

Weygat, Porter 8/14/76 (A) and Easton, Garber (A); Philadelphia, Wissahickon, 
James 10/68 (var. admixtum) (A); eli eee. Githens 222; York, Long 
Level, 1996. Published, not seen: Carbon, R Gc: 

Sematophyllum en uae (C. Mull.) E. G. Britton. Very rare. On stones and 

ledges in and near cold b 

COUNTIES: Carbon, Ae Glen, Wolle 7/73. 

5. Homomatiium (Schimp.) Loeske. 

Homomallium adnatum (Hedw.) Broth. Common. Widespread. 

SUBSTRATE: On bark and rock surfaces 
HABITAT: All forest types. On roots an willows and bark of trees, up to two feet 
above the ground, along stream banks. Elevation 100 to 1300 feet. 
ASSOCIATES: Munium cuspidatum. 
Type locality: Lancaster, Pennsylvania. 
COUNTIES: Berks, Bucks, Franklin, Juniata, Lancaster, Lehigh, Northampton, 
Philadelphia, Wayne, York. (10 counties). Published, not seen: Monroe, Bushkill 
Falls, Britton PC. 
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6. AMBLYSTEGIELLA Loeske. 

A. Plants growing on the base of deciduous trees, leaves reaching 0.6 mm. or 

more in length . . . subtilis. 

A. Plants growing on ae » especialy aciue aa sal i than 

0.5 mm. in length . . . confervoides, 

ee ahead (Brid.) Loeske. Rare. Soil on boulders. Beech-maple 

woods along st 

COUNTIES: ne ee 4060. Published, not seen: Huntingdon, Pennsylvania 

Furnace J; Lancaster, Porter PC; Northampton, Easton, Porter PC and Bethlehem, 

Rau PC. 

Amblystegiella subtilis (Hedw.) Loeske. Rare. On trees and logs along stream 

banks. 

COUNTIES: Delaware, Lima, Krout 8/9/04; Lehigh, Fogelsville, Schaeffer 11/28/47. 

Published, not seen: Berks, Wyomissing, Wilkens 2/23/30 TM; Chester, yore Kaiser 
11/18/11 SMS; Lancaster, Muhlenberg TM and Bartsville, Jackson 12/16 SMS. 

7. Py3arsia Bry. Eur. 

A. Segments of endostome free from the teeth . . .  polyantha. 

A. eeu of endostome wholly or partially aaberent to othe feat a ae : 
Segments partially adherent; spores 18-24 m . . . Selwynii. 
Segments wholly adherent; spores 24-70 microns . . . . . . . ¢ntricata. 

Pylaisia intricata (Hedw.) Bry. Eur. Not common. Eastern Pennsylvania. 

SUBSTRATE: Bark hee trees and old logs. 
HABITAT: Moist w 
Type locality: nena Piinevivan 
COUNTIES: Lancaster, New Texas, Ce 12/93 (A); rere Rau (A); Northamp- 

ton, Shimersville, Schaeffer B52, Weygat, James 1008 (A) and Easton, Porter 1868 (A) ; 
Philadelphia, Wissahickon, Tames 4/57 (A) and Bartram’s Garden, James 5/51 (A); 
Pike, Elbow Swamp, Rau 1873 (A). (5 counties). Published, not seen: Carbon, Rau 
PC; Chester, Darlington, TM; Delaware, Glenolden, Krout 12/21/07 TM; McKean, 
Burnett PC. 

Pylaisia polyantha Bry. Eur. Rare. No specimens seen. 

Published records: McKean, Burnett PC. 

Pylaisia Selwynii Kindb. Rare. Bases of trees. 

COUNTIES: Lancaster, New Texas, Carter 2/94 (A) and Conewago, Small 1/1/92 
(A). Published, not seen: Chester, Coventry, James PC; Clearfield, Phillipsburg, 

James PC; Delaware, James PC; Elk, McMinn PC; McKean, Burnett PC; Northamp- 
ton, Bethlehem, Rau PC and Easton, Porter PC; Philadelphia, James PC 

8. PLatyGyrRiumM Bry. Eur 

Platygyrium repens (Brid.) Bry. Eur. Common. Widespread. 

SUBSTRATE: Bark and rotting logs. 
HABITAT: All ee types. Ravines, wooded slopes and mountain tops. Logs, stumps 

d up to 5 feet on living trees. Elevation 100 to 2567 feet 

a Helarophyiitin Haldanianum, Dicranella peering and various 

lich 
REPRODU CTION: Capsules mature in September and remain closed in October. 

(22 specimens, 5 fruiting.) 
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ag ieee Bedford, Berks, Bucks, Chester, Columbia, Delaware, Lancaster, Lycom- 
ing, Monroe, Montour, Philadelphia, Somerset: Susquehanna, York. (14 counties). 
Published, ay seen: McKean, Bradford, Burnett PC; Northampton, Rau PC. 

IX. HYLOCOMIACEAE 

A. Paraphyllia ne OlGaner 4s ge ce eg uk ly i get B. 

A, Mae pai os: abun SNe ow ae ce ae eS! y dah A ee Hslocomivm. 
B. Leaf secund a) ee e : hy 
B. Leaf anne to squarrose, often, licate but not rigaee 2. A aN 

1. Ruytiprum (Sull.) Kindb. 

Rhytidium rugosum (Hedw.) Kindb. Rare. Northern species, confined to “cool” 
area, 

SUBSTRATE: Soil and rock surface in high dry cliffs. 
COUNTIES: Bradford, Towanda, Barbour 6; Franklin, Mercersburg, Porter (A) ; 
Lehigh, Rau (A); Northampton, Easton, Wolle and Porter 1868 (A). Published, not 
seen: Bucks, Nockamixon, Small PC; Huntingdon, Porter PC; Lancaster, Porter PC. 

2. RHYTIDIADELPHUS (Lindb.) Warnst. 

A. Leaf smooth beneath, slenderly acuminate . . . . . .. . . . . squarrose. 

A. Leaf spinose-papillose beneath, shortly acuminate . . . . . . . . triquetrus. 

Rhytidiadelphus squarrose (Hedw.) _ Rare. “Cool” mountainous area, 
n logs, soil and rocks in cool shady plac 

COUNTIES: Northampton, Rau (A); Pike, Wolle 8/72. Published, not seen: Cam- 
bria, Cresson, Lesquereux PC. 

Rhytidiadelphus triquetrus (Hedw.) Warnst. Not common. as species con- 
fined to eastern hemlock formation. On moist soil in shaded sp 

COUNTIES: Bucks, Lancaster, Lehigh, Lycoming, McKean, ae Montgomery, 
Northampton, Sullivan. (9 counties). Published, not seen: Cambria, Porter PC; Car- 
bon, Rau PC; Chester, James PC; Delaware, James PC; Elk, McMinn PC; Luzerne, 
Small PC; Philadelphia, Fairmount Park, James PC; Pike, Rau PC. 

3. Hytocomium Bry. Eur. 

A. Stems closely and regularly bi-tri-pinnate . . . . . . . . . . . splendens. 
A. Stems i ag aa irregularly, or irregularly pinnate 3 2s ao one 

Stem leaves decurrent and coarsely toothed at base . . . . . umbratum. 
B. Stem aan rounded-cordate at base and finely toothed . . . .  brevirostre. 

Hylocomium brevirostre (Beauv.) Bry. Eur. Not A northern species ) i Bry. mon 
found in the eastern hemlock formation, principally in “the | cool” area ar the state, 
SUBSTRATE: On decaying logs and humus covered rock su 
HABITAT: Eastern hemlock forest. Swampy areas. Elevation a to 1600 feet. 
ASSOCIATES: Hypnum crista-castrensis and Hylocomium splendens. (10 specimens.) 
COUNTIES: Elk, Lehigh, McKean, Monroe, Philadelphia, Pike, Sullivan. (7 counties). 
Published, not seen: Blair, Porter PC; Cambria, James PC; Delaware, Smith TM; 
Lancaster, Martic Forge, Porter PC and Tucquan Creek, Eby 5/00 SMS; Northen 
ton, Rau PC. 

Hylocomium splendens (Hedw.) Bry. Eur. Fairly common. Peni species 
occurring in eastern hemlock forest, chiefly the “cool” region of the s 
SUBSTRATE: Decaying logs and hummocks of humus in wet swampy areas. 
HABITAT: Eastern hemlock forest. Elevation 300 to 1700 feet. 
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ASSOCIATES: Hypnum crista-castrensis, Hylocomium brevirostre, Thuidium delica- 

tulum, Sphagnum spp. (8 specimens.) 

COUNTIES: Bucks, Clinton, McKean, Monroe, Northampton, Potter, Sullivan, (7 

counties). Published, not seen: Blair, Porter PC; Carbon, Rau PC; Elk, McM inn PC; 

Lancaster, Martic Forge, Porter PC and cruadaan Creek, Eby 6/92 SMS; Luzerne, 

Pond Hill, Small PC; Philadelphia, Wissahickon, James PC; Pike, Rau PC 

Hylocomium umbratum (Hedw.) Bry. Eur. Rare. A northern species, same range 

in Pennsylvania as the two preceding species. Old logs and humus in wet shaded areas. 

COUNTIES: McKean, Marilla Brook, Burnett 4/21/97 (A); Philadelphia, Upper 

Wissahickon, Krout 8/5/08. 

xX. BRYACEAE 

A. Leaf linear-lanceolate . . .... . . 2 ee ee ee  L. Leptobryum. 

A. Leaf ovate to lanceolate em, 2 de, ae Ey a Be Me ; 

B. Leaf-cells at least 4 ‘ones as ic tone as ewide Coe ee ee ee 2. Pohlia. 

B. Leaf-cells less than 4 times as long as wide oe Gh oS OR F 

C. Leaves in compact rosettes 4. . 64. Rhodobryum. 

C. Leaves not in compact ronsthes ; . . . 3. Bryum., 

1. Leprosryum (Bry. Eur.) Schimp. 

Leptobryum ergata (Hedw.) Schimp. Not common. On soil. Widespread, of 

cosmopolitan distribut 

COUNTIES: ae tan Monroe, Northampton, Philadelphia. (5 counties). 

Published, not seen: Chester, New Garden, Michener PC; Lancaster, Muhlenberg PC 

and Porter PC. 

2. Pontia Hedw. (Webera Hedw.) 

A. Gametophyte with a distinct metallic lustre . 2... 2... 2 1).  cruda. 

A. Gametophyte without such a lustre 

Gametophyte of a whitish-green iealee: sath saieatae the “‘Apeamaniee 

of the genus, Philonotis ; ; Wahlenbergii. 

B. Gametophyte ordinary oa inten ee ee aes na te ee a ee 

C. Capsule about twice as long as wide  & bee eh oe ew Gow e 2 ions 

C. Capsule often as wide as long. . . . ....... . « « + pulchella. 

Pohlia cruda (Hedw.) Lindb. Rare. A northern species. On moist rocks and soil, in 

shaded situations. 

COUNTIES: Lancaster, Conestoga, Porter 5/5/64 (A); Northampton, Easton, Forter 

4/28/62 (A); Bushkill Gap, Wolle 6/74 and Bethlehem, Rau (A). Published, not seen 

Bucks, Narrowsville, Porter PC; Lehigh, Rau PC. 

Pohlia nutans (Hedw.) Lindb. Very common. Widespread. 

SUBSTRATE: Soil, rocks and humus, rotting wood and cinders. pH4 to 6. 

HABITAT: All forest types. Ravines, road banks, shale bluffs, mountain tops, bases 

of trees, crevices in rocks, and city streets. In sun and shade. Elevation 100 to 2200 

eet. 

ASSOCIATES: Usually with Dicranella heteromalla, Ceratodon purpureus and species 

of Cladonia. Also with many other species of mosses 

REPRODUCTION: pee and antheridia sass in April. Young sporophytes 

appear in November and December. Capsules are mature and shedding spores by 

July and August. (80 specimens examined, 46 fruiting.) 

COUNTIES: Adams, Berks, Bradford, Bucks, Carbon, Chester, Clinton, Saniora 

Delaware, Franklin, Fulton, Lackawanna, Lane sie Lehigh, Lycoming, Montgomery, 

Northampton, Northumberland, Perry, Philadelphia, Pike, Potter, Schuylkill, Snyder, 
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Somerset, eee Rees: Tioga, Wayne, York. (30 counties). Published, not 

seen: Cambria, C n J; Center, Scotia and Tussey’s Mountain, J; McKean, 

Burnett PC; Metin Montour Mount tain 

Pohlia pulchella (Hedw.) Lindb. Not common. Widespread. 

SUBSTRATE: Soil. 
HABITAT: Wooded roadsides, clay banks and stream banks. Elevation 100 to 800 

eet. 
REPRODUCTION: Capsules mature in May and June. (10 specimens, 6 fruiting.) 

COUNTIES: Adams, Carbon, Delaware, Huntingdon, Lehigh, Monroe, Northampton, 

Philadelphia. (8 counties). Published, not seen: Bucks, James PC; Chester, James PC; 

Lancaster, Muhlenberg PC and Bartsville, Jackson 11/16 SMS. 

Pohlia Wahlenbergii (Web. & Mohr.) Andrews. Fairly common. Widespread. 

SUBSTRATE: 
HABITAT: Woodlands Stream banks, edge of ponds, road banks and ditches and 

wet cliffs. (20 specimens.) 
, Elk, Lancaster, Lehigh, McKean, COUNTIES: Bucks, Ses. Columbia, Dauphin 

Monroe, Montgomery, Montour, Northampton, Philadelplay: 

lished, not seen: Delaware, Smith TM. 

(13 counties). Pub- 

3. Bryum (L.) Hedw 

A. Gametophyte usually whitish or silvery : argenteum. 

A. egies some shade of green, brown or a ol og> ogit, Nee ae ae? : 
. Costa long excurrent : ; ee ears ss eon oe 
- Costa short excurrent or ec reurrer a rae tee 

C. Leaf-cells usually less than 1% times as Sine as anes estore usually 
inconspicuous . capillare. 

C. Leaf-cells usually af Ja 2 Res as long a as wide: ‘eat: perder usually con- 

spicuous proxima caespiticium. 
D. Leaf-cells ee less fee WW Gane as Tons. as wide ponies anh 

conspicuous : capillare. 
D. Leaf-cells ereniee twice as s long as s avide: boudey various ae a5 

E. Capsule purple-red at maturity, rounded at . bicolor. 

E. Capsule not usually brilliant at maturity, tapering heer pee) 
pseudotriguetrum. F. Gametophyte dioicous . . Paes 

F. Gametophyte synoicous aos én ees cuspidatum. 

Bryum argenteum (L.) Hedw. Common. Widespread. 

SUBSTRATE: Soil, slag, mortar of walls and rock. (Conglomerate and limestone.) 

HABITAT: Open woods and ning situations. Stone work, boulders roadsides and 
O feet sidewalks. Elevation 100 to 6 

REPRODUCTION: meee soi and immature in oa and November. Open- 

ing from December to February. (38 specimens, 11 fruiting.) 

COUNTIES: ee Berks, Bucks, Delaware, vit Lancaster, Lehigh, McKean, 
Monroe, Montgo ontour, Northampton, Philadelphia. (13 ee ‘Published, 

not seen: cae Devlince on TM; Huntingdon, Union Furnace J. 

Bryum bicolor Dicks. Rare. Widespread. 

COUNTIES: Beaver, James (A); Northampton, Easton, James (A); Philadelphia, 
James (A); York, James (A). 

Bryum caespiticium (L.) Hedw. Common. Widespread. 

SUBSTRATE: Soil, ashes, cinders, slag and mortar. 8. 
HABITAT: Edge of woods, meadows and exposed situations. Base of cliffs, river 
shores, railroad embankments, dumps and walls. Elevation 100 to 1300 feet. 
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REPRODUCTION: Antheridia oe in April. Capsules mature and open in May 

and June. (25 specimens, 14 fruiti 

COUNTIES: Adams, Berks, ae Cambria, Chester, Delaware, Franklin, Lancaster, 

Lehigh, McKean, iMonrod: Northampton, Philadelphia, Schuylkill, Wayne. (15 coun- 

ties). Published, not seen: Center, Scotia J; Clinton, Lock Haven J; Huntingdon, 

Birmingham J; Montgomery, Melrose, Long 551 M. 

Bryum capillare (L.) Hedw. Fairly common. eer 

SUBSTRATE: Rocks and humus accumulat 

HABITAT: All forest types. On boulders eres in ravines. Elevation 100 to 1300 feet. 

COUNTIES: Bucks, Cambria, Chester, Dauphin, Lycoming, Monroe, Philadelphia. 

(7 counties). Published, not seen: Carbon, Mauch Chunk, James PC; Delaware, Smith 

TM; McKean, Burnett PC; Northampton, Porter PC; York, Wrightsville, Small PC. 

Bryum cuspidatum (Bry. Eur.) Schimp. Fairly common. Widespread. 

SUBSTRATE: Soil, cinders, alluvium and rock surface (limestone). pH7. 

HABITAT: Hardwood forests. Shaded rocks, bridge masonry and railroad embank- 

ments. Elevation 150 to 1100 fee 

ASSOCIATES: Funaria hygrom 

REPRODUCTION: Anthericia ge uae present in May. Capsules mature in 

June and July. (13 specimens, 9 fruiting.) 

COUNTIES: Bedford, Bucks, oe "Clearfield, Franklin, Lancaster, Tiycoming, Mon- 

roe, Northampton, Philadelphia, Somerset. (11 counties). Published, not seen: Cam- 

a Pcie PC; Delaware, Glenolden, Krout 5/25/11 SMS; McKean, Bradiord. 

Burnett J. 

Bryum pseudotriquetrum (Hedw.) Schwaegr. Fairly common. Widespread. 

SUBSTRATE: Wet soil and humus covered rocks. 

HABITAT: All forest types. Stream banks, ravines, wet cliffs, and roadside ditches. 

Elevation 200 to 1520 feet 

REPRODUCTION: Antheridia and archegonia mature in early May. Capsules open 

and shedding spores from June to August. (21 specimens, 6 fruiting.) 

COUNTIES: Bradford, Bucks, Cambria, Columbia, Delaware, Elk, Franklin, Lan- 

caster, Lehigh, McKean, Monroe, Northampton, Venango, York. (14 counties). Pub- 

lished, not seen: Center, Scotia J. 

4. Ruopospryum (Schimp.) Hampe 

Rhodobryum roseum (Bry. Eur.) Limpr. Fairly common. All physiographic prov- 

inces in Pennsylv 

os ae cil and rock surface. Preference for conglomerate and limestone. 

re eats hardwoods and hemlock- apt a along stream banks, on pond 

shores and in swampy areas. Elevation 50 to O fee 
ASSOCIATES: Frequently overgrown by Mnium span d M. punctatum. 
REPRODUCTION: Archegonia open in ocae collegiate Blooming period re- 

ported as September by Towle (1908). Sporophytes almost mature in September, 

but do not open and shed spores until March or April. (42 specimens examined, 8 

fruiting.) 

COUNTIES: Berks, Blair, Bradford, Bucks, Center, Chester, Clinton, Delaware, 
Franklin, Huntingdon, Lancaster, Lehigh, Luzerne, McKean, Monroe, Northampton, 

Philadelphia, Potter, Schuylkill, Sullivan. (20 counties). Published, not seen: Pike, 

Garber PC 
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. XI. MNIACEAE 

Mnium Hedw. 

A. Leaves not bordered . B. 

A. Leaves bordered C 

B. Large plants, leaves pate or only slightly senrates leat calls twice as s long 

road . F inclidioides. 

B. ssa plants, Pa usually 5 eenales feat ‘cells icodinmenne : 

C. Leave tir : 

C. i , oe "single teeth ny re me eer ee a OP 

C. Leaves serrate, teeth in =~ 2°. > Ae eee ; 

D. Small plants, leaves ie @actate iad apex ... punctatum. 

D. Large plants, leaf margins thickened, of 2-4 ieyeies rarely fruiting 
punctatum var. elatum, 

E. Leaves serrate to base or nearly so, capsules clustered . F 

E. Leaves serrate in the upper % or % onl Aa eee H. 

F. Teeth of margins very short, ans seagtiy Bea ke d a ngi Taste: 

F. Teeth of margins generally 2-5 cells; operculum mamariilteterc or apiculate G. 

G. Dioiceous; many naar teeth of more than 2 cells. . : . . affine. 

G. Screener marginal teeth shorter, few of more than 2 cells . medium. 

H. Capsules clustered, ge little shriveled in drying, not crolonirenous 
rummondii. 

. Capsules single, leaves strongly shriveled when dry, stoloniferous cuspidatum. 

I. Leaves long and narrow, costa vanishing below apex . . hornum 

I. Leaves wider, costa reaching apex in upper leaves . least . 

J. Costa toothed dorsally, cells not collenchymato orthorhynchum. 

J. Costa not toothed dorsally, cells rounded and collenchaett serratum 

Mnium affine Bland. Abundant. In all the ls la oa provinces. Varieties rugi- 

cum and ciliata are included under the species. Examination of many specimens clearly 

show both types of leaf variations on the same or 

2 Sapetnast se and sandy soil, a accumulated on rock surfaces and rotten 

wood. pH4 (One record of p 

HABITAT: a done st types occurring within the state. More frequent in stream bot- 

toms and the moister shadier habitats. Occasionally in drier situations on slopes and 

bluffs. From ‘00 to 2200 feet. 

ASSOCIATES: Most frequently with a of eee Hypnum, and other 

species of Mnium. Less often with Climacium and Dicranum. 

REPRODUCTION: Mature archegonia were ree in plants collected in Augus 

An October collection contained developing archegonia which were twice their Pee 

ober and Novembe length. In other October r specimens the archegonia were open and many 

had become brown and shriveled. Mature antheridia also were found in August. By 

late September and October they re 0 d The capsules matur 

COUNTIES: Adams, Bedford, Berks, Blair, Bradford, Bucks, Cambria, Carbon, 

Center, Chester, Clearfield, Columbia, Cumberland, Pao” ae Franklin, Fulton, 

Juniata, Lancaster, Lawrence, Lebanon, Lehigh, Luzerne, Lycoming, McKean, Mifflin, 
Monroe, Montgomery, Montou r, Northampton, eerie ee Philadelphia, 
Pike, Potter, Snyder, Somerset, "Sulla Susquehanna, Tioga, Union, Venango, War- 

ren, York. (44 counties.) 

Mnium cinclidioides (Blyth.) Huebener. Rare. Mountains of the northern part of 
the state. A northern species that occurs in glaciated areas. 
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SUBSTRATE: Decaying logs and hum 

HABITAT: Swampy woods and shan bogs. Elevation 1600 feet. 

ASSOCIATES: With Mnium hornu 

REPRODUCTION: Capsules aaa ‘and closed but well formed on April 30, 1945, in 

Monroe county collection. (6 speci 

COUNTIES: Carbon, Hazelton, Wolle: Luzerne, Glen Summit Spring, Ruth (A) ; 

McKean, West Branch Swamp (A & NY); Monroe, Pocono Lake Preserve, Harper 

1642 (A & P). (4 counties.) 

Mnium cuspidatum Hedw. Abundant. In all physiographic provinces. 

na eatin ee Soil, rotting wood and humus on rock surfaces. pH4 to 8, most 

samples at 6a 

HABITAT: All ot types of the state. In drier situations generally ia M. affine 

although it - been collected along stream banks and in swampy thickets. Elevation 

50 to 2567 fee 

rena Growing with other species of Mniwm and species of Hypnum, 

Atrichum and Plagiothecium 

REPRODUCTION: Ankhenidia and eee present and mature in May and early 

and ¥ 

mens, a great variation in the rate of growth was observed. By March the setae aver- 

age 2 cm. long. (205 specimens examined, 76 fruiting.) 

COUNTIES: Adams, Bedford, Berks, Blair, Bradford, Bucks, Carbon, Center, 

Chester, Columbia, Cumberland, Dauphin, Delaware, Franklin, ean Ce Juniata, 

Lancaster, Lehigh, Luzerne, McKean, Monroe, Montgomery, Montour, Northampton, 

Northumberland, Perry, Philadelphia, Pike, Potter, Schuylkill, ee Sullivan, 

Susquehanna, Tioga, Venango, Wayne, York. (37 counties.) Published, not seen: 

Clearfield, DuBois, Moldenke 4113. (A specimen marked M. spinulosum from Luzerne 

ounty, Glen Summit Springs, Ruth 6/3/05 upon examination proves to be M 

cus pidatum. 

se Drummondii Bry. Eur. Rare. More frequent in the northern tier of states. 

One record for Pennsylvania. Lycoming county, McMinn, April 1869. James 

cere ie (A. & C.). 

Mnium hornum Hedw. Fairly common in Coastal Plain, Piedmont, Ridge and 

Valley Provinces. A few collections were made west of the Allegheny Mountain front 

along tributaries of the east flowing rivers. Dr. O. E. Jennings has collected 

it in 12 counties along a. Allegheny Plateau from the southern boundary of the state 

to the northern boundar 

SUBSTRATE: Soil, ee rotting wood and rock surfaces 

HABITAT: Prefers the dense shade and moisture of fiemloelk ravines and rhododen- 

dron thickets. Occasionally in dense stands of hardwoods along stream valleys and 

lake shores. Elevation 150 to 2100 feet. 
a Atrichum crispum, Mnium cinclidioides, M. punctatum and Tetraphis 
pellu 
Pe oDueueN: Mature capsules present in June and July. (35 specimens exam- 
ined, 5 fruiting. 
COUNTIES: Bedford, ee Center, Chester, Clinton, Dauphin, Delaware, Lan- 

caster, Lehigh, Lycoming, McKean, Mifflin, Monroe, Northampton, Philadelphia, Pike, 

Schuylkill, Sullivan, Union, York. (20 counties: Published, not seen: Cambria, PC; 12 

counties along Allegheny Plateau, J. 

Mnium longirostrum Brid. Rare. World wide in its distribution, but better repre- 

sented in southern part of North America. Moist rocks, humus and soil in the woods 
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COUNTIES: Bucks, Narrowsville, Porter & James (A & C); Lancaster, Welsh 

Mountains and West Branch of Octoraro Creek, Small (NY); Lebanon, Mt. Gretna 

2650; McKean, Corydon 4445 and Quintuple, Burnett 90la (NY); Pike, Rau 7/72 

(NY); York, Emigsville, 3434. (6 counties). Published, not seen: Cambria, James, 

PC; Lycoming, McMinn, PC ; 

Mnium medium Bry. Eur. Rare. A northern species. 

SUBSTRATE: Soil and leaf mold. 

HABITAT: Shaded ravines and stream banks. 

COUNTIES: Berks, a Wilkens 232; McKean, Marilla Brook, Gates 

Hollow, anu Lewis Run and West Branch Swamp, Burnett (NY); Monroe, 

James (A & C). (3 counties.) 

(Mnium gee (Hook.) Schwaegr. A species of northern distribution. Re- 

ported from Pennsylvania but all specimens seen are referable to M. orthorhynchum.) 

Mnium ee Brid. Rare. Probably overlooked. Confined chiefly to 

mountainous distri 

SUBSTRATE: ee and soil. Shows preference for calcareous substra 

HABITAT: In hemlock and mixed hemlock-hardwood forests in cool ee ravines. 

On rock faces and stream banks. Elevation 900 to 1400 feet. 

REPRODUCTION: Capsules mature and beginning to open in May. (8 specimens 

seen, 4 fruiting. 
COUNTIES: Blair, James (A); Bucks, Narrowsville, Porter 5/23/68 (A); Monroe, 

Pocono, James (C. & A.) ; Susquehanna, Rushville, 3928; Tioga, Niles Valley 4098, 4081. 

(5 counties. ) 

Mnium punctatum Hedw. Common. All physiographic provinces where the proper 

habitat occurs 

SUBSTRATE: Moist humus and soil, wet rotting wood and moist rock surfaces. 

pH4 to 7. 
HABITAT: In hemlock, mixed hemlock and hardwood forests and rhododendron 

thickets. Along stream banks and in swampy woods. Elevation 150 to 2000 feet. 

ASSOCIATES: Mnium affine, M. cuspidatum, Hypnum spp., Leucobryum glaucum, 

Sphagnum spp., Marchantia spp., and Pallavacinia spp. 

REPRODUCTION: Immature sporophytes found as early as September and become 

2 cm. long by November. Capsules are mature and open in April and May. (52 speci- 

mens examined, 10 fruiting. 
COUNTIES: Berks, Blair, Bucks, Cameron, Center, Chester, Clinton, Cumberland, 

Franklin, Huntingdon, Lancaster, Lehigh, McKean, Mifflin, Monroe, Northampton, 

Perry, Philadelphia, Pike, Potter, Schuylkill, Snyder, Sullivan, Susquehanna, Tioga, 

Venango, Warren. (27 counties). Published, not seen: Elk, McMinn, PC; Pike, Eich’s 

Pond, Moldenke 3337. 

Mnium punctatum Hedw., var. elatum Schimp. Distinguished from the species by 

its larger size and the thicker margins to the leaf. Separation at times is an arbitrary 

matter. Same substrate and habitat preference as the species. Elevation 760 to 1700 feet. 

REPRODUCTION: Capsules were present and open on a specimen collected in Feb- 

ruary. Empty antheridia were found on a plant collected in October. (14 specimens, 

1 fruiting.) 
COUNTIES: Berks, Lancaster, Lycoming, McKean, Monroe, Northampton, Potter, 

Schuylkill, Snyder, Sullivan, Union. (11 counties.) 

Mnium serratum (Schrad.) Schw. Rare. Local in its distribution. Widely distrib- 
uted in the northern part of the continen : 

SUBSTRATE: Wet rocks and s 
HABITAT: Wooded stream Saas and dark ravines. 
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REPRODUCTION: pe ciem 1 cm. long on a specimen collected in November. 

(10 specimens examined, 1 frui 

COUNTIES: Blair, Bald a Rides Porter (C. & A.); Bucks, Nockamixon, Rau 

7/1/74 (NY); Lancaster, Martic Forge, James (C) & Porter (A); S. of Lancaster, Tees 

A); Monroe, Analomink Creek, James (C. & A.) ; Delaware Water Gap, Garber, 

11/6/68 (A); Northampton, Martins Creek, Schaeffer; Philadelphia, Wissahickon. 

(6 counties). Published, not seen: McKean, Hawkins and Quintuple 8/2/95, Burnett, 

J 

Mnium stellare Hedw. Rare. Northern species ied south to Virginia. Prin- 

cipally in the Ridge and Valley and Mountain Provin 

SUBSTRATE: Soil and rocks. 
HABITAT: Hardwood and hemlock forests. Stream banks, swampy woods and cool 
ravines. Elevation 100 to 900 feet. 
ASSOCIATES: Mnium affine and M. orthorhynchum. 
REPRODUCTION: Archegonia present, open and brown in color, October 12th. All 
other material examined was sterile. (15 specimens examined. 
OUNTIES: Berks, Friedensburg, Wilkens 358; Bucks, Rieglesville, Tees 381 (A), 

Narrowsville, James (C); Delaware, Strath-Haven, Krout 9/15/06; Fayette, Ohio 
Pyle, Browne (C); Juniata, Cross Keys, 3480; McKean, Burnett 9/9/94. (A); Mon- 

Schaeffer, Lime Ridge, Rau 8/73 (A); Philadelphia, Wissahickon, James (C & A); 
Somerset, Sipesville, Pohl & Lisi; Susquehanna, Rushville, 3928a. (11 counties). Pub- 
lished, not seen: Chester, James, PC 

XII. AULACOMNIACEAE 

AULACOMNIUM Schwaegr. 

A. Leaf-apex broad, strongly serrate . . . heterostichum., 

A. Leaf-apex acute, serrulate near the tip; seepaanla ceil ee . . . palustre. 

Aulacomnium heterostichum (Hedw.) Bry. Eur. Fairly common. Occurs in all the 
physiographic provinces of the state. 

SUBSTRATE: Soil and humus covered rock surfaces 
HABITAT: Preference for hardwood and hardwood-pine forests. Occasionally under 
hemlock-hardwood. Found growing near the bottom of wooded north-facing slopes, 
along — banks, road banks and shaded moss covered rock ledges. Elevation 150 
to 900 
ASSOCIATES Grows very frequently with Bartramia pomiformis as noted b 

W.C. Steere, Bryologist 36:14-15. Also with Mnium, Thuidium and Cladonia. 
EE RODUCTIGN. Sporophytes 1 cm. long in November. Mature capsules found 
open and shedding spores in April. Empty capsules remain on the plants until Septem- 
ber. (44 specimens examined, 21 fruiting. 
Type locality: Lancaster, Pennsylvania, Muhlenberg. 
COUNTIES: Berks, Bucks, Delaware, Franklin, Fulton, Huntingdon, Lancaster, Le- 
high, McKean, Monroe, Montgomery, Northampton, Perry, Philadelphia, Susquehanna. 
(15 counties). Published, not seen: Chester, James, PC; Lehigh, Rau, 

ulacomnium ee (Web. & Mohr.) Schwaegr. Uncommon. In all physiographic 
provinces of the 

SUBSTRATE: In wet areas on humus, soil, rotting wood and rock surfaces. pH4. 
HABITAT: Swampy woods and thickets, samba old fields at base of grass and 
wooded creek banks. Elevation 50 to 1820 fee 
ASSOCIATES: In the shade of grass and catt tails, Growing mixed with Sphagnum 
spp., Leucobryum glaucum, Mnium affine, Polytrichum commune, and Helodium palu- 
dosus, 
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REPRODUCTION: Propagula present in all material examined. Capsules rare, open 

in June. Young sporophytes 1 to 1.5 cm. long in March. (25 specimens examined, 4 

fruiting. 
COUNTIES: Seu a Chester, Clearfield, Delaware, Elk, Franklin, Lebanon, 

Lehigh, Luzerne, McK mc ontee, Northampton, Philadelphia, Sullivan. (15 counties). 

Published, not seen: eee Safe Harbor, PC; Snyder, Richfield, 7/17/08, J. 

XIII. BARTRAMIACEAE 

A. Leaf lanceolate to linear-lanceolate . . . . . ... . . . J. Bartramia. 

A. Leaf shorter, ovate-lanceolate . ......... . =. =. 2. Philonotis. 

1. BartramiA Hedw. 

A. Leaves linear, from a sheathing scarious base. . . . . . . . . ~~ ithyphylla. 

A. Leaves linear, without a sheathing base. . . ..... . . . pomiformis. 

Bartramia ithyphylla Brid. Rare. No recent records. 

SUBSTRATE: Soil. 
REPRODUCTION: Immature capsules in May. Capsules open in July material. 

COUNTIES: Bucks, Narrowsville, James. July 1871 (A); Fayette, Knipe, May 1871, 

James Herb. (A) 

Bartramia pomiformis (L.) Hedw. Rather common. Widespread. 

SUBSTRATE: eek are talus slopes, rock surfaces (Shale and sandstone). 
HABITAT: More common nly found in mixed hardwoods and hardwood-pine. Does 

occur under hemlo Ge nd mixed hemlock-hardwoods. Ravines, steep hillsides, road- 

banks, north-facing slopes of shale bluffs and on serpentine barrens. Elevation 150 to 

1400 feet. 
ASSOCIATES: Very frequently with Aulacomnium heterostichum, Also Thuidium 

delicatulum, Leucobryum glaucum a ies) endis spp., Buxbaumia aphylla col- 

lected growing out of a clump of this 
REPRODUCTION: Mature aaiiewats ad archegonia found present in June. Cap- 

sules are open and shedding spores in late April and early May. Old apanles: persist 

on the plants until September. (48 specimens examined, 29 fruiting.) 

COUNTIES: Berks, Bucks, Chester, Clinton, Columbia, Dauphin, Delaware, Franklin, 
Fulton, Huntingdon, Lancaster, Lehigh, Lycoming, McKean, Montgomery, Northamp- 

ton, Perry, ee Sullivan, pepe Tioga, York. (22 counties). Pub- 
lished, not seen: Elk, Dent’s Run, 7/19/04 J.; Monroe, Porter, PC; Pike, Rau, PC. 

2. Purtonotis Brid. 

A. Perigonia ee often appearing lateral . . . . . . . . . . longiseta. 

A. ae discoid, t al. Bee 
eaf-cells i cate he reer end a ae : 

B. oe cells papillose at lower end, rarely. at ‘upper or Poth pnds . .  fontana. 
C. Leaf-cells linear; leaves triangular-lanceolate to ovate-lanceolate . . marchica. 

C. Leaf-cells oblong to oblong-linear, broader; leaves ovate-lanceolate Muhlenbergii. 

(Philonotis calcarea (Bry. Eur.) Schimp. Excluded species. Not definitely known from 
North America. Published records: Huntingdon, Warrior’s Ridge, Porter PC; Clinton, 
Renovo J.) 

Philonotis fontana (Hedw.) Brid. Fairly common. 

SUBSTRATE: Wet soil, logs and rocks. 
Eastern hemlock forest. Around springs, ditches, dripping cliffs and falls. 

Elevation 100 to 2000 feet. (14 specimens.) 
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COUNTIES: Bucks, Delaware, Lycoming, McKean, Monroe, Northampton, Philadel- 

phia, Susquehanna. (8 counties). Published, not seen: Center, Matternville Gap J; 

Chester, asin PC; Clinton, Hyner Run J; Huntingdon, Huntingdon J; Lancaster, 

Muhlenberg TM 

Philonotis fontana (Hedw.) Brid., var. faleata Brid. Differs from the species in hav- 

ing all of the leaves falcate. 

COUNTIES: Clearfield, Columbia, Susquehanna, Wayne. (4 counties). Published, 

not seen: Center, Matternville Gap, J. 

Philonotis longiseta (Rich.) E. G. Britton. Rare. Eastern Pennsylvania. 

COUNTIES: Bucks, Nockamixon, Wolle 1/74 (A); Lehigh, Rockdale, Wolle 1/74 

(A); Monroe Delaware Water Gap, Schweinitz (A). 

Philonotis marchica (Willd.) Brid. Very rare. 

COUNTIES: Lawrence, Slippery Rock, Lesquereux 6/65 (A); Lehigh, Rau (A). 

Philonotis Muhlenbergii (Schwaegr.) Brid. Not common. Ravines, wet springy and 

grassy places 

Type locality: Pennsylvania. 

COUNTIES: Delaware, Tinicum Island, Krout 7/6/06; Northampton, Coffeetown, 

Schaeffer 4/26/47, Pot Rock in Delaware River, Easton, Porter 6/68 (A) and Bethle- 

hem, Rau 5/74 (A); Philadelphia, James 4/57 (A). Published, not seen: Lancaster, 

Muhlenberg PC. 

XIV. TIMMIACEAE 

Timi Hedw. 

Timmia megapolitana Hedw. Rare. Northern species. 

COUNTIES: Lancaster, Porter ee Northampton, Easton, Porter 1872 (A). Pub- 

lished, not seen: McKean, Burnet 

ORDER VI. SPLACHNALES 

A. Total length of gametophyte with attached sporophyte less than ee 
i: ieee 

A. Gametophyte alone usually much more than 2 mm. high sy, oe. he a . 

B. Costa faint in the upper part of leaf; protonema meectent II. Disceliaceae. 

B. Costa strong, nearly percurrent to shortly excurrent .. Ill. Funariaceae. 

I. EPHEMERACEAE 

A. Capsules cig rudimentary operculum; capsule-wall a single — of cel 

in thickne . Na ee 

A. Capsules ene ane ne aati: wal two — of cells in hicks 
. Ephemerum. 

1. Nanomitrium Lindb. 

Nanomitrium sclanianye ne Lindb. ven rare. 

Type locality: Camden, New Jersey and across the Delaware River near Philadelphia. 

COUNTIES: Philadelphia, Me eae [ae 5/68 (A) and below the Navy Yard, 

James 8/65 (A 

2, EPHEMERUM Hampe. 

A. Leaves ecostate serratum 

A. Leaves costate 
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B. Costa ending at apex or ee leaves serrate; stomata scattered over the 

whole capsule . : ; ‘ cohaerens. 

osta excurrent wm 

Cc Costa excurrent into a alone EDInUlaseia awn- wie cengmanen ight Eorcuhutes 

the greater portion of the leaf above the capsule . : . spinulosum. 

C. Leaves gradually long-acuminate, strongly serrate at apex . oo. .) Crassinervium. 

Ephemerum cohaerens (Hedw.) Hampe. Rare. On moist clay and sandy soil. 

Old fields. 

COUNTIES: Philadelphia, Moyamensing, James 4/66 (A). Published, not seen: 

Bucks, James PC; Lancaster PC; Northampton, Bethlehem, Wolle RE; 

merum crassinervium (Schwaegr.) C. Mull. Rare. On moist soil, flood plains. 

Type locality: Probably Pennsylvania. 

COUNTIES: Northampton, ae Porter, 11/7/68 (A); Philadelphia, Moyamensing, 

James 10/66 (A). Published, not seen: Chester, Darlington TM; Delaware, Smith, 

TM; Lehigh, Rau TM; Lancaster, Mublenberg T T™. 

Ephemerum serratum (Hedw.) Hampe. Rare. On moist bare soil. Old fields. 

COUNTIES: Bucks, James (A); Chester, Coventry, James 12/50 (A) and James 

4/51 (A); Philadelphia, James, Musci Appal. Austin (A). Published, not seen: 

Lancaster, Muhlenberg T 

Ephemerum spinulosum Schimp. No specimens seen 

Published records: cone Rau PC; Northampton, Betichen, Rau PC; Philadelphia, 

Moyamensing, James P 

Il. DISCELIACEAE 

DisceLrum Brid. 

Discelium nudum aa Brid. Rare. On bare clayey soil. 

COUNTIES: Lehigh, Rau (A); Northampton, Bingen, Wolle 6/73, Bethlehem, Rau 

3/94 and Bethlehem, ie Appal. Austin (A). 

Til. FUNARIACEAE 

Ae Capeules immersed = deat 5 a en ee ey Aphanorrhegma. 

A. Capsule exserted Ayes, eee wee aed whe ont eet em ; 

B. Capsule cnenaen al, urn- sh ped Se eis 2 SR hyscomibriume. 

B. Capsule ee pametical elongated . . . . 3, Funaria 

1. APHANORRHEGMA 5ull. 

A. Exothecial cells strongly collenchymatous, line of dehiscence clearly ae 
erratum, 

A . Exothecial cells thin-walled, not CE ae line of dehiscence not 

clearly marked as a rule . . . patens. 

an aa patens (Hedw.) Lindb. Rare. On damp clayey soil. 

COUNTIES: Delaware, Strath-Haven, Krout 7/21/08. Published, not seen: Lancas- 

ter, a oe PC. 

pub snore teens serratum (Hook. & Wils.) Sull. Rare. On damp clayey soil. Ser- 

pentine barre 

COUNTIES: ee Mercersburg, ae 8/52 (A); Lancaster, New Texas, Porter 

2/94; Northampton, Bethlehem, Rau 1875 (A) and Easton, Porter 11/10/68 (A); 

Philadelphia, James 1860 (A). pantie not seen: Chester, James PC; Delaware, 

James PC; Lehigh, Rau PC; McKean, Burnett PC. 
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2. PHyscoMITRIUM Brid. 

A. Capsule immersed. . 2. 2 6 2b 4 2 ee we eee ewe) 6 6emersuM, 

A. Capsule on long seta . . ....... 2 oe ee eee) oLurbinatum. 

Physcomitrium immersum Sull. Not common. On damp soil, often along river 

anks. 

COUNTIES: McKean, East Branch, Burnett 6/10/95 (A) ; oo on bere he ing, 

srsiee 10/68 (A) and banks of Delaware, Musci Appal. Austin (A). Published, not 

: Dauphin, Harrisburg, Small PC; Lancaster, Muhlenber, eae 

Physcomitrium turbinatum (Mx.) Brid. Very common. hegre 

SUBSTRATE: Bare earth, cinders, rock surfaces and mo 5 
HABITAT: Grassy open w monde. gardens, and old fields. ee banks, hillsides, lawns, 
flower borders, stone walls and pavements. 
ASSOCIATES: Ditrichum spp., Funaria hygrometrica, Trematodon spp. 
REPRODUCTION: Immature capsules appear in early March. Mature capsules, open 

and shedding spores in May and June. (44 specimens, 35 fruiting.) 
COUNTIES: Adams, Berks, Bucks, Chester, Delaware, Franklin, Huntingdon, Lehigh, 
Montgomery, Northampton, Philadelphia, York. (12 counties). Published, not seen: 
Lancaster, Muhlenberg PC and Small PC; McKean, Bradford, Burnett PC; Somerset, 
Ursina J 

3. Funarta Hedw. 

A. Leaves long acuminate, costa excurrent in some leaves of each plant . . . B. 

A. Leaves short acuminate, costa percurrent, sometimes very shortly excurrent 
hygrometrica. 

B. Capsules curved and unsymmetric but scarcely cernuous; annulus lacking 
Muhlenbergii. 

B. Capsules plainly cernuous, annulus large flavican 

Funaria flavicans Mx. Uncommon. More southern in general distribution. Wide- 
spread 

SUBSTRATE: Soil and cinders. 
HABITAT: Open woods and waste places. 
ASSOCIATES: Funaria hygrometrica. 
COUNTIES: Adams, Arendtsville 5779; Delaware, Swarthmore, Wherry 4/16/46; 
Lehigh, Allentown, Pretz 13631 (A); Noviliatantion, Weygat, James 4/65 (A); Phila- 
delphia, Byberry, James (A), Pennypack, Krout 8/25/08. Published, not seen: Lan- 
caster, Muhlenberg and Small, PC 

Funaria hygrometrica Hedw. Common. Widespread. 

SUBSTRATE: Soil, ashes, cinders, rotting wood and humus covered rocks. pH6 to 8. 
HABITAT: Woods, old fields and waste places. Gardens, roadsides, fields, dumps, 
stonewalls, city streets, curbings, and ditches. Elevation 100 to 1 et. 
oo TES: Funaria flavicans, Bryum spp., Trematodon longicollis, and Hypnum 

REPRODUCTION: Young Shak ott 1 to 1.5 cm. long in March. Mature capsules 
open in late May and early June. (59 specimens, 33 fruiting. 
COUNTIES: Adams, Berks, Budi Chester, Delaware, Elk, Huntingdon, Lancaster, 
Lehigh, Luzerne, McKean, Monroe, Montgomery, Northampton, Philadelphia, Potter, 
Somerset, Sullivan, York. (19 coinbios. Published, not seen: Cambria, St. Lawrence 
J; Carbon, Rau PC 

Funaria Muhlenbergii Turn. Rare. No specimens seen. 

Type locality: Pennsylvania, Muhlenber 
Published records: Bucks, Narrowsville PC; Lancaster, Muhlenberg PC. 
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ORDER VII, POLYTRICHALES 

A. Terminal gemmae surrounded by a acd cup present in the gametophytes 
capsules with 4 peristome teet ; : a Mee ale er iceae: 

A. Gemmae not present; capsule th 16 or more te te . B. 
B. Leaves of gametophytes with lamellae; capsules on eae setae symme ete ric 

II. Polytrichaceae. 
B. Leaves of gametophyte without — capsules large not symmetric, 

immersed or on medium length s 
C. Annual mosses. eter renee capsules onic on rough ae 

III BD ae anics 
C. Perennial mosses. es ana aes a ae Tag perichae- 

i ; Te Diphsveuceae. 

I. TETRAPHIDACEAE 

TetTRAPHIS Hedw. 

Tetraphis pellucida Hedw. Fairly common. In all the physiographic provinces, wher- 
ever the proper habitat occurs. 

SUBSTRATE: ae exclusively on rotten wood and humus. It has been collected 
growing on soil and conglomerate roc 4. 
HABITAT: Under pe growth of hardwoods and eee usually along stream 
banks, in coo] damp ravines, rhododendron thickets or swamps. It has been found 
at the base of stumps, trees, old logs and boulders, Rey under some larger 
species of moss. At elevations from 150 to 1940 feet. 
ASSOCI ATES: Prefers to grow under larger mosses such as Mnium hornum, Dicranella 

shedding spores were found in May and se The empty capsules remain on the ares 

COUNTIES: Bedford, Be rks, Carbon, Delaware, Elk, Lehigh, McKean, Monroe, 
Northampton, Philadelphia, ie Sulivan, Union, Warren, York. (15 counties.) 
Certainly more widespr erlooked because of its size and habits of growth. 
Published, not seen: eee eee Tees 344, TM; Center, Scotia, Jennings 
aes J; Chester, ee PC; Franklin, Small, PC; Lancaster, Small, PC; Pike, 
Rau, PC and Moldenke 333 

II. POLYTRICHACEAE 

A. Calyptra not densely hairy: capsules cylindrical . . . . 2. . .) . 1. Atrichum. 

A. Calyptra densely hairy: capsule angular or cylindrical ne es B. 
Capsule cylindrical: gametophytes small res oes : Ds yeanatin 

B. Capsule longitudinally ridged: large gametophytes Ly eo mee 3 Polytrichum. 

1. AtrricuumM Beauv. (Catharinea Ehrh.) 

A. Leaves ovate-elliptical or obovate: lamellae few and small or lacking . crispum. 

A. Leaves lanceolate to ligulate: lamellae many and conspicu 
B. Leaves papillose, costa and lamellae ee to - the eee i. the leat a phe 

middle PAS 4 acmillant. 
_ Leaves: moti. -papilles ee Ce 

C. Costa and lamellae narrower than 1/5 of width of leaf at the middle «undulatum. 
C. Costa and lamellae 1% to 24 the width of the leaf at the middle angustatum. 
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Atrichum angustatum (Brid.) Bry. Eur. The status of this eee in North America 

is open to question. All material I have examined has proved to be A. Macmillani. 

specimens in herbaria are labelled A. angustatum but ar have been worked 

over eee and found to have papillae on the leaves. Dr. W. C. Steere has intimated 

to me that we have no true A. angustatum in this country. A thorough study of all 

che ae material is certainly essential to establish ie true Telationshin of this species 

d A. Macmillani. 

Atrichum crispum (James) Sull. Not common. More frequently found in the Coastal 

Plain and Piedmont, but occurs in the mountains and plateau region along the water 

courses 

SUBSTRATE: Soil. Sometimes on badly rotted wood. Within a pH range of 4 to 5S. 
HABITAT: In shade, principally in the hardwood forests, but occasionally under hem- 

lock and pine. Usually considered a Coastal Plain species but found along the rivers 
and extending up into the mountains along their tributaries. Collected at elevations 
ranging from SO to 1940 feet. 
a Found growing with Mnium affine, Pohlia nutans, Anthoceros spp. 
and Sphagnu 
REPRODUCTION. Mature antheridia found in April. Immature sporophytes occur 
in material collected in September. Mature capsules are found i in vember. Empty 
capsules are still present in April. (34 specimens examined, 6 fruiting. 
COUNTIES: Berks, Bucks, Cambria, Chester, Clearfield, Clinton, rn Dauphin, 
Delaware, Elk, Lancaster, Lycoming, McKean, Monroe, Montgomery, Northumberland, 
Philadelphia, York. (18 counties.) 

Atrichum Macmillani (Holz) Frye. Common. More common than formerly sup- 
posed as many specimens in the Herbaria labelled as A. angustatum (Brid.) Bry. Eur. 
prove to be papillose upon examination 

SUBSTRATE: Ona wide variety of soils. Occasionally on rock surface. The pH range 
is from 4 to 7, principally from 4 to 5 
HABITAT: In the drier portions of the mixed hardwood forests, but also under pine 
and hemlock. Collected from wooded hillsides, roadsides, sometimes in old fields and 
pastures. Less frequently along water courses. At elevations from 100 to 2200 feet. 
ASSOCIATES: With Thuidium paar or ee um spp., Cladonia spp. principally, 
but grows with a wide variety of mosses and lic 
REPRODUCTION: Sporophytes first appear in Tt uly. Mature closed capsules were 
found late October through December. The capsules were open and spores were found 
in the January specimens. (129 specimens examined, 86 fruiting.) 
COUNTIES: Adams, Bedford, Berks, Bradford, Bucks, Carbon, Center, Chester, Clin- 
ton, Columbia, Cumberland, Dauphin, Delaware, Franklin, Fulton Huntingdon Juniata, 
Lancaster, Lebanon, Lehigh, Lycoming, McKean, Mifflin, Monroe, Montgomery, North- 
ampton, Northumberland, Perry, Philadelphia, Potter, Somerset, Sullivan, Susquehanna, 
Tioga, Warren, Wayne, York. (37 counties). Published, not seen: Bedford, Wills 
Mountain, near Hyndman, 10/9/04, J. 

Atrichum undulatum ee Beauv. Fairly common. Occurs in all the physio- 
graphic ence of the § 

SUBSTRATE: On ee a clayey soil. Rarer on rotten wood and exposed rock 
surfaces. 
HABITAT: All types of woodland within the State. Found in the more moist situa- 
tions such as lowlands along streams, swampy thickets, cool shaded ravines, drainage 
ditches along roads and marshy old fields and pastures. Collected at elevations from 
100 to 2000 feet. 
ASSOCIATES: Commonly with species of Hypnum and Mni 
REPRODUCTION: The sporophytes are first visible in Aug y September they 
are from 2 to 2.5 cm. long. Open capsules shedding spores were eee in January. 
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Spores were still present in capsules collected as late as the 25th of April. Empty 
capsules remain on the plants until September. (97 specimens examined, 20 in fruiting 
condition.) 
COUNTIES: Adams, Berks, Bucks, Carbon, Sera Columbia, Dauphin, Elk, Fayette, 
Franklin, Huntingdon, Juniata, Lancaster, Lehi McKean, Monroe, Montgomery, 
Montour, Northampton, Northumberland, Perry, eae an ae Potter, Sullivan, 
Saccnichama) Tioga, Venango, Warren, Wayne, Westmoreland, York. (32 counties). 
Published, not seen: Clinton, Hyner, 7/15/08 J.; Delaware, Smith, 

Atrichum undulatum (Hedw.) Beauv., var. Selwynii (Aust.) Frye. Distinguished 
from the species by the length of the lamellae, which are 6-13 cells high. Found on 
the same type of substrate and in identical habitats as the species. Elevations 550 to 
1900 feet 

COUNTIES: Blair, Arch Spring, Proctor 4/19/47; Bradford, Ulster, 3994; Montour, 
White Hall 5026 and Exchange 5105; Tioga, Mansfield, 4066. (4 counties.) 

2. PoconatuM Beauv. 

A. Stems branching: plants dark green: capsules smooth, curved. . . . alpinum. 

A. Stems simple: leaves few: protonema persistent, ae a green felt mass 
upon which the plants grow - 
B Leaves lanceolate- eupulaee) penafe ee b, S ip giue em 
B. Leaves lingulate, blunt, entire . . . . . . . . . ite 

Pogonatum alpinum (Hedw.) Rohl. Rare. Occurs only on the Pocono plateau. 

SUBSTRATE: Soil and rocks. 
HABITAT: Woods and shady places. At higher elevations 
REPRODUCTION: Capsules mature and open in epeamens collected in July and 
September. (7 specimens seen, 3 fruiting. 
COUNTIES: Monroe only, as follows: Canadensis, Porter and James (A); Buckhill 
Falls, Porter 9/10/69 (NY); Small & Britton 7/13-15/89 (NY); headwaters of 
Broadhead Creek, Porter 9/10/69 (A & NY). Published, not seen: Chester County 
in Chester Valley, James, PC. 

As aman brachyphyllum (Rich.) Beauv. Rare. Primarily a southern Coastal 
Plain spec 

Sesion Soil. 
HABITAT: Bare soil in waste places and pine Mea ae 

COUNTIES: Chester, West Chester, F. Windle bear (NY). Published, not seen: 
Fayette County, Connellsville, Moldenke 3563, det. by Lewis 

Pogonatum i via a (Hedw.) Paris. Common. Occurs in all the physiographic 
province of the 

ee cre clayey soil, gravelly and sandy soil less frequently. pH 4 to 6. 
BITAT: Mixed hardwood forests generally. Occurring usually on eroded road 

in Montour County. Elevations from 50 to 2100 Hee 

important species in the succession on recently disturbed clayey soil. Its protonema 
may be the first cover on eroded banks, where it will be followed by Dicranella hetero- 
malla, Marchantia spp. and Atrichum Macmillani, In other instances the lichen 
Baeomyces roseus had been the to initiate growth, followed by Pogonatum and 
its associates with species of Cladon 
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REPRODUCTION: The earliest appearance of sporophytes in collected material was 

in July, when they averaged 5 to 10 mm. in length. In August some had reached the 
length of 2 cm. and by September the setae was 3 cm. long. Mature closed capsules 

were present in November and December. Most of the capsules had opened by January. 
A spores were still present in oye Shriveled capsules remained on the plants until 

(78 specimens examined, 55 f 
COUNTIES: Adams, Bedford, Berks, ok: Bucks, Carbon, Center, Clinton, Cum- 

berland, Delaware, Elk, Franklin, Fulton, Huntingdon, Juniata Lancaster, Lehigh, 
McKean, Monroe, Montgomery, Montour, Northampton, Northumberland, Perry, 
Philadelphia, alton: Schuylkill, Sullivan, Susquehanna, Tioga, Union, Warren, York. 
(33 counties). Published, not seen: Chester, James, P 

3, PoLyTRICHUM Hedw. 

A. Leaf margins more or less toothed B. 

A. Leaf margins entir E. 
B re oeaes cells of lamicliae like ‘other! in size and (hicknese ar wall: Jaaoelive 

Cc 
Marginal calle of feiailae ante pie in size ‘and thicleness: of wall, Dz. 

C. Cells of middle of leaf sheath at 24 distance from margin to costa 55-9 
times as long as wide; at 34 up the leaf the unistratose margin 2-3 cells wide; 
epidermal cells of the capsule with or without surface thin spots. . formosum. 

C. Cells of middle of leaf sheath at 24 distance from margin to costa 1.5-4 times 
as long as wide; at 34 up the leaf the unistratose margin 4-9 cells wide; epi- 
dermal cells of the capsule without surface thin spots . gracile, 
ee cells of lamellae flattopped, not notched or ale near leat mar- 

and base slightly so, capsule elongate ohioense. 
D. Maeciaal cells of lamellae notched in cross section ; capsille eubaiaal 

commune, 
E. Marginal cells of lamellae pear-shaped in cross section, awn short es red- 

dish uniperinum. 
E. Marginal cells ee ienteliae pear- ape in cross Haeea awn lane and a 

piliferum. 

Polytrichum commune Hedw. Common, not as abundant as P. ohioense. In all 
the physiographic provinces. Growing in extensive mats. 

SUBSTRATE: On all types of acid soil, pioneering on — ash dumps and ro se 
surfaces. Sometimes covering rotten wood and humus in advance stages of decay 
Within a pH range from 4 to 6, but the majority of ae at 
HABITAT: Growing in the moister areas of oak, mixed oak- -pine and hardwood- 
hemlock forests. It also invades old fields, thickets, sand-pits, road banks and old 
railroad beds. It has been collected in alluvial woods along streams and the wooded 
shores of lakes. At elevations from 50 to 2200 feet. 
ASSOCIATES: Found mixed with Sphagnum spp., Hypnum spp., Leucobryum glau- 
cum, Dicranum scoparium and a variety of other mosses. Also with Cladonia spp. 
REPRODUCTION: Antheridia and archegonia are mature in April. Young sporo- 
phytes 5 mm. long were found in November. Mature capsules still covered by the 
calyptra were collected in June, but by July the capsules were open and shedding 
spores. Specimens pane in September were found to have a few spores remaining 
in their capsules. 116 specimens examined, 24 fruiting.) 
COUNTIES: Adams, Berks, Bradford, Bucks, Cambria, Dauphin, Delaware, a 
Fayette, Franklin, Huntingdon, Lancaster, Lebanon, Lehigh, Luzerne, Lycom 
McKean, Monroe, Montgomery, Montour, Northampton, Philadelphia, Pike, ies 
Snyder, Somerset, Sullivan, Susquehanna, Tioga, Union, Venango Warren, Wayne, 
York. (41 caine. Published, not seen: Cameron, Miller, 7/19/04. J. 
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Polytrichum commune Hedw. var. perigoniale (Mx.) Bry. Eur. Rarer than the 
species and differing from it in the length of the pevichactial teaves which are long 
and thin. In similar but drier situations. From 50 to 2000 feet. 

COUNTIES: Bedford, Bradford, Bucks, ae Carbon, Columbia, Cumberland, 
Delaware, Elk, Jefferson, Luzerne, Monroe, Northampton, Perry, Susquehanna, Wayne, 
York. (17 counties.) 

Polytrichum formosum Hedw. Rare. A species of northern affinities. On soil and 
humus in the mountains. (4 specimens.) 

COUNTIES: Carbon, Frenchtown and Stony Creek, Rau (NY) ; McKean, Hazelhurst, 
5388; Northampton, Monocacy, Rau (NY). (3 counties.) 

Polytrichum gracile Smith. Rare. A northern species and difficult to separate from 
the preceding species. Growing on moist soil and rock surfaces in hardwood forests. 
(3 specimens 

COUNTIES: Monroe, Tobyhanna and Naomi Pines, Britton (NY); Philadelphia, 
Porter (NY). (2 counties.) 

Polytrichum st ce ag Hedw. Common. Growing in thick mats. Occurs in all 
the physiographic province 

SUBSTRATE: Soil and a surfaces. pH4 t 
HABITAT: Generally distributed in hardwood, pine-hardwood and pine-forests and 
old fields. This species occurs in the more sunny situations along lanes and wood roads, 
in sand-pits, on shale bluffs, mountain tops and bare rocky ledges. At elevations from 
50 to 2160 fee 

ASSOCIATES: Growing with other species of Polytrichum, Leucobryum glaucum, 

Dicranum scoparium, Hypnum spp. and Cladonia spp. 
REPRODUCTION: Antheridia were present and well developed in April. Young 
sporophytes 5 mm. long were found in September. At this time plants ee Rae 
sporophytes just appearing and plants with empty capsules were found in the sam 
clump. The pane mature and shed their spores in June and July. 1 a 
examined, 18 fruiting.) 
COUNTIES: Vice Bedford, Berks, Bradford, Bucks, Cambria, Center, Chester, 
Columbia, @rmbetand Delaware, Reankiat Fulton, Huntingdon, Lackawanna, Lan- 
caster, Lebanon, Luzerne, Lycoming, Molen Monroe, Montgomery, Montour, North- 
ampton, Perry, Philadelphia, Pike, Potter, Susquehanna, Tioga, Warren, Wayne, York. 
LSS counties). Published, not seen: Clearfield, between Gieanncld and Pottersdale, 
7/13/08 J.; Clinton, near Loch Haven, 7/15/08 J.; Lehigh, Rau, PC. 

Polytrichum juniperinum Hedvw. var. alpestre Bry. Eur. Separated from the species 
by the presence of numerous matted drity-white rhizoids extending up among the 

sunny situations at elevations of 1400 and 2000 feet. The young sporophytes were 
5 mm. long on a specimen collected on the 8th of August. (2 specimens, identification 
verified by Dr. W. C. Steere. 

COUNTIES: McKean, Hazelhurst, 2554; Perry, New Germantown Hemlocks, 3550. 

Polytrichum ohioense Ren. & Card. The commonest species of the genus in the 
State. Found in all the physiographic provinces. 

SUBSTRATE: Soil. Also found on old logs, humus and humus accumulated on rock 
surfaces. 
HABITAT: Usually growing in hardwood forests, but found also under pine and 
hemlock. It is abundant on wooded agence in nae tag along trails and wood roads, 
on shale cliffs and serpentine barrens. It gro n huge mats with other mosses, quite 
often at the base of trees or sandstone bouldes: igvadions pes 50 to 2320 feet 
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ASSOCIATES: Found growing with other species of Polytrichum, Atrichum Macmil- 

lani, Leucobryum glaucum, Dicranella heteromalla, Dicranum scoparium, Hypnum im- 

ponens, Thuidium delicatulum and Cladonia spp. 
REPRODUCTION: Mature antheridia were present in April. Young sporophyte 

ants 5 mm. lon ng were first visible in August. Growth appears to be slow since speci- 
th. B 

June were 7 cm. long, mature and still covered by calyptra. ‘Spor res were being shed in 

July and by late August the capsules were empty. Old capsules remained attached to 

the plants until November. (138 specimens examined, 72 fruiting.) 
COUNTIES: Adams, Bedford, Berks, Blair, Bucks, Cambria, Center, Chester, Clear- 
field, Clinton, Columbia, Cumberland. Danuhin Delaware, Elk, Franklin, Fulton, 
Huntingdon, Juniata, Lancaster, Lebanon, Lehigh, Tveouniiae: McKean, Mifflin, Mon- 
roe, Montgomery, Northampton, Northumberland, Perry, Philadelphia, Pike, Potter, 
Schuylkill, Snyder, Somerset, Sullivan, Union, Warren, Wayne, York. (41 counties.) 

Polytrichum estas Hedw. Not common. Ridge and Valley province, Allegheny 
Mountains and Plat 

SUBSTRATE: Stony aa sandy soil and rock outcroppings. Generally on shale and 
sae rocks. 
HABITAT: Scrub oe types, such as the oak-pine-cedar community found on shale 
ae and the scrubby mixed hardwood forests of the mountain tops. Usually found 
on the drier stony, south-facing slopes, mountain summits and dry wooded road banks. 
From 50 to 2000 feet. 
ASSOCIATES: On the shale bluffs in the southwestern part of the State it grows 

e 
of mosses, plus mee scoparium. Other species of Cladonia replace the two species 
of lichens named a 
REPRODUCTION: " anilietidia were dana on plants collected in April. _ sporo- 
phytes had grown to a length of 5 mm. n October collection. Sporophytes are 
rare in this species. (20 specimens Rens ‘ fruiting.) Type cane een 
Muhlenber 
COUNTIES: Bedford, Hopewell 5151, New Bueno Vista 5339, Chaneysville chee 
Clinton, Carroll 4903; Dauphin, He litex 5478a; Delaware, Ridley Quarry 1H 
Fulton, Warfordsburg 4770; Indiana, Saltzburg, Burnett 491 (NY); Lehigh, Mosser. 
ville, Bchositer 11/28/47; Lycoming, Collomsville 4858; McKean, Bennett Brook & 

olivar, Burnett (A); Monroe, Delaware Water Gap, Knipe (A); Northampton, 
Slateford, Schaeffer; Philadelphia, Germantown, James (A); Schuylkill, Hecla, Wagner 
32; Somerset, Sand Patch, Pohl & Lisi. (14 counties). Published, not seen: Chester, 
Tanies: PC; Lancaster, Porter and Muhlenberg, PC. 

Ill. BUXBAUMIACEAE 

Buxpaumia (Hall.) Hedw. 

Buxbaumia aphylla Hedw. Not common. Majority of collections in the Piedmont 
and Ridge and Valley Provinces. A few records from the Allegheny Mountains and 
Plateau. 

SUBSTRATE: Clayey soil and sandy loam. A few records on rotten wood and humus. 
HABITAT: Open hardwood forests, at the roots of shrubs, on road eae ae on 
wooded slopes. Seems to prefer north facing slopes. A aevabions from 150 0 feet. 
ASSOCIATES: Growing with Dicranella heteromalla, Atrichum Macmillani, eam 
pomiformis, and species of Cladonia. 
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REPRODUCTION: Capsules mature and closed in November. April collections open 
and spores still present. (14 specimens. 
COUNTIES: Berks, Vinemont, Wilkens 21; Franklin, Mt. Alto, Edwards 4/20/35; 
Huntingdon, Three Springs, 5520a; Lehigh, Mountainville, Rau 5/29/72 (NY); Mon- 
roe, Delaware Water Gap, Knipe 1874 (C), Porter 11/68 (NY), Garber 11/8/68 
(NY), Mt. Pocono, Porter 5/24/00 (NY); Northampton, Easton, Stultz, 5/15/95 
(P. & NY), Bethlehem, Wolle ae Philadelphia, Wissahickon, James 4/8/64 (C); 
Schuylkill, Hometown, Wagner 54. (8 counties). Published, not com Cameron 
Burnett, PC; Chester, South Hills, Everhart and West Chester, F. Wind ermolocikt 
III; Delaware, Crum Creek, Bryologist IV and Cresson 4/27/03, saaree VII; 
Tea actee Muhlenberg, TM 

IV. DIPHYSCIACEAE 

Dipyyscium Mohr. 

Diphyscium foliosum (Hedw.) Mohr. Not common. Scattered on soil, usually 

among other mosses. Piedmont, Ridge and Valley and Allegheny Mountain Provinces. 

SUBSTRATE: aoe usually sterile sandy soil. Occasionally on dry sandstone or shale 
rocks where humus has accumulated. pH4—5. 
HABITAT: In aver of hardwood forests, usually oak- a Frequently along old 
wood roads and foot paths. At elevations from 100 to 2200 fee 

ASSOCIATES: Dicranella heteromalla and species of pe 
REPRODUCTION: Immature capsule on material collected as early as May 10th. 
Earliest date for open capsules producing spores, June 30th. Peak of spore release 

Lebanon, Lehigh, McKean, Monroe, Montgomery, Northampton, Philadelphia, Schuyl- 
kill, Somerset, Wayne, Westmo foeneL York. (20 counties). Published, not seen 
Center, Tussey’s Mountain, J. 

RutTGERS UNIVERSITY 
New Brunswick, N. J. 
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NORTH QUEENSLAND MOSSES COLLECTED BY L. J. BRASS 

EDWIN B. BARTRAM 

Bushkill, Pike Co., Penna. 

The mosses listed below are the result of the activities of Dr. L. J. Brass 
in connéction with the 1948 Archbold Cape York Expedition.’ The list 
gives a very comprehensive idea of the moss flora of the Cape York Penin- 
sula and likewise is an interesting and significant supplement to the in- 
formation tabulated a few years ago by Mr. H. N. Dixon.” 
The series includes six new species: Fissidens terrae-reginae, Fissidens 

subkurandae, Campylopus Brassu, Dicranoloma spiniforme, Leucoloma 

circinatulum and Ectropothecium riparioides supplemented by the follow- 
ing nine species not previously recorded from Australia as far as I know: 
Bryobrothera crenulata, Himantocladium plumula, Calyptothecium cau-. 
datum, Thuidium Meyenianum, Warburgiella cupresaneieen Taxithelium 

instratum, Taxithelium petrophilum, Isopterygium minutirameum and 
Ectropothecium sandwichense. 

The affinities of these new records and new species are principally with 

the tropical regions to the north indicating that the moss flora of the Cape 
ork Peninsula has a stronger and more logical bond with these areas 

than with continental Australia. 

Unless otherwise noted the collector is Dr. L. J. Brass. One series in- 
cluding the types of all the new species is in my herbarium. Further dis- 

tributions will no doubt be made to the Farlow Herbarium, the University 

of Michigan and elsewhere. 

FISSIDENTACEAE 

Fissidens (Crispidium) terrae-reginae Bartr. sp. no 

Caules gregarii, usque ad 3 mm. alti, ee Folia conferta, sicca valde 
t 

cellulae minutissime, 5—7 yu, irregulariter hexagonae, minute papillosae. Fructus termi- 
nalis, seta 3-4 mm. longa, theca parva, inclinata. 

Mossman River Gorge, on granite rock in rain forest, alt. 150 m., Mar. 
16, 1948, No. 18183. Upper Parrot Creek, Annan River, moist foeks on 
bank of a stream in rain forest, alt. 350 m., Sep. 5, 1948, No. 20037. 

This species is very near F. sOeaiene Griff. but seems to be distinct in 
the narrower, more sharply pointed leaves with the lower leaf cells of the 
duplicate blades often rectangular and to 25 » long by 10 , wide. 

* Collections of the 1948 Archbold Cape York Expedition, American Museum of 
Natural History zo Leonard J. Brass, Leader. Distributed by the Arnold Arboretum, 
Harvard Univers 
: ” Additions to Vie Mosses of North Queensland. — Proc. Royal Soc. Queensland 
3°: 23-40. 1 

ao 
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Fissidens (Aloma) subkurandae Bartr. sp. nov. 

Plantae gregariae, humillimae, se Ca ulis ad 4 mm. longus, laxe foliosus, folia 

hom 

basin costae enata; cellulae pellucidae, irregulariter hexagonae, laeves, diam. 10-I5p. 

Fructus terminalis; seta 2—-2.5 mm. longa; theca erecta 

Leo Creek, Upper Nesbit River: clay mortar of an old Sfonewons forge 

in rain fonesi, alt. 420 m., Aug. 18, 1948, No. 19928. 
F. kurandae Broth. & Watts is pbiteusly closely related to the above 

species but, to judge from the description, is a more robust, corticolous 
plan with longer stems and more bluntly pointed leaves. In F. subkurandae 
the leaves are rather sharply acuminate and not at all “obtiuscula apicu- 

ta.” 

DICRANACEAE 

Dicranella pycnoglossa (Broth.) Par. 

Mossman River Gorge: wet shaded bank of river, alt. 100 m., Mar. 16, 
1948, No. 18194. Shiptons Flat: shady road bank in savanna-forest, alt. 
300 m., Sep. 5, 1948, No. 20022. Upper Parrot Creek, Annan River; 

clayey road in rain forest, alt. 350 m., No. 20034; moist rocks on bank 
of a stream in rain forest, No. 20036, 20038. 

Campylopus introflexus (Hedw.) Brid. 

Mt. Finnegan: cushioned on rocks on summit, alt. 1140 m., No. 20138. 

Campylopus Wattsii Broth. 

Upper Parrot Creek, Annan River: covering an exposed rock outcrop 

in rain forest, alt. 500 m., No. 20312 

Campylopus Brassii Bartr. sp. nov. 

Dioicus, sat robustus, caespitosus, caespitibus densis, lutescentibus. Caulis erectus, 

dense foliosus, rubrotomentosus; folia sicca imbricata, humida erecto-patentia, rigida, 

m. longa, e basi oblonga sensim subulato- cacumlndia: caniculato-concava; mar- 

sinibue pet superne serratis; costa cum apice evanida, dorso lamellato, lamellis 

serratis; cellulis superioribus shonthet, basilaribus matorbig ad margines angustis, 
alaribus puree fuscis. Seta flavida, arcuata; theca gilonan. ovalis, 2 mm. 

calyptra fimbria 

Mt. Finnegan: on open ground in high mountain scrub, alt. 1000 m., 
Sep. 7, 1948, No. 20106. 

This species will be distinguished from C. Wattsiz Broth. by the yellow 
color, the shorter, rigid leaves and the conspicuous dark brown alar cells 
not or scarcely auriculate. 

Campylopus umbellatus (W. Arn.) Bartr. 

Cody Creek, 13 miles WSW of Somerset: on moist sandy soil in black 

teatree scrub, Apr. 28, 1948, No. 18530 (stunted form). Summit of Mt 

Tozer, Tozer Range: seepage-moist places on exposed granite rock faces, 

July 7, 1948, alt. 540 m., No. 19496 
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Holomitrium Muelleri Hpe. 

Lamb’s Head, Lamb Range: sunny rocks in rain forest, alt. 3000-3500 
ft., Mar. 28, 1948, leg. Austin Vievers, No. 18226. Upper Parrot Creek, 

Annan River: upper branches of a tall tree in rain forest, alt. 400 m 

Sep. 17, 1948, No. 20281. Mt. Finnegan: on corky bark of © staring 

trees in savanna-forest, alt. 800 m., Sep. 21, 1948, No. 20360. 

Holomitrium perichaetiale (Hook.) Brid. 

Mt. Finnegan: small cushions in tops of trees of stunted high mountain 
forest, alt. 1060 m., Sep. 21, 1948, No. 20333 

Dicranoloma Menziesii (H. f. & W.) Par. 

Lamb’s Head, Lamb Range: sunny rocks in rain forest, alt. 3500 ft., 

Mar. 28, 1948, leg. Austin Vievers, No. 18228. Mt. Bellenden-Ker: sum- 

mit of south peak, on shaded rocks in low forest, alt. 5000 ft., Apr. 6, 
1948, No. 18282. 

Dicranoloma serratum (Broth.) Par. 

Mt. Finnegan: abundant on rocks and lower trunks of trees in high 

mountain forest, alt. 1040 m., Sep. 7, 1948, No. 20083 

Dicranoloma austro-scoparium (C. M.) Par. 

Mt. Finnegan: on branches of an undergrowth tree in rain forest, alt., 

850 m., Sep. 6, 1948, No. 20057; stems of trees in high stunted mountain 
forest, alt. 1060 m., Sep. 21, 1948, No. 20336. 

Dicranoloma spiniforme Bartr. sp. nov. 

Caules ad 12 cm. longi, flexuosi, irregulariter ramosi. Folia late patentia, ea 

et ramulina superiora valde falcato-secunda, 8-10 mm. longa, e basi ovata, concava 

sensim setaceo-acuminata; marginibus longe infra apicem spinoso-serratis; a. ex- 

currente, dorso lamellato, lamellis serratis; cellulis linearibus, porosis, alaribus num- 

erosis, magnis, oblongo-rectangularibus, fusco-aureis. Fructus ignotus. 

Mt. Finnegan: abundant i undergrowth in high mountain forest, alt. 

1100 m., Sep. 7, 1948, No. 20090. 
Eossibliy near D. Biumii es Par. but the leaves shorter, sharply 

spinose-serrate at least half way down and often nearly to the top of the 
leaf base. 

Leucoloma subintegrum Broth. 

Leo Creek, Upper Nesbit River: lower trunk of a tree in rain forest, 
alt. 500 m., Aug. 18, 1948, No. 19912. Mt. Finnegan: rotting wood in 

high mountain forest, alt. 1040 m., Sep. 7, 1948, No. 20096a; on bark of 

a rotting log in rain forest, alt. 850 m., Sep. 8, 1948, No. 20151a. 

Leucoloma (Syncratodictyum) circinatulum Bartr. sp. nov 

Dioucum; humile, caespitosum, caespitibus densis, late eae superne viridibus, 

intus fuscescentibus. Caulis usque ad 1 cm. altus, plus minusve ramosus; folia conferta, 

flexuoso-patentia, superiora congesta, circinato-contorta, ad 3 mm. longa, e basi 

oblonga sensim subulata; marginibus erectis, superne papiloso-crenulatis, limbata, 

limbo hyalino, basi latiusculo, superne sensim angustiore, supra medium folii evanido ; 
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costa infra summum apicem evanida; cellulis superioribus minutis, dense papillosis, 
obscuris, diam. 7-8 yu, basilaribus dentancilariivie, laevibus, alaribus numerosis, magnis, 
rectangularibus, fusco-aureis. Caetera ignota. 

Leo Creek, Upper Nesbit River: wet rocks in bed of creek, alt. 420 m., 

Aug. 17, 1948, No. 19888. 
Differs from L. perviride Broth. of the Philippines in the crowded comal 

leaves with circinate points. The upper leaf margins are crenulate with 
papillae but not serrulate as in the Philippine plants. 

Dicnemoloma Sieberianum (Hornsch.) Ren. 

Lamb’s Head, Lamb Range: sunny rocks in rain forest, alt. 3000-3500 
ft., Mar. 28, 1948, leg. Austin Vievers, No. 18226a 

DICNEMONACEAE 

Eucamptodon Mulleri Hpe. & C. M. 

Mt. Bellenden-Ker: summit of south peak, on bark of low trees, alt. 
5000 ft., Apr. 6, 1948, No. 18279. Mt. Finnegan: on living and dead 

branchlets in high mountain scrub, alt. 1000 m., Sep. 7, 1948, No. 20108; 

dead twigs in shrubberies of summit, alt. 1140 m., Sep. 7, 1948, No. 20140; 
branches of low trees in high mountain scrub, alt. 910 m., Sep. 21, 1948, 
No. 20356. 

LEUCOBRYACEAE 

Leucobryum sanctum (Brid.) Hampe 

Mossman River Gorge: logs and tree trunks, alt. 100 m., Mar. 17, 1948, 

No. 18190 in part, 18196. Junction Creek, Russell River: on logs, alt. 
50 m., Apr. 2, 1948, No. 18263 in part, 18264, 18265, 18268 in part. Leo 

Creek, Upper Nesbit River: moist rocks and rotten wood, alt. 420 m., 
Aug. 17, 1948, No. 19893, 19894a, 19895. Mt. Finnegan: granite rocks 

and wet banks, alt. 1040 m., Sep. 7, 1948, No. 20084, 20086. Upper Par- 
rot Creek, Annan River: moist stream bank in rain forest, alt. 400 m., 
No. 20278. 

Leucobryum candidum (Brid.) H. f. & W. 

Mt. Bellenden-Ker: summit of south peak, on trees of low forest, alt. 

5000 ft., Apr. 6, 1948, No. 18284. Tozer Range, % mile east of Mt. Tozer: 
lower trunks of trees in rain forest, alt. 425 m., July 1, 1948, No. 19404a; 
rotten wood in rain forest, alt. 425 m., No. 19472. Mt. Finnegan: west 
slopes, on rocks in savanna forest, Sep. 3, 1948, alt. 600 m., No. 20007, 
a peculiar form with the comal leaves often blunt, broadly margined and 
congested in a solid, cuspidate tip. 

Leucobryum candidum forma brachyphylla 

Cody Creek, 13 miles WSW of Somerset: on moist sandy soil in black 
teatree scrub, alt. 10 m., Apr. 28, 1948, No. 18531. Leo Creek, Upper 
Nesbit River: on rocks and rotten logs in rain forest, alt. 420 m., Aug. 17, 
1948, No. 19898, 19938. 
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Leucobryum candidum var. pentastichum (Doz. & Molk.) Dix. 

Lamb’s Head, Lamb Range: sunny rocks in rain forest, alt. 3000-3500 
ft., Mar. 26, 1948, leg. Austin Vievers, No. 18231, 18229. 

Leucobryum ballinense Broth. 

Speewah, upper Clohesy River: rotting logs in rain forest, alt. 1500 ft., 

Mar. 27, 1948, No. 18210 in part. Newcastle Bay, 24 miles S. of Somer- 
set: on logs and bark, alt. 20 m., May 7, 1948, No. 18656, 18658, 18764. 

Tozer Range, north end: on bark, alt. 300 m., June 29, 1948, No. 19371. 
Tozer’s Gap, Tozer Range: logs and bases of trees in rain forest, alt. 100 
m., June 30, 1948, No. 19383, 19385. Tozer Range 1% mile east of Mt. 
Tozer: trunks of living trees in rain forest, alt. 425 m., July 1, 1948, No. 
19392. Shipton’s Flat: on drift logs and charcoal, alt. 275 m., Sep. 4, 

1948, No. 20020, 20169. Mt. Finnegan: on rotting logs, alt. 850 m., Sep. 

6, 1948, No. 20055. 
Leucobryum ballinense Broth. is not a convincing species. The author 

distinguishes it from L. brachyphyllum by the more slenderly acuminate 
leaves but I believe it will eventually have to be included in the synonymy 

of the protean L. candidum (Brid.) Hpe. 

Leucobryum Bowringii Mitt. var. sericeum (Broth.) Dix. 

Mossman River Gorge: on logs and shaded rocks, alt. 100 m., Mar. 17, 
1948, No. 18185, in part, 18191. Mt. Finnegan: rocks on bank of stream 

in high mountain forest, alt. 1040 m., Sep. 7, 1948, No. 20081. Shipton’s 
Flat: on moist shady banks of stream, alt. 275 m., Sep. 10, 1948, No. 
20168. 

Leucophanes candidum (Hornsch.) Lindb. 

Mossman River Gorge: forming big bright he cushions on trees over- 
hanging river, alt. 100 m., Mar. 17, 1948, No. 18 

Leucophanes australe Broth. 

Iron River: high on a rain forest tree, alt. 20 m., June 12, 1948, No. 
19160 in part. 

Octoblepharum albidum Hedw. 

Lockerbie, 10 miles WSW of Somerset: dry lateritic rocks on edge of 
rain forest, alt. 50 m., May 4, 1948, No. 18644. Newcastle Bay, 21% miles 
S. of Somerset: lower trunks of trees and logs in scrub of coastal sand 

dunes, May 7, 1948, No. 18657. Iron Range: high on rain-forest tree, 

alt. 20 m., June 12, 1948, No. 19160 in part. 

CALYMPERACEAE 

Syrrhopodon croceus Mitt. 

Tozer Range, % mile east of Mt. Tozer: lower trunks of trees in rain 
forest, an 425 m., July 1, 1948, No. 19404. Tozer Range, north end: 
bark of tree on edge of brush, forest. alt. 300 m., June 29, 1948, No. 
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19372. Leo Creek, Upper Nesbit River: lower trunk of a tree in main 
forest, alt. 420 m., Aug. 17, 1948, No. 19892. 

Thyridium fasciculatum (Hook. & Grev.) Mitt. 

Iron Range: on lower trunks of trees in rain forest, alt. 20 m., June 13, 
1948, No. 19205. Tozer’s Gap, Tozer Range: lower trunks of trees in rain 
forest, alt. 60 m., July 5, 1948, No. 19456. Leo Creek, Upper Nesbit 
River: on twigs in rain forest undergrowth, alt. 500 m., Aug. 18, 1948, 

No. 19913 

Thyridium undulatulum (Broth.) Fleisch. 

Lockerbie, 10 miles WSW of Somerset: bark of Wormia alata in gallery 
woods, alt. 30 m., Apr. 30, 1948, No. 18541; in green patches on bark of 

savanna-forest trees adjacent to rain forest, alt. 50 m., May 4, 1948, No. 
18645. Tozer Range, north end: bark of tree in bushy forest, alt. 300 m., 
June 29, 1948, No. 19370. Tozer’s Gap, Tozer Range: on dead wood in 
rain-forested gully, alt. 100 m., June 30, 1948, No. 19382; trunk of living 
tree in rain forest, alt. 100 m., July 4, 1948, No. 19440. Tozer Range, % 
mile east of Mt. Tozer: high branches of a tree in rain forest, alt. 425 m., 
July 6, 1948, No. 19473. Leo Creek, Upper Nesbit River: trunk of a 
palm in rain forest, alt. 420 m., Aug. 20, 1948, No. 19956, 19872. 

Calymperes tenerum C. M. 

Newcastle Bay, 2% miles S of Somerset: dead bark of trees in scrub of 
coastal sand dunes, May 7, 1948, No. 18670. Tozer Gap, Tozer Range: 
bark of living tree in rain forest, alt. 60 m., July 5, 1948, No. 19453. 

POTTIACEAE 

Hyophila involuta (Hook.) Jaeg. 

Mossman River Gorge: on wet rocks in river, alt. 100 m., Mar. 17, 1948, 

No. 18192. ; 

BRYACEAE 

Bryum pachytheca C. M. 

Hannibal Island, Shelburne Bay: terrestrial in brushy rain forest, alt. 

c. 1 m., Apr. 19, 1948, No. 18345. Tozer Gap, Tozer Range: on ground 

where logs have been burned in savanna-forest, alt. 120 m., July 3, 1948, 

No. 19429, 19524. Brown’s Creek, Pascoe River: bare e sandy patches i in 
floodbed of creek, alt. 60 m., July 16, 1948, No. 19617 

Bryum subpachypoma Hpe. 

Mossman River Gorge: on rocks in rain forest stream, bright green 

small tufts, alt. 150 m., Mar. 16, 1948, No. 18171; on granite rocks in 

rain forest, alt. 150 m., Mar. 16, 1948, No. 18175; wet banks of river, 

alt. 150 m., Mar. 17, 1948, No. 18197. 
The distinctions bees this species and B. nitens Hook. are negligible 

and I have little doubt but that they are one and the same thing. 
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RHIZOGONIACEAE 

Rhizogonium spiniforme (Hedw.) Bruch 

Mossman River Gorge: on log in rain forest, alt. 100 ft., Mar. 17, 1948, 

No. 18185 in part, 18187, 18190 in part. Speewah, upper Clohesy River: 
on log in rain forest, alt. 1500 ft., Mar. 27, 1948, No. 18210. Junction 

Creek, Russell River, on logs in rain forest, alt. 20 m., Apr. 2, 1948, No. 
18253, 18263 in part, 18268 in part. Leo Creek, Upper Nesbit River: on 
log in rain forest, alt. 420 m., Aug. 17, 1948, No. 19890, 19891, 19908, 

19927. Tozer Range, %4 mile east of Mt. Tozer: base of dead tree in rain 
forest, alt. 425 m., July 1, 1948, No. 19391, 19470. Mt. Finnegan: on 
rocks (granite) in high mountain scrub, alt. 1100 m., Sep. 7, 1948, No. 
20087. 

Bryobrothera crenulata (Broth. & Par.) Ther. 

Mt. Finnegan: on living branchlets of undergrowth in high mountain 
forest, alt. 1100 m., Sep. 7, 1948, No. 20091 

In studying these plants I was impressed with their resemblance to 
Calomnion Dixoni Bartr. of Fiji. Upon making comparisons they prove 
to be identical in every respect so C. Dixoni must be reduced to synonymy. 
Instead of being a New Caledonian endemic the species now includes 
Queensland and Fiji in its geographical range. My Fijian material is all 
sterile but in habit, appearance and structural detail it is an exact counter- 
part of No. 110 of Theriot’s New Caledonian Exsiccati. 

ORTHOTRICHACEAE 

Macromitrium Scottiae C. M. 

Mt. Bellenden-Ker, summit of south peak: on dead wood of low trees, 
alt. 5000 ft., Apr. 6, 1948, No. 18280. Mt. Finnegan: on dead branchlets 

of trees in high mountain scrub, alt. 1100 m., Sep. 7, 1948, No. 20085. 

Macromitrium funiforme Dix. 

Mt. Bellenden-Ker, summit of south peak: on trees of low forest, alt. 
5000 ft., Apr. 6, 1948, No. 18283. Mt. Finnegan: on dead pranehlets in 

high mountain scrub, ale, 1000 m., Sep. 7, 1948, No. 20107. 

Macromitrium Daemelii C. M. 

Mt. Finnegan: covering dead branches of trees in stunted high moun- 

tain forest, alt. 1060 m., Sep. 21, 1948, No. 20334a. 

Macromitrium dimorphum C. M. 

Mt. Bellenden-Ker, summit of south peak: on trunks of low trees, alt. 
5000 ft., Apr. 6, 1948, No. 18281a. Mt. Finnegan: on dead wood and dead 
branches in shrubberies of summit and high mountain forest, alt. 910- 
1140 m., Sep. 1948, No. 20136, 20139, 20334, 20358. 

Schlotheimia Brownii Brid. 

Mt. Bellenden-Ker, summit of south peak: on trunks of low trees, alt. 
5000 ft., Apr. 6, 1948, No. 18281b; trunks of trees in stunted high moun- 

tain forest, alt. 910 m., Sep. 21, 1948, No. 20357. 
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RHACOPILACEAE 

Rhacopilum convolutaceum C. M. 

Leo Creek, Upper Nesbit River: carpeting rocks on side of a bluff in 
rain forest, alt 420 m., Aug. 17, 1948, No. 19896. 

PTEROBRYACEAE 

Mulleriobryum Whiteleggei (Broth.) Fleisch. 

Mossman River Gorge: on undergrowth and tree trunks in rain forest, 

alt. 150 m., Mar. 16, 1948, No. 18172, 18179. Upper Parrot Creek, Annan 

River: on rocks in bed of stream in rain forest, alt. 400 m., Sep. 17, 1948, 

No. 20276. 

METEORIACEAE 

Aerobryopsis longissima (Doz. & Molk.) Fleisch. 

Mossman River Gorge: on bark of AgatAis sp. in rain forest, alt. 150 
m., Mar. 17, 1948, No. 18198. Leo Creek, Upper Nesbit River: on trees 
on open bank of stream in rain forest, alt. 420 m., Aug. 17, 1948, No. 

19887; dry twigs in rain forest undergrowth, alt. 500 m., Aug. 18, 1948, 

No. 19914. Mt. Finnegan: epiphytic in shrubberies of summit, alt. 1140 

m., Sep. 7, 1948, No. 20143. Upper Parrot Creek, Annan River: lower 

trunks of trees in dryish rain forest, alt. 500 m., Sep. 19, 1948, No. 20313. 

NECKERACEAE 

Himantocladium plumula (Nees) Fleisch. 

Iron Range: lower tree trunks in rain forest, alt. 50 m., June 13, 1948, 

No. 19258. 

Calyptothecium recurvulum (C. M.) Broth. 

Mossman River Gorge: lower trunks of trees in rain forest, alt. 150 m., 
Mar. 16, 1948, No. 18176. 

Calyptothecium acutum (Mitt.) Broth. 

Mossman River Gorge: ais from granite rocks in rain forest, alt. 

150 m., Mar. 17, 1948, No. 18199. 

HOOKERIACEAE 

Callicostella Kaernbachii Broth. 

Wet rocks in rain forest stream, alt. 25 m., Apr. 2, 1948, No. 18255a. 

HYPOPTERYGIACEAE 

Hypopterygium Daymanianum Broth. & Geh. 

Mt. Finnegan: on trunks of trees in high mountain forest, alt. 1100 m., 

No. 20093. 

Hypopterygium Mulleri Hpe. 

Mossman River Gorge: shady rocks in rain forest, Mar. 17, 1948, No. 

18195. Leo Creek, Upper Nesbit River: carpeting wet rocks in rain forest, 

alt. 420 m., Aug. 17, 1948, No. 19906. 
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LESKEACEAE 

Thuidium furfurosum (H. f. & W.) Jaeg. 

Mossman River Gorge: carpeting rocks in rain forest, alt. 150 m., Mar. 

16, 1948, No. 18166. 

Thuidium Meyenianum (Hpe.) Bry. Jav. 

Rocks and trunks of trees in rain forest, alt. 150 m., Mar. 16, 1948, No. 

18169, 18181, 18182. Iron Range: carpeting rocks and logs in a moist 

rainforest ravine, alt. 40 m., June 16, 1948, No. 19214. Tozer gap, Tozer 

Range: lower trunks of trees in rain forest, alt. 60 m., July 5, 1948, No. 

19445. 

Thuidium plumulosiforme (Hpe.) Jaeg. 

Mossman River Gorge: on underbrush in rain forest, alt. 150 m., Mar. 

16, 1948, No. 18174. Upper Parrot Creek, Annan River: on stones in rain 

forest, alt. 400 m., Sep. 15, 1948, No. 20256. 

ENTODONTACEAE 

Trachyphyllum inflexum (Harv.) Gepp. 

Lockerbie, 10 miles WSW of Somerset: dry lateritic rocks on edge of 

rain forest, alt. 50 m., May 4, 1948, No. 18643. Archer River, Wenlock- 

Coen Road: on dead tree trunks in thin rain forest on banks of river, alt. 

125 m., July 31, 1948, No. 19769. 
The type collection of T. papuanum Broth. came from Thursday Island 

but as it is very questionably distinct from 7. inflexum I believe these 
collections represent the first records for the Australian mainland. 

SEMATOPHYLLACEAE 

Acanthocladium extenuatum (Brid.) Mitt. 

On rotting bark in rain forest, alt. 800 m., Sep. 8, 1948, No. 20154. 

Warburgiella cupressinoides C. M. 

Mt. Bellenden-Ker, summit of south peak: on bark of Leptospermum 
wooroonooran, alt. 5000 ft., Apr. 6, 1948, No. 18281. Mt. Finnegan: car- 

peting a rotten log in rain forest, alt. 850 m., Sep. 6, 1948, No. 20056. 

Previously known only from the Philippines and New Caledonia. 

Sematophyllum caespitosum (Hedw.) Mitt. 

Mossman River Gorge: on wet rocks on river bank, alt. 100 m., Mar. 17, 

1948, No. 18193. Speewah, upper Clohesy River: on rocks in rain forest 
stream, alt. 1500 ft., Mar. 26, 1948, No. 18206. Junction Creek, Russell 

River: on rocks in rain forest stream, alt. 30 m., Apr. 2, 1948, No. 18248, 

18256. Iron Range: living bark of trees in floodplain rain forest, alt. 20 
m., June 6, 1948, No. 19050. Leo Creek, Upper Nesbit River: on base of 

tree in rain forest, alt. 420 m., Aug. 15, 1948, No. 19858; rocks on bank 

of creek in rain forest, Aug. 17, 1948, No. 19897. Upper Parrot Sy 

Annan River: on bark of a creek- bank tree in rain forest, alt. 40 
Sep. 17, 1948, No. 20280. 



244 FaArLowiA, VoL. 4, 1952 

Sematophyllum saproxylophilum (C. M.) Fleisch. 

Leo Creek, Upper Nesbit River: dead trunk of a tree in rain forest, alt. 

420 m., Aug. 16, 1948, No. 19873. Mt. Finnegan: on bark of a rotting log 

in rain forest, alt. 850 m., Sep. 8, 1948, No. 20152. Shipton’s Flat: rotten 

wood in creek-bank rain forest, alt. 275 m., Sep. 4, 1948, No. 20021. 

Acroporium erythropodium (Hpe.) Broth. 

Lamb’s Head, Lamb Range: sunny rocks in rain forest, alt. 3000-3500 
ft., Mar. 28, 1948, No. 18230. Mt. Finnegan: on living branches of trees 

in high mountain forest, alt. 1100 m., Sep. 7, 1948, No. 20092, 20137, 
20332, 20335 in part. 

Trichosteleum hamatum (Doz. & Molk.) Jaeg. 

Tozer Gap, Tozer Range: on dead logs in a rain forested gully, alt. 100 
m., June 30, 1948, No. 19384. Leo Creek, Upper Nesbit River: dead trunk 

of tree in rain forest, alt. 420 m., Aug. 16, 1948, No. 19873a. Mt. Finne- 
gan: covering trunks of trees in high mountain forest, alt. 1040 m., Sep. 7, 

1948, No. 20082. Upper Parrot Creek, Annan River: on wet decayed wood 
in a rain forest stream, alt. 400 m., Sep. 17, 1948, No. 20277. Junction 

Creek, Russell River: on rotting logs in rain forest, alt. 30 m., Apr. 2, 1948, 

No. 18252 in part. 

Acanthorrhynchium papillatum (Harv.) Fleisch. 

Leo Creek, Upper Nesbit River: rotten wood, wet rocks and tree trunks 
in rain forest, alt. 420 m., Aug. 17, 1948, No. 19894, 19894a in part, 19889, 

19908a, 19909 in part, 19955. Upper Parrot Creek, Annan River: moist 
bank of a stream in rain forest, alt. 400 m., Sep. 17, 1948, No. 20279. 

This wide ranging species is not uncommon in the Cape York Peninsula 

to judge from these collections and it seems strange that it has been re- 

corded only once before. It frequently grows in association with Leuco- 
bryum sanctum both here and elsewhere through the range. 

Taxithelium instratum (Brid.) Broth. 

Mossman River Gorge: on log in rain forest, alt. 100 m., Mar. 17, 1948, 

No. 18186a. 
A frequent Indo-Malaysian species but not previously known south of 

New Guinea. 

Taxithelium petrophilum Williams 

Tozer Gap, Tozer Range: covering stones in flood channel of a stream 

in rain forest, alt. 60 m., July 5, 1948, No. 19457. 

The rupestrine habit, strongly complanate and sharply pointed leaves, 

the absence of enlarged alar cells and shorter setae are characters in the 

aggregate which clearly separate these plants from 7. instratum. After 

reexamining the Philippine material I believe the reduction of 7. petro- 
philum (petrophila) to a synonym of T. instratum was a mistake. The 

Queensland collection is similar in every particular to the Philippine type 
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but is in much better condition so that the distinctions are more sharply 

defined. 

Taxithelium selenithecium (C. M.) Par. 

Mossman River Gorge: lower trunk of a tree in rain forest, alt. 150 m., 

Mar. 16, 1948, No. 18170. Lockerbie, 10 miles WSW of Somerset: cover- 

ing a stone in rain forest, alt. 50 m., May 4, 1948, No. 18646. Iron Range: 

on dead bark of trees in floodplain rain forest, alt. 20 m., June 6, 1948, 

No. 19061. Tozer Gap, Tozer Range: wet rocks in bed of stream in rain 

forest, July 5, 1948, No. 19454. Coen: in wet shade in rocky bed of Coen 

River, alt. 200 m., Aug. 3, 1948, No. 19795. 

Taxithelium novae-valesiae (Broth.) Broth. 

Mt. Finnegan, west slopes: on bark of a rotting log in rain forest, alt. 

850 m., Sep. 8, 1948, No. 20151. Mt. Finnegan: rotting wood in high 

mountain forest, alt. 1040 m., Sep. 7, 1948, No. 20096; small cushions in 

tops of trees of stunted high mountain forest, alt. 1060 m., Sep. 8, 1948, 

No. 20153 in part. Junction Creek, Russell River: on dead wood in rain 

forest, alt. 50 m., Apr. 2, 1948, No. 18266. Mossman River Gorge: de- 

caying bark in rain forest, alt. 150 m., Mar. 16, 1948, No. 18180. Leo 

Creek, Upper Nesbit River: on living bark in rain forest undergrowth, alt. 
420 m., Aug. 30, 1948, No. 19953. 

HYPNACEAE 

Isopterygium minutirameum (C. M.) Jaeg. var. brevifolia Fleisch.— (Hypnum 

austro-pusillum C. M., Linn. 1871-73, p. 159) 

Junction Creek, Russell River: on rotting logs in rain forest, alt. 30 m., 

Apr. 2, 1948, No. 18252 in part. Tozer Range, 1% mile east of Mt. Tozer: 

covering a dead stick in rain forest, alt. 425 m., July 1, 1948, No. 19405. 
Shipton’s Flat: moist granite rock on bank of stream, alt. 275 m., Sep. 10, 

1948, No. 20170. Upper Parrot Creek, Annan River: on rotten log in 

rain forest, alt. 400 m., Sep. 19, 1948, No. 20321. 

Ectropothecium sandwichense (Hook. & W. Arn.) Mitt. 

Mossman River Gorge: on a log in rain forest, alt. 100 m., Mar. 17, 

1948, No. 18186. Speewah, upper Clohesy River: rotting log in rain forest, 

alt. 150 m., Mar 26, 1948, No. 18205. Junction Creek, Russell River: wet 

rocks in rain forest stream, alt. 25 m., Apr. 2, 1948, No. 18255. Iron 

Range: decayed wood on rain forest floor, alt. 20 m., June 15, 1948, No. 

19204. Leo Creek, Upper Nesbit River: moist rocks of creek banks in 
rain forest, alt. 420 m., Aug. 17, 1948, No. 19904. Upper Parrot Creek, 
Annan River: on an old log in rain forest, alt. 500 m., Sep. 15, 1948, No. 

20255. 
This species probably has a wider distribution than the published rec- 

ords indicate and may eventually acquire a considerable synonymy. 
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Ectropothecium Moritzii (C. M.) Jaeg. 

Leo Creek, Upper Nesbit River: carpeting wet rocks on creek bank in 

rain forest, alt. 420 m., Aug. 17, 1948, No. 19905; on a seepage-wet rock 

in rain forest, alt. 420 m., Aug. 17, 1948, No. 19907. 

Ectropothecium riparioides Bartr. sp. nov. 

ioicum; gracile, caespitosum, caestipitibus laxis, depressis, viridibus. Caulis 

elongatus, flexuosus, ad 10 cm. longus, pinnatim-ramosus, ramis ad 1 cm. longis, com- 

planate foliosis. Folia patentia, haud falcata, 0.8 mm. longa, ovato-lanceolata, acu- 

minata, ecostata, superne minute denticulata; cellulis linearibus, laevissimis, alanis 

paucis, subquadratis. Caetera ignota. 

Junction Creek, Russell River: on oe rane rocks in stream 

in rain forest, alt. 30 m., Apr. 2, 1948, No. 18251. 

Possibly near E. Senile Broth, & a a entirely different in 

habit and quite distinct in the subentire leaves with smooth cells. 

Trachythecium verrucosum (Hpe.) Fleisch. 

Mossman River Gorge: lower trunks of trees in rain forest, alt. 150 m., 

Mar. 16, 1948, No. 18167, 18178. 

Addendum 

Through the friendly cooperation of Mr. J. H. Willis I have received 

the mosses listed below which were collected by Dr. Brass and included 

with the Hepatics sent to the Melbourne Botanic Gardens for study. These 

are important additions to the moss flora of North Queensland and neither 

of the species appeared in the original series of moss collections. I am 

grateful to Mr. Willis for making them available and am happy to be able 

to include them in the list of mosses collected by Dr. Brass during the 
course of the expedition. 

LEMBOPHYLLACEAE 

Camptochaete brisbanica (C. M.) Broth. & Watts. 

Mt. Finnegan, west slopes (Cedar Bay S. of Cooktown), abundant on 

branches of woody undergrowth in rain forest, alt. 850 m., Sep. 8, 1948, 

No. 20058. Mt. Finnegan, dead twigs in rain forest, alt. c. 800 m., Sep. 8, 
1948, No. 20155. 

The only record of this baer : can locate is in ‘““The Mosses of North 
Queensland” (Proc. Linn. Soc. of N. S. Wales, Vol. 43, pt. 3, p. 561, 
1918). Mr. Wallis tells me ee he has compared these Seep with 
material in the National Herbarium, Victoria, determined by R 
Watts and finds that they match beautifully. 

HOOKERIACEAE 

Eriopus Brassii Bartr. sp. nov. 

Dioicum ut videtur. Caulis circa 1 cm. longus, simplex vel parce ramosus, laxe 

foliosus, parce radiculosus. Folia patentia, complanata, ad 2.5 mm. longa m 

lata, e basi angustata late ovata, apice rotundato-obtusa, tenuiter apiculata, ecostata, 
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ubique limbata, limbo hyalino e cellulis 2-3 seriatis superne remote denticulatis in- 

structo; cellulae superiores ovali- roel ca. 37 w longae, 20 yw latae, parietibus 

firmis, basilares laxiores. Caetera ignota 

Mt. Finnegan, trunk of tree in high mountain forest, alt. ca. 1040 m., 
Sep. 7, 1948, No. 20097. 

Unfortunately the plants I have seen are entirely sterile so that the 
sporophyte characters which are of high diagnostic value in this genus are 

lacking. The narrowly bordered leaves and the slender apiculus clearly 
differentiate this species from EF. apiculatus (H. f. & W.) Mitt. and the 
denticulate leaf margins preclude any confusion with E. Brownii Dix. of 
New Zealand. The species of this widely distributed and remarkable genus 
are in need of a careful revisional study but meanwhile it would seem that 
the Mt. Finnegan plants are deserving of a definite specific status. 



@. 
.. 

SE SAE Ais “pie — 

a Sa a) ee ee ee oe 



4(1):249-264 FARLOWIA OcToBER, 1952 

IDENTIFICATION OF YEASTS FROM COMMERCIAL 
CUCUMBER FERMENTATIONS IN 
NORTHERN BRINING AREAS ' 

J. L. Ercuetts, R. N, Costitow, anp T. A. BELL 

Bureau me Agricultural and Industrial Chemistry, 

U~. Department of Agriculture and 

North Sa hi Agricultural Experiment Station 

Raleigh, North Carolina 

Cucumbers for pickling represent an important agricultural commodity 
— ranking fourth in acreage and sixth in value of all horticultural crops 
for processing. The annual crop of pickling cucumbers is about 10 million 
bushels; of this amount, approximately 8 to 8.5 million bushels are brine- 
cured and the balance goes to fresh-pack or pasteurized products. About 
one-fourth of the crop is brined in the Southeastern States; and Indiana, 
Michigan, and Wisconsin brine approximately one-half. 

For the past several years this Bureau, in cooperation with the Depart- 
ment of Horticulture of the North Carolina Agricultural Experiment Sta- 

tion, has been investigating the microbiological changes occurring during 
the fermentation of cucumbers brined under southern conditions. More 
recently part of this cooperative work has centered around that portion 
of the fermentation caused by yeast activity. Particular emphasis has 

been placed on the identity of the individual species comprising the total 
yeast population. We are interested in obtaining basic information of this 

type for the major cucumber pickling areas of the country in an effort to 
improve existing brining procedures and minimize losses caused by (1) 
enzymatic softening of salt-stock, and (2) the formation of bloaters 
(hollow salt-stock). Most yeasts of cucumber brine origin possess two 
important qualities that would be required of any microbial group asso- 

ciated with the two important types of economic loss mentioned above. 
These qualities are high tolerance to salt and high tolerance to acid. 

In a recent report (Etchells and Bell, 1950 a), 1,444 yeast isolates as- 

sociated with the gaseous fermentation of cucumbers under conditions 
typical of southern brining areas (e.g. North Carolina) were classified. 
During the period when isolations were made, the brine strength of the 
fermentations was within the range of 10 to 18 percent by weight. It was 
found that the isolates could be reduced to the following six genera in the 
order of frequency of isolation: Torulopsis, 721 isolates; Brettanomyces, 
588; Zygosaccharomyces, 59; Hansenula, 49; Torulaspora, 6; Kloeckera, 

study was carried out under a cooperative project with the Department of 

Horticulture of the North Carolina Agricultural Experiment Station. Published with 

the approval of the Director, North Carolina Agricultural Experiment Station as 

Paper No. 383 of the Journal Series. 
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1; and 20 cultures not fully classified. Bloater formation in the vats of 

salt-stock cucumbers examined was attributed to the gaseous yeast fer- 

mentation. The proportion of bloaters = in seven vats of large-sized 

cucumbers ranged from 23 to 54 percen 

Although the above study ie established that certain yeast 

species were related to bloater formation under southern fermentation 

conditions, no incrimination of these species has been demonstrated to 

date (Etchells and Bell, 1951) in connection with the type of enzymatic 

softening of cucumber salt-stock described by Bell, Etchells, and Jones 

(1950). However, several yeast species (all from sources other than 

cucumber brines) have been reported (Luh and Phaff, 1948; Hall and 

Teunisson, 1948; Etchells and Bell, 1951) as being capable of producing 

a pectin-splitting enzyme similar to the one responsible for softening of 

salt-stock (Bell, Etchells, and Jones). Such yeasts, growing in commercial 

cucumber brines, could contribute materially to the softening type of spoil- 

age. Continued isolation and identification of yeasts from cucumber fer- 

mentations in the major brining areas of the country may reveal species 

capable of glycosidic hydrolysis of pectin. 
Previous studies on the yeasts responsible for the gaseous fermentation 

of cucumbers have been limited to conditions typical of southern states. 

The present investigation was undertaken (1) to establish whether yeast 

activity represents a part of the cucumber fermentation under conditions 

typical of northern brining areas represented by the states of Indiana, 

Michigan and Wisconsin, and (2) if so, to determine the nature and se- 

quence of the principal yeast species present. 

EXPERIMENTAL PROCEDURE 

During a 3-year period (1948-50) 155 brine samples were collected 

from 21 commercial cucumber brining stations, operated by eight pickle 

companies in Indiana, Michigan, and Wisconsin. The location of brining 

stations visited in each state, and the number of brining seasons each sta- 

tion was visited, are given in table 1. During the 1948 and 1949 seasons, 

the brines were collected during the first week in November and repre- 

sented the middle to late periods of fermentation; during the 1950 season, 

the samples were taken during September, 4th to 9th, and covered the 

early period of fermentation. The brine temperatures of the fermentations 

sampled during the 1950 season were as follows: Indiana brines, 19 to 

20°C; Michigan and Wisconsin brines, 15.5 to 20°C. Brine temperatures 

were not taken during the 1948 and 1949 sampling wiriods. A total of 

452 yeast isolates were obtained during the investigatfn and information 

as to their source is presented in table 2. A general picture with respect 

to total yeast populations, rate of increase in brine strength, and chemical 

changes with respect to brine acidity and pH, is presented in figure 1. The 

curves represent mean values for all brines collected during the 3-year 

period. 
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TaBLeE 1. Location or NorTHERN CUCUMBER BRINING STATIONS FROM WHICH 

BRINE SAMPLES WERE COLLECTED Durinc 1948, 1949, anp 1950 

State Brining Station a iy Brining Seasons 

of Stat in During Which Station 

Each siete Was Visited 

code no, no. yrs. 

NJ North West 3 1948-50 

Indiana KR North West 3 1948-50 

KO North West 1 1948 

State Total 3 

LT South Central 3 1948-50 

LA South Central 3 1948-50 

CL Central 2 1949-50 

BA South West 1 1948 

Michigan RD South Central 1 1948 

SG East Central 1 1950 

NL Central 1 1950 

SN East Central 1 1950 

CS West Central 1 1950 

LV West Central 1 1950 

CC East Central 1 1950 

State Total 11 

BR Central 2 1948; 50 

Wwy Central 2 1948; 50 

PL South East 2 1948; 50 

Wisconsin WA Central 2 1948; 50 

Ox Centr 1 1948 

GB East Central J 1950 

WU Centr 1 1950 

NK Central 1 1950 

State Total 8 

Total 22) 

Of the 155 individual vats sampled, about one-third were under outside 
conditions and the remainder were sheltered from the weather and direct 
sunlight. Vats so protected afford excellent conditions for good growth 
of yeast species responsible for film formation on the brine surface (Etch- 
ells and Bell, 1950 5). More important is the fact that contamination of 
subsurface brine samples with species of film yeasts can become a problem 
unless care is taken with the sampling procedure (Etchells and dees 

1946; Etchells and Bell, 1950 a). In the gras ee less than 3 per 

cent of the 452 ‘golates were classified as film s which Rae 

from surface growth on sheltered vat brines. The S “film yeast isolates 
(7 Candida and 5 Debaryomyces) came from seven brines; five were 
collected during the 1949 season; and two from 1950. 
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The brine samples were collected, plated, and counted according to 
methods previously described by Etchells (1941) and revised by Etchells 
and Jones (1946), and Etchells and Bell (1950 a). All brines were plated 

on acidified glucose agar containing 6 to 8 percent salt by weight and the 
plates from the high dilutions set aside for picking representative col- 
onies. These colonies were identified and the proportion of each species 
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Figure 1. Total yeast populations, increase in brine concentration, brine acidity 
and pH of northern cucumber fermentations. 

present was assigned a value which gave an estimate of their numbers in 
the brine sample. The methods and classification systems employed for 
the 452 isolates were essentially those outlined by the Dutch workers; 

Stelling-Dekker (1931), Lodder (1934), Diddens and Lodder (1942), 
and Custers (1940). Bedford’s (1942) classification system was used for 

the genus Hansenula. For confirming the ability of isolates of certain 
genera (e.g. Hansenula and Brettanomyces) to utilize nitrate, the assimila- 

tion test of Wickerham (1946, 1951) was particularly useful. Certain 
other modifications and additions were made in connection with the tax- 
onomic tests employed by the Dutch group. These have been fully de- 
scribed by Etchells and Bell (1950 a, 6). 
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RESULTS 

The 452 isolates obtained during the 3-year study were reduced to 

eight generic groups as follows: I. Brettanomyces, 132 isolates (29.2%) ; 

II. Torulopsis, 103 (22.8%); III. Torulaspora, 68 (15.0%); IV. Hansen- 

ula, 59 (13.1%); V. Saccharomyces, s.g. eget 46 (10.2%); 

VI. Saccharomyces, s.g. Saccharomyces 5.s., (4.9%); VII. Candida, 
7 (1.5%); VIII. Debaryomyces, 5 (1.1% i an unélaasified group 

of 10 isolates. Species separation under ae generic group is summarized 

in table 3. Information is also presented on species distribution for each 

brining season with respect to: (1) Number of isolates found; (2) num- 
ber of vat brines where found; and (3) number of brining stations where 

found. 

Predominating Genera 

Group I, Genus Brettanomyces Kuff. et van Laer: Of the 132 isolates 
placed in this genus, 103 were identified as B. versatilis Etchells et Bell. 

This yeast was the most frequently isolated species obtained during the 
study and was widely distributed in the brines collected each season from 

all three states. B. versatilis was also found in several instances where the 
brine samples came from vats of salt-stock that were 12-14 months old. 

Twenty-nine isolates were closely related to B. sphaericus Etchells et Bell. 
Until further study can be made of this group, we prefer to list them as 

an unnamed variety of B. sphaericus. Most of these cultures were ob- 

tained in Indiana and Michigan during the 1949 and 1950 brining seasons. 

Group II, Genus Torulopsis Berlese: The 103 cultures placed in this 

genus consisted of two species: T. kolmii (Jorgensen) Lodder accounted 
for 67 cultures which, with the exception of one isolate obtained in 1948, 

came from brines collected from nine brining stations during the 1950 

season. This species occurred chiefly in brines during the early part of the 

fermentation. The 36 isolates placed as T. caroliniana Etchells et Bell 

were obtained during two brining seasons (1948 and 1950), and came 

mostly from brines collected at two Indiana brining stations; however, a 
few cultures were isolated from Michigan brines. 

Group III, Torulaspora Lindner: The 68 isolates placed in this genus 
were identified as T. rosez Guillermond and were obtained in about equal 

numbers from brines collected during the 1948 and 1950 seasons. This 
yeast was not found in the 1949 brines collected in the regular manner. 

The cultures were identical as far as cultural, morphological, fermenta- 
tion, and carbon assimilation reactions were concerned, but differed with 

respect to sporulation behavior. Some sporulated readily; others produced 

typical copulation tubes but spores did not develop; still others produced 

neither copulation tubes nor spores.” 
Group IV, Genus Hansenula Sydow: This genus was represented by 

. L. J. Wickerham kindly checked representative sees of our 7. rosei col- 
lection and found the carbon assimilation patterns to be the same 
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59 cultures of H. subpelliculosa Bedford, obtained from representative 
brining stations in Indiana, Michigan, andl Wisconsin. This species was 

consistently found during all three brining seasons. The cultures were 

divided into two groups; those that fermented maltose, and those that 

gave a weak to negative fermentation test for this sugar. Etchells and 

Bell (1950 a) considered that the fermentation of maltose was a weak 
characteristic for this species because of the variable reactions obtained 
when a sufficient number of cultures were studied. More recently, Wick- 
erham (1951) also found that H. subpelliculosa gave a variable maltose 
fermentation. 

Group V, Genus Saccharomyces (Meyen) Reess; subgenus Zygosac- 

charomyces Barker; The 46 isolates placed in this subgenus were allo- 
cated to the following four species: Z. Aalomembranis Etchells et Bell, 28 
cultures; Z. globiformis Kr. et Kb., 14; Z. species A, 3; and Z. pastori 

Guillermond, 1. The species 2. halomembranis was consistently found in 

the brines of two Indiana stations during the 3-year study. The isolates 

placed as Z. globiformis were similar but not identical to this species. 
However, the characteristics were essentially the same as those de- 
scribed in detail by Etchells and Bell (1950 a) for their Z. species A, 

obtained from the fermentation of cucumbers brined under southern con- 
ditions. 

Group VI, Genus Saccharomyces (Meyen) Reess; subgenus Saccharo- 

myces §.s.: This subgenus was represented by 22 cultures of S. globosus 
Osterw. obtained during the 1948 and 1950 seasons from a total of seven 
brining stations, two in Wisconsin and five in Michigan. This particular 

yeast constitutes the chief difference with respect to the individual species 
found in northern brines as compared to those found in southern brines 

(Etchells and Bell, 1950 a). Although S. globosus was not found as fre- 

quently as certain of the other species, four active gaseous fermentations 

were attributed to this yeast. They were observed in 1948 at two brining 

stations in Michigan and one in Wisconsin, in brines that were 43, 44, 

99, and 100 days old. 

Group VII, Genus Candida Berkhout emend. Diddens et Lodder: The 

seven cultures placed in this genus were identified as C. krusei (A. Cast.) 
Berkhout and came from two 1950 brines of low salt content (4 and 8 

percent). The presence of these isolates in the subsurface brine samples 
is attributed to film formation on the two sheltered vat brines from which 

they were obtained. This species was found by Etchells and Bell (1950 0) 
to be associated with film formation on commercial pickle brines of about 

5 percent strength. 
Group VIII, Genus Debaryomyces Klécker: The five isolates of this 

genus were identified as the film yeast D. membranaefaciens var. Hollandi- 
cus Lodder. The cultures were obtained from five brines collected during 
the 1949 season at two brining plants in Indiana. The vats at both sta- 
tions were sheltered from direct sunlight and provided excellent conditions 
for film yeast development on the surface of the brines. It is our opinion 
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that the five Debaryomyces cultures originated from the surface growth 
on the brines. 

Unclassified Group: Ten of the 452 cultures obtained during the study 
have not been fully classified. Seven of the unidentified isolates came from 

six brines of the 1950 season; two were obtained during 1949; and one 
in 1948 

Populations of Individual Species 

The results for the 3-year study with respect to estimated population 
trends for the different yeast species occurring in the 155 brines are shown 

in figure 2. In the preparation of these scatter diagrams, the individual 
values plotted represent the estimated yeast count as to species in the 
various brines. The general trend for species activity in each case is rep- 
resented by the curve drawn through the individual values, calculated 
from means obtained at 10-day intervals throughout the fermentation 
period. 

Two yeasts, T. holmii and B. versatilis, show rather clear-cut fermenta- 
tion trends. The first species occurred chiefly during the early portion of 
the fermentation; the second dominated the late portion. As mentioned 
earlier, T. holmii, with one exception, was not found in the brines col- 
lected during the 1948 and 1949 brining seasons. A possible reason for 
this was that these brines represented the middle to late periods of fer- 
mentation (40 days and beyond). Thus, on the basis of the 1950 season’s 
results, T. holmii would not be expected to be found in any large numbers 
in brines that were over 30 to 40 days in age. 

The consistent occurrence of Hansenula subpelliculosa from brining 
stations representative of the three states throughout the three pickling 
seasons is sufficient to include this species as one of the principal species 

contributing to the yeast fermentation. Perhaps the same is true for 
Torulaspora rosei, even though it was not obtained from brines collected 
during the 1949 season. However, during 1949, brines were not obtained 
from Wisconsin (Cf. tables 1 and 2); whereas the four stations sampled 
in that state during 1948 accounted for almost three quarters of the T 
roset isolates obtained from all 12 stations sampled. Further, the fermenta- 
tion trend (Cf. figure 2) for this yeast is not fully characterized because 
plate counts were not made on 11 of the 1948 Wisconsin brines where 

T. rosei represented almost 60 percent of the isolations. 
The activity of Zygosaccharomyces halomembranis in northern brines 

is based chiefly on consistent isolations of this species from two Indiana 
stations during the three brining seasons. Etchells and Bell (1950 5) identi- 
fied this yeast as one of the species responsible for films on sheltered com- 
mercial vat brines located in Indiana, Michigan and Wisconsin. This 
species ferments glucose and maltose strongly and it is our opinion that 
it exists in commercial brines both as an oxidative and fermentative spe- 

cies, thus accounting for its occurrence in subsurface fermenting brines as 
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well as for its occurrence on the surface of sheltered vat brines. Laboratory 

tests confirm this assumption. 
The dominant position occupied by Torulopsis caroliniana in the early 

portion of southern cucumber fermentations (Etchells and Bell, 1950 a) 
is in sharp contrast to the relatively minor role exhibited by this species 
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Figure 2. Population trends for nine species and one variety of six yeast genera 
occurring in cucumber fermentations brined under northern conditions. 

in the current study on northern brines. It appears that 7. holmii is the 
major species contributing to the early part of the northern fermentations, 
and T. caroliniana is of minor importance. T. caroliniana was found for 
a much longer period in northern than in southern brines; about 90 days 
versus 40 days. This is attributed, in part, to the fact that even though 
the former brines generally contain more total acid than the latter, they 
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also are more highly buffered and thus are not as toxic for T. caroliniana 
which is less acid tolerant than the other brine yeast species. Further, 

there is reason to believe that in some northern brines, T. caroliniana may 
have been missed because they grew out very poorly on the acidified glu- 
cose agar containing salt. Colonies which were about 0.1-0.2 mm. in 
diameter were first considered to be poorly developed lactobacilli colonies 
growing out, but later proved to be 7. caroliniana. Upon transfer to less 
acid media, these cultures gave growth typical of the species. However, 

since all brines were first screened for the numbers and morphological 
types of live and dead yeast cells by the direct microscopic counting tech- 
nique, it is doubtful if many isolates representing substantial populations 
of this species in brines were overlooked. T. caroliniana, because of its 
extremely small size, can usually be recognized in brine fermentations by 
microscopic examination. 

Of the remaining three species (shown in figure 2), two, the unnamed 

variety of Brettanomyces sphaericus and Saccharomyces globosus, should 
be discussed briefly. The former species occurred in the brines during 
essentially the same period as did B. versatilis although not in as large 
numbers, or as consistently on a seasonal basis. Further, B. sphaericus 
var. was the only species, other than B. versatilis, that was found in brines 
after a 12-14 months’ storage period. S. globosus occurred in several in- 
stances at rather widespread brining stations, and in rather high popula- 
tions (400,000 to 500,000 per ml.). In a few cases it was found to be the 
principal yeast responsible for the vigorous gaseous fermentation that was 
observed when the brine samples were collected, Although this yeast spe- 
cies was obtained less frequently than most of the others, it cannot be 
omitted from important consideration as contributing to the gaseous 
fermentation in certain northern brines, ranging from 25 to over 100 days 
in age. As indicated before, the 50 unnamed isolates of Zygosaccharomyces 
(sp. A) obtained and described by Etchells and Bell (1950 a) from south- 
ern fermentations are considered to be the same as the 14 isolates placed 
as Z. globiformis in the present report. In both studies, this yeast repre- 
sented about the same proportion of total isolations; 3.1 and 3.5 percent 
respectively for the northern and southern brine yeast studies. 

Yeast Sequence in the Fermentation 

A general picture as to yeast sequence in the fermentation of cucum- 
bers under northern brining conditions based on the 3-year study is pre- 
sented in figure 3. In the preparation of this diagram only data regarding 
five of the fermentative yeast species found in the brines were used. It 
is our opinion that these five yeasts were the principal species that con- 
tributed most consistently to the general yeast fermentation. The lesser 
species, T. caroliniana, S. globosus, Z. globiformis, Z. sp. A, Z. pastori, 
and the variety of B. sphaericus are not shown. Candida krusei and 
Debaryomyces membranaefaciens var. Holl. were excluded on the basis 
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that they were only very minor species, and because they probably orig- 
inated during sampling from films on vat brines and thus were not a part 
of the subsurface yeast fermentation. 

Influence of Room Temperature Incubation on Vat Brine Samples 

During late October of the 1949 season, one quart samples of cucum- 
bers and brine were collected by the plant chemist of one of the cooperat- 
ing pickle plants from 21 vats located at six of their brining stations in 
Indiana, Michigan, and Wisconsin. These samples were incubated at room 
temperature in the control laboratory of the plant for about two weeks. 
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Figure 3. Yeast populations according to sequence of species in the fermentation 
of cucumbers brined under northern conditions. 

Subsequent examination by us for the numbers and types of yeasts present 
is shown in table 4. Of the 55 isolates obtained, 40, or 73 percent, were 
Brettanomyces versatilis. This represents about a threefold increase in 
the numbers of this species compared to those obtained from brines in the 
same age group, but handled in the regular manner. Because of this very 
apparent difference in the numbers of B. versatilis present in the incubated 
brines, the 55 isolates, representing four yeast species, were not included 
in our results for the 1949 study. It is worth mentioning however, that 
five isolates of T. rosei were found in two of the incubated brines from 
one Wisconsin station. It will be recalled that this yeast was not found 
in the regular brines for 1949 and this was attributed in part to the fact 
that brining stations in Wisconsin were not visited during that season. 

Pattern of Brine Yeast Species in Cucumber Fermentations 

During the past five years the authors have isolated close to 1,900 yeast 
cultures from commercial cucumber fermentations. So far, the isolates 
directly related to the gaseous fermentation and subsequent storage period 
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have been classified into nine species and one variety of six genera. Based 
on the study of southern brines (Etchells and Bell, 1950 a) and on the 
current work, a probable pattern of brine yeast species (shown in table 5 5) 
has been prepared. From the work done to date, it becomes apparent that 
the pattern of species in brines from both northern and southern areas is 
very similar, although not necessarily identical. The occurrence of S. 
globosus in northern brines is the principal floral difference encountered 
to date. This overall pattern for yeasts in cucumber fermentations cer- 

TABLE 5. PATTERN OF PRINCIPAL BRINE YEAST SPECIES IN COMMERCIAL CUCUMBER 
FERMENTATIONS 

Species Species 
Found in Found in 
Northern YEAST Southern 
Brines Brines 

DRELLANOM YCES 
aL 

+ B. Sheen: Var. ~ 

TORULOPSIS 
+ T. caroliniana 
ae 

a2 
T. holmii + 

TORULASPORA 
+ T. rosei + 

HANSENULA 
+ A. subpelliculosa + 

ZYGOSACCHAROMY 
+ Z. halomembranis + 
+ Z. globiformis + 

SACCHAROMYCES 
+ S. globosus = 

*Based on 1,896 isolates obtained from fermenting  brines is mete ane five 
brining seasons (1946-50) from both northern and southern bri rining a 

*Compiled from the study by Etchells and Bell (1950 a). 

tainly does not mean that additional species could not be found: the limit- 
ing factors for obtaining minor yeast species in cucumber ienuentations 
has been discussed before (Cf. Etchells and Bell, 1950 a). Nor does it 
mean that certain species of Candida, Deboryomyces, Rhodotorula, and 
Endomycopsis will not occasionally be obtained from brines at the time 
cucumbers are brined (initial sampling), or in connection with the sub- 
surface sampling of vats having luxuriant surface films 
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SUMMARY 

A study of the yeasts predominating during the fermentation of cucum- 
bers under conditions typical of brining areas in Indiana, Michigan, and 
Wisconsin is presented. During three brining seasons (1948-50), 452 
yeast isolates were obtained from 155 vat brines collected from 22 indi- 
vidual brining stations, operated by eight commercial pickle companies, 
in the above three states. Most of the isolations were made during a fer- 

mentation period of 2 to 105 days, although a few cultures came from vat 

brines that were 12 to 14 months old. During the period of observation 
the brines ranged from 4 to 18 percent salt by weight; 0.27 to 1.16 per- 
cent acid (calc. as lactic); and, 4.8 to 3.1 with respect to pH values. 

The 452 yeast cultures were reduced to the following species listed in 
the order of frequency of isolation: Brettanomyces versatilis Etchells et 
Bell, 103 isolates (22.8%); Torulaspora rosei Guillermond, 68 (15.0%); 
Torulopsis holmiu (Jorgensen) Lodder, 67 (14.8%); Hansenula subpelli- 

culosa Bedford, 59 (13.1%); Torulopsis caroliniana Etchells et Bell, 36 
(8.0%); Brettanomyces sphaericus var., 29 (6.4%); Zygosaccharomyces 
halomembranis Etchells et Bell, 28 (6.2%); Saccharomyces globosus 

Osterw., 22 (4.9%);.Zygosaccharomyces globiformis Kr. et Kb., 14 
(3.1%); Candida krusei (A. Cast.) Berkhout, 7 (1.5%); Debaryomyces 
membranaefaciens var. Hollandicus Lodder, 5 (1.1%); Zygosaccharo- 

myces sp. A, 3 (0.7%); Zygosaccharomyces pastori Guillermond, 1 
(0.2%); and 10 (2.2%) isolates not fully classified. The presence of a 

few cultures of the film yeasts C. krusei and D. membranaefaciens var. 
Holl. was attributed to heavy surface film formation on the vat brines 
from which subsurface brine samples were obtained. 

Results on the most likely sequence of yeasts occurring during the fer- 
mentation demonstrated that two species, Torulopsis holmiu and Brettano- 
myces versatilis, were outstanding. The first yeast predominated during 
the early period of fermentation (2 to 30 days) and was followed by the 
second yeast which was most prevalent during the late stage of fermenta- 

tion (70 to 110 days), but was still present in brines after 12 to 14 months’ 
storage. Between the above two extremes in yeast sequence, the species 

Torulaspora rosei, Hansenula subpelliculosa, and Zyeosaccharomuces halo- 
memobranis were active. 
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GENERAL INTRODUCTION ? 2 

e purpose of this publication is to acquaint Lear — cto research 

workers interested in the study of yeasts with some o observations on the 

colonial and cellular morphology of the common yeast eee sleeve with 

fermentations in brine. 

The illustrative material shown, and hitherto poli sama was compiled dur- 

ing the past several years in connection with our taxonomic studies on the 

principal species of yeasts associated with the aes fermentation of com- 

mercially brined cucumbers (6, 11), as well as ne ons on the identity 

of the types responsible for film formation on brine 

In addition to the above sources, material ae to recent work (unpub- 

lished) on the pigmented yeasts that occur on the cucumber plant has been 

included. Further, certain yeast species associated with meat brines are illus- 

trated. The latter work represents a phase of investigations on meat microbiology 

being conducted in the Department of Animal Industry of the North Carolina 

Agricultural Experiment Station in cooperation with the Bureau of Animal In- 

dustry (USDA) Beltsville, Maryland. 

The material presented is divided into three major par jenh film-forming brine 

yeasts; subsurface brine yeasts; and, yeasts from the cucumber plant, Eac 

is organized to permit ready comparison of the ee ae of cultural 

media on: colonial morphology; cellular morphology; film formation (for some 

species), and, in some instances, colonial pigmentation. In all, species and 

varieties of yeasts belonging to 12 genera are shown, It is our hope that the 

illustrative material will benefit other workers and serve supplement the 

monographs, bulletins and articles on methods and i we have found 

useful in our yeast work (1, 3, 4, 14, 16, 17, 20, 21) 

MEDIA AND METHODS 

Because most = the cultural media used and techniques employed have been described in detail else- 

_ they will only be peta. briefly here. 

EGETABLE- ed R; as described by Wickerham ef al. (22) and modified by Etchells and 

Ms (6). SYNTHETIC brn meeiay JUICE AGAR; a chemically defined medium designed to 

simulate vegetable-juice prepared for us by Dr. W. J. Peterson, Head, Department of beeleree 

North Carolina State College. GLUCOSE AGAR; as prepared by Etchells and Bell (6). GLUCOSE- 

A ove but containing 8 percent on by weight. SYNTHETIC AGAR-A; oe glucose- 

mineral-salts medium used by Stelling-Dekker (20) plus 0.01 percent yeast extract. SYNTHETIC 

GAR-B; prepared from Wickerham’s (21) yeast nitrogen base medium as follows; heat sterilize in 

an equa of do : 

nitrogen base medium plus 4 percent glucose; then mix the contents of the two containers together 

before the agar cools and pour plates) SYNTHETIC BROTH-B; a heat papcew single a 

liquid form of the above medium (omit agar). Used for growing yeast cells in the tests for the pre 

ence and nature of carotenoid pigments, CORNMEAL AGAR; prepared peer to Skinner et a 

est fo n Sd a see n the mycelium production by point inoculations as described by 

and Re (23), and Wickerham (27). Salt-tolerance test made in the divided 

sa eke of ee and Bell (7), using a liquid medium consisting of cucumber brine adjusted 

ove an re 5 to percent salt by weig nd fo by the addition of glucose and 

ethyl alcohol in 1.0 percent amounts ( Tests for growth in ethyl alcohol were made in regular 

culture dishes containing nutrient broth plus 3 percent ethyl alcohol as the carbon source. Stained 

cell ee arations were made by the Kopeloff and Cohen modification of the Gram stain (75). Wet 

mount cell preparations were used to show living cells and spores from vegetable-juice agar cultures. 

aa were Etalie in erythrosin (1-10,000) ret at pH 4.6, placed on a slide and the cover slip 

pressed down tightly and sealed with immersion 

authors gratefully acknowledge the grant from the National Pickle Packers Association, 

Chica * ailinele to the North Carolina Agricultural Experiment Station, that made this publi- 

cation idee sible by underwriting the cost of reproducing the natural color and black and white 

photographs. 

2 Paper No. 449 of the Journal Series of the North Carolina Agricultural Experiment Station, 
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FILM-FORMING BRINE YEASTS 3 

It has been mentioned in an earlier report (6) that yeasts associated with 
cucumber brines are divided in nto two general groups. Those that produce a 

films on the surface of brines exposed to air but sheltered from direct sunlight. 
It is not uncommon to find that the two groups are confused in the literature 
on cucumber pickling. 

Film formation on 40 commercial cucumber brines obtained during 1947 and 
1948 in five states (North Carolina, Georgia, Michigan, Indiana and Wisconsin) 
has been attributed to species of Debaryomyces, Zygosaccharomyces, Endomy- 
copsis, and Candida (7). The predominating species found were D. mem- 
branaefaciens var. Hollandicus, and Z. halomembranis. They were also the 
most salt-tolerant. Yeasts belonging to the Seage ee were the most 
widespread and were found on brines in all five 

A similar study was done in 1950 on the cS aoe from 23 commercial 
brines in Indiana, Michigan and Wisconsin (10). Emphasis here was placed on 
brines less than two months old and with salt concentrations of about 10 percent. 
The two predominating yeasts found were the same as obtained in the earlier 
study. However, the presence of cultures of Pichia alcoholophila oe Hansenula 

anomala appeared to be related to the lower salt-content of the brine 

Salt-tolerance tests have since shown that the above two yeasts i: rew poorly 

if at all above 10 percent. The same is true for Candida krusei obtained from 

low salt-content dill pickle brines in the 1947-48 study. 

In addition to brined cucumbers, film-forming yeasts are found in connection 
with a number of other similarly preserved foods. For example, Mrak and 
Bonar (18) investigated 28 cultures isolated from surface films on 27 samples 

of various brined foods (dill pickles, salt-stock pickles, Zucca melon, green 

olives, Sicilian olives, dill weed, cauliflower, and ham brine). They found film 

yeasts that belonged to three genera: Debaryomyces, 16 cultures; Pichia, 9; and 

Mycoderma, 3. The Debaryomyces species were the most widely distributed 

in the brines. They were also found to be the most salt-tolerant (up to 24%). 

Etchells and Costilow (9) investigated the nature of film-forming yeasts on 

commercial meat brines (bacon sides, hams, beef tongues and Canadian bacon). 

A total of 89 yeast isolates was obtained and all were identified as belonging to 

the genus Debaryomyces. Eighty-six cultures were placed as D. membranaefaciens 

var. Hollandicus. The remaining three cultures were non-film-forming species 

that came from subsurface brine samples; these were classified as being closely 

related to D. klockeri. This yeast was also found to be the predominating type 

found in subsurface samples from bacon brines during a prolonged curing period. 

More recently, Zenitani (24), isolated 29 yeast cultures from a Japanese 

fishery-fermentation product known as “‘Shiokara.” Generic placement of the 

cultures was a follows: Debaryomyces, 19; Zygosaccharomyces, 8; Hansenula 

and Torulaspora, 1 each. 

It is apparent that film-forming species of Debaryomyces are the most widely 

distributed yeasts associated with food brines. Other species in the approximate 

order of their importance would be; Zygosaccharomyces halomembranis, Endo- 

mycopsis ohmert a variety niin). Candida krusei, Hansenula apa and 

Pichia alcoholophila 

% Since this article ee cy the important new book, “‘The Yeasts — A Taxonomic Study,” by 

the Dutch workers, J. der and N. J. W. Kreger-Van Rij, has appeared. Thus, we have not had 

an opportunity to Ae their ieinosed changes in yeast classification. 
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Debaryomyces 

Vegetable-juice agar Synthetic agar-A 

Glucose agar Glucose-salt agar 

A. Comparative growth by Debaryomyces membranaefaciens var. Hollandicus Lodder 
(FY-36, Georgia strain) on different cultural media after 6 weeks’ incubation at 
room temperature. Actual size. SEE OPPOSITE PAGE FOR CELLS AND 

GROWTH TESTS OF THIS YEAST. 
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ou 

pa * : 

ib, ease cells from vegetable-juice 2. und to oval cells from synthetic 
agar months. Note rough spore one ra. 7-day old culture. Gram stained, 
foe cn a completely fill asci. x 
Unstained, * 1 

3. Cells from film on 10% salt eee 4. These cells show negative mycelium test 
on cornmeal agar at 3 weeks. Unstained, brine, 5 days old. Gram stained, « 1 

650; enlarged, 

6. Heavy film ee on ethyl alcohol at 7 days shows 
medium at 4 day 3 brine concentrations; 

10 days required for heavy growth at 20% 

x 74: 

5. Salt-tolerance test 
good growth at 
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Debaryomyces 

Vegetable-juice agar Synthetic agar-A 

Glucose agar Glucose-salt agar 

Comparative growth by Debaryomyces membranaefaciens var. Hollandicus Lodder 

(NFY-20, Wisconsin strain) on different cultural media after 6 weeks’ incubation 

at room temperature. Actual size) SEE OPPOSITE PAGE FOR CELLS AND 

GROWTH TESTS OF THIS YEAST. 
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7 Tu bul ar Ste and single spores from 
vegetable-juice agar a months. Un- 
stained, 1500. Insert; ascus with 
spores, enlarged, K 2 

8. Round to oval cells from synthetic 
agar- a after 7 days. Gram stained, * 1 

: 4 "= 

Elongated cells from film on 10% salt 10. Cells from cornmeal agar show neg 
cucumber brine, 48 hours. Gram stained, 
x 1500 

tive mycelium test at 3 weeks. ecea 
950; enlarged, * 2 

Salt-tolerance test at 12 days with 12. Heavy film wae? on ethyl alcohol 
ee at all 4 brine strengths. &* 14, medium at 4 days. * 4. 
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Het 

E Debaryomyces 

Vegetable-juice agar 

Glucose agar 

Synthetic agar-A 

Glucose-salt agar 

13. Comparative growth by a smooth species of Debarvomyces (FY-34) on different 

cultural media after 6 weeks’ incubation at room temp erature. Slightly enlarged. 

SEE OPPOSITE PAGE FOR CELLS AND GROWTH TESTS OF THIS YEAST. 
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14. Rind cells from nee ae -juice agar 15. Typical ascus with ete spore and 
at 2 months; ascus filled with pos spore centrally located oil drop. From Se. 
at right center. ieee eal juice agar at 2 months. Unstained, & 1500 

enlarged, 

16. Cells from ee a A after 7 17. Cells from film on 10% salt aa 
days. Gram stained, x 1 brine after 5 days. Gram stained, * 1 

18. Film formation a 3 days on 7% salt 19. This yeast forms a very thin film on 

cucumber brine. « ! ethyl alcohol medium. * %. 



Debaryomyces (Mi: eat Brings) 

21. Ham brine 
Naturally occurring films on comm a a bls from beef tongues (above) 

and ie Scere: after 7 davs’ incubation room lg acer 
in size. The principal yeast species ae for these films ft 
of D, ‘mem branaefacien var. Hollandicus ae on pages 268, 169 9), 
PAGE FOR CELLS AND GROWTH TES OF SUBSURFACE SPECIES OF 
Die eovens FROM BRINED BACON SIDES. 
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DEBARYOMYCES SP. (Y-6-BA) 
Se a 

23. Absence of film or subsurface growth 
in ethyl ars medium at 3 days is typical 

x 

22. Geveral a aes asci with single puee 
at 

Ve 
spUr from getable cues agar 

onths. tite ined! si of this species. 

DEBARYOMYCES SP. (Y-37-BA) 

24. Som pale pointed ells from alm on 25. Very thin climbing scum is formed by 
5% salt cucumbe fe on ne after 48 hours. this yeast on ethyl alcohol medium at 3 
Gram eae x 1 days. XK % 

DEBARYOMYCES SP. (Y-40-BA) 

. Thin film formation on ethyl alcohol 
medium at 3 days is typical of this species. 

xX 

26. Masses of round cells iam film on 27 
5% salt cucumber brine after 48 hours. 
Gram stained, * 1500 



276 FarLtowl1A, VoL, 4, 1953 

Zygosaccharomyces 

Vegetable-juice agar Glucose agar 

Synthetic agar-A 

28. Comparative growth by Zygesaccharomyces halomembranis Etchells & Bell 
(¥Y-1000) on different cultural media after 6 weeks’ incubation at room temperature. 
Colonies enlarged, & 3. In cucumber brines from Michigan, Wisconsin and Indiana, 
this species occurs both as a surface and subsurface yeast. SEE OPPOSITE PAGE 
FOR CELLS AND GROWTH TESTS OF THIS YEAST 
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9. Early stage of sporulation, with conju- 30. Fully developed asci with 2 and 3 oval 
gated round cells; from vegetable-juice agar a each; from tare tee agar 
at 3 weeks. Unstained, * 1500. il nth. Unstained, ; enlarged, 

31. Young ce a6. 48 hours old, from film 32. 

on 10% salt cfarrival: brine. Gram stained fi 
x 1500. 

i 

* 

Masses of older cells, 5 a, él from 
salt on 10 - ser cucumber brine. Gram 

stained, * 1 

a ea tolerance test at 5 days shows 
fi Im formation at all 4 salt con- 

34. Subsurface growth but no film forma- 
tion on ethyl alcohol medium is typical for 

ay en x YY. this species.  ! 
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Endomycopsis 

Vegetable-juice agar Synthetic agar-A 

Glucose agar Glucose-salt agar 

C. Comparative growth by Endomycopsis ohmeri Etchells & Bell (FY-25) on different 

cultural media after 6 weeks’ incubation at room temperature. Actual size. So far 

this species has only been isolated from North Carolina brines. SEE OPPOSITE 

PAGE FOR CELLS AND GROWTH TESTS OF THIS YEAST 
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‘ie. fi = 

- Pieaiioaihic calle from vegetable-juice 36. Typical cells from Ser Nae A 
gar after 4 months. No spores present. after 7 days. Gram stained, « 1 
Un stained, * 1500 

37. mitneated me from film on 10% le 38. Single, long mycelial thread with clus- 
brine after 48 hours. Gram stained, * ters of cells; from cornmeal agar after 3 
1500. weeks. Unstained, « 650 

ae eer pees test shows film growth 40. Go ad film growth occurs in 4 days on 

15% but not 20% at 5 days. ethyl alcohol medium. % 

Films eet quickly at 5 and 10% 

x Ya 
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Endomycopsis 

Vegetable-juice agar Synthetic agar-A 

Glucose agar Glucose-salt agar 

41. Comparative growth by Endomycopsis ohmeri var. minor Etchells & Bell (FY-1) 

on different cultural media after 6 weeks’ incubation at room temperature. Slightly 

enlarged. SEE OPPOSITE PAGE FOR CELLS AND GROWTH TESTS OF THIS 

di 44 
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42. Pleomorphic cells Ho ag gaa ee Cells 
agar after 4 months. Single spore in ascus 
(arrow). Unstained, & 1 

Pes synthetic ag after 7 
days. Gram stained, « 1 

i 
44. Elo anos cells from film on 10% 45. % My eis ey mation on cornmeal agar 
salt brine after 48 hours. Gram stained, , x 65 
3< 0. 

after 3 weeks; unstain 50. Insert, 
2 spores from Satie Alege <.2 

46. Salt-tolerance test shows te growth 47. 
on 15% brine but not 

smooth, membrane-type film forms 
20% 5 days. on ethyl cet medium in 4 days. & 4. 

Films on 5 and 10% have ee ee 
2 
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Candida 

Vegetable-juice agar Synthetic agar-A 

Glucose agar Glucose-salt agar 

D. Comparative growth by Candida krusei (A. Cast.) Berkhout (FY-20) on different 

cultural media after 6 weeks’ incubation at room temperature. Actual size. SEE 

OPPOSITE PAGE FOR CELLS AND GROWTH TESTS OF an YEAST 
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48. Bl ai from vegetable -juice agar 49, Cells from synthetic ae -A after 7 
at eeks. Unstained, & 1 days. Gram stained, «& 1 

50. Cells from film on ae ay brine after 51. Evidence of sept i eran on 
5 days. Gram stained, * 1 cornmeal agar after 3 weeks. Unstained, 

xX 650; enlarged, « 2 

52. Salt-tolerance test show film 53. Heavy film oe on ethyl alcohol 
growth above 10% a Tee ae 7 medium at 4 days. & ¥%. 
days 



Miscellaneous Film Yeasts 

HANSENULA ANOMALA (HANSEN) SYDOW (KS) 

54. Giant colony aes on vegetable-juice 55. Sporulation at 2 months. A, hat- 

agar, 6 weeks. & 2 shaped spores in ascus; B, emerging spore; 

C, cluster of free spores. Unstained, 

1500 

L) a - é 

56. Cells from film on 5% ae a after 57. My ai an on cornmeal agar 

48 hours. Gram stained, x 1 alter 3 weeks. Unstained, « 650. 

58. Salt-tolerance test shows heavy ses 59. Heavy mae oes on ethyl alcohol 

at 5 and 10% brines, a very thin film medium at 4 x 

15%, after 7 days. X VY. 
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PICHIA ALCOHOLOPHILA KLOCKER (FY-31) 

60. Giant colony grown on vegetable-juice 61. Sporulation on Sie -juice agar at 

agar; at 6 weeks. X 2. 2 months. Unstained, x 1 

a iB ” aes a e 3 i. ik J 4 cS * BS % 

62. Sausage-shaped cells from film on 5% 63. Enlarged section of above; fully devel- 

saltbrine after 48 hours. Gram stained, < oped asci with 2 and 4 helmet-shaped spores. 

150 

gO 

64. Salt- frlevance “test enews film growth 65. Heavy film formation on ethyl alcohol 

at 5 and 10% brines; no growth at 15% medium at 4 days. xX %. 

after 3 days. X 
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SUBSURFACE BRINE YEASTS 

Active growth by the fermentative subsurface yeasts in commercial cucumber 
brines was first reported in 1941 (5). Since then, their growth activity has been 
reported in a variety of other brined and salted vegetables (12). In contrast to 
film-forming types, the growth of subsurface species in brines is characterized 
by a gaseous fermentation which results in the evolution of rather large amounts 
of carbon dioxide 

Further, their growth covers a wide range with respect to brine concentration, 
the maximum salt-tolerance observed under commercial conditions being in the 
neighborhood of 20 to 22 percent by weight (saturation being 26.4). Usually, 
the salt content of the brine determines the time yeast growth starts as well as 
the duration of activity. 

As a rule, fermentations in low salt content brines (about 5 percent) start 

brines is that the lactic acid bacteria are inhibited as the brine strength increases 
and more food material remains for the yeasts which are much more salt- 
tolerant. 

Studies on commercially brined cucumbers represent the principal source of 
information on the identity and sequence of individual yeast species in brine- 
fermented foods. Basic investigations of this type have been reported in detail 
(6, 11) for the two major cucumber brining areas in the country — northern 
and southern. A brief summary of these two studies, based on the identity of 
nearly 1,900 cultures, demonstrates that the pattern for the principal yeast 
species in brines from both areas is very similar. Seven of the nine species 

versatilis, Torulopsis caroliniana, Torulopsis holmii, Torulaspora rosei, Hansenula 
subpelliculosa, Zygosaccharomyces halomembranis and Zygosaccharomyces globi- 
formis). The presence of Saccharomyces globosus in northern brines was con- 
sidered to be the principal floral difference 

Because a gaseous fermentation by subsurface yeasts is associated with a 
type of spoilage known as “bloater” or hollow cucumber formation, ans growth 
is of economic importance to the pickling industry. ‘Bloating 

sufficient to press the whole seed portion of the cucumber toward the skin, thus 
leaving a large gas-filled cavity 
_Yeas ts are also responsible for certain _types of spoilage in manufactured 

and identified as Zygosaccharomyces globiformis (2). It is recalled that this 
yeast was found in cucumber fermentations located in the principal brining 
areas of the country. 

So far, the brine yeast species studied have not been incriminated as a 
potential source of the cucumber salt-stock softening enzyme pectinase (8). 
However, a strain of S. cerevisiae isolated from soft dill pickles (YD-15. 
page 293) appears to be identical taxonomically with strains isolated from spoiled 
citrus concentrate (13) that do produce this enzyme (D-6, page 293). 
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Torulopsis 

T. CAROLINIANA ETCHELLS & BELL T. HOLMII (JORGENSEN) LODDER 
(RY-165) (¥-600) 

66. Giant colony grown on vegetable-juice 69. Giant colony grown on vegetable-juice 

agar; at 6 weeks. 3. agar; at 6 weeks. x 2. 
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67. Cells oe vegetable- ae agar at 70. Cells from ae agar are short-oval 

month. These cells are among the smal with no tendency to elongate. Unstained, 

ef known mee Gram stained, * 1  €50; enlarg: a. i 

» 

68. Giant colony grown on synthetic agar- 71. Giant colony grown on synthetic agar- 

A; at 6 weeks. x 4. A; at 6 weeks. 3: 
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Glucose agar Vegetable-juice agar Synthetic agar-A 

E. Comparative growth of 5 species of Brettanomyces on 3 cultural media after 6 weeks’ incubation at room temperature. About 3% actual size. 



Brettanomyces 

t 
B. bruxellensis 

B. lambicus B. versatilis 

B. anomalus 

75. B. lambicus 

74. B. versatilis 

a9 
(ay ee 

76. B. anomalus stained, & 950. 

B. claussenii 

Cornmeal agar mycelium tests at 3 weeks 
for five species of Brettanomyces. B. versa- 
tilis and B. clausseniti show normal cells; 
other 3 species produce mycelium. Un- 

SANO[ ® T1aq ‘STIHHOLT 

SISVA A 

682 

73. B. claussenii 
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Brettanomyces 

B. VERSATILIS ETCHELLS & BELL B. SPHAERICUS ETCHELLS & BELL 

(Y- (YS-606) 

77. Giant colony grown on vegetable-juice 80. Giant colony atone on vegetable-juice 
agar; at 6 weeks. & 3. agar; 2 at 6 weeks. 

ey Shs tesa age oe ee . 
- 32° en ane pa 

oe 4 » we 
“ 5 (828 

fo S SOS 

: : $ 
— at? baie 

78. Cells from eon sites juice agar at 1 81. Cells 
month. Note pointedness of some cells. month, 

500. 

from vegetable- ge agar at 1 
500. 

Gram stained, « 
Gram stained, « 1 

79. Giant colony grown on synthetic agar- 82. 
A; at 6 weeks. « 4. 

Giant colony grown on synthetic agar- 
A; at 6 weeks, 4, 



Torulaspora 291 

T. ROSEI LINDNER (RY-20) 

83. Giant colony grown on vegetable-juice 84. Sporulation on a Se -juice agar at 
agar; at 6 weeks. 2. 1 month with 1, 2, and 4 (at ee round 

spores per ascus. unstained: x i 

85. Giant colony grown on glucose agar; 86. Cells from a strain difficult to sporulate. 

at 6 weeks. 2, Note single round spore at arrow. Grown 
on Mace pees agar; at 3 weeks, Un- 
nae Sa 

87. Giant colony grown on synthetic agar- 88. Cells from Saat agar-A. Two un- 
A; at 6 weeks. 3. stained spores at A; long Pee ae 

at B. Gram Ane <1 
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Hansenula 

H, SUBPELLICULOSA BEDFORD (RY-135) 

89. Santen on vegetable-juice agar at 1 mo oath, Note two hat-shaped spores (brim 
to brim) emerging from ascus. Unstained, . 1500; enlarged, « 2 

90. Giant colony grown on_ vegetable-juice 91. Giant colony grown on synthetic agar-A; 
agar; at 6 weeks. & 21%. at 6 weeks. < 3 



Saccharomyces 293 
S. CEREVISIAE HANSEN (YD-15) 

92. Two and 3 round to oval spores per 93. Cells from vegetable- ~Juice agar; at 1 

ascus. From vegetable -juice agar at 2 months. month. Gram stained, & 1500. 
Unstained, * 1500. 

S. CEREVISIAE eek (D-6) 

Qn ~ 

= = 
94. Asci with 4 rou aad to eval spores en a Cells from vegetable- poe agar at 1 
From ce eg -juice agar at 1 month. Un- nth. Gram stained, * 1 
stained, * 1 

5. GLOBOSUS OSTERW. (NY-114) 

96. Typical round balls fon agencies -juice 97. Young cells from synthetic agar-A at 7 

agar a s. Four eee a per ascus at days. Gram stained, * 1500 

lower en TUR net Sal 
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FVGE } S,¢g LV SOQsdCCNALOMIVYCCS oo. 

Z. GLOBIFORMITS KR. & KB. 

Y-742 from brined cucumbers SPY-29 from spoiled sweet pickles 

98. Giant colony grown on vegetable-juice 101. Giant colony grown on vegetable-juice 
agar; at 6 weeks. & 214, agar; at 6 weeks. & 244, 

at 99. Giant colony grown on glucose agar; at 102. Giant colony grown on glucose agar; 
6 weeks. mm 3 4. 6 weeks. 4 24, 

100, Giant colony grown on synthetic agar-A; 103. Giant colony grown on synthetic agar-A; 
at 6 weeks. & 3%. at 6 weeks. & 3. / 
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Z. GLOBIFORMIS (Cont.) 

SPY-29 

104. Cells from vegetable-juice agar at 1 107. Sporulated culture from vegetable -juice 
month with a few spores. Unstained, & 1500. agar at nth. Unstained, 1 

105. Cells with conjugation tubes from vege- 108. Asci with ; spores. Conten 1 and 3 

table-juice agar at 1 month. Unstained, « spores per side; lower left, 2 spores per side. 

1500; enlarged, * 2. Unstained, < ahs. re Se 2 

106. Free spores in center area, from vege- 109. Ascus with two round spores per side. 

table-juice agar at 1 month. Unstained, « From vegetable-juice agar at 1 month. Un- 

1500; enlarged, * 2. stained, & 1500; enlarged, * 2. 



FROM NATURAL FERMENTATIONS FROM PURE CULTURE FERMENTATIONS 

Examples of “bloater” formation by yeasts during the brine-fermentation of cucumbers. 
ty pical of those produced by the 4 yeasts pictured below (p. 297). 

110. BELOW. Yeast populations in commercial cucumber brines (T = 
(Cf. Etchells and Bell), (6). Inserts 
Gram stained, *« 1500 

The four pairs of bloaters (at right) are 

thousands and M = millions) according to sequence of species 

show 4 individual species as they occur naturally in brines during fermentation. Cells in brines 
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YEASTS FROM THE CUCUMBER PLANT 

During the 1951 growing season, work was started to determine the numbers 
and species of yeasts associated with different parts of the cucumber plant 
(Cucumis sativus). In the course of these studies, 966 yeast isolates were 

small, immature fruit. These samples came from two important cucumber 
production areas in Eastern North Carolina. The details of the above study 
will be published elsewhere when the taxonomic work is complete; however, 
for our purpose here, certain remarks are in order 

More than one-half of the yeast cultures obtained during the study were 
orogenic, non-fermentative, carotenoid-producing types placed in the genus 

Rhodotorula. Other yeast genera represented were: Candida, Torulopsis, De- 
baryomyces, Torulaspora, Kloeckera, Saccharomyces s.s., and Zygosaccharomyces 
s.g. A breakdown of Rhodotorula isolates showed three major groups; red 
cultures similar to R. glutinis, cultures similar to R. flava, and yellow 
cultures a not related to R. flava. In the minor red group were five 
rough strains with red-orange color: these produced rather well-developed 
mycelia, Several minor types were found among the yellow pigmented yeasts, 
including one that developed a latent black pigment. 
In order to meet the accepted requirements of the genus Rhodotorula the 

presence of carotenoid pigments must be demonstrated. Further, with a la arge 
collection of isolates, the use of culture media that will aid in visual screening 
of potential pigmented species is of importance, particularly for the yellow 
types. A large number of the latter yeasts would have been missed had they 
not first been cultured on SYNTHETIC AGAR-B. Finally, the need for im- 
proved cultural and chemical techniques to clearly demonstrate carotenoid 

cells grown on liquid or solid media of conventional type. However, excellent 
results were obtained for pigment extraction with acetone only, providing the 
yeasts were grown in SYNTHETIC BROTH-B for 72 hours on a rotary shaker. 
The pigments were then transferred to petroleum ether for characterization by 
chromatography and determinations of absorption spectra 

Based on current work, which will be reported in detail elsewhere, it seems 
clearly evident that carotenoid production covers a wider range of yeast types 
than previously suspected. In the pages to follow, absorption maxima for total 
carotenoid pigments in petroleum ether accompany the illustrations of giant 
colonies of certain of the Rhodotorula isolated. Also, chromatographs on mag- 
nesium oxide-supercel columns with petroleum ether were made on cell extracts 
from four yeast types. The spectral analyses of the carotenoid zones, in terms 
of visually observed absorption maxima in mu are given below. 
YEAST SY-85 (p. 300 LEFT), four pigments, Zone I, deep red, 485; II, red, 

482 and $12; III, yellow, 460 and 488; IV, yellow (8-carotene), 450 and 475. 
YEAST SY-810 (p. 300 RIGHT), three pigments, Zone I, trace of pink; II, 
yellow orange, 450; III, yellow (8-carotene), 450 and 475. YEAST SY-875 
(p. 301 RIGHT), four pigments, Zone I, deep red (sample lost); II, red, 435; 
III, yellow, 425 and 450; IV, yellow (f-carotene), 450 and 476. YEAST 
SY-836 (NOT SHOWN), one pigment, yellow (8-carotene), 450 and 474. 

carotene was identified as the pigment common to all four Rhodotorile 
species studied. 
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STAMINATE FLOWER PISTILLATE FLOWER  PISTILLATE FLOWER IMMATURE FRUIT WITH 

AND BUDS UNOPENED OPENED DRIED FLOWER 

. Flowers and immature fruit of the cucumber plant (Cucumis sativus). White spine variety; about actual size. 
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H. Comparative growth of 2 cultures of Rhodotorula glutinis 1. Comparative growth of 2 2 cultures of Rhodotorula flava 
group on 3 cultural media; 6 weeks’ incubation at room temp.; group on 3 cultural media; 6 weeks’ incubation at room temp.; 
x 1. Pe. max. for culture SY-761 (left), 447 mu; x 1%. pie ge max. fer both cultures, SY-873 (left) and 
SY-85 (right), 480 SY-810 (right), 450 
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J. Comparative growth of 2 cultures of rough, yellow Rhodo- 

torula species on 3 cultural media; 6 weeks’ incubation at room 

temp.; * 1%. Absorption max. for both cultures, 
(left) and SY-665 (right), 445 

SY-629 

K. Comparative growth of 2 cultures of rough, mycelia- 
producing Rhodotorula species on 3 cultural media; 6 weeks’ 
mae tion at room temp.; * 144. Absorption max. for both 
ultures, SY-1070 (left) aad SY-875 (right), 450 m 
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CULTURAL 

MEDIA 

Vegetable- 
juice agar 

— 

Synthetic 
vegetable- 
juice agar 

Synthetic 
agar-B 

—> 

L. Comparative growth of 2 miscellaneous Rhodotorula ~~ 
tures on 3 cultural m sn 6 weeks’ incubation at room tem 

1%. Absorption max. for SY-364 (left), 450 mu; SY- 369 
(right) not pS ee es 

M. Comparative growth of ee culture SY-1054 on 
Left: colonies g 

the same colonies after an son 3 weeks in the 
6) 

weeks at room temp. 

ee (6°C.). Absorption max., 
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juice agar 
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Synthetic 
vegetable- 
juice agar 

— 

Synthetic 
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Comparative growth of 2 a pone SY-161 (left) O. Cee growth of 2 cultures SY- 188 (left) and SY- 
(ri cultural 177 (ri al i 

media; 6 ie Pigments media ZS incubation om temp.; * 1%. Cells from 
ainble in the media; cells from both cultures ae for both ae negative for carotenoids. 
carotenoids. 
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THE USTILAGINALES OF CHINA 

LEE LING 

Food and Agriculture Organization of the United Nations, Rome, Italy 

The fungus flora of China has been relatively little studied in contrast 
to the progress made in exploring her well known richness in phanerogams. 

Until recent decades, fungi were gathered there only incidentally by 
collectors of flowering plants. These collections have been named by a 
number of western botanists and are scattered in various herbaria of 
Europe and America. Most of them have never been re-examined. In 

order to set forth the nature and extent of her fungus flora, all these 
collections must be studied critically group by group. 

During the past several years the writer tried to locate all collections 
of the Ustilaginales recorded from China, especially the types of species 
described from there. Through the courtesy of various herbaria, most of 

them were made available for study. His former colleagues assisted him 
in gathering new collections. As a result, the present treatment of these 
fungi, after placing a number of binomials in synonymy and excluding 
others as incorrectly identified, includes 105 species, 3 varieties and 1 form. 

Whenever accessible, type specimens of species related to those occurring 
in China and known from neighboring areas, were examined to ascertain 
their relationships; thereby a number of synonyms was added. 

Besides the writer’s personal collection, the materials considered here 
are from the following sources: Mycological Collections, Bureau of Plant 
Industry, U. S. Department of Agriculture; U. S. National Museum; 
Farlow Herbarium, Harvard University; Naturhistorisches Museum, 

Vienna; Universitetes Institution for Systematisk Botanik, Uppsala; Natur- 
historiska Riksmuseet, Stockholm; Herbarium of the Faculty of Agricul- 
ture, Hokkaido Imperial University; University of Nanking; National 
Tsin Hua University; National Taiwan University; and Taiwan Agricul- 
tural Research Institute 
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TILLETIACEAE 

ae usually dehiscent at maturity in Tilletia and Urecystis but indehiscent in other 
gene Spore germination by means of a cylindrical promycelium on which a 
ae cluster of elongate sporidia is borne. Promycelium usually non-septate until 
its cytoplasm becomes highly vacuolated. Sporidia usually function as reproductive 
organs. Conidia often produce 

TILLeTIA Tul, 

Ann. Sci. Nat. VII. 7: 112. 1847. 

Sori in various parts of the host, most frequently in the ovaries. Spore mass 
usually dusty at maturity. Spores ier aggregated into balls, of medium to large size. 

Several species of Tilletia, including 7. horrida, have heen transferred to the genus 
Neovossia Koern. which, as emended by Brefeld, is characterized by forming a large 
n s w 

have shown that even in a single species the homothallic forms may occur along 
with the heterothallic forms. Sexuality, therefore, cannot be een as . oa 
value. Furthermore, if the characters and behavior of spor are ortant in 
taxonomy, it is difficult to understand why such genera as ae ie "Herzb. and 
Anthracoidea Bref. are constantly rejected. 

Spores smooth T. foetida 
Spores reticulate 

Reticulations 2—4 » wide . caries 
. rhei 

Sori in the ovaries or vegetative 
i w 

T 
T 

Sori surrounding the branches of oo T. okudaire 

7 T. alopecuri 

T . horrida 

Sori exceeding 4 mm. in length 
Mature spore with an evident hyaline envelope T. pennisetina 
Mature spore without an evident hyaline envelope T. setariae 

Sori under 4 mm. in | 
Spores 26-36 uw diam T. arundinellae 
Spores 20-31 « diam. T. pulcherrima 
Spores 19-26 » diam. T. deyeuxiae 

Tilletia alopecuri (Saw.) Ling, Mycologia 41: 252. 1949. 

Entyloma alopecuri Saw., Dept. Agr. Gov’t. Res. Inst. Formosa Rep. 2: 86. 1922, 

Sori in the ovaries, infecting most of the _ in ae inflorescence, inconspicu- 
ous, hidden campletel; by the enveloping glumes an ach covered by a thin 
membrane of host tissue, broadly ellipsoid with a pee apex, approximately 1 mm. 
long; also in leaves, leaf sheaths and internodes of culms, subepidermal, forming 
short or elongate sa striae, later becoming dark brown, often causing hypertrophy, 
curvature and bulging of the culms. Spores light sella dee to subspherical, 
each enclosed in a hyaline envelope, 17-25.5 « diam., averaging 22.2 u, covered with 
prominent spiny scales measuring 2-3 yu high by 25- 3.5 w wide at base; immature 
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spores or sterile cells almost hyaline, 12-16.5 » diam., epispore 1.5 » thick; conidia 
on the surface of infected vegetative tissue of the host, hyaline, smooth, 14-35 x 5-8 wu. 

On Gramineae: 
Alopecurus geniculatus 

Type locality and er er Taiwan, on Alopecurus geniculatus. 
Distribution: Taiw 

Tilletia arundinellae Ling, Myc. Papers Imp. Myc. Inst. 11: 1. 1945. (Fig. 1,A) 

Sori in the ovaries, inconspicuous, protruding between the spreading glumes, 
cornute or conical, 3.5-4 mm. long, 1-1.5 mm. wide, each covered by a firm ee 

25.5-36 uw, mostly 28.5-3 ee w diam., aN hyaline, usually curved spinous eriles: 
1.5 » long and 1-1.4 w wide at base, each enclosed by an evident hyaline membrane; 
pes cells aa thick-walled, mostly smaller than the spores, often with 
pedicel- ae projection 

On mineae: 
peeranis anomala Steud. 

Type locality and host: Chengtu, Szechwan, on Arundinella anomala, 
Distribution: Known only from the type localit ity 

Tilletia caries (D.C.) Tul., Ann. Sci. Nat. III. 7: 113. 1847. 

Uredo caries DC., FI. Frans. 6: 1815. 
Tilletia tritici Wolff, Brand Getteides 13. 1874. 

Sori in the ovaries, oval, enclosed by the pericarps, about same size as the 
cease Spores when mature dark olive brown, chiefly spherical to sbspheri 
15-20 x 14-18 Hy with shallow to deep bed reticulations, 2-4 « wide, foetid. 
On Graminea 
aS aes cp m L. 

Type locality and vee France, on Triticum aestivu 
Distribution: Chekiang, Honan, Hopeh, Kansu, abit Shansi, Shensi, Sikang, 

Szechwan, Yunnan, Chahar, Tsinghai, Suiyuan, Sunkiang, a? Heilungkiang, 
Nunkiang, Hsingan; also in all of the wheat growing countrie 

Tilletia deyeuxiae Ling, Myc. Papers Imp. Myc. Inst. 11: 1. 1945. (Fig. 2,A) 

Sori in the ovaries, infecting only occasional ones, ovoid, 3-4 mm. long, protected 
at first by the ovary walls which rupture at maturity disclosing ee dark dusty spore 

enveloped by an evident hyaline membrane often with a short tapering projection 
at the end of attachment; sterile cells numerous, hyaline, chiefly oom ae thick- 
walled, smooth, considerably smaller than the spores, averaging 13.6 x K. 

On Graminea ae: 
Devyeuxia sylvatica (Schrad.) Kunth. var. laxiflora Rendle 

Type locality and host: Sunghsien, Honan, on Deyeuxia sylvatica var. laxiflora. 
Distribution: Known only from the type locality. 

Tilletia foetida (Wallr.) Liro, Maanviljelys-taloudellinen Koelaitos Vuosikirja 
1915-16. 27. 1920 j 

Erysibe foetida Wallr., Fl. Crypt. meee 2: 213. 1833. 
1873. Tilletia laevis Kuehn, Hiediein 12ESTSee 

Tilletia foetens Schroet., in Cohn’s Beitr. Biol. Pfl. 2: 365. 1877. 
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i in the ovaries, oval, enclosed by the pericarps, about same size as wheat 
kernels. Spores globose to ellipsoid, occasionally oblong or angular, light grayish 
brown to olive prows; smooth, 15-30 x 13-20 yu, foetid. 

Distribution: Hopeh, Kianesu, Shansi, Shensi, Sikang. Szechwan, Yunnan, Kansu, 
Chahar, Suiyuan, Kirin, es eee Nunkiang, Heilunkiang, cee also 
in all of the wheat growing countrie 

Tilletia horrida Tak., Bot. Mag. Tokyo 10: 20. 1896. 

Neovossia horrida Padw. & Azmatullah Khan, Myc. Papers Imp. Myc. Inst. 10: 2. 
1944, 

iin the ovaries, infecting only occasional ones, completely | or partially iat ies 
1 Ss e - 

aqu 
hyaline membrane, chiefly spherical to subspherical, 22-33 diam., with coarse 
hyaline, somewhat curved scales, 2-3 « wide at base; immature spores eoatinc: thick- 
walled. 

On aekeavias 
Ory aL. 

Type a and host: Tokyo, Japan, on Oryza sativa. 
Distribution: Chekiang, Hopeh, Kiangsi, Kiangsu, Liaoning, Szechwan, Taiwan, 
bee also in Burma, India, Indo-China, Japan, Java, Philippine eee Russia, 
Amer 

Tilletia okudairae (Miyabe) comb. nov. 

Ustilago okudairae Miyabe apud S. Ito, Trans. Sapporo Nat. Hist. Soc. 14: 88. 1935. 
Tilletia taiana Mundk., Trans. Brit. Myc. Soc. 24: 328. 

Sori infecting the branches of inflorescences and inhibiting the development of 
racemes, concealed at first by leaf sheaths, then protruding, after the dispersal of 
olivaceous black spore masses leaving behind the naked branches. Spores olive brown, 

me i 10-16.5 i i 
polygonal reticulations, 3-4.5 « wide and 1.5 deep; sterile cells in chains intermixed 
with the spo ores, thick-walled, light ee brown, chiefly cubical or subglobose, 

Coix agres 
Type eae a host: Iyo, Japan, on Coix agrestis. 
Distribution: Yunnan; also in Japan. 

Tilletia pennisetina Syd., Ann. Myc. 27: 1929. 

Neovossia macrospora Petr., Meddel. ne Gateb. Bot. Tradg, 17: 114. 1947. 

Sori in the ovaries, infecting only a few spikelets in a panicle, broadly iter 
4-7 mm. long, 2-3 mm. wide, each covered by a green, smooth membrane of hos 
tissue which ruptures later disclosing a black, pulverulent spore mass. Spores ee 
different stages of development, spherical to subspherical, occasionally ellipsoid” or 

i x 21 

membrane often with a tapering pedicel at the end of attachment; immatur 
subhyaline to light olivaceous brown, smooth or echinulate; sterile cells often also 
present, much tanger than the spores, thin-walled. 

On Gramineae 

oO = oO wi 
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Pennisetum alopecuroides (L.) Spreng. (= P. japonicum Trin., P. compressum 
R 

Type locality and host: Kuling, Kiangsi, on Pennisetum alopecuroides. 
Distribution: ee Hopeh, Hunan, Hupeh, Kiangsi, Kiangsu, Szechwan; also 

in India, Korea, Japa 

Tilletia pulcherrima Ell. & Gall. apud Clint., Proc. Boston Soc. Nat. Hist. 31: 441. 
1904. 

n the ovaries, eaasaar only a few spikelets in a ogee ovoid or cornute, 
aan exposed between spreading glumes, 2.5-4 mm. long. Spores yellow brown 
0 Opaque varying aise the diay of Se eunieye chiefly pial to subspherical, 
19.5-31.5 mw, averaging 25.6 w in diameter, each with an ae hyaline membrane 
and prominent, hyaline, Sat or Seay curved, truncate scale-like projections, 
2-2.5 w long and 1.6-2 w wide at base; sterile cells hyaline, hae walled, 18-28.5 u 
diam. 

On Gramineae: 
Digitaria sanguinalis (L.) ne 
Echinochloa crus-galli (L.) 

Type locality and host: Illinois, United States, on Panicum virgatum L. 
Distribution: Liaoning, Szechwan; also in Japan, Russia, North America. 

Tilletia rhei Zundel, Mycologia 36: 410. 1944. (Fig. 3,A) 

Sori destroying the seeds, deforming each into a hard, triangular, mummified mass, 
approximately 2.5 mm. long, 2 mm. wide. Spore mass agglutinate, black at the surface 

occasionally slightly angular, 16.5-19.5 mw diam., or 18-24 x 16.5-19.5 mw, epispore 
orange brown at maturity, with winged polygonal reticulations 1.2-2 u wide and 1-1.4 
» deep; immature spores present in different stages of development, from hyaline and 
smooth to light cena and reticulate, usually slightly larger than the mature ones. 

On Polygonac 
Rheum aeibene Muert. 

Type locality and host: Yiinting-shan, Chiaocheng, Shansi, on Rheum franzenbachii. 
Distribution: Known only from the type locality. 

Tilletia setariae Ling, Myc. Papers Imp. Myc. Inst. 11: 2. 1945, 

Sori in the ovaries, infecting only occasional ones, ovoid or broadly oval, 4-5 mm. 
long and 2.5-3 mm. wide, each covered at first by a thick, green, smooth membrane 

ally oval, 21.5-33 «, mostly 22-28.5 » diam., with blunt, subhyaline or light brownish 
scales, 1.5-2.5 » long, with hyaline envelope: present only at very young stage; sterile 
cells few, hyaline, thick-walled, mostly smaller than the spores. 

On Gramineae: 
Setaria lutescens (Weigel) Hubbard 

Type locality and host: Chengtu, Szechwan, on Setaria lutescens. 
Distribution: Known only from the type locality. 

Entytoma D. By. 

Bot. Zeit. 32: 101. 1874. 

Sori usually in the leaves, embedded permanently in the host tissue, indehiscent. 
pores either scattered or ee ae r, but not forming deanite balls, most 

frequently light-colored, of medium s 



310 FarLtowlA, Vor. 4, 1953 

Spores firmly adhering together 
S 2 uw long E. eleocharidis 
Spores 6-10 u long ryzae 

Spores readily separable 
Epispores 3-6 « thick E. microsporum 
Epispores under 3 ick 

Mature spores yellowish to golden brown E. australe 
Mature spores scarcely colore 

Spores densely crowded, 11-18 u long FE. guaraniticum 
Spores abundant but not ie 9-15 uw long E. compositarum 

Entyloma australe Speg., Anal. Soc. Cien. Argent. 10: 5, 1880. 

Sori in the leaves, often also in the calyxes, forming yellow to dark brown, circular 

somewhat Pan 10-16.5 x 9-13.5 yp; eee smooth, iene esis to golden 

Physalis ds L. 
Physalis ? minima L. 

Type locality and host: Duncan, Argentina, on Physalis pubescens 
Distribution: Kiangsu, Taiwan; also in Indo-China, Japan, oe North and 

South America 

Entyloma compositarum Farl., Bot. Gaz. 8: 275. 1883. 

Entyloma senecionis Saw., Jour. Taihoku Soc. Agr. For. 7: 27. 1934. 

Sori in the leaves, forming angular, brown spots, limited by the veins, 0.5-1.5 mm. 
ong, often confluent. Spores spherical to oval, occasionally ellipsoid, 9-13 uw diam., 
or 10.5-14.8 x 7. 5-12 «; epispore subhyaline to pale yellowish, smooth, 0.6-1 a thick. 

— 

necio ee Kitamur 
Type locality and host: New England, United States, on Aster puniceus L. 
Distribution: Taiwan; also in North America 
Entyloma bavaricum or differs from this species in having much thicker epispores. 

Entyloma eleocharidis (Saw.) Ling, Mycologia 41: 255. 1949. (Fig. 1,B) 

Ustilago eleocharidis Saw., Taiwan Agr. Res. Inst. Rep. 85: 39. 1943. 

Sori in the upper parts of the culms, circular or irregular in shape, lead black, 
0.1-1 mm. long. Spores embedded Rete Ser fear in the host tissues between the upper 
and lower epidermis, arranged in parallel columns, firmly ae together, 
globose to eh oa angular, 9-12 x 7-10.5 u«; epispore thin, smooth, light 
olivaceous own, 

On Cyper 
Eleocharis as Trin. 

Type locality and host: Taipeh, Taiwan, on Eleocharis dulcis. 
Distribution: Known only from the type locality. 

Entyloma guaraniticum Speg., Anal. Soc. Cien. Argent. 17: 127. 1884. 

Protomyces bidentis Saw., Dept. Agr. Gov’t. Res. Inst. Formosa Rep. 2: 53. 1922. 

Sori in the leaves, forming subcircular, indistinct spots, 1-4 mm. diam., brownish on 
the lower surface and dark greenish on the upper. Spores densely embedded in the 
mesophyll, globose to oval, occasionally ovoid, ellipsoid or oblong, 10.5-13.5 « diam. 
or 12-18.5 x 8-11 w; epispore 1.2-2.2 « thick, smooth, pale yellowish. 
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On Compositae: 
Bidens pilosa L 

Type locality and TR Paraguay, on Bidens pilosa. 

Entyloma bidentis P. Henn. (type in Myc. Coll. BPI. U. S. Dep. Agr.) on the 
same host genus is characterized by its yellow to golden yellow usta measuring 
2-4 w thick. The size of spores, however, is similar to that of this speci 

Entyloma microsporum (Ung.) Schroet., in Rab. Fungi Eur. 1872. 1874. 

Protomyces microsporus Ung., Exanth. Pfl. 343. 1833. 

Sori in the leaves, often also in the petioles and stems, causing deformation of 
the infected organs, forming hard, fusoid to hemispherical pustules, thick and elevated, 

hyaline at first, becoming light ew to light yellow brown, smooth, 3-6 uw thick; 
conidia falene hyaline, 10-18 x 4 ou 

anunculaceae: 
Rete vernyii Fr. & Sav. 

Type locality and host: Europe, on Ranunculus repens L 
Distribution: Taiwan; also in Europe, North America. 

Entyloma oryzae Syd., aa pa 12: 197. 1914, 

Ectostroma oryzae Saw osan Agr. Rev. 6 (63): .107. 1912. 
Sclerotium ne ete He Jour. Pl. Prot. oe zn 949. 1915. 

Sori in the leaves, forming short black striae, up to 2.5 mm. in length, permanently 
covered by the epidermis. Spores firmly and compactly seaiiansted together, mostly 
angular, chiefly 6-10 x 4.7-7.5 u; epispore smooth, 0.5—-0.8 u thick, light olivaceous 
rown. 
On Gramineae: 

Oryza sativa L 
Type locality and host: Laguna, Philippine Islands, on Oryza sativa. 
Distribution: Anhwei, Chekiang, Fukien, Hupeh, Kiangsi, Kiangsu, Antung, Kirin, 

Szechwan, Taiwan, vamrina an; also in iaGetacutc inn Burma, India, Japan, Philippine 
Islands, Russia, America. 

This species, though very similar to, is not identical with Entyloma lineatum (Cke.) 
vis. The spores of E. lineatum although light in oe are bright golden brown 

and lack the dull olivaceous tinge of E. oryzae even in ma 

Urocystis Rab. 

Kl. Herb. Viv. Myc. II. 393. 1856. 

Sori in various parts of the host, most frequently in ae leaves, anna and 
usually pulverulent at maturity. Spore- balls permanent, each composed of one to 
several spores invested by few to many sterile cells. ae ee eerily oe colored, of 
medium size 

Sori forming regular linear striae U. agropyri 
Sori forming rather irregular pustules 

Cortical cells incompletely investing the spores U, anemones 
Cortical cells completely investing the spores 

Spores usually 1-3 in th Is 
Spores usually 3-6 in the balls U. japon 

U. ea 
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a agropyri (Preuss) Schroet., Abh. Schles. Ges. Nat. Med. 1869-72: 7. 

oe pane Preuss, in Sturm Deuts. FI. erg 6:1. 1848. 
Urocystis tritici Koern., Hedwigia 16: 33. 

Sori in the leaves, leaf sheaths and upper culms, forming linear striae of varying 
length, at first lead-colored and protected by the epidermis which soon ruptures. 
Spore-balls globose to ellipsoid, 18-35 u long, composed of 1-3, rarely 4, fertile spores 
and an investing layer of sterile cells. Sterile cells subhyaline to light brown, sub- 
globose to ellipsoid, 4-15 x 4-7 yw. Spores globose to oval, 12-18 x 11-15 w; epispore 

ooth. 

L. 
Type locality and host: Hoyerswerda, Germany, on Agropyrum repens Bea 
Distribution: Chekiang, Honan, Hopeh, Hupeh, Kiangsu, Shantung, awn Sun- 

kiang, Szechwan; also in Afghanistan, India, Japan, Palestine, Russia, Africa, America, 
Australia, Europe. 

Urocystis anemones (Pers.) Wint., in Rab. Krypt. Fl. 1: 123. 1881. 

Uredo anemones Pers., Syn. Fung. 223. 1801. 
Tuburcinia anemones Liro, Ann. Univ. Fenn. Aboensis A. 1: 55. 1922. 

Sori in the leaves, petioles and stems, forming conspicuous, irregular ee aoe 
rupture of the covering host tissue ae the black, dusty spore mass Spo 

Pp 
usually incompletely invested by a nueiben of sterile ‘ells, Sterile cells subglobose to 
oblong, pale yellowish to pale ee 7-12 x 5-7 w. Spores deep reddish brown, sub- 
globose to oval, frequently oblong or somewhat irregular, smooth, 12-21 x 8-15 u 

n Ranunculaceae: 
Anemone raddeana Regel 
Pulsatilla chinensis (Bge.) Regel (= apeieaet chinensis Bee.) 

Type locality and host: Europe, on Anemone nemorosa L. 
a Kiangsu, Antung; also in ea Russia, Europe, North America. 

Urocystis dioscoreae Syd., Ann. Myc. 8: 173. 1909. 

Tuburcinia dioscoreae Liro, Ann, Univ. Fenn. Aboensis A. 1: 38. 1922. 

Sori in the leaf veins and petioles, forming elongate pustules, causing distortion 
of the infected organs, covered at first by the host tissue which ruptures later reveal- : h ; : 

g, 

light yellowish brown. Spores globose to oval, often oblong, dark reddish brown, 
; 2.5 wy. 

eae 
Dioscorea a eee Thu 

Type locality and host: Tosa, Japan, on Dioscorea tokoro Makino. 
Distribution: Honan; also in Japa 

Urocystis japonica (P. Henn.) Ling, Myc. Papers Imp. Myc. Inst. 11:3. 1945. 

Urocystis anemones (Pers.) Wint. var. gas Henn., Hedwigia 43: 150. 1904. 
Tuburcinia japonica Liro, Ann. Univ. Fenn. Aboensis A. 1: 

Sori in the leaves, petioles and stems, forming conspicuous and lage ie bse 
considerable size, usually causing distortion to the host, upon rupturing of the covering 
host tissue disclosing the semi-agglutinate black spore masses. ae balls dark 
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reddish brown, subglobose to oval, often pe, 18-45 w in length, consisting of 
3-12 fertile gone completely invested by a layer of sterile cells. Sterile cells pale 

olivaceous bro o cinnamon brown, oval, ellipsoid or oblong, compressed, 7.5-13.5 
x 6-9 yp, ere up to 17 » long. Spores deep ochraceous brown, globose to ellipsoid, 
or somewhat aiecenas aan 12-16 x 9-12.5 uw 

On Ranunculaceae: 
Anemone japonica Sieb. & Zucc. 
Anemone s 

Type locality and host: Tosa, Japan, on ae japonica. 

Distribution: Jehol, Szechwan; also in Jap 

BurRRILLIA Setch. 

Proc. Amer. Acad. 26: 18. 1891. 

Sori generally in the leaves, permanently embedded in the host tissues, indehiscent. 

Spore-ball without a distinct cortex, composed of numerous spores, in some species 

with sterile ao aang cells in the center or intermixed with the spores. Spores 

light-colored, of medium siz 

Burrillia ajrekari Thirumalachar, Mycologia 39: 607. 1947. (Fig. 3,B) 

Stereosorus monochoriae Saw., Taiwan Agr. Res. Inst. Rep. 85: 45. 1943. 

Sori in the leaves, punctiform, ey aggregated in circular to irregular spots of 

3-15 mm. long, which are chloroti on the lower surface and brownish on the upper 
m 

ellipsoidal, 157-287 x 96-136 mu, composed of scattered SDOle icmneeed among 

sterile parenchymatous ae oe spherical to oval, 9-13 x 8-11 4; epispore thin, 

Presl 
Type locality and host: Bangalore, India, on Monochoria vaginalis. 
Distribution: Taiwan; also in India. 

DoassansiA Cornu 

Ann. Sci. Nat. VI. 15: 285. 1883. 

Sori generally in the leaves, permanently embedded in the host tissues, indehiscent. 

Spore-ball consisting of a distinct layer of cortex and a central mass of spores 

Spores light-colored, of medium size. 

Doassansia opaca Setch., Proc. Amer. Acad. 26: 15. 1891. 

Sori in the leaves, forming at first yellow but eventually yellow brown, subcircular 
spots, visible on both surfaces, 3-5 mm. diam. Saas closely compacted in the 

mesophyll, usually in one layer, each consisting of a central mass of fertile spores 
invested by an olive brown cortex, subglobose to ellipsoidal, 157-290 x 105-248 uw. 

Cortical a elongate and more or less angular, pale olivaceous yellow when isolated, 
15-24 x 9-16.5 yw, faintly verruculose. Spores ee loosely compacted, oes to 
ellipsoid, ‘ety somewhat angular, 11-16.5 x 9-12.5 «; epispore smooth, thick, 

pale yellowi 
On Alism 

Siar i trifolia L 
Type locality and hock: Massachusetts, ae States, on Sagittaria latifolia Wil!d. 

Distribution: Taiwan; also in North Americ 
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Doassansiopsis Dietel 

Engl. & Prantl, Nat. Pflanzenfam. I. 1: 21. 1897. 

Sori generally in the leaves, permanently embedded in the host ee cP acon 
Spore-ball consisting of a cortex, one or more layers of spores and a ral mass of 
parenchymatous cells. Spores usually firmly united, of medium size 

Doassansiopsis horiana (P. oe ) Shen, Sinensia 4: 319. 1934. 

Doassansia horiana P. Henn., in Engl. Bot. Jahrb. 37: 
Doassansio psis horiana Nishikado, Bericht. Ohara “ery see te 7: 419. 1936. 

Sori in the leaves and petioles, forming brown pustules which at the advanced 

arranged in 3-4 layers, polyhedral, subhyaline, 5-7 x 4-5 Parenchymatous cells 
thin-walled, pale olivaceous, variable in size, up to 21 yw in length. see firmly 
united, mension at dnieulak smooth, reddish brown in mass, 10-17 x 7-1 m 

n Alismacea 
Sogittaria eee 1. 

Type locality and host: Tokyo, Japan, on Sagittaria sagittifolia. 
Distribution: Chekiang, Kwangsi, Szechwan; also in Japan, Russia. 

USTILAGINACEAE 

Sori usually dehiscent at maturity exposing spore masses. Spore germination usually 
by means of a transversely septate promycelium which produces terminal and lateral 

species in Ustilago and Cintractia 

UstTILAco (Pers.) Roussel 

Fl. Calvados IT. 47. 1806. 

in various parts of the host. al mass dusty at maturity. Spores not 
Prete into balls, of small to medium siz 

Spores smooth 
Sori destroying the inflorescences 

Sori whip-like, involving the floral stems 
Sori under 30 cm. in length U~ ier 
Sori exceeding 30 cm. in length U. kusa 

Sori not whip-like, confined to the inflorescences 
Sori destroying various floral parts 

Sori confined to the anthers 
Sori confined to the ovaries 

U. ance 

U. vaillantii 

U. cynodontis f. ovariicola 
th U.cran 

Sori involving the ovaries and the glumes 
Sori surrounding the internodes of stems 

Spores variously ornamented but not reticulate 
Sori forming galls 

U. hordet 
U. shiraiana 
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Sori covered by hispid membranes 
Sori covered by smooth membranes 

Sori not forming galls 

Sori covered by hispid membranes 

: th 
Spores chiefly over 10 « in length 

Spores with echinulations over * » in length 
Spores with short echinulat 

Spores under 10 » in leng 
Spores ney echinulate 

Sori involving both the ovaries and the 

Sori usually infecting only the basal oe of the glumes 
rts 

ores in germination producing a al branches 
Sori meg? the inflorescences 

whip-like, very lon 
Sori not whip-like 

Sori containing long shreds of host remnants 
ri not containing host remnants 

Sori in ne vegetative parts of the host 

Sori forming striae 
Spores 7-11.5 » in length 
Spores 9-15 w in length 

Sori confined to the leaves 
Sori in the stems 

Spores with verrucae in spiral striae 
Sori encircling the stems 
Sori destroying the entire ee shoots 

Spores verruculose but not stri 

Spores with winged reticulations 
Spore mass traversed by fine filaments of host tissue 
Spore mass not mixed with host tissue 

Sori in the floral parts 
Sori in the filaments of stamens 

Sori in the ovaries 
Reticulations of spores under 2 » in width 
Reticulations chiefly over 2 » in width 

Spore mass brown 
Spore mass dark purple 

Reticulations 2-3.3 » in width 
Reticulations 3-5 uw in width 

Sori in the leaves 
Sori isolated, circular 
Sori usually confluent, sara in shape 

Sori chiefly in stems and pedunc 

= 

SS SS Sy SS Seo 

3 
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316 FaRLowIA, VoL. 4, 1953 

Ustilago aculeata (Ule) Liro, Ann. Acad. Sci. Fenn. A. 17: 66. 1924. 

Tilletia aculeata Ule, Abh. Bot. Ver. Prov. Brand. 25: 213. 1884. 

Sori in the leaves and leaf sheaths, forming linear striae, often merged and extending 

posed. Spores globose to oval, occasionally ovoid or ellipsoid, 10.5-16.5 « diam. or 
11-20 x 9-15 yp; ey olive brown, coarsely tuberculate, frequently even appearing 
incompletely cerebrifor 

O ineae 

Type locality and host: Berlin, Germany, on Agropyron repens Beauv. 
Distribution: Kiangsu; also in Russia, Japan, Europe, North America. 

Ustilago anhweiana Zundel, Mycologia 35: 167. 1943. 

Sori in the ovaries, protected by the floral envelops, ovate, 2-3 mm. diam., form 
dusty, “Mikado Brown” (Ridgway) spore masses. Shores globose to cllipsoidal 
rarely elongate, 7.5-12 mw diam., pale buff, with pentagonal or hexagonal, purple 
tinged reticulations oO 2-3 pw in width. 

olygonace 

Type ene ona host: Chiuhua-shan, Anhwei, on Polygonum sp. 
Distribution: Known only from the type locality. 

Ustilago avenae (Pers.) Rostr., Overs. K. Danske Vid. Selsk. Forh. 13. 1890. 

Uredo segetum subsp. avenae Pers., Syn. Fung. 224. 1801 

Sori in the spikelets, more or = destroying all the floral parts, 5-10 mm. long, 
forming dusty, dark brown spore sses. Spores globose to subglobose, occasionally 
more elongate, Leen to a brown, lighter colored on one side, finely 
echinulate, 6-9 u 

On RE ee 

Type locality and host: Europe, on Avena sativa, 
Distribution: Heilungkiang, Hokiang, Hopeh, Hsingan, Kiangsu, Kirin, Liaoning, 

Nunkiang, Shansi, Sunkiang, Szechwan, Taiwan; also in India, Japan, Philippine 
Islands, Palestine, Russie, Europe, Africa, ‘Avena. Australia, 

Ustilago bothriochloae Ling, Myc. Papers Imp. Myc. Inst. 11: 4. 1945. 

Sori in the ovaries, infecting only occasional ones, inconspicuous, each at first 
x n 

to ellipsoidal, 2-3 mm. long. Spores globose to ellipsoidal, 11.5-15.5 x 10-13 yu; 
epispore deep reddish brown, approximately 1.5 mw thick, distinctly and coarsely 
echinulate, echinulations up to 1.5 « long. 

On Gramineae: 
Bothriochloa pertusa (L.) A. Camus 

Type locality and host: Chengtu, Szechwan, on Bothriochloa pertusa. 
Distribution: Known only from the type locality. 

Ustilago bullata Berk., in J. D. Hooker’s Fl. Novae-Zealand. 2: 196. 1855. 

Ustilago bromivora Fisch. v. Waldh., Bull. Soc. Nat. Mosc. 40: 252. 1867. 

Sori in the spikelets, bullate, destroying the ovaries and the basal parts of the 
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glumes, each enclosed at first by a grayish membrane of host tissue and rather 
compact, then becoming exposed and pulverulent. Spores chiefly globose to oval, 
deep olivaceous brown, mostly 7.5-11 uw in length, densely verrucose. 

n Gramineae: 
Bromus unioloides H. B. K. 

Type locality and host: Antarctic Regions, on Agropyron scabrum (Lab.) Beauv. 
Distribution: Kirin; ee in India, Russia, South-Western Asia, Australia, Africa, 

Europe, North Ameri 

Ustilago coicis Bref., Unters. Gesammtg. Myk. 12: 110. 1895. 

Sori in the ovaries, subglobose with tapering apices, partially hidden by the sheaths, 
each enclose y a thick brownish membrane of host tissue; spore mass dusty 
brownish black. Spores globose to ellipsoid, 7-12 x 6-10.5 mu; epispore reddish Brann: 
minutely echinulate, about 0.7 « thick 

On Gramineae: 
Coix lachrym 

Type locality ee oes Simla, India, on Coix lachryma-jobi. 
Distribution: Fukien, Hopeh, Kirin, Szechwan; also in India, Java, Japan. 

Ustilago cordai Liro, Ann. Acad. Sci. Fenn. A. 17: 12. 1924. 

Ustilago utriculosa A 
Ustilago bungeana Yen, Contr. Inst. Bot. Nat. Acad. Peiping 4: 190. tk 
Ustilago reticulisporus Petr., Meddel. fran Goteb. Bot. Tradg. 17: 116. 1947. 

Sori in the ovaries, partially enclosed by the perianths, subglobose to ovoid, 2-4 mm. 
long, forming dark purple spore masses. Spores globose to ellipsoidal, occasionally 

elongate and irregular, 9-14 yw, rarely up to 16.5 » long; epispore pale buff to pale 

vinaceous, with ceunet winged reticulations, chiefly 2-3.3 « wide and 1 « deep 

Polygonum barbatum L. var. gracile (Danser) Steward 
Polygonum bungeanum Turcz 
Polygonum caespitosum Bl. 
Polygonum caespitosum Bl. var. longisetum (De Bruyn) Steward 
Polygonum hydro piper L 
Polygonum hydro piper L var. flaccidum (Meisn.) Steward 

Type locality and host: Finland, on Polygonum hydro piper. 
Hager Anhwei, arses Fukien, Kwangtung, Shansi, Taiwan, Kirin, Liaon- 

Inner Mongolia; also in Japan, Palestine, Philippine Islands, Russia, Europe, 
ie ‘North and South Aneree 

pine crameri Koern., in Fckl. Jahrb. Nass. Ver. Nat. 27-28: 11. 1873. 

Sori in the ovaries, ovoid, 2-3 mm. long, partially concealed by the glumes. Spores 
tae to oval, occasionally elongate and irregular, 7-12 w long; epispore smooth, 
orange brown, aman 0.5 uw thick 

On Graminea 

Setaria itolica B 
Type locality and ee Zurich, Switzerland, on Setaria italica. 
Distribution: ce Hopeh, Sikang, Szechwan, Shantung, Shansi, ie Antung, 

Heilungkiang, Hokiang, Kirin, Liaoning, Liaopeh, Sunkiang, aaa , Jehol; also in 
India, Japan, ce Europe, Africa, North America, Austra 
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Ustilago crus-galli Tracy & Earle, Bull. Torrey Bot. Club 22: 175, 1895. 

Ustilago trichophora (Link) Kunze var. crus-galli Lavr., Trav. Inst. Sci. Biol. 

Sori infecting the stems near or at the nodes, or at the place of inflorescence 
t involving both stem and lea nodu as a series of gall-like structures, variable 

n size, 0.5 to several centimeters in length, each covered by gh hispid 
membrane ich ruptures irregularly revealing a dusty, olive brown spore mass 
Spores globose to oval, often oblong, 7.5-10 « diam. or 7.5-12 x 6.7—-9 mw; epispore 
reddish brown, distinctly echinulate. 

n Gramineae: 
Echinochloa crus-galli (L.) Bea 

Type locality and host: Utah, United States, on Panicum crus-galli L. 
Distribution: Anhwei, Taiwan, Hokiang, Kirin; also in Japan, Russia, India 

Australia, Europe, North America. 
The collections from China are intermediate between the American collections of 

this species and Ustilago holubii Syd. in the characters of the spores. The latter 
species has light olivaceous, finely echinulate spores, measuring 6.7-9 y« diam. or 
7.5-9.7 x 6-8.2 wu 

Ustilago cynodontis P. Henn., Bull. Herb. Boiss. 1: 114. 1893. 

Sori in the inflorescences, elongate, 3-4 cm. long, concealed at an early stage by 
the enveloping leaf sheaths, but soon naked exposing the black dusty spore masses 
intermixed with crinkled remnants of the rachis. Spores spherical to subspherical, 
often oval, 6- Ou eens epispore olivaceous brown, smooth, thin 

On Gra 
peed eee (L.) Pers 

Type locality and host: Eritrea, East Africa, on Cynodon dactylon. 
aa ian a Anhwei, Chekiang, Fukien, Honan, Kiangsu, Kwangtung, Kweichow, 

Taiw also in Afghanistan, Burma, India, Indo- China, Japan, Russia, South- 
Western Asia, Africa, Australia, Europe, North Americ 

Ustilago cynodontis P. Henn. forma ovariicola f. nov. 

A specie differt in evolutione in ovariis, glumis intacti 
Differs from - species by the occurrence of sori in tive ovaries, with glumes intact. 
e Gramine 
Cynodon ene (L.) Pers 

Type locality and host: Amoy, Fukien, on Cynoedon dactylon ae at 
Inspection House, Washington, D. C., U.S. A., Jan. 12, 1917, R. K. Beattie). 

Distribution: Known only from the type locality. 

Ustilago emodensis Berk., in Hooker’s Jour. Bot. 3: 202. 1851. 

Ustilago treubit Solms Laubach, Ann. Jard. Bot. Buitenz. 6: 79. 1886. 
Elateromyces treubii Bub., Arch SG es Cech. 15(3): 33. 1912. 

Liroa emodensts Cif., Nuovo Giorn. Bot. Ital. n. s. 40: 3 1933. 
Ustilago Incopenditornis Zundel, Mycologia 36: 402. 1944 

Sori in the flowers, irregularly globoid, up to 7 mm. in diameter, on infecting the 
stems, causing the formation of stipitate, conical, clustered outgrowths, with pulvinate, 
ite lobate apexes, varying from several millimeters to 1.5 cm. or pulse in diameter. 

6-8.7 x 4.7-7.5 mw, unusually large ones up to 11.5 w in length; epispore about 1.5 pu 
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thick, pale yellowish, with extremely fine, light purplish, regular eee? ap- 
proximately 0.7 « diam., appearing as verrucae under lower magnificati 

Beene: 
hed See chinense L. 
Polygonum s 

Type eee and host: Tonglo, India, on Pelygonum 
Distribution: Kwangsi, Taiwan; also in Ceylon, India. ana China, Java, Philippine 

Islands. 
h the sori and spores of this species are very variable in size. In the type of 

U. lycoperdiformis which is in a very advanced stage of development, the flower- 
occupying sori are extremely eee in magnitude; while in certain a 

d 1 in 

ne 13 pu ength respectively, but the ornamentation of spores always serves as an 
int tue ee ter. 

Ustilago esculenta P. Henn., Hedwigia 34: 10. 1895. 

Melanopsichium esculentum Mundk. & Thirumal., Myc. Papers Imp. Myc. Inst. 
2. 1946. 

Sori in the young stems, causing conspicuous hypertrophy. Spore mass formed in 
round or elongate cavities in the hypertrophied organ, bounded by the sclerenchyma 
tissue, deep ‘““Hay’s Brown” (Ridgway), at first agglutinate but soon dusty. Spores 
globose to eater 6-10 x 4.6-7 w; epispore ochraceous brown, verruculose, 1 « thick. 

Gram 
Py alien (Griseb.) Turcz. 

Type locality and host: Hanoi, Indo-China, on Zizania latifolia. 
Distribution: Chekiang, Fukien, Honan, Hopeh, Hunan, Kiangsu, Kwangsi, Kwang- 

tung, Szechwan, Taiwan; also in India, Indo-China, Japan, Russia, North America. 
This fungus sean only the parenchyma or ground tissue of the host and fails 

to attack the sclerenchyma and fibro-vascular gts It does not cause the forma- 
tion of any abnormal tissue in the host and the spore mass is dusty at maturity. It 
appears to be different from Melanopsichium, rr it is retained here in Ustilago. 

Ustilago filamenticola Ling, Myc. Papers Imp. Myc. Inst. 11: 5. 1945. 

Sori in the filaments of the stamens, causing hypertrophy, with ovaries and styles 
intact, each protected by a thin membrane of host tissue which disintegrates later 
revealing a dusty “Rood’s Brown” (Ridgway) spore mass. Spores globose to oval 
9-13 uw diam.; epispore ae ere with winged penta- or hexagonal reticulations, 
chiefly 2-3.3 « wide and 1 eep. 

On Polygonaceae: 
Polygonum japonicum Mei 

Type locality and eee Gia Szechwan, on Polygonum japonicum. 
Distribution: Known only from the type locality. 

Ustilago heufleri Fckl., Jahrb. Nass. Ver. Nat. 23-24: 39. 1870. 

Ustilago tulipae Wint., in Rab. Krypt. Fl. 1: 86. 1881 

Sori in the leaves, forming lenticular, convex pustules, 5-12 mm. 
wide, covered by the host tissue which later ruptures into A longitudinal ate dicclosine 
a dusty black spore mass. Spores nie to oblong, occasionally ovoid or pyriform, 
15-22 x 13.5-17 w, each loosely invested by a hyaline, somewhat wrinkled envelope; 
epispore 1.5-2.5 mw thick, light yellow brown, sparsely but very deeply pitted, with 
pits frequently arranged in irregular striae; endospore with an evident wall, 1-1.5 uw 
thick, deep cinnamon brown to deep reddish bro 
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On Liliacea 
Tulipa edulis Baker 

Type locality and host: Vienna, Austria, on Tulipa en L. 
Distribution: Kiangsu; also in Europe, North Ameri 

Ustilago hordei (Pers.) Lagh., Mitt. Badeschen Bot. Ver. 70. 1889. 

Uredo segetum subsp. hordei Pers., Syn. Fung. 224. 1801. 
Ustilago avenae (Pers.) Rostr. var. levis Kell. & Swing., Ann. Rep. 

Exp. Sta. 2: 259. 1890. 
Ustilago holleri Wille, Bot. Notiser 10. 
ore levis Magn., Ber. Natur-Wiss. Mediz: Ver. Innsbruck 21: 22. 

Sori in the spikelets, usually involving the basal parts of the glumes, compact. 
Spores globose to subglobose, rarely elongate, smooth, light to medium olivaceous 
brown, lighter colored on one side, 5-9 w diam., rarely up to 11 y» in length. 

On Gramineae: 
Avena sativa L. 
Hordeum vulgare L. 

Type locality and host: Europe, on Hordeum 
Distribution: Anhwei, Chahar, Chekiang, Fukien, Hokiang, Honan, Hopeh, Hupeh, 

Jehol, Kansu, Kiangsu, Kwangsi, Kwangtung, Kveichows Kirin, Ninghsia, Shansi, 
Shantung, Shen. Sikang, Suiyuan, Sunkiang, Szechwan, Taiwan, Dsaghai, Yunnan; 
also in all of the barley and oats growing countries. 

Ustilago kenjiana S. Ito, Trans. Sapporo Nat. Hist. Soc. 14: 87. 1935. 

ri in ovaries, infecting only a few spikelets in a panicle, cn or oval, 3-6 mm, 
Hud similar ne healthy seeds in size, each at first covered by a pale brown mem- 
brane of host tissue which ruptures later disclosing a dark, dus i. spore mass; colu- 
a eed Spores globose to oval, 4.5-8 w diam.; epispore olivaceous brown, finely 
punctate. 

Per 
Type locality and host: Taaakeolite Liaoning, on Sorghum vulgare. 
Distribution: Known only from the type locality. 

Ustilago koenigiae Rost., Medd. Grgnland 3: 352. 1888. 

Sori encircling the stems, forming dark purplish brown spore masses, less than 1 
ng. Spores ecg in shape and size, mostly ellipsoid, often globose, ovoid or 

irregular, 4.5-8 » diam., or 5.5-11.4 x 4-7.5 uw, the most elongate up to 15.4 w long; 
epispore 0.6— on thick, agains to pale yellowish, ornamented with light vinaceous 
to reddish purple verruculae densely and regularly arranged in spiral striae. 

olygonaceae 
Polygonum pilosum (Maxim.) Forbes & Hem 

Type locality and host: Greenland, on Koenigia a L, 
Distribution: Sikang ; also in Greenland, Russia, Europe. 
In the type of this species, the verruculate- ae are light vinaceous in color and 

almost veneer under a high power lens. The Sikang collection, however, pos- 
sesses spores with somewhat coarser er. which are deep purple and readily 
feeepie Ustilago ocreanum Berk. and Ustilago piperii Clint., Nal occurring on 
Polygonum, are similar to this species in the morphology of spore 
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Ustilago kusanoi Syd., Mém. Herb. Boiss. 4: 4. 1900. 

Ustilago morobiana Zundel, Mycologia 36: 402. 1944. 

in the 1 buds, involving both the axes of inflorescences and the floral 

dark olive brown spore mass surrounding the remnant main axis. Spores spherical 

to ellipsoid, 3.6-4.7 « diam., or 4.3-6 x 3.4-4.5 u; epispore very thin, light olivaceous 

ee 
minea 

Miscanthus ‘floridulus (Labill) Warb. 

Miscanthus sinensis Anderss. 

ae locality and host: Musashi, Japan, on Miscanthus sacchariflorus (Maxim.) 

Distributi ion: Chekiang, Fukien, Kiangsu, Kweichow, Taiwan; also in Japan, New 

Guinea, Russia, Philippine Islands. 

form, which occurs in the ovaries of Miscanthus sinensis and guar them into 

elongate filiform ae ne described by Y. Ling and Chen (Res. Bull. Inst. au 

Bot. Fukien Acad. . 1945.) as Ustilago kusanoi f. anomala- eter Its ty 

has not atte ca 

Ustilago maydis (DC.) Corda, Icon. ae 5: 3. 1842. 

Uredo maydis DC., FI. Frang. 6: 77. 

Ustilago zeae one Einfl. Bodens ee en 

Sori in various parts of the host, forming ee galls varying in size, at first 

covered by white membranes, soon rupturing and revealing brown, dusty spore masses. 

Spores globose to ellipsoid, or somewhat irregular, ee i Laila light oliva- 

ceous brown, 8-12 » diam. 

Type locality and host: France, on Zea m 

Distribution: Chekiang, Fukien, Hoes Hopeh, Hupeh, Kiangsu, Shansi, Sikang, 

Szechwan, Liaoning, Antung, Kirin, licopent Sunkiang, Hokiang, Suiyuan, Nunkiang, 

Heilungkiang, Jehol; also in India, Japan, Malaya, Palestine, Philippine Islands, Rus- 

sia, Europe, Africa, America, Australia. 

Ustilago neglecta Niess], in Rab. Fungi Eur. 1200. 1868. 

Ustilago panici-glauci Wint., in Rab. Krypt. Fl. 1: 97, 1881. 

Sori in the ovaries, usually infecting all of the spikelets in a panicle, ovoid, 2-3 

mm. long, protected by the glumes. Spores chiefly globose to oval, 9-14 u long; 

epispore deep peagicn brown, prominently and abundantly echinulate, 0.5 p (hee 

On Gramineae 
Setaria Tatescens (Weigel) Hubbard 

Setaria viridis Beauv. 
Type locality and host: Gratz, Austria, on Setaria lutescens. 

Distribution: Chekiang, Hainan, Hopeh, Kiangsu, Liaoning, Szechwan, a age 

also in India, Indo-China, Japan, Russia, Europe, North and South Ameri 

Ustilago nepalensis Liro, Ann. Acad. Sci. Fenn. ie 17: 184. 1924. 

Liroa nepalensis Cif., Fl. Ital. Crypt. I. 17: 247. 

eae Pamlinecna: Zundel, we ve on 1944. 

he young stems, peduncles, often extending to the basal parts of the flowers, 

sometimes also in pedicels, from where the infection may spread to the leaves along 
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midribs; infected tissues somewhat hypertrophied. Spores globose to oval, often 

oblong to slightly angular, 9.5-14 x 9-13.5 mw; epispore ae as purple, 1.5 yw thick, 

with fine winged, chiefly hexagonal reticulations, 1.2-2.7 uw 

On Polygonaceae: 
Polygonum nepalense Meisn. 

Type locality and host: Shensi, on Polygonum ne palense 

Distribution: Anhwei, Hunan, Shensi; also in India, Japan, Russia. 

Ustilago nuda (Jens.) Rostr., Tidsskrift. Landokonomi 8: 745. 1889. 

ee segetum var. nuda Jens., Jour. Roy. Agr. Soc. England 24 (Ser. 2): 406. 

888. 

eae ‘ae 7 Overs. Kong. Danske Vidensk. Selsk. 
rh. 15. 

Sori in the sane Baas Mission pes all the floral parts, about 7-12 mm. long, 
forming olivaceous bro t black spore masses loosely adhering to remnant 
rachis. Spores eee a ae echinulate, light olivaceous brown, lighter 
colored and often 3 per: on one side, 5-7 w» diam. or 6.5-9 x 

On Gramineae: 
Hordeum vulgare L. 
Triticum aestivum L. 

Type locality and host: Europe, on Hordeum s 
Distribution: Anhwei, Chekiang, Fukien, Bonen; Hopeh, Kiangsi, Kiangsu, Kwang- 

si, Kwangtung, Shantung, Shansi, Sikang, Bred wan, Taiwan, Yunnan, Jehol, Liao- 
ning, Liaopeh, Kirin, Sunkiang, Hokian ng, as Heilungkiang, Hsingan; also in 
all of the wheat and barley eiwing countri 

Ustilago ocrearum Berk., in Hookers’ Jour. Bot. 6: 207. 1854. 

Ustilago caulicola Zundel, Mycologia 34: 
Sphacelotheca smithii Petr., Meddel. fran a eae Tradg. 17: 115. 1947. 

Sori completely destroying the young shoots or the young axillary branches, ex- 
tending to over 10 cm. in length, often ae fasciation of the infected parts, occa- 

ore s dust purp rown. 

£ 

lar, 4.5-8 « diam., or 5.5-10.5 x 4-7.5 uw, the most elongate rarely up to 13.5 » long; 
epispore 0.6-1.2 w thick, subhyaline to pale yellowish, oaaia with reddish pur- 
ple verruculae ies and regularly pee in spiral striae. 

On Polygonaceae: 
Polygonum "cam panidaton Hook. f. var. fulvidum Hook. f. 
ee H 

Type pal ae host: Nangki, East Nepal, on Polygonum campanulatum. 
Distribution: Sikang; also in Nepa 

Ustilago rabenhorstiana Kuehn, Hedwigia 15: 4. 1876. 

Ustilago setariae Rab. ex Fisch. v. Waldh., — me Ustil. 24. 1877. 

Sori usually involving entire inflorescences, linear-ellipsoidal, 2-5 cm. long, often 
infecting only the lower parts of inflorescences, leaving the upper parts intact but 

n i e 

8-12 w; epispore deep ochraceous brown to deep reddish brown, distinctly echinulate, 
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On Gramineae 
Digitaria chinensis Hornem. 
Digitaria ischaemum (Schreb.) Muhl. 

Digit p. 
Digitaria sanguinalis (L.) Scop. var. ciliaris (Retz.) Parl. 

Digitaria ternata (Rich.) Stapf 
Digitaria sp. 

Type locality and host: eG 2 Panicum sanguinale L. 

Distribution: Anhwei, Hopeh, Hupeh, Kiangsu, Sikang, ee also in India, 

Japan, Russia, Africa, Australia, Europe, North and South Ameri 

Ustilago reticulata Liro, Ann. Acad. Sci. Fenn. A. 17: 20. 1924. 

Ustilago utriculosa Auct. 

Sori in the ovaries, partially enveloped by the perianths, subglobose to ovoid, 2-4 

mm. long, forming dark purple spore masses. Spores globose to ellipsoid, 9-14 u long; 

epispore deep purplish vinaceous, with prominent winged reticulations, chiefly 3-5 « 

wide and ss e€ : 

On Polygo 
Bees iain Ibe 
Polygonum lapathifolium L. var. lanatum (Roxb.) Steward. 

Polygonum opacum Samuels. 

Polygonum viscosum Ham 

Type locality and host: Finland, on Polygonum tomentosum Schrank. 

Distribution: Fukien, Kwangsi, li Sikang, Szechwan, Taiwan; also in India, 

Japan, Russia, Europe, North Ameri 

Ustilago scitaminea Syd., Ann. Myc. 22: 281. 1924. 

Sori in the apical buds, destroying the entire floral stems and transforming each 

into a curved whip-like growth up to 120 cm. long, partially concealed by the sheath, 

enclosed in a delicate membrane of host tissue which ruptures later disclosing a dusty, 

dark brown spore mass. Spores globose to oval, occasionally somewhat irregular, 

reddish brown, echinulate, 6.5-10 x 6-9 pz 
On Gramineae: 
Saccharum officinarum L. 
Saccharum sinense Roxb. 

Type locality and host: Southern Asia, on Saccharum officinaru 

Distribution: Fukien, Hainan, Kwangsi, Kwangtung, ke: Taiwan; also in 

urma, India, Indo-China, Japan, Java, Philippine Islands, Russia, Africa, West 

Indies, South America. 

Ustilago shimadae Saw., Taiwan Agr. Res. Inst. Rep. 87: 34. 1943. 

Sori in the apical buds, involving both the axes of inflorescences one the ue stems, 

transforming each into a long, curved flagelliform structure, cov by whitish 

delicate membrane of host tissue, approximately 25 cm. long. Spores ce. Asiese 

to subglobose, 4.4-6.5 « diam.; epispore thin, smooth, light olivaceous brown. 
mineae: 

An undetermined species of Andropogoneae. 
Type locality and host: Taipeh, Taiwan, on Andropogoneae. 
Distribution: Known only from the type locality. 

Ustilago shiraiana P. Henn., in Engl. Bot. Jahrb. 28: 260. 1900. 

Cintractia bambusae Miyabe & Hori in Yoshino, Bot. Mag. Tokyo 19: (199). 1905. 

Sori surrounding the internodes of young shoots, forming blackish brown, semi- 
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agglutinate spore masses, enclosed at first by leaf sheaths, often causing witches- 

br effect. Spores stiherleal to oval, occasionally ovoid, 6-9 mw diam., or 8- 

6.5-8 uw; ues light olivaceous, 0.6-0.8 « thick, smooth. 

n Graminea 
ewer es congesta Rendle 
Phyllostachys makinoi Hayata 
Phyllostachys spp 

Type locality and host: Nikko, Japan, on Bambusa veitchi Carr. 

Distribution: Fukien, celia Kiangsi, Kiangsu, Kweichow, Taiwan; also in India, 

Japan, a North Americ 

eee sparsa Underw., Bull. Torrey Bot. Club 24: 86. 1897. 

n the ovaries, infecting only occasional ones, ovoid, m. long, Leni 
eer aes the spreading glumes, each covered at first oe a pelt brown 
brane. Spores spherical to oval, often ellipsoid or ovoid, 6-10 « long; epispore o Mh 
thick, clear reddish brown, distinctly echinulate. 

On Gram 
De ails aegypticum (L.) Ric 

Type locality and host: Alabama, ae States, on Dactyloctenium aegypticum. 
Distribution: Taiwan; also in India, North America. 

Ustilago spermophora Berk. & Curt. ex de Toni, in oe Syll. Fung. 7: 466. 1888. 

Ustilago kusanoana P. Henn., Hedwigia 43: 140. 
Sphacelotheca kusanoana P. Henn., in Engl. Bot. a 34: 594, 1905. 
ay spermophora Berk. & Curt. var. orientalis Yen, Ann. Crypt. Exot. 7: 86. 

ne orientalis Yen, Contr. Inst. Bot. Nat. Acad. Peiping 3: 7. 1935. 
Sphacelotheca chcoaia Ts ndel, Mycologia 35: 168. 1943 
Ustilago spermophoroides Y. Ling & Chen, Res. Bull. Inst, Zool. Bot. Fukien Acad. 

1: 5. 1945 

Sori in the ovaries, infecting only a few spikelets in a panicle, 0.5-1.5 mm. long, 
each at first enclosed in a green membrane of host tissue and a delicate inner mem- 
brane of fungous tissue. Spores globose to ellipsoid, 7.5-14 x 6-12 4; epispore oliva- 
ceous to eae prawn, minutely to prominently echinulate. 

On Gram 

Bragrostis lanes aa ae Link 

piers tenella (L.) Bea 
Type locality and host: Sead Carolina, United States, on Eragrostis cilianensis. 
Disteibation: Anh Fukien, Kiangsu, Szechwan; also in India, Japan, Europe, 

North and Sou merica 
The type ea of this species has minutely echinulate spores measuring 7.4-11.4 

x 6.7-9.4 w. It agrees very well with the type of U. kusanoana and certain collections 
rom a. Other collections from China and North America, however, sh con- 

siderable variation in the degree of echinulation, a olor and size of spores. Ustilago 
egenula 1. from India and Ustilago eragrostidis-japonicana Zundel from 
outh Africa appear to represent the two extremes of this fluctuating and variable 

group. The former has minutely echinulate and deep reddish brown spores measuring 
9.5-13.5 x 8.7-12 uw; while the latter has distinctly echinulate, light olivaceous brown 
spores measuring 6.7-8.7 a wu. The collection on Eragrostis tenella from Anhwei 
has ee similar to U. nula in size and color but with prominent echinulations. 

e of Ustilago aoe has not been examined. According to its 
ica. it may be identical with either U. spermophora or U. egenula. 
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Ustilago spherogena Burr. ex De T., in Sacc. Syll. Fung. 7: 468. 1888. 

Sori in the ovaries, subglobose or ovoid, 2-4 mm. in length, in earlier stages co 

pact and each co with a greenish tough hispid Bettas which ruptures et 

larly from the ae disclosing finally a dusty spore mass. to 1, 

occasionally ellipsoid or oblong, 6.5-9 « diam. or 7-10.5 x #, averaging 

length; epispore light olivaceous brown, sparsely ee distinctly echinulate; hyaline 

immature ies abundant in the interior of the so 

n Gra 
Pa nrite colon (L.) ah 
Echinochloa crus-galli (L.) B 
Echinochloa crus-pavonis B K) Schult. 

Echinochloa frumentacea 
Type locality and host: Tilinois, United States, on Panicum crus-galli L. 

Distribution: Fukien, Kiangsu, Kweic chow, Szechwan, Taiwan; also in Japan, Rus- 

6-9 

., N. Am. Fungi 1892; Ill. 1882, & E 
erb.) have atghtly larger spores than ite Ghincse 

7 mw in length. Ustilago trichophora (Link) 
ie : 

eccnane brown spores measuring 9-10.5 w diam. or 9-12 x 7-9 w, with an average 

.2 w in length. The type of Ustilago panici- os el Bref. has not been seen, 

ne it is ee whether it is distinct from this specie 

Ustilago sporoboli-indici Ling, Myc. Papers Imp. Myc. Inst. 11: 7. 1945 (Fig. 2,B) 

e leaves, leaf sheaths and stems, forming long or short soa frequently 
also pes partially and deforming the panicles, first covered ae epidermis 
which ruptures later exposing the dark, pulverulent spore mass. pis to 
ellipsoid, 7-8.5 yu cu am. or 7-11.5 x 5.5-9.5 mw; epispore reddish brown, pee 

On Graminea 
Sporobolus Saicas (L.) R. Br. 

Type locality and host: Chenin Szechwan, on pee as indicus. 
Distribution: Szechwan; also in Philippine Islands, Africa 

ori in t 

Ustilago striiformis (Westend.) Niessl, Hedwigia 15: 1. 1876. 

Uredo striaeformis Westend., Bull. Acad. Roy. Belg. 18: 406. 1851. 

Sori in the leaves and leaf sheaths, forming short or long linear striae, at first 
epidermis which soon ruptures exposing the dark spore mass, after 

ellipsoid, age? somewhat irregular, 9-15 x 8-11.5 yw, reddish brown, prominently 
echinulat 

On Gra 
Hierochloa es Tri 

Type locality and host: eee Belgium, on Holcus lanatus L. 
Distribution: Hopeh; also in India, Japan, Russia, Australia, Europe, North 

America 

Ustilago tuberculiformis Syd., Ann. Myc. 1: 22. 1903. (Fig. 1,C) 

Ustilago foliorum S. Ito, Trans. Sapporo Nat. Hist. Soc. 14: 88. 1935. 

Sori in the leaves, hypophyllous, circular, 1-2 mm. diam., ‘gece ee ee 
becoming naked exposing compact, “Prussian Red” 

rplish es on oe upper 
».¢ surface of the leaves. Spores globose to oval, occasionally subangular, 9.4-12.8 
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8.7-11.4 w; epispore eee to pale yellowish, approximately 1 » thick, with fine 

ee reticulations, 1.3- wide and 0.5-0.7 uw deep. 

olygonaceae: 

pone runcinatum Hamilt. ex D. Don (= P. morrisonense Hayata) 

Type locality and host: Hupeh, on Polygonum runcinatum 

Distribution: Hupeh, Taiwan. 

Ustilago vaillantii Tul., Ann. Sci. Nat. III. 7: 90. 1847. 

Sori in the anthers, sometimes also in the ovaries, forming dusty “Sepia” (Ridgway) 

spore masses. Spores variable in shape, chiefly oval, occasionally globose, ovoid to 

narrowly ellipsoid, 6-12 x 5.5-8 mw; epispore buffy olive, approximately 0.5 4 thick, 

smooth; se ual indistinctly pitted. 

On Lilia 
Scilla s: sinensis (Lour.) Merr. (= S. chinensis Benth.) 

Type locality and host: Europe, on Muscari comosum (L. ll. 

Distribution: Chekiang; also in Japan, Russia, Persia, Europe, North America. 

Ustilago violacea (Pers.) Roussel, Fl. Calvados 47. 1806. 

Uredo violacea Pers., Syn. Fung. 225. 1801. 

Sori in the hypertrophied anthers, rather inconspicuous, filling each with a purplish 

spore mass. Spores chiefly globose to oval, occasion nally ovoid, oblon ng or somewhat 

L 

Silene tatarinowii Regel 

Silene tenuis Willd. var. dca ey Franch. 

Type locality and host: Europe, on Silene nutans L. 

Distribution: Hopeh, Se Sunkiang; also in Japan, Russia, South-Western 

Asia, Africa, Europe, North and South America 

The collections on Dianthus superbus and Silene tenuis var. rubescens have spores 

measuring 7-10.5 w in length which are larger than that ordinarily described for this 

species, but approach the size of spores of ae major Schroet. It is considered, 

however, only as the ae of a single specie: 

Ustilago warmingii Rostr., Bot. Tidsskr. 15: 229. 1886. 

Sori in the flowers or forming circular to elongate pustules in the leaves, — ing 

all the leaf tissues except vascular bundles and epidermis, upon rupt of the 

epidermis exposing deep brown dusty spore masses. Spores globose or aan often 

oblong or somewhat angular, 6-10 w in length; epispore ty yellowish, with violet 

polygonal ues reticulations, 1-1.8 « wide and 0.5-0.7 u deep 

see ae ae: 
ex ae L. 

Type tholin and host: Finnmark, Norway, on Rumex domesticus L. 

Distribution: Hsingan; also in Russia, Europe. 

SPHACELOTHECA D. By. 

Verg. Morph. Biol. Pilze 187. 1884. 

Sori chiefly in the inflorescences, often limited to the ovaries, each provided with 

a false membrane composed of fungous cells. Spore mass usually dusty at maturity 

surrounding one to numerous columellae. Spores not De nEreaS into balls, secsees 

often in a centripetal manner, of small to medium siz 
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Sori involving the inflorescence 

Spores surrounding a central icealls 

Spores smooth or apparently smooth 

Sori under 2 cm. in length 

Columella filiform, very slender and twistable R) 

Columella not filiform, s 

Sori exceeding 3 cm. in length 

Spores under 6.5 w in length 

Spores chiefly exceeding 6.5 u in length 

Spores punctate, verruculose or echinulate 

Sori long, whip-like, involving the floral stems 

Spores 5-8 w in leng S. miscanthi 

Spores 10-15 » in length S. ophiuri 

Sori not whip-like, confined only to the inflorescences 

. apludae 
S. anthistiriae 

S. nankinensis 
S. rottboelliae 

S. capillipedii 

S. isachnes 

S. anthistiriae var. punctata 

andro pogonis 

S. destruens 
S. reiliana 

S. hydro piperis var. borealis 

S. hydro piperis 

Columella composed of host tissue 

Spores smooth to punctate 

False membrane after rupture usually persistently attached 
S. to the sorus sorghi 

False membrane after rupture usually disappears 

Columella prominent, exceeding 5 mm. in lengt S. cruenta 

Columella rather inconspicuous, under 5 mm, in lengt 
S. taiana Spores 5.5-9 w in lengt 
S. sacchari 

Spores verrucose or echinulate 

Sori chiefly under 4 mm. in length 

Spores 6.5-10 » in length S. tanglinensis 

Spores 9-12 « in length S. tanglinensis var. hainanae 

Sori chiefly exceeding 4 mm. in length 

Spores 5-9 u in length S. sorghi 
S. monilifera Spores 9-13.5 uw in length 

Spores 10.5-16 w in length S. penniseti-japonica 

space andropogonis (Opiz) Bub., Arch. Prirodoved. Vyzkum Cech. 15 

(3): 25, 1912. 

Uredo eniro pogo Opiz, Naturalient. 43. 1823-2 

Ustilago ischaemi Fckl., Annal. Soc. Nass. Nat. any F. 15: 22. 1860. 

Sphacelotheca ae Clint., Jour. Myc. 8: 140. 1902. 

Sori destroying entire a eae es, 1.5-3 cm. long, frequently ae! aggregated 

spikelet-like branches which are nae together around the rac 

brown false membrane, bikes ruptu i 

columella surrounded by the dark asa spore mass. 

membrane hyaline, chiefly globose to ellipsoid 8.5-22 x 7-17 uh. Spores globose to 
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oval, 8.5-10 w diam. or 8-11.5 x 7-10 y, rarely up to 14 w long; epispore very finely 

echinulate, reddish brown 

Gramineae: 
ee contortus (L.) Roem. & Schulte 

Type locality and ne Prague, Czechoslovakia, on Andropogon ischaemum L 

Distribution: Szechwan; also in ee Islands, Russia, South-Western Asia, 

Europe, Africa, North a Central Ameri 

Sphacelotheca anthistiriae (Petch) comb. nov. 

Ustilago anthistiriae Petch, Ann. Roy. Bot. Gard. Peradeniya 4: 304. 1909. 

Cintractia exserta McAlp., Smuts Austral. 169. 1910 

Sphacelotheca exserta Cif., Ann. Myc. 26: 32. 1928. 

Sphacelotheca vryburgii Zundel, Mycologia 23: 298. 

Sphacelotheca exserta Yen, Contr. Inst. Bot. Nat. Acad. Pein 196. 1937. 

Ustilago condigna Syd., Ann. Myc. 36: 295. 1938. 

Sori in the inflorescences, destroying entire racemes, i in 4-16 mm. in length, often 

forming aggregated, spikelet-like branches which the 

Themeda ee Forsk. 
Type locality and host: Peradeniya, Ceylon, on Themeda tremula (Nees) Hack. 

Distribution: Honan; also in Ceylon, Australia, Africa. 

The sole collection from Honan differs from the type and all other specimens , 

eae oe Africa available for examination in having smaller spores which a 

x 4.5-7 

Sphacelotheca anthistiriae (Petch) Ling var. punctata var. nov. 

a specie differt in sporis minute ae iaa, majoribus, magnitudine variabilibus, 

5-11.4 x 6.7-10 u, praecipue 7.5-8.8 » long 

Differs from the species in the spores ae finely punctate, ae larger but 

more teem in size, measuring 5.5-11.4 x 6.7-10 w, mostly 7.5-8.8 ong. 

On Gramineae: 
ee triandra Fors 
7 locality and host: | ee Szechwan, on Themeda triandra (Nov. 1947, 

R. Lin 
Distribution: Kiangsu, Szechwan. 

Sphacelotheca apludae (Syd.) Pavgi & Mundk., Indian Phytopath. 1: 110, 1948. 

Ustilago apludae Syd., Ann. Myc. 17: 141. 1919. 

Sori in the racemes, concealed by the spathes, 4-7 mm. long, 1 mm. wide, tapering 

at both ends, each enclosed at first by a thin false membrane composed of hyaline, 

thin-walled, subglobose to oblong sterile cells, 6-10.5 x 5-10 qm; columella filiform, 

single, often forked at the apex, 1-2 cm. long, protruding beyond the sorus. Spores 

globose to oval, 4.7-7.5 x 4.5-6.7 «; epispore olivaceous brown, smooth. 

On Gramineae: 
Apluda mutica L. var. aristata Hack. 

Type locality and host: Kumaon, Himalayas, India, on A pluda mutica var. aristata. 

Distribution: ease also in India. 

The type collection of this species from India has s slightly larger than those 

of the Kwangtung collection, measuring 6-8 « in diamet 
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Sphacelotheca capillipedii Ling, Myc. Papers Imp. Myc. Inst. 11: 8. 1945. 
Sorosporium RA alles micranthi Y. Ling & Chen, Res. Bull. Inst. Zool. Bot. 

Fukien Acad. 1: 1945. 

Sori either ane entire inflorescences, or destroying as certain branches or 

globose or angular, 5.5-11 mw in length. Spores eee into balls at an early 
stage, chiefly globose to pee 7-11 », mostly 8.5-9.5 « diam.; epispore thin, 
light aed Boe finely punctate 

nea 
"Capillipedim parviflorum (R. Br.) Stapf 

Type locality and host: ee Szechwan, on Capillipedium parviflorum. 
Distribution: Fukien, Szechw 

Sphacelotheca cruenta (Kuehn) A. A. Potter, Phytopath. 2: 98. 1912. 
Ustilago cruenta Kuehn, Hamburg. Gart. Blumenzeitg. 28: 178. 1872. 

Sori in the ovaries, often also involving the floral bracts, ovoid-oblong, up to 1 cm 
or more in length, oe overed by a delicate false membrane which flakes away early 
revealing a dark brown spore mass surrounding a prominent, pointed, usually curved, 
central columella; ate ne of the ae breaking up into groups, hyaline, 
subglobose to ellipsoidal, 7.5-16.5 x 5.5-13.5 uy. cae globose to oval, chiefly 
5.5—9 yw long, Punctates reddish brown. 

On Gramineae 
Sorghum malcare Pers. 

Type locality and host: Halle, Germany, on Sorghum vulgare. 
Distribution: Anhwei, Honan, Hopeh, Hupeh, Kiangsu, Shansi, Taiwan, Yunnan, 

Liaoning, Antung, Kirin, Liaopeh, Sunkiang, Hokiang, Nunkiang, penme ee Jehol; 
also in India, Indo-China, Iran, Japan, Russia, Africa, America, Euro 

Sphacelotheca destruens (Schlecht.) Stevenson & A. G. Johnson, Phytopath. 34: 
613. 1944. 

Caeoma destruens Schlecht., Fl. Berol. 2: 130. 1824. 
Ustilago panici-miliacei Wint .,in Rab. Krypt. FI. 1: 89. 
Sorosporium panici-miliacei Tak., Bot. Mag. Tokyo 16: Le 190 
Sorosporium manchuricum S. lke. Trans. Sapporo Nat. Hist. Soc. mn 93. 1935. 
Sphacelotheca lioui Yen, Contr. Inst. Bot. Nat. Acad. Peiping 4: 193. 1937. 

Sori destroying the inflorescences, narrowly ellipsoidal, concealed at first by the 
leaf sheaths, later becoming partially exposed, about 3-5 cm. long, each enclosed by 

iti Is 
mass intermixed with numerous strands of remnant host tissue. Spores often loosely 
nited at an early stage, globose to oval, occasionally oblong, chiefly 6.5-10 w in 

length; epispore ochraceous brown, approximately 0.5 « thick, smooth to finely 
unct ate. 

On Gramineae: 
Panicum miliace 

Type locality and ree Banos on Panicum Keck eum 
Distribution: Antung, Chahar, Jehol, Kan Ki ae Liaoning, Shansi, Shensi, 

Suiyuan, si eg also in India, Janam Philippine Tslande: Russia, Australia, Europe, 
North Americ 
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Sphacelotheca hydropiperis (Schum.) D. By., Verg. Morph. Biol. Pilze 187. 1884. 
redo hydropiperis Schum., Enum. PI. Saell. 2: 234. 1803 

Sphacelotheea eras senticosti Miyabe & Tak. apud 5 Ito, Trans. Sapporo Nat. 
ist. Soc 1935. 

Sphaccotheca apn Schellenb. var. chinensis Zundel, Mycologia 36: 404. 1944. 

i in the ovaries, cylindrical, 3-7 mm. in length, protected by the floral envelopes 
at ts each enclosed at first in a grayish, rather thick false membrane which 

ally oval or somewhat angular, densely verruculose, 8-17.5 4, mostly 9-14 yu in length. 
On Polygonaceae: 
Polygonum caespitosum BI. 
Polygonum oe BI. var. longisetum (De Bruyn) Steward 
Polygonum hydro rL. 
Polygonum rummaarifoiom Meisn. 
Polygonum sagittatu 
Polygonum sogittifolium Levl. &V 

Type locality and host: Europe, on Polygonum hydro piper 
Distribution: Anhwei, Fukien, Hunan, Kirin, Sikan Tai iwan, heb also in 

Ceylon, India, Java, Russia, Philippine Islands, Aisa, Europe, Ameri 

Saas eas (Schum.) D. By. var. borealis Clint., Proc. Bost. Soc. 
Nat t. 31: 395, 

Cae tae oe os ii. Ann. Myc. 5: 386. 1907. 

Differs from the species chiefly in the smaller spores which measure 7-11 u in length. 
On Polygonaceae: 
Polygonum bistor 

Ril locality and ne Washington, United States, on Polygonum bistortoides 
rsh. 
Teen Sunkiang; also in Russia, Europe, North America. 

Sphacelotheca isachnes (Syd.) Ling, Mycologia 41: 262. 1949. 

Ustilago isachnes Syd., Ann. Myc. 12: 77. 1912 
Ustilago isachnes Saw., Taiwan Agr. Res. Inst. Ban: 87: 33. 1943, 

Sori in the inflorescences, linear, 1-2 cm. long, concealed by the sheaths, becoming 
partially exposed later, each enclosed at first in a light brownish false membrane 
which flakes away revealing a black dusty spore mass surrounding a simple, frequently 
curved columella; sterile cells of the false membrane hyaline, thin-walled, subglobose 
to oblong, 6-15 x 7.5-10.5 w. Spores chiefly globose to oval, 9-14 w diam. or 10-16.5 
x 8.5-13.5 «; epispore reddish brown, 0.7 u thick, densely verruculose. 

On Gramineae: 
Tsachne globosa (Thunb.) Kuntz 

Type locality and host: Manila, Philippine Islands, on /sachne miliacea Roth. 
Distribution: Taiwan; also in Philippine Islands, 

Sphacelotheca miscanthi Yen, Contr. Bot. Nat. Acad. Peiping 4: 192, 1937. 

Sori in the apical buds, each gat an entire floral stem and transforming it 
into a curved whip-like structure, up O cm. or more in length, first — 
by the epidermis of the host and a thin (alee membrane, upon the rupture of both a 
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the scattering of the dusty spore mass disclosing the remnant main axis. Sterile cells 
of the false membrane hyaline, chiefly cubical or oblong, 6-13.5 x 4-9 yw, occasionally 
subglobose, 9-12 » diam. Spores chiefly spherical to oval, 5.4-8 « in length; epispore 
deep Rated ee punctate to eae verruculose 

On Gramineae: 
M has anomala Steu 
Miscanthus sacchariflorus cee -) Hack. 

Type locality and host: Chefoo, Set ata! on Miscanthus anomala. 
Distribution: Shantung, Szechwan 

Sphacelotheca monilifera (Ell. & Ev.) Clint., Jour. Myc. 8: 141. 1902. 

Ustilago monilifera Ell. & Ev., Bull. Torrey Bot. Club 22: 362. 1895. 

e ene infecting all the spikelets in a raceme, elongate, 4-7 mm. long, 
nae concealed by the glumes, each enclosed by a brown false membrane which 
later aes oe ularly revealing a semi-agglutinate, dark spore mass surrounding a 

together, cubical, subglobose or oblong, subhyaline, 7.5-15 x 6-12 mw. Spores globose 

to oval, 9-13.5 w long; epispore 1 yu thick, reddish brown to deep reddish brown, 
finely but eae echinulate. 
On Gramin 
ae eee contortus (L.) B 

Type locality and host: Arizona, United States, on Heteropogon contortus. 

Distribution: Yunnan; also in Ceylon, India, Africa, North and Central America. 

Sphacelotheca nankinensis Zundel, Mycologia 31: 587. 1939. 

ri involving entire inflorescences and floral stems, linear, exceeding 10 cm. in 
S 

ellipsoid sterile cells, 9-18 « long, upon rupture of the membrane and dispersal of 

the dark reddish brown spore mass exposing a central, simple columella. Spores 

globose to oe 4.3-6.5 x 4-5.5 uw; epispore thin, smooth, light olivaceous brown. 

Graminea 
Paspalum > aheea nee Fors 

Type locality and host: oe Kiangsu, on Paspalum ? orbiculare. 

Distribution: eee only from the type locality. 

Sphacelotheca ophiuri (P. Henn.) Ling, Sydowia 3: 127. 1949. (Fig. 2,C) 

Ustilago ophiuri P. Henn., in O. Ne Monsunia 1: 1. 1899 

Ustilago flagellata Syd., Ann. Myc. 9: 

Sphacelotheca flagellata Zundel, Sat 3: 

es etn ophiuri-monostachydis Tai ae ae Myc. Papers Imp. Myc. Inst. 

Sori culmicolous, destroying entirely or eran the inflorescences, transforming 

each into a whip-like structure, up to 10 c n length, covered at first by a rather 

finally naked and exposing the dark semi-agglutinate spore mass. Spores globose to 

oval, sometimes elongate or angular, 10-15 x 9-12 p; epispore smoky reddish brown, 

densely Sn approximately 1 y thick. 

n min 
Ophiurus ae: eee esi 

Type locality and host: Java, on One exaltatus (L.) Kunt 

Distribution: Yunnan; also in India, Java, Philippine Islands, South Africa. 
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areas ane (P. Henn.) S. Ito, Trans. Sapporo Nat. Hist. 
) 

Ustilago aoe oa var. tokinensis Pat., Jour. de Bot. 4: 57. 1890. 
Ustilago penniseti-japonici P. Henn . Hedwicia 43: 140. 1904. 

nian in the ovaries, _ infecting all the spikelets in a panicle, elongate-ellipsoidal, 
5-8 . long, extending beyond the enveloping glumes, each with a pallid false 

Gramineae: 
Pennisetum alopecuroides (L.) Spreng. (= P. compressum R. Br., P. japonicum 

Trin.) 
Type locality and host: Tokyo, Japan, on Pennisetum japonic 
Distribution: Anhwei, Chekiang, Fukien, Hainan, Hua, Hupeh, Kiangsu, 

Kweichow, Szechwan; also in Indo-China, nee North Americ 

Sphacelotheca reiliana (Kuehn) Clint., Jour. Myc. 8: 141. 1902. 
Ustilago reiliana Kuehn, in Rab. Fungi Eur. 1998. 1875. 
Sorosporium reilianum McAlp., are Austral. 181. 1910. 

Sori destroying the inflorescences, very prominent, each enclosed at first in a 
white false membrane which soon disintegrates disclosing a dusty rk brown spore 
mass interm numerous long shredded remnants of host tissue; sterile cells 
after the decomposition of the membrane scattered throughout spore mass in 
groups, subhyaline, globose to oblong, 7-16 w in length. Spores often loosely united, 
opaque reddish brown, densely echinulate, globose to subglobose, occasionally ovoid 
or somewhat is 8-15 uw in length. 

On Graminea 
Sorghum ie Pers. 
Zea mays 

Type locality and host: Cairo, Egypt, on Sorghum vulgare. 
Distribution: Chekiang, Honan, Hopeh, Kiangsu, Kweichow, Shansi, Sikang, 
a spay Liaoning, Aciiniee Kirin, Liaopeh, Suiyuan, Sunkiang, Hokiang, 

Jehol; also in Burma, India, raelatiest sia, Japan, Russia, nkia eilungkiang, 
i te Ee Islands, Africa, Australia, America, PuKose. 

Sphacelotheca rottboelliae (Syd. & Butl.) Mundk., Trans. Brit. Myc. Soc. 23: 111. 
1939 

Ustilago rottboelliae lg & Butl., Ann. Myc. 5: 486. 1907. 
Cintractia densa McAlp., Smuts Auisecat 168. 1910. 
Ustilago rottboelliae ae Bot. Mag. Tokyo 27: 42. 1913. 
Sphacelotheca densa Cif., Ann. Myc. 26: 32. 1928. 

Sori destroying entirely or partially the inflorescences, up to 6 cm. long, each at 
first covered by a brownish false membrane composed of hyaline, globoid or oblong 

leaving behind a curved rachis. Spores spherical to oval, rarely oblong, 6-8.5 « long 
epispore light olive brown, thin, smooth or very faintly punctate. 

On Gramineae: 
Manisuris oan (L. f.) Kuntze (= Rottboellia compressa L. {., Hemarthria 

compressa R. 

Type locality and ee Pusa, India, on Rottboellia compre 
Distribution: Hupeh, Szechwan; also in India, Japan, ae South Africa. 
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Sphacelotheca sacchari (Rab.) Cif., Fl. Ital. Crypt. I. 17: 262. 1938. 
Ustilago sacchari Rab., Sitzungsber. Naturwiss. Ges. Isis 4: 227. 1870. 
Ustilago sacchari-ciliaris Bref., Unters. ae . Myk. 12: 109. 1895. 
Ustilago courtoisi Cif., Ann n. Myc. 29: 1931. 
oe aes schweinfurthiana ees Sacc. var. minor Zundel, Mycologia 35: 

1943, 
Sphaclothece sacchari Y. Ling & Chen. Res. Bull. Inst. Zool. Bot. Fukien Acad. 

945, 

Sori in the ovaries, destroying all the spikelets in a panicle, 3-5 mm. long, partially 
exposed between fhe spreading glumes, each enclosed at first by a brownish false 

ips developed, frequently somewhat curved columella; sterile cells of the ed 
mbrane hyaline, subglobose to ellipsoid, or cubical, 9-19.5 x 7.5-13.5 «. Spor 

chiefly globose to oval, 7-12 u in length; epispore ochraceous brown, finely ees 
0.5 uw thick. 

’ On Gramineae 
Saccharum arundinaceum Retz. 
Saccharum s 

Type locality and host: Marasch, Iran, on Saccharum ravennae (L.) Murr. 
Distribution: Chekiang, Fukien, Hainan, Kiangsu, Kwangsi, Szechwan; also in 

Burma, India, Java, Malaya, Iran, Buran 

Sphacelotheca sorghi (Link) Clint., Jour. Myc. 8: 140. 1902. 

porisorium sorghi Link, in Willd. Sp. Pl. 6 (2): 86. 1825. 
Ustilago sorghi Pass. apud Thuem., Haas 12: 114. 1873. 
Ustilago eee Speg., ee s. Nac. Buenos Aires III. 1: 58. 1902. 
Ustilago bulga Bub., Zeits A Landeaeeee Vers. Oesterr. 53. 1910 
Sphacelotheca Ley Zundel, Mycologia 22: 131. 1930. 

Sori in the ovaries, cylindrical to subconical, 3-7 mm. long, each enclosed at first by 
a tough and brown, or light gray and thin false m a hich is usually composed 
of the prosenchymatous tissue, and rather persistent even after rupture; spore mass 
deep reddish brown, ‘surrounding hort, central, simple columella. Spores light 
olivaceous brown to reddish brown, globose to oval, occasionally ovoid, 4.7-9 mw 
mostly 5-7 ue in eee punctate to finely echinulate. 

On Gram 
ies Seen Per: 

Type locality and host: ee on Sorghum vulgare. 
Distribution: Honan, Hopeh, Taiwan, Shansi, Suiyuan, Liaoning, Liaopeh, Kirin 

also in Afghanistan, Burma, Ceylon, iieeliat Indo-China, Japan, Philippine lane 
Russia, Africa, America, Europe. 

Sphacelotheca taiana (Syd.) Ling, Myc. Papers Imp. Myc. Inst. 11: 9. 1945. 

Ustilago tatiana Syd., Ann. Myc. 27: 421. 1929. 

Sori in the ovaries, 3-4 mm. long, partially exposed ovale the spreading glumes, 
each enclosed at first by a thin, grayish false membrane which soon disintegrates 

diam. or 6.7-9 x 5—7 mw; epispore light to medium ochraceous brown, 0.5 w thick, 

On Gram 
Cetin Bains (Vahl.) Pers. 

Type locality and host: Nanking, Kiangsu, on Sorghum nitidum. 
Distribution: Known only from the type locality. 
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Sphacelotheca tanglinensis (Tracy & Earle) Zundel, Mycologia 36: 406. 1944. 

Ustilago arthraxonis Pat., Jour. de Bot. 11: 346. 
Ustilago ischaemi-akoenses Saw., Taiwan Agr. Res. Inst. Rep. 87: 33. 1944. 
Sphacelotheca tonglinensis Y. Ling & Chen, Res. Bull. Inst. Zool, Bot. Fukien 

9 Acad, 1:10 

Sori in the ovaries, infecting all the florets in a raceme, 3-4 mm. long, concealed by 
he ne but la truding, each covered by a pallid false membrane which 

chains, 7.5-20 x 6.7-13 sel globose, subglobose « or allipeotd? 9.5-11.5 diam., 
or 9-12 x 8.7-10 yp; epispoie ochraceous brown to reddish brown, distinctly echinulate. 

On Gramineae: 
Ischaemum aristatum L. 
Ischaemum ciliare Retz. 
Ischaemumi ciliare Retz. var. genuinum Hack. 

Type locality and — Cae Singapore, on Ischaemum ciliare. 
Distribution: Fukie nan, Kwangtun ne Taiwan; also in Indo-China, India, 

Ceylon, Malay States, pac. Islands, Jav 
The collections on Ischaemum ar vistatnn ually have slightly smaller and darker 

spores than those on I. ciliare 

Sphacelotheca tanglinensis (Tracy & Earle) Zundel var. hainanae (Zundel) 
comb. nov. 

Sphacelotheca hainanae Zundel, Mycologia 31: 585. 1939. 

Differs from the te Species in the smaller spores which measure 6.5-10 u diam. 
On Gramineae 
Ischaemum rugosum Salisb. 

Type locality and host: Kachek, Hainan, on Jschaemum rugosum. 
Distribution: Known only from the type locality. 

Cintractia Cornu 

Ann. Sci. Nat. VI. te 279. 1883. 

Sori in various parts of the host, usually e sed ad membranes of fungus tissue. 
Spore mass compact and firmly aggluti ae en oped in a cent ripetal manner, 
often with outer parts becoming pulverulent at later ee but interior remaining 
firm and immature. Spores not aggregated into balls, usually rats ind of medium 
to large size. 

Spores smooth to a pitted 
ngth Spores 9-14 win 1 C. limitata 

Spores 12-17 » in Teneth C. axicola 
Spores 15-21 uw in eae C. elynae 

Spores verrucose to tubercu 

Sori aeons the eee or stems C. scleriae 
Sori in the ov 

Spores ere strongly angular C. caricis 
Spores usually spherical to oval 
Spores 16—22.5 u in length C. subin 
Spores 9.5-14.5 w in length C. te miliaceae 

Cintractia axicola (Berk.) Cornu, Ann. Sci. Nat. Bot. VI. 15: 279. 1883. 

Ustilage axicola Berk., Ann. Mag. Nat. Hist. II. 9: 200. 1852. 
Ustilago neribebuaen i: Speg., Anal. Soc. Cien. Argent. 17: 89. 188 
Cintractia peribebuyensis Speg., Anal. Soc. Cien. Argent. 26: 11. i 
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cen Pier etnias Saw., Dept. Agr. Gov’t. Res. Inst. Formosa Rep. 
: 79, 

Pen ee Saw., Dept. Agr. Gov’t. Res. Inst. Formosa Rep. 2: oy 1922. 
Cintractia suedae Saw., Dept. Ree Gov’t. Res. Inst. Formosa Rep. 2: 
Cintractia mundkuri Chowahuny, Indian Jour. Agr. Sci. 14: 231. 194 
eas fimorist ylis- pie ae var. fukiensis Y. Ling & ene Res! Bull. Inst. 

Bot. Fukien Acad. 1: 
Cintrctin pilulifera Y. Ling 5 aa Res, Bull. Inst. Zool. Bot. Fukien Acad. 1: 17. 

1945, 

Cintractia peribebuyensis Speg. var. major Pavgi & Mundk., Indian Phytopath. 1: 
109 

Sori at the base of primary or auxiliary rays, less often in the ovaries, Boron to 
oblong, 1-4 mm. in length, at first each covered by a whitish false membrane which 

occasionally oblong or subangular, sometimes laterally compressed, smooth to indis- 
tinctly pitted, or faintly ornamented with short, fine, sinuous striae, 12-17 x 9-15.5 uy 
epispore 1-1. ae ne ck. 

On Cypera 
Tbr annua (All.) Roem, & Schult. (= F. diphylla Vahl.) 
Fimboristylis annua (All.) Roem. & Schult. var. pluricostata Clarke 

Type locality and host: Dominican ee on dunes tylis sp 
Distribution: Fukien, Kiangsi, Kwangtung, Kw _ Szechwan, Taiwan; also in 

Ceylon, India, Indo- hina, Philippine ena. peahic: ee 

Cintractia caricis (Pers.) Magn., Abh. Bot. Ver. Prov. Brand. 37: 79. 1896. 

Uredo caricis Pers., Syn. Fung. 225. 1801. 

Sori in the ovaries, subgloboid, 2-3 mm. diam., partially fas by the peri- 
gyniums, at first each enclosed in a white alee ae eae ee n flakes away 
disclosing a bla 7 firmly agglutinated mass of spor Spor eaeas ee brown, 
subopaque, strongly polyhedral, often with hyaline te ats still attached, verrucose, 
16.5-27 x 10.5-19.5 yu, epispore 1.5-2.5 u thick, unevenly thickened. 

n Cyperaceae: ; 
Carex capilliformis Franch. 
Carex capilliformis Pen var. major Kuekenth. 
Carex laticeps C. B. Cla 

Type locality and host: Eu urope, on Carex pilulifera L. 
Distribution: Kiangsu, Shensi; also in India, Japan, Russia, Europe, North America. 

Cintractia elynae Syd., Ann. Myc. 22: 289. 1924. 

Cintractia hyperborea Cif., Ann. Myc. 29: 64. 
Cintractia chinensis Yen, Gener Inst. Bot. Nat. Acad. Peiping 3: 41. 1935. 

n the ovaries, See id, 3-4 . diam., each enclosed at first in a white 
ple Peeper e that soon flakes away “isos a black, firmly agglutinated spore 
mass. Spores Ee ee brown, spherical to oval, occasionally oblong or slightly 
angular, 14.5-21 w in length, smooth to ‘adele pitted, epispore 1.5-2 mw thick. 

On peo 
Kobresia scirpina Willd. (= Elyna spicata Schrad, ) 
pe locality and host: Switzerland, on Elyna spicata. 

Distribution: Chahar; also in India, Russia, senane North America. 



336 Fartowia, Vor. 4, 1953 

a i as (P. Henn.) S. Ito, Trans. Sapporo Nat. Hist. 

Ps piers miliaceae P. Henn., in Engl. Bot. Jahrb. 37: 156. 1905. 
Cintractia pulchra S. Ito, Trans. Sanpore Nat. Hist. Soc. 14: 92. 1935. 

Sori in the ovaries, forming globoid, black, compact spore masses, 0.5-1.5 m 
Scie r, each covered at an early stage by a whitish false membrane. Spores when 
mature Vellowish brown, spherical to occasionally subangular, densely verruculose, 
9,5-14.5 - in me epispore 0.5-1 wt ick. 

On Cyp 
Fimbristylis er Vahl. 

Type locality and host: Yukatabara, eee on Fimbristylis miliacea. 
Distribution: Fukien; also in Japan, Mex 

m, in 

Cintractia limitata Clint., Proc. Bost. Soc. Nat. Hist. 31: 399. 1904. 
Cintractia axicola (Berk.) Cornu var. minor Clint., Jour. Myc. 8: 143. 1902. 
Cintractia togoensis P. Henn., in Engl. Bot. Jahrb. 38: 119. 1905. 
Cintractia congensis P. Henn., Ann. Mus. Congo Bot. V. 2: 87. 1907. 
Cintractia cy peri- polystachyi P. Henn., sass a Sci. C. 3: 41. 1908. 
Cintractia minor Jacks., Mycologia 12: 153. 
Ustilago chaconensis Hirschh., Not. Mus. i Pata - 479. 1941. 
Ustilago mariscana Zundel, Mycologia 35: 165. 
Cintractia distans Mundk., Indian Jour. Agr. ae ve "50. 1944. 

Sori at the base of primary or auxiliary rays, ensign a black, panes 
din cm ength and 7 

surrounding a rudimentary columella, 1-2 mm. in dia 
often 

n with smoky tint, spherical to oval, 
occasionally subangular, frequently laterally compressed, 9-14.5 x 7.5-13 mw; epispore 
moot oe thick, 
On Cyne 

Cyperus compressus L. 

b. 
nd host: Puerto Rico, on Cyperus ligularis L. 

Distribution: Taiwan; also in Ceylon, India, Philippine Islands, Africa, America. 

Cintractia scleriae (DC.) Ling, Mycologia 43: 314. 1951. 

Uredo scleriae DC. in Poiret, Encycl. Meth. Bot. 8: 879. 1808. 
Ustilago ? scleriae Tul., Ann. Sci. Nat. Bot. III. 7: 89. 1847. 
Cintractia javanica Racib., Bull. Intern. Acad. Sci. Krakow 1909: 351. 1909. 
Cintractia albida 3. Ito, Trans. Sapporo Nat. Hist. Soc. 14: 93. 1935. 

ri surrounding the pedicels and the branches of the seean oblong, occa- 
n 2.5—4 mm. 

confluent into short, irregular striae or cerebriform; epispore 1-1.5 yw thic 
mature spores en present in the inner parts of the sorus. 

On Cyperace 
Poe aan corymbosa (L.) Britt. 
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Type ne and host: Cayenne, French Guiana, on Rhynchospora 
Distribution: Taiwan; also in Ceylon, Indo-China, Indonesia, Philippine Islands, 

Africa, Central and South America. 

Cintractia subinclusa (Koern.) Magn., Abh. Bot. Ver. Prov. Brand. 37: 79. 1896. 

Ustilago subinclusa Koern., Hedwigia 13: 159. 1874. 

Sori in the ovaries, subgloboid, 3-4 mm. diam., partially concealed by the peri- 
gyniums, each enclosed at first in a white cgi membrane which soon flakes away 

exposing a black, firmly agglutinated spore mass. Spores dark reddish brown, 
subopaque, spherical to oval, sometimes laterally compressed, 16-22.5 mw, mostly 

18-21 pw ee. ete! ornamented with coarse, blunt tubercles. 

On Cyp 
Carex Seah Oui Hance 

Type locality and host: resdeut Germany, on Carex riparia Curt. 
Distribution: Shensi; also in Japan, Russia, Europe, North America. 

MELANOPSICHIUM Beck 

Ann. Nat. Hofmus. Wien 9: 122. 1894. 

Sori in various parts of the host, causing the formation of conspicuous galls. apors 

not aggregated into balls, developed in cavities in the host tissue, permanently im 

edded in a mucilaginous matrix, discharging from the mass by absorption of water, 

x medium siz 

Spores chiefly subhyaline, verrucose M., inouyei 

Spores chiefly brownish, echinulate M. pennsylvanicum 

Melanopsichium inouyei (P. Henn. & “eee comb. nov. 

Uredo inouyei P. Henn. & Shirai apud P. Henn., in Engl. Bot’ Jahrb. 28: 263. 1901. 

Cintractia machili Hino & Nagaoka, Bull. Miyasaki Coll. Agr. Pe or. 3: 1931 

Ustilago machili S. Ito, Trans. Sapporo Nat. oe Soc. 14: 89. 1935. 

eee inouyei S. Ito te ee apud S. Ito & ieee ates Sapporo Nat. 

t. Soc. 15: 113 

Sori in the winter ae forming Se lobate galls, up to 3.5 cm. in length, 

protected by smooth, yellow to brown host tissue which ruptures irregularly dis- 

closing deep brown, agglutinate oe masses. Spores formed in cavities, cone oval 

to ellipsoid, often subglobose, oblong, or somewhat irregular, 10.5-21 -13 B; 

epispore 1.5 w« thick, subhyaline to pale buff or pale olivaceous, ne verrucose, 

verrucae aes irregular. 

On Laur e: 
Machilus 

Type locality and host: Tosa, Japan, on ? Symplocos sp. 

Distribution: Szechwan; also in Jap 

Melanopsichium pennsylvanicum Hirschh., Not. Mus. La Plata 6: 149. 1941. 

Melanopsichium pennsylvanicum Hirschh. var. besseyanum Zundel, Mycologia 35: 

183. 1943, 
oie a pennsylvanicum Hirschh. var. caulicola Zundel, Mycologia 35: 

184. 

Sori in the inflorescences, stems and peru psn the formation of irregular, 

pane hard galls, variable in size, up t . in length. Spores permanently 

and firmly Sameer, globose, ovoid, eae or ene often somewhat irregular, 

7-14 uw diam. or 7.5-16 x 6-12 yu, light to medium olivaceous brown, finely to distinctly 

echinulate, with more or less evident hyaline gelatinous envelopes. 
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On Polygonaceae 

Polygonum ? minus Hudson 
Pol 

Type locality and host: Kansas, ys States, on Polygonum pennsylvanicum L. 
Distribution: Chekiang, Kiangsu, Kweichow, Szechwan, Taiwan, Yunnan; also in 

India, Indo-China, Japan, Russia, ae Europe, North America. 

FarysiA Racib. 

Bull. Intern. L’Acad. Sci. Cracovie 354. 1909. 

Sori in the ovaries or surrounding the peduncles, each covered at first by a false 
membrane which sehtaces later. Spore mass traversed by numerous fascicles of hyphae, 
pulverulent at maturity. Spores not aggregated into balls, of small to medium size. 

Mass of spores and fascicles brownish olive F. subolivacea 
Mass of spores and fascicles dark brown to nearly black 

ori . in diameter F. butleri 
Sori 3-12 mm. in diameter F. orientalis 

Farysia butleri (Syd.) Syd., Ann. 2 17: 42. 1919, 

Ustilago butleri Syd., Ann. Myc. 906. 
Farysia caricis-filicinae S. Ito, aa ines Nat. Hist. Soc. 14: 91. 1935. 

Sori in the ovaries, subgloboid, 2-4 mm. diam., each enclosed in a brownish fungous 

wide. 
occasionally with one or both ends tapering, 5.4-9.5 « diam. or 6.7-10.5 x 6-8.7 
deep olivaceous brown, striate-verrucose, often more or less areolate, frequently bach 
with an evident contra globule. 

Wahl. 
Type locality es host: Assam, India, on Carex cruciata. 
Distribution: Fukien, Hainan, Kwangtung, Kwangsi, Kweichow, Sikang, Szechwan, 

Taiwan; also in India, Java. 

Farysia orientalis Ling, Sydowia 3: 130. 1949. 

Sori destroying the ovaries, 3-12 mm. diam., each covered with a thick, brownish 
fungous membrane of prosenchymatous enue, which later disintegrates revealing a 
“Chaetura Drab” to “Chaetura Black” (Ridgway) mass of spores and conspicuous 

central globule, aseoldte in some cases; epispore olive brown, striate-verrucose. 

Type locality and host: Ootacamund, India, on ser baccans. 
Distribution: Yunnan; also in Burma, Ceylon, I 

Farysia subolivacea (P. Henn.) Cif., Nuovo Giorn. Bot. Ital. 4: 258. 1933. 

eee subolivacea P. Henn., Ann. R. Inst. Bot. Roma 6: 84. 1896 

n the ovaries, subgloboid, 3-7 mm. diam., at first more or less concealed by 
the oe soon exposing the ‘Bpownich ae (Ridgway) masses of spores 
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and hyphal ae Fascicles usually ayer oe 7.5-30 « wide. Spores 
dia globose to hen r oblong, 4.5-7.5 4.5-6 uw, elongate and irregular 

ones rarely u 13.4 x 6 yw, light to dee ve ceous brown, frequently with 

evident central lobules verrucose, sometimes verrucae arranged in irregular striae. 

On Cypera 
Carex eee Steud. 

Carex simulans C. B. Clar 
Type locality and host: Somalia, Africa, on Carex ramosa Schkuhr. 

Distribution: Szechwan; also in Africa. 

The determination of inis species is uncertain, as the type has not been available 

for stu 

Sorosporium Rud. 

Linnaea 4: 116. 1829, 

Sori in the inflorescences, forming pulverulent spore masses. Spore-balls consisting 

of numerous spores, semi-permanent or evanescent at maturity, invested at earlier 

stages by mycelial strands which become gelatinized Jater. Spores of small to medium 

size 

Sori involving the inflorescences 
Sori completely concealed at maturity S. cantonensis 

Sori more or less exposed at maturity 
Spores under 8 » in lengt 

Spores smoo Ss sane aciculati 

Spores punctate S. formosanum 

Spores exceeding 8 yw in Jength 

Outer spores indistinctly pitted S. paspali-thunber git 

Outer spores verruculose to verrucose 
Sori under 2 cm. in leng S. cymbo pogonis-distantis 

Sori exceeding 2 cm. in length 
Spores surrounding a central columella S, flagellatum 

eee intermixed with numerous filaments S. caledonicum 

Sori in the ovaries 
Spores Ses S. cymbo pogonis-distantis 

ne Sead verrucose or tuberculate 
Sori 2-3 mm. wide S. anthistiriae 

Sori 5-7 mm. wide S. ehrenbergit 

marie a eae aciculati (Petch) Petch, Ann. Roy. Bot. Gard. Pera- 
SPLOT! 

tee i ee Petch, Ann. Roy. Bot. Gard. Peradeniya 4: 303. 
9. 

Sori destroying entire inflorescences, concealed first by the leaf sheaths, then 

pe a 

surrounding a number of long, slender filaments of host tissue. Spore-balls a 

permanent, subglobose to oblong, many spored, opaque, 30-70 x 20-67 yw. Spores 

chiefly globose to oval, 4.2-6.2 « diam.; epispore smooth, thin, light olivaceous brown, 

outer and i inner cae uniformly colored. 

ar Gram 

ae panne (Retz.) Desv. (= ibe aciculatus Retz.) 

Type locality and host: Peradeniya, Ce n Andropogon aciculatus, 

Distribution: Taiwan; also in Ceylon, sieaise Islands. 
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Sorosporium anthistiriae (Cobb) Ling, Myc. rae o Inst. 11: 9. 1945. 

ent cig prune Cobb, Agr. Gaz. N.S.W. 3 
Sorosporium h i? P. Henn., in Engler, Smee Ost. voce Nachb. C: 49. 

1895. 
Tolyposporium anthistiriae P. Henn., Hedw. 37: 283. 1898. 

Sori in the ovaries, infecting occasional or all spikelets in the inflorescence, pro- 
truding conspicuously beyond the glumes, cylindrical, tapering at both ends, 1.5—4.5 cm. 
long, 2-3 mm. wide, each enclosed by a whitish or yellowish false membrane which 
breaks up eae ee or lacerates into long shreds, exposing a granular, black spore 
mass intermixed with 5-8 threads of host tissue. Spore-balls subglobose to oblong, 

somewhat angular; outer spores 9.5-16.5 x 8.5-14 mw, epispore coarsely granulate- 
verrucose, dark reddish brown, 1.2-2 w» thick, often unevenly thickened; inner spores 
almost hyaline to light brown, omveath, smaller in size. 

On Gramineae: 
Heteropogon contortus (L. i Roem. & Schultes 

ack. 
k. 

Type locality and host: New South Wales, Australia, on Themeda ciliata (L. f.) 
Hack. 

Distribution: Fukien, Honan, Hopeh, Hunan, Hupeh, Kiangsu, Szechwan, Chekiang ; 
also in Australia, Africa. 

Sorosporium caledonicum Pat., Bull. Soc. Myc. Fr. 3: 173. 1887. 

Sorosporium contortum Griff., Bull. Torrey Bot. Club 31: 83. 1904. 

Sori destroying the racemes, linear, 3-7 cm. long, partially concealed by the leaves, 
each enclosed b own false membrane which later lacerates from the ape 
into long shreds disclosing a b granular spore mas m “g number 
of long slender filaments of host tissue; cells of the false membra ubhyaline, su 
thick-walled, cubical to oblong. Spore-balls permanent, opaque, subg ie to oblong, 

38-106 uw long. Spores ee to oval, rarely polyhedral, 8.5-11.5 w diam. or 10-13 

8.5-10 «, epispore 1-1.5 » thick; outer spores deep reddish brown, ee on — 
free surface; inner spores oh ine to light yellow brown, smooth. 
On Graminea 
eee contortus (L.) Beauv 

Type locality and host: New Caledonia: on Heteropogon contortus, 

Distribution: Szechwan; also in India, New Caledonia, North America. 

Sorosporium cantonensis Zundel, Mycologia 31: 584. 1939. 

Sori in individual inflorescences, completely and tightly enclosed by the reduced 

leaves, 5-8 mm. long, less than 1 mm. wide, each covered by a light grayish false 

sem : 

or ar 13.5-18.5 x 12-15 uw, the most elongate up to 21 mw long, epispore 1.5-2 yu 

thick; outer spores deep reddish brown, verrucose; inner spores light brown, smooth 

or indstnety eee 

yar 
ce ae tories (Presl) Hitchc. (= C. hamatulus A. Camus) 

a locality and host: Canton, Kwangtung, on Cymbopogon hamatulus. 

Distribution: Known only on the type locality. 
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Sorosporium cymbopogonis-distantis sp. nov. (Fig. 3,C; and 4,B) 

s in ovariis evolutis, glumis ex parte tectis, 0.5-1 cm. longis, 1-2 mm. latis, vel 

sporarum opacis, ovalibus vel ellipsoideis, 65-100 x 50-90 u, in maturitate evanescenti- 
bus; sporis periphericis plerumque polyedricis, saepe subglobosis ovalibusve, 13.5- 
ee m, Yare usque 19 yw longis, 10.5-13.5 w latis, granulosis, episporis atro-rubro- 

unneis, dense verrucosis ; sporis centralibus in forma et dimensionibus similibus, sed 
is. 

Sori in the ovaries, partially concealed by the ae 0.5-1 cm. pone 1-2 mm. 

evanescent at maturity; Pee spores mostly polyhedral, often subglobose to 
oval, 13.5-16.5 yw, rarely u 19 lo = uw wide, contents granular, 
epispore deep reddish brown, ae sely verrucose; inner spores similar in shape and 

size, light olivaceous, with less el verruculations. 
ae: 

Cymbopogon distans (Nees) W. W 

Type locality and host: Ven Me nes Szechwan, on Cymbopogon distans 
R. Nie 

Distribution: Known ule from the type locality. 

Sorosporium ehrenbergii Kuehn, Mitt. Ver. oa ei 1887. 

Tolyposporium ehrenbergii Pat., Bull. Soc. Myc. Fr. 190. 
Tolyposporium filiferum Busse, Aah Biol. Abt. Lana Forswitsch 4: 384. 1904. 

Sorosporium filiferum Zundel, Mycologia 22: 14 

Sori in the ovaries, oblong, es ae at both eae often curved, 1.5-2 cm. 
long and 5-7 mm. wide, each enclosed in pale yellow, ag persitet false 
membrane which later Hee Ae the apex Site a granular, black s mass 
surrounding a number of shreds of host tissue; sterile cells of fe false Per, 
hyaline, globose to oval, mostly much larger than the spores. Spore-balls rather 

coarsely tuberculate on the free surface, globose to oval, or somewhat angular, 
10.5-15 long; inner spores ens to pale brownish, smooth, globose to 
ellipsoid, 9-15 uw long; epispore 1.5—2 wu thick. 

On Gramineae: 

Sorghum vulgare Pers. 
Type locality and host: Egypt, on Sorghum vulgare. 
Distribution: Hopeh; also in India, Russia, Africa. 

Sorosporium flagellatum Syd. & Butl., Ann. Myc. 5: es ee 

Ustilago burmanica Syd. & Butl., Ann, Myc. 10: 250. 
Sorosporium geminellum Syd. & Butl., Ann. Myc. 10: ee “1912. 

Sori in the inflorescences, cylindrical, 2-6 cm. long, reais at first by the leaf 
sheaths, later protruding, each enclosed by a brown false membrane which ruptures 
irregularly revealing the dark spore mass surrounding a simple columella. Spore-balls 

subglobose to oblong, evanescent, 37—77.5 x 30-52.5 uw, rarely up to 120 yw long. 
Spores ee ae o oval, occasionally elongate or angular, ff 16.5 w diam. or 12-17 x 
10.5-15 4; epispore reddish brown, 1-1.3 w thick, verruculose. 
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On Gramineae: 
Ischaemum timorense Kunth var. peguense Hack. 

Type locality and host: Malabar, India, on [schaemum timorense. 
Distribution: Fukien, Taiwan; also in Burma, India, Java. 

Sorosporium formosanum (Saw.) Saw., Dept. Agr. Gov't. Res. Inst. Formosa 

Rep. 1928. 

Ustilago digitoriae (Ktze.) Rab. f. panici-repentis Kuehn, a 15: 5. 1876. 
Ustilago fo ormosan a Saw., Trans. Taiwan Nat. Hist. pe oc. 

tila Bot. Ital. n 
ey ama odel ihe Syd. & Butl. var. Peas c. Giorn. Bot. Ital. 

40: 255. 1933. 

Sorosporium punctatum Maleng. & Yen, Rev. Myc. 2: 130. 1937. 
Sorosporium yoshinagae Zundel, Mycologia 31: 589. 1939. 
Sorosporium overeeimi Matenc., Rev. Myc. 10: 121. 1945. 

Sori destroying the inflorescences, 4-10 cm. long, each covered at first by a pale 

Type locality and host: Taiwan, on Panicum repen 
Distribution: Fukien, Taiwan; also in Ceylon, Tndia, Japan, Java, Europe, Africa. 

Sorosporium paspali-thunbergii (P. Henn.) S. Ito, Trans. Sapporo Nat. Hist. Soc. 
: 94, 1935. 

Ustilago paspali-thunbergii P. Henn., Hedwigia 43: 140. 1904. 
caaieaie paspali McAlp., Smuts Austral. 180. 1910. 

Sori in the inflorescences, cylindrical, up 10 cm. long, in earlier stages concealed 
by the leaf an but protruding later, oe soniye in a pale brown false m 
which ruptures irregularly revealing the semi-agglutinate but finally p 

thickened; outer spores deep veddigh henw, finely and indistinctly pitted; inner 

spores clear reddish brown, smooth or nearly smooth 
On Gramineae: 

Paspalum eiaeaa cian L. 
Paspalum 

Type foeality and host: Nikko, Japan, on Paspalum thunbergit Kunth. 
Distribution: Fukien, Hopeh, Kiangsi, Kwangtung, Taiwan; also in Ceylon, Hawaii, 

India, Japan, Philippine Islands, Australia 

TOLYPOSPORIUM Woronin 

Abh. Senck. Nat. Ges. 12: 577. 1882. 

Sori usually in the ovaries, forming granular spore masses at maturity. Spore-balls 
composed of numerous, permanently united spores. Spores bound together by ridged 
folds or thickenings of their outer walls, of small to medium size. 

Sori infecting only occasional ovaries in the inflorescence 
Sori subglobose, 1.5—3 mm. in leng T. evernium 

i i T. bullatum 
Sori infecting almost all of the ovaries T. globuligerum 
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Tolyposporium bullatum (Schroet.) Schroet., Krypt. Fl. Schles. 3: 276. 1887. 

en bullatum Schroet., Abh. Schles. Ges. Abth. Nat. Med. 1869-72: 6. 
18 

Sori in es Phe only a few neue in a panicle, oval or ovoid, 
in length, each c d by a green, smoo mbrane which ruptures later eee 
a granular black hee mass. ae balls opaque, globose to oblong, 78-375 x 68-225 wu. 
Spores globose to oval, 7.5-12 x 6-9 yw, pale olivaceous yellow, folded in ridges by 
which the spores are bound together and which on rupture of spore-balls show as 
truncate projections at spore margins, epispore 1.5 yu thick 

On Gramineae: 
Echinochloa crus-galli (L.) Beauv. 
Echinochloa crus-galli (L.) Beauv. var. mitis (Pursh) Peterm. 

Type locality and host: Silesia, on Panicum crus-galli 
Distribution: Fukien, Szechwan, Taiwan; also in Japan, Russia, Europe, North 

America. 

Tolyposporium evernium Syd., Ann. Myc. 37: 443. 1939. (Fig. 4,C) 

in the ovaries, infecting only occasional ones, subglobose, 1.5-3 mm. dia 
A sees by a ‘thick smooth membrane of host tissue. eee balls Ebaaue, 
irregular in shape, subglobose or pyriform, often broadly ellipsoidal, 70-336 x 64-242 yu, 
permanent, Spores globose to oval, covered by 5-10 short projections by which the 

spores are firmly bound together, 5.6-12.6 x 5.6-10.5 m, averaging 9.1 x 8.2 mw; outer 

spores light reddish brown to reddish brown, epispore 0.5 yw thick; inner spores 
almost hyaline. 

On Gramineae: 
Paspalum distichum L. 

Type locality and host: Panjab, mes on Paspalum distichum. 
Distribution: Kiangsu; also in In 

Tolyposporium globuligerum (Berk. & Br.) Ricker, Jour. Myc. 11: 112. 1905. 

Thecaphora globuligera Berk. & Br., Trans. Linn. Soc. II. 1: 407. 1879. 

Sori infecting most of the ovaries in the inflorescence, oblong or cornute, 3-5 m 
long, partially hidden by the glumes, each covered by a thick, green, smoot 
brane of host tissue which finally ruptures disclosing a granular black spore mass. 

Spore-balls opaque, subglobose to ellipsoidal, sometimes oblong or irregular, perma- 
nent, 70-220 x 45-150 w. Spores globose to ellipsoid, often angular, 6.7-10.5 x 6-9 yu, 
light olivaceous yellow, each with 4-7 truncate projections by which the spores are 

firmly bound together, epispore 1.5 yw thick. 
n Gramineae: 
Leersia japonica Makin 

Type locality and host: ae Australia, on Leersia hexandra Swar 
Distribution: Szechwan; also in India, Nise Australia, North and ae America. 

DERMATOSORUS Saw. 

Mycologia 41: 267. 1949. 

the ovaries, pulverulent, each enclosed in a false membrane which ual 
Etc Spore-ball consisting of numerous spores invested by a cortex of p 
doparenchymatous tissue. Spores loosely united, of small to medium size. 

Dermatosorus eleocharidis Saw. apud Ling, Mycologia 41: 268. 1949. 

the ovaries, often involving the basal parts of anthers, with glumes intact, 

each covered at first by a firm, thick, black false membrane which is composed of 
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yellow brown cells, firmly bound together, ovoid, ellipsoidal or, angular in outline, 
9-16 x 6.5-15 mw diam., with walls 1.5 « thick, and which later ruptures irregularly 
revealing an aggregate of spore-balls. Spore-balls many-spored, rectangular, ellipsoidal 
or subglobose, opaque, 112-606 x 88-358 iam., each covered by a icate but 
rather permanent cortex of pseudoparenchymatous tissue, 15-75 thick, consisting 
of reddish brown cells, 3-6 iam., wit Is 1 uw thick. Spores loosely united, 
globose to Semen 6-11 » diam., chiefly 7-9 uw; epispore smooth, reddish brown, 
soir cede es lu 

n Cyperace 
Eleocharis Ges Tri 

Type locality and host: onan Taiwan, on Eleocharis dulcis. 
Distribution: Known only from the type locality. 

EXCLUDED SPECIES 

Cintractia leucoderma Ling, Mycologia 41: 264. 1949, = Cintractia yk 
Enty a ee Saw., Taiwan Agr. Res. Inst. Rep. 85: 43. = Entyloma 

m, guaraniticu 
Farysia eee Saw., Trans. Taiwan Nat. Hist. Soc. 32: 29. 1942. = oe butleri. 
Farysia pseudocy pert Zundel, Mycologia 23: 297. 1931. = Farysia butle 
Melanopsichium austro-americanum in several enone Ue noche pennsyl- 

vanicum. 
Sorosporium arundinellae Syd. = Ustilaginoidea arundinellae P. Henn 
Sorosporium clintonii Ling, Myc. Papers Imp. Myc. Inst. 11: 10. 1945, = Sorosporium 

anthistiriae 
Sphacelotheca seymouriana Teng, Contr. Biol. Lab. Sci. Soc. China 8: 148. 1932. = 

Sphacelotheca taiana. 
Sphacelotheca themedae Ling, Myc. Papers Imp. Myc. Inst. 11: 9. 1945. = Sphacelo- 

theca anthistiriae var. punctata 
Tilletia pera Yen, Contr. Inst. Bot. Nat. Acad. Peiping 3: 55. 1935. = Tilletia 

pennisetin 

Ustilago ee Zundel, Mycologia 35: 167. 1943. = Ustilago spermophor 
Ustilago flavo-nigrescens Keissler, in Handel-Mazzetti’s Symbolae Sinicae 2: 4. 1937. 

= Farysia butleri. 
Ustilago grandis Wei & Hwang, Nanking Jour. 9: 34. 1941. = Hyphomycetes. 
Ustilago aes Yates, Philipp. Jour. Sci. C. 12: 315. 1917. = Estas dart 
Ustilago panici- frumentace Ling, Myc. Papers Imp. Myc. Inst. 11: 6. 1945. = 

Ustilago sphaerog 
Ustilago penniseti Sace., Philipp. Jour. Sci. C. 18: 596. 1921. = Sphacelotheca 

penniseti-japonica. 
Ustilago pustulata he ao Contr. Biol. Lab. Sci. Soc. China 8: 148. 1932. = Sphacelo- 

theca penniseti-ja 
Ustilage tonkinensis Reinking, Philipp. Agr. 8: 120. 1919. = Sphacelotheca tanglinensis. 

HOST INDEX 

Agropyron sp. Anemone japonica 
Urocystis agropyri Urocystis ae 
Ustilago aculeata Anemone ra 

Alopecurus geniculatus — anemones 
Ane sp. 

Andropogon aciculatus = Rhaphis acicu- Ureeystis japonica 
ata pluda mutica var. aristata 

Andropogonea Sphacelotheca apludae 
Ustilago shimad Arundinella anomala madae 

Anemone chinensis = Pulsatilla chinensis Tilletia arundinellae 
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Avena fatua 

ntyloma eae 
Bothriochloa per 

Ustilago nminenibae 

er atc parviflorum 
ee capillipedii 

pas bac 
Farysia Wri 

Carex capilliformis 
Cintractia caricis 

Carex capilliformis var. major 
Cintractia caricis 

Carex cruciata 
Farysia butleri 

Carex latice 

Farysia Seas 
Carex siderost 

Cintractia see 
Carex simulans 

Farysia subolivacea 

Sorosporium cymbopogonis-distantis 
Cymbopogon hamatulus = C. tortilis 

Cyperu 
Cintractia limitata 

Cyperus mala is 
ti itata 

Dactyloctenium aegypticum 
Ustilago sparsa 

Deyeuxia sylvatica var. laxiflora 

ilag 
Digitaria chinensis 

Ustilago ea 
Digitaria ischae 

Ustilago anes 

Digitaria eieee 
Tilletia pulcherrim 

Ustilago rabenhors re 

Digitaria sanguinalis var. ca 

Ustilago rabenhorstia 
Digitaria sp. 

Ustilago rabenhorstiana 
Digitaria ternata 

Ustilago rabenhorstiana 

Ustilago crus-gall — 
* 

Tolyposporium bullatum 

Fimbristylis annua var. pluricostata 
Cintractia axicola 

Fimbristylis diphylla = F. annua 
Fimbristylis kagiensis 

Cintractia eee miliaceae 
F imbristyi schoe 

intractia axic 

345 

Hemarthr ria Lae = Manisuris com- 

Hierochloa glabra 

Sphacelotheca andropogonis 
Sphacelotheca monilifera 
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Isachne globos 
Sphacelotheca isachnes 

Ischaemum aristatu 
Sphacelotheca tanglinensis 

Ischaemum ciliare 
Sphacelotheca tanglinensis 

Ischaemum ciliare var. genuinum 
Sphacelotheca tanglinensis 

Ischaemum rugosum 
Sphacelotheca tanglinensis var. 
Nips 

morense var. peguense 

atum 

nica 
Ht cages globuligerum 

Machilu 
Melanopsehium mae 

Manisuris com 
Sphacsothec rothoeta 

Miscanthus a 
Sphacelo fee ne 
gees aa 

sti us 

fee anit sacc ienioni 
Sphacelotheca ey 

Miscanthus sinensis 

phiurus monostachys 
Sphacelotheca aoe 

Oryza sativ 
Entyloma oryzae 

Seance destruens 
Panicum re 

Sorospor Ac ena 
seme distichum 

Tolyposporium evernium 
a ? orbicular 

Sphacelotheca nankinensis 
Paspalum scrobiculatum 

Sorosporium paspali-thunbergii 
Paspalum sp. 

Sorosporium paspali-thunbergii 
Pennisetum alopecuroides 

Sphacelot it penniseti-japonici 
Tilletia pennisetina 

Pennisetum pace = P. alopecuroi- 
des 

Pennisetum japonicum — P. alopecuroides 
Phyllostachys congesta 

Ustilago shiraiana 

VoL. 4, 1953 

Phyllostachys makino 
Ust ila ago eas raiana 

filseo Gate 
at 

Polygonum barbatum var. gracile 
Ustilago ee ai 

Polygonum bist 
Sphaclotheca hopes var. borealis 

Sphacelotheca hydropiperis 
Ustilago cordai 

Polygonum caespitosum var. longisetum 
Sphacelotheca hydropiperi ris 
Ustilago cordai 

Polygonum campanulatum var. fulvidum 
arum 

Melanopsichium pennsylvanicum 
Polygonum hydropiper 

Sphacelotheca hydropiperis 
Ustilago cordai 

Polygonum hydropiper var. flaccidum 
Ustilago cordai 

Melanopsichium pennsylvanicum 
Ustilago reticulata 

Polygonum lapathifolium var. lanatum 
Ustilago reticulata 

Polygonum ? minus 
Melanopsichium pennsylvanicum 

Polygonum morrisonense = P. runcina- 
tum 

Polygonum nepalensis 
Ustilago nepalensis 

Polygonum nummularifolium 
Sphacelotheca hydropiperis 

Sphacelotheca seaeuieees 



Linc: THE USTILAGINALES OF CHINA 

Polygonum sagittifolium 
Sphacelotheca hydropiperis 

Polygonum senticosu 
Sphacelotheca hydropiperis 

Polygonum s 
Melanopsichium pennsylvanicum 
Ustilago anhweiana 

aap ae viscosum 

Sorosporium andropogonis-aciculati 
Rheum aenieiee hii 

Tilletia rhei 
Ree corymbosa 

Cintractia scleriae 
Rottboellia compressa = Manisuris com- 

pressa 
Rumex aquat 

Entyloma microsporum 

Saccharum 

Ustilago scitaminea 

Saccharum sp. 

Sphacelotheca sacchari 

re Poe ifolia 
oassansiopsis horiana 

Seine Rat 
oassansia opaca 

Scilla chinensis = S. sinensis 

347 

Scilla sine nsis 

ees Fates 

Sphacelotheca taiana 
Sporobolus indicus 

Ustilago sporoboli-indici 
Themeda gigantea 

Sorosporium anthistiriae 

ea 
Sphacelotheca reiliana 
Usti maydis 

Zizania latifolia 
Ustilago esculenta 
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~ 1. A. Tilletia arundinellae on Arundinella anomala, 2. B. Entyloma 
aia on Eleocharis a ee < 1. C. Ustilago ry Ricca ea on Polygonum 
i ale Taiwan collection. * 1 
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ig. 2. A. Tilletia deyeuxiae on Deyeuxia ee var, laxiflora, type. B. Ustilago 
sporoboli-indici on Sporobolus indicus, type. C. Sphacelotheca CAR on Ophiurus 
monostachys, Yunnan ie. All & 1. 
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B. Burrillia ajrekari, sorus, Fig. 3. A. Tilletia rhei, teleutospores, type. > 500. 
Taiwan collection. 450. . Sorosporium cymbo pogonis-distantis, teleutospores, 

type. « 500. 
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Fig. 4. A. Sphacelotheca apludae on Apluda mutica var. aristata, B. 
Sorosporium cymbopogonis-distantis on Cymbopogon distans, ty We Ue ne 
plant; center, plant with infection involving the inflorescences; right, plant with 

tion in the ovaries. C. Tolyposporium evernium on Paspalum distichum, Kiangsu 
collection. All * 1 





4(3):353-398 FARLOWIA NovEMBER, 1953 

THE AQUATIC HYPHOMYCETES OF CALIFORNIA ! 

FRANCIS V. RANZONI 

University of California 
Berkeley, California 

The term ‘“‘aquatic fungi” has been customarily applied to the aquatic 
Phycomycetes. It has, however, become apparent in recent years that the 
Phycomycetes, though still the dominant group from the standpoint of 

numbers, are only a part of a very diversified fresh-water flora. A number 
of discomycetous genera, Vibrissea Fr., Apostemidium Karst. and Mitrula 
Fr. in particular, encompass species that are wholly aquatic. These organ- 
isms grow on twigs submerged in cold fresh-water streams and lakes and 
discharge their spores beneath the surface of the water. In the Pyreno- 

mycetes at least one member of the Metasphaeria-Melomastia alliance, as 

well as the striking Loramyces juncicola Wes. (Weston, 1929), are known 
to be fresh-water aquatics. Thus with the Phycomycetes and Ascomycetes 
represented in the fresh-water flora, it is not surprising that some of the 
ubiquitous Fungi Imperfecti have adapted themselves to the aquatic habit. 

De Wildeman in 1893, 1894 and again in 1895 observed the spores of 

several species of fungi in his collections of algae. Three of these species, 
Tetracladium marchalianum, Fusarium elongatum (now Anguillospora 

longissima) and Lemonniera aquatica, were placed in the Moniliales. The 

other species, Clavariopsis aquatica, was placed in the Mycelia Sterilia 

because he was unable to observe the germination of the tetraradiate spores. 

Though De Wildeman was the first to recognize these free-floating 

objects as spores of fungi, Riensch (1888) was the first to describe them. 
Reinsch thought the spores of Tetracladium marchalianum were free- 

floating algae and described them as varieties of his alga Cerasterias 

raphidioides. For many years, from 1895 to 1935, the fungus and the 

alga were involved in a bewildering Sy nonany, that has only recently been 
ce eae 1935), 

To the aquatic Fungi Imperfecti, Kegel (1906) added a monotypic 
genus, eee Elodeae, that he found growing on some Elodea that 
had been used in an Seperimenent study. In 1912, Grove added still 

another species to the group, Tridentaria setigerum (now Tetracladium 

setigerum (Grove) Ing.). From 1912 to 1942 matters lay in abeyance 

save for a few sporadic accounts of some of these six species which placed 
two of them within the continental limits of North America. 

C. T. Ingold, while engaged in an investigation of another kind, observed 

a sy number of fungus spores floating in the waters of a stream near 

paper presents a portion of a doctorate thesis completed at the University of 
are Berkeley 
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Leicester. He found that these spores came from fungi growing on decay- 

ing leaves in the stream. He then embarked on a long series of investiga- 

tions (1942, 1943a, 1943b, 1944, 1949) of the fungus flora of these 

decaying leaves. He studied the development and the morphology of the 

spores in a most careful and meticulous way. Ingold’s outstanding con- 

tributions, added to those of the earlier investigators, brought the total of 

fresh-water Fungi Imperfecti to sixteen genera and twenty-six species. 

Virtually nothing was known about these organisms in North America 

except for an isolated account or two of Tetracladium marchalianum 

(Karling, 1935) and Varicosporium Elodeae (Bessey, 1939). It seemed 

of value, therefore, to discover the nature and distribution of the aquatic 

Fungi Imperfecti of California. 
A survey was made of the fresh-water streams, lakes and ponds, both 

permanent and temporary, throughout the greater part of the state of 

California. Nearly all of the waters explored contained representatives 

of this group; the exceptions will be discussed later. Fifteen genera and 
twenty-two species were collected (Fig. 1); five of these species appear 

to be undescribed. The substratum proved to be quite variable but the 
fungi were found most commonly on leaves that had undergone consider- 

able decay. Though a vascular system seemed to be necessary as a 

substratum, all gymnosperm material examined was void of these fungi. 
1. Collection and isolation. The leaves, or other debris, best suited for 

collection were those in which decay had proceeded to the point where 

only the vascular system remained; leaves belonging to such genera as 

Salix, Populus, Alnus, Acer, Platanus, Cornus, Fraxinus and Rubus skele- 

tonize well and are specially suitable for these aquatics. Even on leaves 

that do not skeletonize well, such as various species of Quercus, a number 

of aquatic Hyphomycetes was found. Although they occur in great abun- 

dance on leaf material, the aquatic Hyphomycetes are by no means 

entirely restricted to it. Maple samaras, peach stones, fern rhizomes, 

small twigs and decomposing sporophylls of /seetes, onion scales and 
paper seemed to serve as well as leaves as substrata. 

The collected material was brought into the laboratory and placed in 
crystallizing dishes partially filled with autoclaved tap or distilled water. 
In most instances, twelve to twenty-four hours later, large numbers of 

sporophores and spores were produced. Usually several species were rep- 

resented on any one substratum. The spores, when shed, gradually settled 

to the bottom of the crystallizing dish. Using a Spencer Stereoscopic Dis- 

secting Microscope with 15 X oculars and 3 X objectives, it was possible 

to pick up single spores with pasteur pipettes and transfer them to prune 

agar plates. Difco Prune Agar was used because it is a very clear medium 
and as such is ideal for microscopic examination of the planted spores 

through the bottom of the petri dish. At the end of twenty-four hours 
the plates were examined for germinated spores. Usually 100 percent 

germination had occurred and single germlings were cut out and transferred 
to a solid medium composed of 2 percent agar and 1 percent malt extract. 
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2. Pure culture. In those instances where the fungus grew more 
rapidly than the bacteria usually isolated with the spore, the bacterium- 

free hyphal tips were cut out and used to start pure cultures. If this was 

not the case, Raper’s van Teighem ring technique (Raper, 1937) was 

employed. One rim of a van Teighem ring was notched to a depth of one 

or two millimeters in several places. The ring was placed in a petri dish 

with the notched rim on the bottom. The plates, after sterilization, were 
filled with malt agar to a level just above that of the notches. After the 

agar had solidified and all moisture on the glass surfaces had disappeared, 
the area confined by the ring was inoculated. The mycelium grew into 

the agar, through the notches and back to the agar surface again. Blocks 
of agar and mycelium cut from the growing edge of the colony were free 
of bacteria and were used to start pure cultures. Stock cultures were 
maintained on malt agar slants in test tubes two centimeters in diameter. 

3. Taxonomic criteria and definition of terms. It is not the purpose 

of this work to delve into a profound and searching examination of the 

merits and demerits of the several systenis of classification of the Fungi 

Imperfecti. Neither is it the purpose to erect a system of classification 
for the entire group of imperfects on the strength of an examination of 

a small number of specialized aquatics. It is necessary, however, to em- 
ploy meaningful characters for the establishment of taxonomic criteria. 

In the absence or relative rarity of the occurrence of sexual reproduction 
in the majority of Fungi Imperfecti, it is necessary to use the characters 

of the asexual reproductive structures. Thus it is the development and 

morphology of the asexual reproductive unit, the spore, that provides the 

basis for the taxonomic criteria. The greater part of these criteria were 

originally proposed by Vuillemin (1910, 1911) in which he discarded 

the saccardian system with its loosely used term “conidium” to a large 

extent. Vuillemin made a clear-cut distinction between conidiospores and 

thallospores and used this distinction as a point of departure. 
According to Vuillemin (1910), the name “conidia” should be reserved 

for spores that are distinct from the mycelium from the beginning, i.e., 

they are not modifications of already existing hyphae. Conidia are also 

deciduous, i.e., they are set free from the conidiophore or the hypha that 

bears them as soon as they are mature. Thallospores, on the other hand, 

are at first a part of the vegetative system and are secondarily adapted 

to disseminative functions, i.e., merely enlarged or otherwise modified por- 

tions of already existing hyphae. Thallospores are also not deciduous 

and remain attached to the mycelium until decay of the latter sets them 

free. The thallospores were divided into three types, blastospores, hemi- 

spores and chlamydospores. In 1911, Vuillemin added a fourth type, the 
aleuriospore. The aleuriospore seemed to be an intermediate between the 
chlamydospore and the conidium and differed only in not being clearly 

set off from the hyphae from the beginning nor deciduous; in all other 

characters the aleuriospores were indistinguishable from conidia. 

In the aquatic Hyphomycetes all of the fungi examined released their 
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spores, as nearly as observation and germination studies could determine, 
as soon as the spores were mature. Thus it would appear that the aleurio- 

spore is not a spore type to be found in this group if it were not for the 
fact that the remainder of Vuillemin’s definitions and the amplifications 

made by Mason and Ingold of these definitions can be applied to many, 

if not all, of these fungi. The concept of the conidium and the aleuriospore 
was extended (Mason, 1933, 1937; Ingold, 1942) to include the insertion 
on and the manner of separation from the parent hypha. The conidium 

is inserted on the hypha by a surface less than the diameter of the hypha 

and the separating septum is formed just prior to the release of the 

conidium. The aleuriospore, on the other hand, is inserted on a surface 

equal in diameter to the hypha and is separated from the parent hypha 

by a septum that forms very early in the development of the spore. If 
these amendments of Mason and Ingold are accepted, the problem of 

differentiating between the aleuriospore and the conidium is not only 

greatly simplified, but a set of terms with ontogenetic implications is 

substituted for those less precise terms now in general use. 
Great emphasis was placed by Vuillemin (1910) on the mode of attach- 

ment of the conidium. The conidium can be produced directly on the 
mycelium, or it may be borne on a differentiated conidiophore, or it may 
develop on or in a phialide. The phialide, as originally conceived and 
as regarded by Mason, Ingold and Langeron (1945), is conventionally 

described as a unicellular flask-shaped structure with a comparatively en- 

larged venter and a narrow, more or less attenuated, neck-like portion and 

bears conidia or a conidium (phialospore) at or within the tip. The sterigma 
of the Aspergillaceae provides a classical example of a phialide. 

The terms that will be used in the body of the text are defined as 
follows: 

Spore: A general term for the asexual reproductive bodies of the crypto- 

gams. 
Sporophore: The hypha that gives rise to the spore. 

Conidium: A spore produced terminally on a hypha; the point of insertion 
is less than the diameter of the hypha that bears it and the septum 

which separates it from the hypha is formed just prior to its release, 

Conidiophore: A differentiated hypha that bears conidia directly or 

phialides. When phialides are produced the conidiophore may be re- 
duced to the phialide itself. 

Phialide: A unicellular ampulliform structure which consists of an enlarged 

venter and a narrow neck-like portion and produces conidia at or within 

the tip. 

Phialospore: A conidium borne on or ina phialide. 
Aleuriospore: A modified terminal portion of a hypha that resembles and 

behaves like a conidium but is separated from the rest of the hypha by 

a septum formed very early in its development; the point of insertion 

is equal to the diameter of the hypha. 
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Aleuriophore: The hypha, relatively unmodified, that gives rise to the 
aleuriospores. 

The initial separation into genera is based on the spore type, i.e., 
aleuriospores, conidia, chlamydospores. If, for example, Bunce) A produces 
aleuriospores, Fungus B produces conidia and Fungus C produces its 
conidia on phialides, it follows that these three species must be placed 
in three separate genera regardless of the morphological similarity the 
spores may have to each other. In fact, if Vuillemin’s system were to be 
followed more exactly, these three fungi would have to be placed in 
different orders. 

A second criterion used to categorize genera is based on the manner 
of spore development. If both Fungus A and Fungus B produce spores 
with three lateral branches and in A the branches are produced simultane- 

ously whilst in B the branches are produced successively, then these two 

fungi are assigned to different genera. As a third criterion, it follows that 
fungi having spores with branches should not be assigned to a genus 
characterized by fungi with spores unbranched. The nature and number 
of branches is also taken into consideration. 

Using the criteria set forth above, it is possible to arrange the aquatic 
Fungi Imperfecti into seemingly natural groups. 

THE GENERA 

All of the Moniliaceous aquatic Fungi Imperfecti have a well developed, 
branched, septate mycelium. When these fungi are observed growing on 
the natural substrata the hyphae are generally contained within the 
vascular system and only the sporophores and spores are seen; in nature 
the hyphae are colorless, in culture, however, pigments are produced by 
many of the species which either accumulates in the mycelium or diffuses 
out into the surrounding medium or both. The sporophores are simple or 

branched, more or less distinct from the mycelium, scattered and colorless, 
both in nature and in culture. In culture, depending upon the species, 

the sporophores may also be produced in dense clusters or tufts on 
sclerotia. The spores are one- to many-celled, branched or unbranched, 
and colorless, both in nature and in culture. Secondary fruiting bodies, 

pycnidia or sporodochia, were never observed in nature and were infrequent 
in culture 

There are now seventeen genera of the Fungi Imperfecti represented 

in the fresh-water flora of Britain and the United States; eleven of these 

genera have been added since 1940. Of the described genera and species 
of the aquatic Hyphomycetes, only six of the genera, Varicosporium, 
Clavariopsis, Lemonniera, Tetracladium, Heliscus and Dactylella have 

been placed in taxonomic keys and until recently two of them, Heliscus 
(Ingold, 1942) and Dactylella, were represented by terrestrial species 
only. Thus it is felt that a systematized arrangement of the genera of all 
the Hyphomycetes having aquatic species would be valuable in the identi- 
fication of those genera that have never before been placed in such a key. 
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KEY TO GENERA OF THE FRESH-WATER AQUATIC FUNGI IMPERFECTI 

I. Spores aleuriospores 

A. Aleuriospores not branch 

1. Aleuriospores released “ a rounding off process 

a. Aleuriospores clavate to limoniform to fusiform-eliptical 
actyle 

b. Aleuriospores scolecosporus, sigmoid or falcate ..... Anguillospora 

2. Aleuriospores released by breakdown of separating cells 

a. eee continuous with the alounophore,, sonieecepenus, sigmoid or 

b. oo borne on stalk-cells on tips of Acne stalk-cells at- 

tached ae a point some distance from either f the res; spores 

n igmoid 

B. Pree iene branched 

1. formed in succession 

a. Branches four o 

Lunulospora 

(1). arta dan eee with elongated eer axes and secondary an 

tertiar Dendrospora (not treated) 

(2). ee “ot four divergent branches only 
aes 

(3). Aleuriospores of four divergent branches and one or more subspherical 

or oblong knobs situated at or near the point ore pene 
Tetracl adium 

b. Branches three or less 
Aleuri ie consist of elongated axes, two or three lateral branches 

situated at different levels on the main axes..... Tricladium 

(2). Aleuriospores a of elongated axes, three divergent branches from 

the same level at the lower end of the axes..... Tricelophorus 

2. Branches formed simultaneously 

a. Aleuriospores symetric 

( 

a 
—_ 
— 

de leuriospores with clavate axes and three divergent branches from the 
Cla 

(2). Aleuriospores with elongated filiform axes and two "divergent branches 

midway on axes; spores shed by breakdown of separating cells 

Tetrachaetun 

b. Aleuriospores asymmetrical, each consists of a large peren cell with two 

divergent appendages and a lateral branch with two sea NdAaES 0... 

Cam eater mpylospora 

II. Spores conidia 
A. Conidia formed on oo 

Conidia not branched 

a. Conidia aa tetrahedral or broadly fusiform 
(not treated) 

Pee eae 

2. Conidia branc 

a. Branches a op simultaneous 

(1). Conidia clavate with lnaed divergent branches at the apices 

b. Conidia scolecosporus, sigmoid 

hed 

ie Heliscus 

(2). Conidia consist of haa ai axes with two ares branches inserted 

side by side midway on the axes Ala tospora 

our divergent branches only, inserted on the 

phialide at the point of juncture of the branches 
Lemonnier ; 

conidium only borne on a_phialide, others B. First formed and_ terminal 

pleurogenous 
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1. Conidia consist of elongated axes with two or three lateral brancies on one 

side of the axis; tertiary branches from the laterals also one-s 

one ate ae treated) 

DESCRIPTION AND DISCUSSION OF SPECIES 

The discussion will be concerned with the morphology, including the 

phases of development of the spores from their initiation to maturity and 

release, and the behavior of these fungi in culture. At the end of the 

general discussion of each species, a short summary of the diagnostic 

& Sacc. & Syd.) Ing., Clavariopsis aquatica De Wild., Lemonniera aquatica 

De Wild., Tetracladium marchalianum De Wild., and T. setigerum 

(Grove) Ing. are better known than the other species and have been dis- 

cussed in detail more than once in the past, they will be given only the 

most generalized treatment. 
drawings were made with the aid of a camera lucida from hanging- 

drop cultures prepared either from bits of agar strips from pure culture 

or from bits of decaying leaf material taken from nature. 

DACTYLELLA AQUATICA (Ing.) n. comb. 

Though see (1943) described this fungus under the binomial Piricularia 

aquatica, he was not at all certain that his choice of a genus was a good one h 

ee Jor fee ee this species to the genus Dactylella will be discussed later in 

the se 
A i ngus (Figs. 1 L, 2) differing, if at all, in few details from the organisms 

described and figured by Ingold was found on a skeletonized leaf collected by Dr. 

Lee Bonar in August of 1949 ee the Klamath River in southern Oregon close to 

the northern boundary of Californi 

The unbranched sporophores are o aeaealy sate usually no longer than 65 mu 

though an occasional sporophore will attain a length of 200 mu. The first spore, a 

truly terminal structure, is initiated by the formation of a clavate swelling at the 

tip of the sporophore (Fig. 2 C). The swelling is soon delimited from the sporophore 

become three- or four-celled after ey are shed but before germination. 

D, H) and then a new spore is forme after a series of spores, the sporophore 

is similar in seen to that of a Funded sporophore with barely discernible 

circumscissile sc 
The fungus was ; isolated in pure, single-spore culture several times from the one 

collection made. On malt agar it formed a compact colony that was at first white 
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and then, as it aged, became greenish-grey. After attaining a diameter of three 

or four centimeters, the colony became markedly zonate with alternating rings of 
: : : ; : b 

e . 

When a slice of the colony was placed in water, perfectly normal sporophores and 

spores were formed. The spores germinated readily in water or on malt agar and 

behaved like those isolated from nature. 

Whether Ingold is correct in his selection of a genus for this species or not, i 

clear the fungus he collected and described and our fungus are the sa species. 

se Dactylella Grove as well as Piricularia Sack, 

hen the original a. of the two best genera, rie ee (Saccardo, 

1880) and Dactylella Pea ve, 1884), are consulted there seems to be little to choose 

between them. Piricularia was described as follows: “Hyphae Sea eae 

conidia obclavato-pyriforma, 2 - pluriseptate, rene acrogena.” Dactylella, on 

the other hand, was described as “Mucedinea, m emea, saprophila. eset 

Though the chief differences between them, as described, are the ha a d he 

or several in succession; the spores in general vary from limoniform to fusiform- 

elliptical and may be two- to many-celled. 
Since the species concerned is a ee organism with simple sporophores 

bearing several acrogenous, limoniform spores in succession that have one or 

transverse septa and no evidence of a basal Gon collar, it is proposed that this 

species be removed from the genus Piricularia and placed in the genus Dactylella as 

D. aquatica (Ing.) n. com 

Dactylella aquatica (Ing.) n. comb. 

Piricularia aquatica Ing., Trans. Brit. Myc. Soc., Vol. XXVI, 107:1943. 

Submerged aquatic fungus with branched, septate, colorless mycelium. Aleuriophores 

15-65 mu long, 2.5-3.5 mu broad, simple, colorless. Aleuriospores limoniform, 

colorless, 20-30 mu long, 8-13 mu broad at the widest point; when uniseptate ie 

septum is near the base, when biel the septa are near each end with the 

largest cell in the middle; aleuriospores produced in succession, first formed one 

truly terminal, secondary ones produced by scorpioid elongations of the aleuriophore 

or by terminal elongations, scars of former aleuriospores remaining. 

ANGUILLOSPORA LONGISSIMA (Sacc. & Syd.) a and 

ANGUILLOSPORA PSEUDOLONGISSIMA n. 

Anguillospora longissima was found throughout the year on a wide variety of 

submerged and decaying angiosperm debris.: It is very common in California and 
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has been found in almost every collection. It is frequently the dominant fungus on 
the substratum 

De Wildeman (1893) collected aig described a fungus under the binomial Fusarium 
elongatum. Since he was unable culture it or find stages in the development of 
it other than the ang Sod and some faintly pigmented mycelium, the 
genus Fusarium seemed like a good choice. Saccardo and Sydo 1899) changed 

down of a specialized separating cell (Fig. 1 A). On the basis of the separating cell 
and the fact that es are aleuriospores whereas the spores of Fusa a 
phialospores, Ingold made this fungus the type of a new genus, Anguillospora. 

en rg cee longissima (Sacc. & Syd.) Ing., Trans. Brit. Myc. Soc., Vol. XXV, 

ee ewe De Wild., Ann. Soc. Belge Microsc., Vol. a. 40:1893. 
Fusarium longissimum (De Wild.) Sacc. & Syd., Syll., 1128:1 

Submerged aquatic fungus with branched, septate mycelium, colorless. Aleuriophores 
simple or sparingly ee colorless, bearing at the tips one spore. Aleuriospores 
terminal, colorless, sigmoid or falcate, = rae da 150-350 mu long, 5-6 mu broad 
in the middle and tapering . 2.5-3 mu the tips, 6-10 or more cells; eters 
from the aleuriophores by the ane of special pe cells at the ends 
of the aleuriophores. 

That this fungus is not a Fusarium is clearly evident. That the separating cell is 
id m 

were otherwise but little different from the fungus described by mee ; aie 
me br 

black with a narrow white margin. No spores were formed aerially, ae Ae a ee 

at malt agar. 
e for the nce of the separating cell, these fungi fit the generic 

character for pe Si as eechiened by Ingold. Rather than create a new 
nus hat e only a species category, especially in view of the fact 

Ae Ingold himself ak has added a species without a separation cell to this 
genus, it is proposed that the genus Anguillospora be expanded to include these forms. 

Anguillospora Ing. 

ubmerged aquatic fungi with branched, septate mycelium. Aleuriospores terminal, 
eel-like, septate, colorless, either separating from the aleuriophore by the breakdown 
of a separating cell or by a disarticulation oe rounding off process at a septum 
at the end of the Ane 

Anguillospora pseudolongissima n. sp. (Figs. 1 T, 3 A) 

Submerged aquatic fungus with branched, septate mycelium, colorless. Aleuriophores 
branched or sometimes simple, colorless, 50-150 mu long, 3. mu br euri 
spores terminal, colorless, sigmoid or falcate, scolecosporus, 50-100 mu long, 4.6-6 mu 
broad in the midale and tapering to 3-5 mu at the tips, 5-8 celled. Aleuriospores 
shed by a gradual disarticulation and eens off process at one of the septa at 
the end of the aleuriophores. 
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On decaying and submerged leaves of Salix sp. in a creek near Bishop, Hab. 
Mono County, California 

Anguillospora pseudolongissima sp. nov. 

Fungus aquaticus submersus, a mycelio ramoso septato, sine colore. Aleuriophorae 
50 5 mu si colore, ramosae vel subinde simplices, 50-1 mu longitudine, 3.5- 

latitudine. Aleuriosporae acrogena, sine eos sigmoideae ee falcatae, scolecosporae, 
50-100 mu longitudine, medio 4.5-6 mu latitudine, utrinque ad 3-4 mu attenuatae, 
5-8 cellulatae. Aleuriosporae a ising serene gradata parietis et turgescente cel- 
lularum contra septum aliquem apices aleu 

Hab. In foliis submersis eee Salicis sp. in rivulo prope Bishop, 
Comitate Mono, Californi 

For both Anwuillosiiee Daneel and A. pseudolongissima, colonies, arising from 
single-spore isolations, have produced some secondary sporulating structures. The 

nat s of A. longissi 

er. ter t 
phialospore had taken place, another began its development in the bottom of the 
tube hens by the wall of the tip of the phialide after the ie of the first 
phialos 

t was ail that the phialospores and pycnidiospores were spermatia. However, 
matings between the two species and between different single-spore isolations of 
each species collected from several localities also proved unsuccessful. All attempts 
to germinate the phialospores and pycnidiospores were also unsuccessful 

ANGUILLOSPORA GIGANTEA na. sp. 

This species (Figs. 1 K, 3 B-G) was found only during the summer and early fall 
months on submerged and decaying cottonwood leaves and twigs. It does not 

) 

the sporophore on one hand and the sporophore and the spore on the other is very 
difficult; these structures gradually blend into one another. 

The spore begins its Feet teal as a yee en . be sporophore tip; it 
enlarges from 2.5 mu r the base to 5-6 nea and forms the spore 
primordium. Ver ee in its ee i spore pelea is delimited by 
a transverse septum (Fig. 3 B). As the spore primordium elongates, with growth 

r less restrict terminal portion, cross-walls are f n 
curvature th re is brought about by the activity of the growing tip. The 
curvature is n ways restricted to plane so that when the spore is ma 

i less sig but generally less so than the spore of A. longissima 
p e 

and is 5—6 mu in width in the middle and tapers gradually to 2.5-3 mu at the tips. 
The spore is shed in the same manner as A. paeudolongsina There is only one 
spore, clearly an aleuriospore, formed on each sporophor 
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The fungus was isolated in pure, single-spore culture. On malt agar a dense 

colony was formed with a thick cottony aerial mycelium. Shortly after the colony 

of the older hyphae were colored a reddish-brown and that the agar itself was stained 

purple. The aerial hyphae were less pigmented and appeared light pink in color. 
ure 

Aleuriospores are not produced on r When however, a narrow slice of the 

were eveloped! When the sclerotia were epee in water a loose sporodochium was 

readily in water or on malt agar and germ-tubes were formed by any or all of th 

cells of the spore. 

Anguillospora gigantea n. sp. 

Submerged aquatic fungus with branched, septate, colorless mycelium. Aleurio- 

phores simple, colorless, up to 65 mu long, 2.5 mu wide, bearing only one aleuriospore. 
750 m 

6-10 celled; shed by a 7 naaeela and rounding off Broce of one of the 

terminal septa of the aleuriophore. 

Hab. On decaying and en leaves and twigs of Populus sp. in an irrigation 

ditch near Walnut Creek, Contra Costa County, California. 

Anguillospora gigantea sp. nov. 

Fungus aquaticus ae mycelio septato, sine colore. Aleuriophorae sine 

colore, simpliciae, ad 6 u longitu dine, 2.5 mu latitudine, sporam unicam ferens. 

Aleuriosporae acrogenae, sine ne color, sigmoideae vel falcatae, scolecosporae, 150-750 

longitudine, medio 5-6 mu latitudine utrinque attenuatae gradatim ad 2.5-3 m 

6-10 cellulatae; a Ferien: turgescenteque cellularum ad aliquem cellulam 

terminalem sporophorae contiguarum liberatae. 

Hab. In foliis et ramulis submersis Peathiog roan i Populi sp. in fossa irrigationis 

prope Walnut Creek, Comitate Contra Costa, Californ 

LUNULOSPORA CURVULA Ing. 

Ingold (1942) first described this beautiful fungus (Figs. 1 V, 4 A-I) as the type 

and only species in his new genus Lunulospora. It has been found throughout the 

year and throughout the state of California especially during the spring and summer 

months. 
The sparingly branched or occasionally simple sporophores project from the 

i at petioles and larger veins of the ting leaves into d ain a length 

of 75-2 u. The sporophore may have two or three branches, and at the tip of 

each a ear three or four spores in varying stages of development 

Spore formation is initiated by the production of a clavate cell some 12-1 in 

lengt 2-4 width that is soon delimited from the sporophore by a basal 

septum ee 4 A, B). Shortly after the clavate cell is cut off, another septum forms 

2-6 mu above the first one (Fig The upper cell is the spore pri and 

when the spore is mature. The spore primordium elongates by means of apical 
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growth. When the spore primordium has about doubled its length, a second growing 
point differentiates at the base of the spore primordium and to one side o the 

result. The spore, clearly an aleuriospore is unicellular. At maturity the stalk cell 
breaks down and the spore is released. 

While the first spore is developing on the sporophore tip, a second and third spore 
are often produced alongside the first and truly terminal one. This may be repeated 

appearance and may reach a width of 8-10 mu and support as many as five or six 

ae fungus has been isolated ue times in single-spore, pure culture. On ma 
g rather dense white colony was ap with little aerial mycelium. As ‘ 
piano aged, the older regions became a dark olive green or greenish-black in a 
very irregular manner, and the cultures nee readily. Aleuriospores are not formed 

m 

every way to those formed in nature. After the fungus has been for a 
few weeks, it has a tendency to become sterile. At first the spores isolated from 
culture would germinate rea water or 0 It agar; later o e spores would 
not germinate and still later spore production was considerably reduced and finally 
ceased altogether. 

Lunulospora curvula Ing., Trans. Brit. Myc. Soc. Vol, XXV, 404:1942, 

Submerged aquatic fungus with eile, septate, colorless mycelium, Aleuriophores 
simple or sp. aringly branched, 75-250 mu long, 3-4 mu broad. First aleuriospore 

apex of the gia cokes Aleuriospores colorless, lunate, sigmoid, unicellular, 65-90 
mu long, 5-6 mu broad at the point of attachment, tapering to 0.5-1 mu at the 
tips; attached e a stalk cell at a point along the convex surface; liberated by the 
dissolution of the stalk-cell. 

ARTICULOSPORA TETRACLADIA Ing. 

This fungus (Figs. 1 P, 5 A-G), the type species of the genus, was originally collected 
and described by Tagold (1942). It has been found in California from late spring 

i i It 

It was collected more by accident than by design. The studies were made on pure 
cultures of the fungus obtained by single-spore isolations. 

On malt agar the colony consisted of a dense buff colored mycelial mat with a 
thick white or greyish aerial mycelium in large scattered tufts. Spores were formed 
only when a piece of the colony was placed in w 

The spore primordium, the first formed beanck of the spore, is initiated by the 
cutting off by a septum of - terminal portion of a sporophore or a branch (Fig. 5 B, 

m the apex of the spore primordium the second ak of the spore is 
initiated much like the vee of a yeast cell (Fig. 5 B, C). The second branch, 

s 
a ea line with the first. Close to the point of origin of the second branch and 
slightly to one side a new cell is budded out on the first branch (Fig. 5 D). As the 
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third ae develops it displaces the second to one side so that at this stage the spore 
resembles a “Y.’? While the pera of the second and third branches proceeds, 
the cane is initiated in the same manner as the other two and more or less between 

Usually, while the first Spoke: is developing, a new spore is se inte! in a bud-like 

Oo ial oO 5 fa = tad jo) = oO m3 n ae | iam = n S 5 jo) ior) is") wv n p ce oa o st is") oD pet) =e oO QR. _ o Q Oo Eh =] = early 2 <i in no way di 
Often, in culture, the second or third spore “bud” may develop into a lateral branch 
of the sporophore and become several cells in length, then the terminal cell becomes 
the spore primordium. The spores are liberated by disarticulation at the basal 
septum (Fig. 5 C, G). The spores are clearly aleuriospores. 

Articulospora tetracladia Ing., Trans. Brit. Myc. Soc., Vol. XXV, 327: 1942. 

Submerged aquatic fungus with branched, sap cp colorless mycelium. Aleuriophores 
simple or sparingly branched, eS up to 40 mu long, 3-4 mu wide. Aleuriospores 
terminal, colorless, composed of four ane branches; the first branch 17-25 mu 
long, 3-5 mu wide, 2-3 celled; a other three branches, of more or less equal length, 

Aleuriospores produced in succession i ftom the tips of the aleuriophore and its branches 
but not basipetally. 

ARTICULOSPORA MONILIFORMA pn. sp. 

In the spring of 1947 in Calaveras County and again in the summer of 1949 in So- 

merged and decaying alder and willow leaves. This species was not v abundant 
n the leaves and has been collected only w times. It is quite eee that 

A. moniliforma was overlooked f he same reasons that A. tetracladia 
branched sporophore ten ite short and at most hardly exceeding 50 mu i 

fu as cea isolated several times in single-spore, pure culture and 
all Le ee made on pure culture material. 

mal r ie Rea formed a dense, compact, dull orange colony with no g 

cottony aerial mycelium. The surface growth consisted of a firm crust or a series 
of irregular small crusts of densely packed, intertwined globose hyphal cells filled a 

followed the same basic pattern of development as A. tetracladia, but the sporophore 
and spore morphology were different. 

e main axis of the sea e Nt is little differentiated from the vegetative hyphae. 
The distal portion of the axis and all of the lateral branches are composed of 

ally the individual cells are globose at both ends with a relatively narrow isthmus 
between the swollen portions. 

The formation of the aleuriospores and the sequence of development of the branches 
are like those of A. tetracladia. The aleuriospores, however, are markedly smaller 

ata, A 

While the second, third and fourth branches of A. tetracladia are somewhat obclavate 
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and are separated from the first formed one by narrow isthmuses, the first formed 
he 

branches of the aleuriospores which gives to the whole sporulating apparatus 
beaded appearance 

Articulospora moniliforma n. sp. 

Submerged aquatic fungus with branched, septate, unin mycelium. a 
branched, colorless; lower unbranched portion -30 mu long, 2-2.5 mu a 
upper branched portion composed of clavate cells, 10-15 mu long, 5-6 mu wide 
tapering to 2.5 mu at the base. Aleuriospores terminal, colorless, composed of four 
divergent branches; first formed branch clavate, 13-16 mu long, 2.5-4 mu wide at 
greatest width; second, third, and fourth branches obclavate, 10-16 mu long, 3-4 mu 

ide, tapering to 1.5 mu at the tips, separated from the first branch by narrow 
isthmuses. The four branches arise in succession. Aleuriospores produced in succes- 
sion at or near the tips of the aleuriophores but not basipetally. 

Hab. On submerged and decaying leaves of Salix and Alnus spp. Stanislaus River, 
Calaveras County, California. 

Articulospora moniliforma sp. nov. 

ungus aquaticus submersus, a mycelio ramoso, septato, sine colore. Aleuriophorae 
ramo sine colore, infra simplices, 25-30 mu longitudine, 2-2.5 mu a 
pars sneROR aleuriophorae ramosae, compositae a cellulis aa, 10-15 mu longi- 
tudine, 5-6 mu latitudine ad basis attenuatis ad 2.5 mu. Mnlacaotae acrogenae, 
sine colore, a radiis divergentibus, radio primar 10° clavato, 13-16 mu lo seinen: 

latitudine, utrinque attenuatis ad 1.5 mu a conjunctis cum radio primario ednsttietin, 
radiis quattuor ex ordine sels Aleuriosporae ad apices ramulorum aleuriophorae 

i i i tae. ev 
Hab. In foliis submersus putrescetibusg Salicis sp. et Alni sp. flumine Stanislaus, 

Comitate Calaveras, Californ 

TETRACLADIUM MARCHALIANUM De Wild. and T. SETIGERUM (Grove) Ing. 

Tetracladium marchalianum De Wild. (Fig. 1 F) and 7. setigerwm (Grave) Ing. 

in addition to a wide variety of angiosperm debris may be found on such substrata 
as Marsilia and decomposing Jsoetes. 

Tetracladium marchalianum De Wild. Aun. Soc. Belge Microsc., Vol. XVII, 

Cerasterias raphidioides Reinsch var. inaequale, Notarisia, Vol. III, 512:1888. 

Submerged aquatic fungus with eee septate, colorless mycelium. Aleuriophores 
simple or branched, bearing one to several aleuriospores at the tips in various 
stages of Pepa Aleuriospores one of four divergent branches up to 
25 mu long, 2-3 mu wide at the base, tapering gradually to a point, and two 
ce more or less spherical or oblong, one- or two-celled, 2.5-5 mu broad and up 
t u long. One of the knobs is tated in the axil of the four branches and the 
eee ae the smaller, some distance out on a branch on the upper surface. 

Tetracladium setigerum (Grove) Ing., Trans. Brit. Myc. Soc., Vol. XXV, 369:1942. 

Cerasterias raphidioides Reinsch var. in uci Sa Vol. III, 512:1888. 
Tridentaria setigera Grove, J. Bot., Vol. L, 16:1 



RANZONI: THE AQUATIC HYPHOMYCETES OF CALIFORNIA 367 

Submerged aquatic fungus with branched, septate, colorless mycelium. a a 
simple or branched, bearing one to several aleuriospores at the tips in various stag 

i t 

Psion elliptical, 13-15 mu long, 2.5-3 mu wide, two- to three-celled. Two of the 
knobs situated in the axil of the branches and the other some distance out on the 
upper surface of one of the arm 

TRICLADIUM SPLENDENS Ing. 

This species Me 1 U, 7 A-G) and type of the genus was found by Ingold and 
described by him in 1942. Though the fungus is a common one in England, it has 
been collected Be four times in California and appears to be one of the rarer species 
in this locality. 

The sporophores are little differentiated from the vegetative hyphae and are up 
to 65-75 mu in length. The spore primordium is formed when the terminal, clavate 
portion of a ee is delimited by a transverse septum (Fig. 7 A). The spore 
primordium increases in size by apical growth and forms the curved main axis of the 

or an ao oer to the naa axis and tapers gradually to a a The lateral 
branc 2-60 mu in length and 5 mu broad near the base, is separated from the 

two- or three-celled. The mature spore, then, consists of a main axis that is more 

black colony was developed with a narrow white border; the colony was frequently 
inconspicuously zonate. Spores were not formed on agar but when a slice of the 
colony was placed in water, spores were produced in fair abundance in twenty-four 
to thirty-six hours. The majority of spores, in culture, agreed with those found in 
nature. Sometimes, however, ae numbers of abnormal spores were developed, i.e., 
spores with only one branch so that a “Yy" shaped object resulted or spores without 
any branches. The a ee spores, when cultured, produced colonies indistin- 
guishable from those of normal spores and when placed in water the spores obtained 
behaved like those of the original isolates 

Tricladium splendens Ing., Trans. Brit. Myc. Soc., Vol. XXV, 385:1642. 

ged aquatic fungus with branched, septate, colorless hyphae. Aleuriophores 
sei ; aati sim 3 ng, 3- e leuriospores terminal, 

co ss, consisting of an elongated curved main axis, 2-5 septate, 50-10 long, 
road, tapering to 3 mu at the tips, and two div ee sano peer 

from the convex side of the axis in different planes. Branch apart, 
32-60 mu long, 5 mu wide near the base and tapering to 1-2 mu . ae he ps, each 
separated from the main axis by a narrow isthmus less than 2 mu wide. Aleuriospores 
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shed by disarticulation and rounding off of the cells on either side of one of the 
lower septa. Only one aleuriospore is produced on the aleuriophore or its branches. 

TRICLADIUM ANGULATUM Ing. 

The second species of the genus (Figs. 1 B, 7 H-N), first cesiap i in 1942 by 
Ingold, was collected throughout the year in California. It was most frequently 
found from February through July and less commonly at other oie It is a ver 
common fungus and often forms miniature forests of sporophores and spores over the 
surface of the substratum 

The s orophores range rote simple ones to those with four or five branches and 
ple 

; eptum 
above the second, and just ee this <entinn a second branch is initiated. The 

m 
main axis as the first branch one 7 L). Thus the main axis of the Spore is 

The spore is released in the same ‘aiton as T. ae ens. 
While the first spore is developing, a new clavate extension of the sporophore ide, te. he 

so that at any one time, on any one sporophore, a number of spores in various 
stages of maturation may be found. The sporophore during this process takes on 
the same clavate or platform appearance of Lunulospora curvula. The spores are 
a Pais se res 

ngus has been isolated in pure, single-spore culture many times. The spores 
n malt a 

hours. Abnormal spores with only one branch, o branches at all were ea 
formed in culture but germinated and fcmied eae like the normal o 

Tricladium angulatum Ing., Trans. Brit. Myc. Soc., Vol. XXV, 389:1942. 

merged aquatic fungus with cen We septate, pees cohol Aleuriophores 
ee simple to sparingly branched, 60-100 mu long wide. Aleuriospores 
terminal, colorless, branched, each pene of a main pra mu long, 4-5 mu 
wide, tapering to about 2.5 mu at the oun and bent into an obtuse angle at the 

n point of juncture of each branch. nches are not in the same plane. 
25-35 mu long, 6 mu broad at the base an tapering to 2.5 mu at the tips and 
inserted on the main axis some distan Aleuriospores produced in succession 
but not basipetally and shed by the sae oe of the basal septum. 

TRICLADIUM GRACILE Ing. 

Though this species (Figs. 1 M, 8 A-E) is described by Ingold (1942) as being 
common in Britain, it is one of the rarer species in California. It was found only 
a few times during the winter and spring months and never in abundance 
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The development of the spore, an aleuriospore, is essentially like that of T. 

angulatum and to a lesser extent like T. splendens. Though agreeing with the other 

1 

is only one aleuriospore on the aleumophore as in T. splendens. The lateral branches 

of the spore are inserted on the scorpioid main axis by a broad base as in T. angulatum. 

The lateral branches are either equal in width throughout except at the base or only 

slightly tapering. The aleuriospores are very much larger than they are in either of 

the other two species. 
Tricladium gracile has been isolated several times in single-spore, pure culture. 

n malt agar the fungus formed a dense, compact mycelial mat that was at first 

mycelium. The colonies were occasionally zonate. Though no spores were forme 

agar, seis were formed in large numbers twelve hours after the colony was placed 

in water. 
In some of the two-day-old hanging-drop en there was observed some small 

clusters of phialides grouped at the terminal regions of old aleuriophores or newly 

produced determinate hyphae; in each case a hialide was terminal (Fig. 8 E). 

The phialides and phialospores were similar in appearance and identical in behavior 

to those found in Anguillospora pseudolongissima. All attempts to germinate the 

phialospores failed. It was thought that they might be spermatia which might 

function when mated with the complementary strain. Using all of the available 

isolations in mating experiments, negative results were obtained in every case 

Tricladium gracile Ing., Trans. Brit. Myc. Soc., Vol. XXVII, 38: 1944. 

Submerged aquatic fungus with septate, branched, colorless mycelium, Aleuriophores 

wn 3 ae WW & 33 io) ad (ad oO nH ua ~J nr oy =) ag od ° r) o i) 5 i =] oOo oO =] a] =F ° n 4g) o = o > — oO (= 23 ° n KS) ° ioe J oO 77) 

of juncture of each branch; branches straight, generally even, 50-100 mu long, 

1.5 mu broad, situated on the main axis 12-30 mu apart. Aleuriospore shed by 

Cae at the basal septum. 

TRICELOPHORUS MONOSPORUS Ing. 

Originally described by Ingold (1943), this remarkable fungus (Figs. 1 H, 6 A-G) 

was found most commonly in California during the spring, summer and fall months on 

it was found to occur in great abundance in certain localities and was Pmnes 

The sporophores, little differentiated from the vegetative hyphae, are usually 

simple but y be branched once or twice. They vary in length from 20-150 mu 

and are between 1.5-2 in diameter. The initiation of the spore is first apparent 

by a eee septum hen the spore piimerdidn becomes obclavate in shape, 

a per: 

the tip. The terminal cell forms one of the four divergent branches of the spore 

(Fig. 6 D-G). While the terminal cell is still but little elongated, a small bud-like 

swelling, similar in appearance to the bud of a yeast cell, is formed on the equator 

or slightly below the equator of the basal cell of the spore primordium (Fig. 6 C). 
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By enlargement and terminal elongation, the bud becomes one of the three down- 

ward-directed branches of the spore. Shortly after oo ca branch is initiated and 

its elongation begun, a second bud is formed some 120 degrees away and in the 

Generally there are several spores produced on the sporophore, though in each case 

there is a short period of terminal growth of the sporophore following the release 

of each spore. 
The fungus has been isolated in single-spore, pure culture many times. The 

aleuriospores germinated readily in water and on malt agar. Germ-tubes were formed 

from the tips of the divergent branches. On malt agar it grew very slowly, the 

nd of r 

y 
layer that on examination proved to be spores. These aerial spores were similar in 

every way to those formed in nature and to those formed when the agar colony 

was placed in water. 

Tricelophorus monosporus Ing., Trans, Brit. Myc. Soc., Vol. XXVI, 148:1943. 

Submerged aquatic fungus with septate, branched, colorless pine Aleuriophores 

colorless, simple or sparingly branched, 20-150 mu long, 1.5-2 mu in diameter 

Aleuriospores colorless, terminal, ey ag. consisting of a main axis and hie 

a directed branches arising from a limoniform basal cell; main axis con- 

tinuous with the aleuriophore, divided into two cells, the basal cell limoniform, 

4-6 mu He 3-3.5 mu wide, the terminal cell tapering from 3-3.5 mu wide to 

: 1.5 at the tip, 30-40 mu long. The divergent branches 120 degrees apart arising 

from the equator of the limoniform cell, 25-30 mu long, 2-2.5 mu broad and tapering 

to about 1-1.5 mu at the tips, separated from the basal cell by abrupt isthmuses of 

about 1 mu in diameter. Aleuriospores shed by disarticulation at a basal septum 

CLAVARIOPSIS AQUATICA De Wild. 

This beautiful fungus (Fig. 1 R) was first collected and described by De Wildeman 

in 1895. It apparently escaped further notice until Ingold (1942) collected and figured 

it. As Ingold remarked, this fungus is extremely common and, excepting possibly 

all atte to germinate the pycnidiospores have failed. Perhaps the pycnidiospores, 

as per those of Anguilospora longissima, are actually spermatia rat 

propagating units, however, this ect was not attacke M of the sclerotia, p 
wever, when placed in water produced sporophores and spores like those found i 

re. 

Clavariopsis aquatica De Wild., Ann. Soc. Belge Microsc., Vol. XIX, 197:1895. 

merged aquatic fungus with septate, branched, colorless mycelium. Aleuriophores 

colorless, simple, 50-200 mu long, 2-3 mu broad. Aleuriospores terminal, colorless, 
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consisting of a clavate two-celled main axis, 35-45 mu long, 11-15 mu broad at the 
apex and tapering downward to 2.5-3.5 mu at the base, and three divergent branches, 
40-80 mu long, 2-2.5 mu broad, even, arising equidistant from each other from 
the truncate apex. Aleuriospores ered by disarticulation at the basal septum, borne 
in succession but not basipetally 

TETRACHAETUM ELEGANS Ing. 

Ingold collected and described this organism (Figs. 1 I, 10 A-F), the type and 
only species of the genus, in 1942, Though it seems to be one of the common species 

clavate tip of the sporophore (Fig. 10 A-B). The growth in length of the spore 
primordium is by apical elongation. As ma turation proceeds, a relatively large 

about the same length (Fig. 10 E-F). 
Shortly after the initiation of the two secondary growing points a new transverse 

septum is formed about 5 mn Bie or below the septum that originally delimited 
e spore primordium (Fi O E). This cell behaves are like the previously 

described separating cell = Gee longissima, When the spore is mature 
this cell breaks down and the spore floats away. For a brief period thereafter, ms 
short collar may be seen remaining at the base of the liberated spore, an aleuriospore, 
and the tip of the aleuriophore (Fig. 10 ee When the spore is shed the spore- 
eee as hee of the aleuriophore is at an end. 

s has been isolated in pure, aes -spore culture. The spores germinated 

ed a dense, creamy-white mycelium ithout a fluffy aerial growth 
Spores were produced in culture only when a slice of the agar colony was placed 
i ore formation was exceedingly abundant under these conditions. The w 
pleerCspare: and aleuriophores were identical in every way to those formed in 
nature. 

Tetrachaetum elegans Ing., Trans. Brit. Myc. Soc., Vol. XXV, 337:1942. 

Submerged aquatic fungus with oe branched, colorless mycelium, Aleuriophores 
simple, colorless, 50-150 mu in length, 2.5-3.5 m ie brea d, each bearing one aleuriospore. 
Aleuriospores terminal, colorless, each consisting of a main axis 200-300 mu long 
oe 5 mu wide, 4-6 igelled: and two lateral, divergent branches, 100-150 mu Tene, 
.5-2.5 mu broad, situated aide by side midway along the main axis. erie 
ee by the breakdown of separating cells 5-6 mu in length at the end of t 
aleuriophore. 

CAMPYLOSPORA CHAETOCLADIA n. gen., n. sp. 

n November of 1948 on skeletonized maple leaves from a stream in Sonoma 
County and again in April of 1949 on a leaf too decomposed to identify from a 
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melting snow freshet at Mineral, near Mount Lassen Sane Park, California, a 
most unusual and interesting fungus was collected (Fi 1 1 A- The 

mycelium, “like that of all the other fungi in this aquatic aoe ramified throughout 

the secondary and primary veins of the leaves and only the sporophores and spores 

were visible. 
The sporophores are very short, 10-20 mu in length and 2-2.5 mu in diameter; 

the sporophores, unbranched, appear to be no different from the vegetative hyphae. 

A short clavate swelling, some 10 mu in length, appearing at the tip of the sporophore, 

is the first indication of the spore primordium (Fig. 11 B). The clavate tip soon 
becomes conspicuously pyriform at which time the delimiting septum appears be- 

tween the spore primordium and the sporophore (Fig. 11 C). Further enlargement 

of the spore primordium is in a lateral direction so that it soon resembles very 
D). A 

forms which divides the 
which are, as far as position goes, actually side by side (Fig. 11 E). The terminal 

the basal cell and the fourth on the bags side of the septum that originally 
divided the spore primordium in half (Fig. 1 eds 

The method of growth of these growing points is quite different from that which 
pertains in all the other aquatic Hypho hate pee ted. Instead of growing 
out in a straight, perpendicular line, each of the growing points produces an appendage 
that is bent into a tight arc ge almost the entire elongation of the appendages takes 

place in this oe (Fig. 11 I-J). About two or two and one half hours before 
the spore is shed the appendages begin to straighten out (Fig. 11 K). When the 
straightening process is completed, the spore, an aleuriospore, is set free by the 
disarticulation of the basal septum (Fig. 11 L). 

The aleuriospore is a multicellular structure. Each of the appendages, sae 

of the spore attached more or less transversely to the main body of the spore by a 

narrow isthmus. vag ree triangular basal cell is sometimes divided by one or more 
cross-walls so that one of the appendages arising from this “cell” appears to be at 
the end of a short ac (Fig. 11 L). The mature aleuriospore of this fungus, then, 

shed, a se oO 
sporophore following a slight elongation of the terminal portion of the sporophore 
slightly to one side of the site of the first spore (Fig. 11 M). Aleuriospores are 

knots of hyphae were formed about 0.5 mm. in diameter in the aerial mycelium 

in water only a few spores were formed but similar in appearance to those found 

in na ture. When these spores were planted on agar no germination occurred. Attempts 

to germinate these spores in hanging-drops also failed. It was found that after 

being in cultu ure for about three weeks those few cultures that did produce spores 
no longer re) 

If text- fae 1, #18 of Ingold’s paper on the aquatic Hyphomycetes (1942) is 

examined, it will be noticed that there is a striking similarity between this figure 

and the fungus just described and figured. Ingold listed that spore as one of unknown 
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identity. While no claim is being made that these two are identical, it seems, on 
the basis of the structure of the spore Ingold figured, that it may very well fit into © 
the same genus as the fungus here described. Ingold’s figure shows an asymmetrical, 
multicellular spore with four divergent appendages and seems to have the main body 
of the spore branched as well. Until eal se can be made on that 
organism, the issue will, of course, be in dou 

Since our fungus resembles no known described organism, it is proposed that it 
be made the type of a new genus, Campylospora. The name is suggested by the 

of the spore are also bent into an arc during the course of their development 

Campylospora n. gen. 

Submerged aquatic fungi with branched, septate, mycelium. Aleuriospores septate, 
colorless, asymmetric, consisting of a basal cell with two divergent appendages and 
lateral branch with two divergent appendages 

Campylospora chaetocladia n. sp. 

Submerged aquatic fungus with branched, septate, colorless mycelium. Aleuriophores 
ie unbranched, 10-20 mu long, 2-2.5 mu broad. Aleuriospores colorless, 
terminal, multicellular, each consisting of a basal cell 8.5-12 mu wide, 10-14 mu 

similar in appearance to those on the basal cell. Aleuriospores produced in succession 
but not basipetall 

ab. On decaying submerged leaves of Acer sp. in a stream in Sonoma County, 
California. 

Campylospora gen. no 
Fungi submersi ee a mycelio ramoso, septato, sine colore. Aleuriosporae 

setatae, sine colore, asymmetricae, a cellulo basale cum duo radiis divergentibus et 
faut laterale cum duo radiis divergentibus, composita. 

Campylospora chaetocladia sp. n 
Fungus aquaticus 2 ee a ee. ramoso, septato, sine colore. Aleuriophorae 

sine colore, breves, simplices, 10-20 mu longitudine, 2—2.5 mu latitudine. Aleuriosporae 
sine colore, multicellulares, "composite cellulo hasale ae mu latitudine, 10-14 mu 

longitudine, 6-3 mu latitudine ad nctum a cellula basale affixum ad cacuminem 
ad 1.5 mu attenuata, et ramulo fe 10-25 longitudine in perpendiculum ad 

m transversalem aleuriosporae a ad apices alteruter r dio ad eos cellulae 

phorae subsecuta e 
Hab. In foliis eee putrescentibusque Acer sp. in rivulo, Comitate Sonoma, 

California. 

FLAGELLOSPORA CURVULA Ing. 

Flagellospora curvula (Fig. 1 D, 12 A-F), the type of the genus, was collected 
and described by Ingold in 1942. Though common enough in En gland, it was collected 

be much more common than it appears to be. It was cultured more by accident 
than by design since the spores that were isolated were thought to be those of 
Anguillospora longissima. 
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In spite of the gross similarity that exists between the spores of A. longissima and 

F. curvula, the fungi are quite different in at least one important respect and several 

i ny wi 

agreement with Ingold’s drawings and photographs. The sporophores are relatively 

simple and possess a short unbranched basal portion, 50-75 mu in length and 2.5-3 mu 

in diameter, which bears at the tip a number of short branches. The branches either 

bear phialides or are themselves phialides. The phialides are somewhat clavate, 

8-25 mu in length and about 3-4 mu in diameter near the apex and taper to 

2-2.5 mu at the base. From the tips of the phialides are produced in succession 

sigmoid or crescent shaped non-septate conidia, 100-150 mu in length and 2-2.5 mu 

broad at the widest point and taper gradually to 1-1.5 mu at the ends. These conidia 

germinate well in water as Ingold has pointed out. It is, however, only a relatively 

e agar 
Since F. curvula produces true conidia in the form of phialospores it is clear that 

Ingold was justified in excluding it from the genus Anguillospora on the grounds 

that the latter is founded on a fungus characterized by aleuriospores. 

Flagellospora curvula Ing., Trans. Brit. Myc. Soc., Vol. XXV, 402:1942. 

Submerged aquatic fungus with septate, branched, colorless mycelium. — 

phores colorless, branched, bearing a number of phialides. Phialides pesca 18-25 m 

long, 3-4 mu broad near the apex, tapering downward to 2-2.5 at the Hes 

Conidia — sigmoid or lunate, non-septate, 100-150 mu in nee 2-2.5 mu 

broad in middle and tapering to 1-1.5 mu at the tips; produced in basipetal 

succession on a. phialides. 
FLAGELLOSPORA PENICILLIOIDES Ing. 

The second species in the genus acpi (Figs. 1 E, 12 G-K) was nega 

principally on decaying and submerged willow leaves and on the leaves, twigs and 

samaras of maple. 
The conidiophores are perhaps the most conspicuous feature of this species. They 

are well ae as sap branched as a rule and are strikingly similar in structure 
2 

or more. The ae of the conidiophore terminate in clusters of six to eight 

bottle-shaped phialides. The phialides are 15-20 mu in length and 2.5-3 mu broad 

at the widest point and taper slightly both upward to about 1 mu and downward 

to about 1.5-2 mu at the base. From the tips of the phialides conidia are produced 

in basipetal succession. 
The conidium begins its development as a finger-like process from the tip of the 

phialide (Fig. 12 G-—I). Subsequent development shee primarily of increase in 

diameter and in length. Growth in length is not all in plane so that the mature 

Ordinarily the conidia are one-celled when shed; shortly after release, but belon 
germination, they become more or less equally two-celled 

The conidia germinated readily in water or on malt or prune agars. On malt agar, 
; ; : i 

aerial growth, muc as aggregated into mycelial cords. When these were 
examined microscopically it was found that the cells of these strands had somewhat 

thicker walls a ore oleaginous contents than the other hyphae lony was 

on this color. Only when slices of the colony were placed in water were conidiophores 
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and conidia produced in any numbers. Occasionally conidiophores and conidia 
would be produced from the cut surfaces in petri dish culture. Spore formation 

: LG 

and conidiophores were similar to those found in nature and arose for the most part 
from the mycelial cords. The ee observed by Ingold, were not seen. 

In spite of Ingold’s doubts in the matter, the genus Flagellospora seems to be a 
dia perfectly satisfactory choice for this fungus. The F. curvula and F. 

penicillioides are very much alike, ie., unicellu ilar when shed, ee or lunate, and 
borne on phialides. The principal difference between the conidia is size. 
The difference in conidiophore structure, which to Ingold was the chief point of 

doubt, is a difference in degree rather than in kind. Merely shorten the unbranched 

basal portion of the conidiophore of F. penicillioides from 200 mu to something like 

25-50 mu and the conidiophore of F. curvula is very closely approximated. On the 
whole, the genus Flagellospora seems to be a very good place for this fungus. 

Flagellospora penicillioides Ing., Trans. Brit. Myc. Soc., Vol. XXVII, 41:1944. 

Submerged aquatic fungus with septate, branched, colorless mycelium. Conidiophores 
clots, _ penis main axis 100-200 mu long, 3.5-5 mu broad, bearing branches 
of sev orders and each terminating in a cluster of 6-8 ampulliform phialides, 

: u br Conidia 
long, 2.5-3 mu wide in the middle and tapering to 1.5-2 mu at the ene produced 
in basipetal succession from the phialides. Conidia when shed become two-celle 

HELISCUS AQUATICUS Ing. 

When Ingold first described this species (Figs. 1 J, 13 A-I) in 1942 he referred 
to it as one of the rarer aquatic Hyphomycetes. This is also the case with Heliscus 
aquaticus in California; it was collected only once in October of 1947 on 
submerged and decaying leaf of Cornus sp. 

The colorless conidiophores, which may be simple or sparingly branched, terminate 
in phialides; the simple conidiophores bear only one phialide. A small spherical Be 

mordium 
(Fig. 13 D). This soon becomes either roughly cylindrical or clavate. The cylindrical 
primordia remain more or less the same diameter throughout, about 4 mu, whereas 
the clavate primordia, Re mu in length and 2-2.5 mu broad at the base, expand 
upwardly so that the apex _ Measure 5-6 mu. Frequently from the apex of the 

c 
(Fig. 1 — Ordinarily when the conidia are shed they are unicellular, but 
shortly before germination, a transverse septum appears roughly midway jee the 

: 

addition to the large submerged ae, it wee os ho eel a 
pha would produce a small oval ae nidium and 1.5-3 mu 
wide, between successiv ee (Fig. 13 G- De nee was special a in 
culture. The “microconidia’” were of great nati not only a size but also 
in the ability to Daag The larger ones with more or less Homogeneous contents 
germinate as quickl the macroconidia. bie smaller ones, * 1.5 had 
small refractile globule im each end of the sp and were not me ved to eon ene 
How much of = Asks ad is a result of naan and other aautlttinne is impossible 
to state at this ti 
A number of fae single-spore cultures were obtained from the original collection. 
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n malt agar this fungus produced a light brown mycelial mat with a fluffy cream 

colored aerial growth. In contrast with Ingold’s collections, our fungus grew rather 

poorly on malt agar. When a slice of the colony was placed in water conidia were 

produced in great numbers. These conidia differed from those observed in nature 

ces. 

When the cultures aged, conidia were produced aerially in two ways. In certain 
. “ . 

r 

numbers to form a rather loosely organized sporodochium. It is interesting to note 

ial con 

most they displayed only some small irregularity of form at the terminal ends 

(Fig. 13 A). It is also interesting to note oe a large number of the aerial conidia 

were composed of many more than two cells ea 

Chlamydospores were frequently found in an older cultures. In general they were 

spherical, 10 mu in diameter, and terminal on relatively short hyphal stalks. Occasion- 

likely, however, that these spores serve as a hold-over mechanism during dry periods. 

As Ingold (1942) has pointed out, Heliscus aquaticus resembles very closely H. 

lugdunensis Sacc. & Therry (Saccardo, 1880) which was found growing on pine bark. 

This similarity is expressed both in the general shape of the conidia, i.e., clove- shaped, 

of H. lugdunensis, though no developmental details were given, are produced on 

phialides. In the light of the aquatic habitat and the high proportion of two-celled 

spores produced in nature and in the short instead of the elongated term inal pro- 

tuberances, it seems reasonable to maintain H. aquaticus as a species distinct from 
me. Fernand 

to support this idea though these investigators were convinced that they were dealing 

with H. lugdunensis. It is quite clear from their figures and descriptions that their 

fungus and the California specimen are the same. It is also more than likely that the 

polymorphism of the spores, observed by Ingold, Moreau and myself, is largely a 

function of cultural conditions. 

Heliscus aquaticus Ing., Trans. Brit. Myc. Soc., Vol. XXV, 367:1942. 

ubmerged aquatic fungus with branched, septate, colorless mycelium. Conidio- 

phores i short, simple to sparingly branched, 50 mu long, 2.5-3 mu _ broad, 

bearing one or more phialides 25-40 mu long, 3.5 mu wide at the base and tapering 

gradually upwards to 1-1.5 mu. Submerged macroconidia, colorless, cylindrical or 

clavate, 20-30 mu long, 5-6 mu broad at the apex, two celled, u sually bearing at 

2-8 mu long. Submerged microconidia, polowes, oval, 2-6 mu long, 1.5-3 mu stag 

produced on the same conidiophores with and alternating with the macroconidia. 

30-40 mu long, 5-6 mu broad, usually sichouk terminal corona. Conidia produced 

in basipetal succession, 

ALATOSPORA ACUMINATA Ing. 

Ingold collected and described this species (Figs. 1 C, 13 J-P) as the type of a 

new genus. Though common in England during winter and spring months, it 

was only found during the spring and summer months in California. It was never 
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found in great quantity and then only on skeletonized leaves. Since the conidia are 

relatively Be a structure, it is quite possible that the organism was overlooked 

more often than 

The short Laie eee 10-20 mu in length and 2.5 mu in diameter, are generally 

simple but may be sparingly branched and bear one to several bottle- shaped phialides 

similar to those of Flagellospora penicillioides. A narrow, filiform extension from 

the apex of the phialide becomes the spore Parca (Fig. 13 J-K). When the 
: ; 3 ooo el 

spore primordi attains a length of some it becomes somewhat clavate 

and begins to exhibit a slight curvature. apical nee th continues, this curvature 

becomes more and more marked so that eventually de an nd, some 

degrees, is formed (Fig. L-N). age when the curvature is well marked 

and a short distance back from the growing tip, two new growing points arise 

side by side on the convex side of the axis (Fig. ). The nee ae develop 

into two lateral, divergent branches, 18-25 mu in length and tap very fine 

points (Fig. 13 O-P). When the eae conidium is mature, a ee wall 

quickly forms between the conidium and the phialide and the conidium is released. 

As soon as the conidium is shed a new one begins to form at the apex of the phialide 

(Fig. 13 L- 
While the form and development of the conidium of Alatospora acuminata is like 

that of the spore of Tetrachaetum elegans, these two species should be ranked in 

different genera since the spore of the first is a phialospore (conidium) and the spore 

of the second is an aleuriospore 

The species has been ieolated several times in pure, single-spore culture. On malt 

agar the fungus formed a dense, tough brownish colony - septate, branched 

hyphae with no aerial mycelium. No conidia were formed on agar and when a 

ry scanty and 

frequently lacking. After the cultures were more than a few weeks old, spores failed 

to form at all, even if they had once done so. Such conidia as were formed in 

culture, however, were identical to those found in nature 

Alatospora acuminata Ing., Trans. Brit. Myc. Soc., Vol. XXV, 381:1942. 

ubmerged aquatic fungus with branched, septate, colorless mycelium. Conidio- 

Bae eoioreee 10-20 mu long, 2.5 mu broad, simple or sparingly branched, ter- 

ted by one or se ae ampulliform phialides, 15 mu br 

ae aes colores each consisting of a main axis, 38-45 mu long, bent 

idd in the middle, ering from 2.5 mu in the middle to a fine bint at each end, and 

two divergent, peed Ree 10-25 mu long arising at the same level on the 

convex of the main axis. Conidia produced in basipetal succession on the 

phialides 

LEMONNIERA AQUATICA De Wild. 

In the same collections of algae made in the Botanical Garden at Nancy in which 

included it i papers on aquatic Hyphomycetes. It is extremely common 

in California; it was found throughout the year on a wide variety of submerged 

and decaying angiosperm de The morphology and developmental sequences of 

conidiophore and conidium apres exactly with the descriptions and figures of 

ngold. 
maedae pee aepe a obs 1 O) was isolated many times in pure, single-spore 

culture. It slowly malt agar but the majority of isolates eerie’ the 

cultural cupmerereiles described by Ingold. There are, however, two other cultural 

S h is a 

deep reddish-brown pigment, diffused out into the agar, as well as a sprinkling oe 

brownish-black sclerotia, both on the surface and submerged in the agar. When 
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slice of this colony is placed in water conidiophores and conidia are produced 

e 
spore vole wena are made, ae rage type of colony is maintained. In some, 
however, there occurs a spontaneous sectoring out of a one or both of the other 
two types ihiah' saline a ener x condition. 

Lemonniera aquatica De Wild., Ann. Soc. Belge Microsc., Vol. XVII, 143:1894. 

Submerged aquatic fungus with oe septate, colorless mycelium, Conidio- 
yee penicillioid, colorless, branched, 100-400 mu long, 4-6 mu broad, bering at 
the tips of the branches a numbe r of ampulliform phialides, 20-30 mu long, 5—7 mu 

of the longitudinal axis of the phialide; conidia attached at the point of union of 
the four branches to the phialides. Conidia produced in basipetal succession. 

LEMONNIERA CORNUTA na. sp. 

A second and distinct species of this genus (Figs. 1 S, 14 A-J) was found through- 
out the year on a wide variety of submerged and decaying angiosperm material. 
It is one of the more common aquatic Hyphomycetes, especially in the late summer 
and fall months, in California. It is frequently found growing with L. aquatica 

The conidiophores are very well developed, varying in length from 50 to 600 mu 
or more and 5-6 mu broad, and are similar in structure to the Asymmetrica- 
nig eae grouping in the Penicillia. Each branch of the conidiophore terminates 

a number of bottle-shaped phialides similar in structure to those of L. aquatica 
i ing at the tip of a phialide is the first indication of 

conidium-formation (Fig. 14 B). The spherical swelling soon becomes quite flattened 
at the apex to form an inverted tetrahedron. The tetrahedron quickly resolves 
itself into four growing points that develop simultaneously and are situated almost 

“as =a wn 52; a o a! ) ie = w = oO a ij 

ward (Fig. 14 E-H). When the conidium is fully grown, a nsverse septum 
quickly forms between the phialide and the conidium and the Pie of the spore 
occurs. As soon as the conidium is shed another one begins its development from 
the apex of the phialide (Fig. 14 A-B). Ordinarily the branches of the conidium 

i 

in plan with each opposite pair of branches curved in opposite directions like two 
crescent se back to and at right — to each other. 

the Abit on malt ee resemble the raaioeiby of colonies of L. a voticd, le., a 

concentric rings of dark brown se that were similar in banner to those found in 

only from the aa conidiophores on the hyphae but from the sclerotia if 
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present. The conidia and conidiophores were similar in all respects to those found 

in nature. 

Lemonniera cornuta n. sp. 

Submerged aquatic fungus with branched, ae colorless mycelium. ee 

phores colorless, penicillioid, consisting of an unbranched basal portion, 50-600 m 

long, 5-6 mu broad, terminating in a number of ee each bearing a number of 

A phialides, 20-30 mu long, 5-7 mu broad at the widest part. Conidia 

consisting : divergent aan usually septate, approximately equal in length, 

, 3-5 mu wide at the base and tapering to 2.5 mu at the tips; each 

pair of b ee es Bud ed in pe directions; inserted on the phialide at the point 

of divergence of the branches, the branches at right angles to the longitudinal axis 

of the vie eet produced in basipetal succession. 

submerged and decaying leaves and twigs of Salix sp. and Quercus 

Kellogii in air Creek, Napa County, California. 

Lemonniera cornuta sp. nov. 

ungus aquaticus submersus, a mycelio septato, ramoso, sinecolore. Conidiophorae 

colore, habitii Penicillii, stirpe simplice, 50-600 mu longitudine, 5-6 mu latitudine, 

i 
Conidia sine colore, radiis divergentibus, fere septatis, cage ace 30-40 mu 

longitudine, 3-6 mu latitudine basin, ad cacuminem ad 2.5 mu attenuatis; hoc par 

radiorum perpendiculare divergente, inflectum, ab altera ie in erialiduta ad 

punctum divergentiae radiorum affixis, radiis ad perpendiculum ad axem_longi- 

tudinalum phialidis. 
. In foliis et ramulis submersis BE ey Salicis sp. et Querci Kellogii 

in rivulo Putah, Comitate Napa, California 

DISCUSSION 

The fungi studied were limited to the moniliaceous, fresh-water forms, 

i.e, whatever the pigmentation of the mycelium, the spores and sporo- 

phores were colorless. No attempts were made to study any of the ob- 

served dematiaceous forms nor those Hyphomycetes in marine or brackish- 
water habitats. With one exception, Dactylella aquatica, all collections 

were made within the boundaries of the state of California. 
California contains areas of great climatic diversity. These range from 

the Colorado-Mohave deserts with an annual rainfall of five inches or 
less to the Redwood Coastal Belt in the northwestern part of the state 

with an annual rainfall of 25 to 122,inches and to the timberline and true 

alpine areas with a mean temperature of 40° to 50° F. and an average 
rainfall of 50 to 70 inches. The bodies of fresh-water in the state are 
also highly variable. Rivers vary all the way from the navigable to the 
highly temporary ones in which the chief characteristics are a boiling 

yellow flood following a brief period of rain and a thin trickle or no water 
at all during the rest of the time. The same situation pertains to streams 

and creeks. Lakes are less variable but some are dry for prolonged 
periods. Many lakes, streams and ponds, especially in the southern por- 
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tions of the state are quite alkaline and warm. Collections were made 

from as many geographical and climatic regions as possible with the 

following counties covered (Fig. 15): 

Napa San Bernardino Monterey Klamath (Oregon) 
Alameda Tehama Shasta 
Contra Costa Mono Siskyou Tulare 
Marin San Diego San Mateo Los a ad 
Solano Santa Barbara Modoc Hum = 
Madera Mendocino Sonoma Place 
San Joaquin Fresno Del Norte cae 

Glenn Tuolumne 

With the exceptions of the collections made from creeks and ponds in 
the Mohave Desert (San Bernardino Co.), Death Valley (Inyo Co.), 
Shoshone (Inyo Co.) and Lone Pine (Inyo Co.) in which the alkalinity 
was too high, all collections revealed the presence of these fungi. It was 
also found that the same species occurring in the relatively warm streams 

of San Diego and Los Angeles Counties were also present in the melting 

snow freshets of Mount Lassen and in temporary and permanent streams, 

lakes and ponds everywhere. Far from being restricted either to North 

Temperate Europe or to Northeastern United States, they may very 

well be world wide in their distribution. 

One of the most remarkable features of the aquatic Hyphomycetes is 

the bizarre and often spectacular shape of the spores. The majority of 
these fungi are characterized by branched spores, whereas only a few 

genera, Margaretispora, Flagellospora, Anguillospora, Lunulospora and 
Dactylella, are characterized by unbranched spores. Of this group, three 

of them, Flagellospora, Anguillospora, and Lunulospora are characterized 

by the productian of elongate, sigmoid spores. 

With such a high proportion of branched and elongate sigmoid spores 
represented in this group, it would seem that there is an advantage in 

possessing one or the other of these shapes. While it is easy to read more 
into a structure than is actually there, two feasible explanations present 

themselves without straining credibility too much: a, the coming to rest 

on a suitable substratum and b, the dispersal of the organism. 
It is quite probable that the branched or sigmoid form is of great ad- 

vantage in the anchoring of the spore to a suitable substratum, especially 
if the substratum is a decomposing or skeletonized leaf. The spore would 
submit readily to entanglement with the shreds of veinlets or with the 
remnants of the parenchyma still clinging to the veins. Ingold has ex- 
tended this advantage downward to the sporophores themselves, i.e., the 

sporophores elevate the spores sufficiently to allow them to be carried 
away by the water currents without being trapped at the source. This 

is a very reasonable supposition and is probably quite true for the majority. 
However, if so, it would seem that this “purpose’’ is defeated in Alatospora 
acuminata, Campylospora chaetocladia and Articulospora moniliform with 

their very short sporophores. 
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The entanglement process seems to be materially aided by another 
factor exhibited by many of the species. This is the formation of appres- 
soria very soon after the spore has come to rest; this factor is strikingly 
apparent in Anguillospora longissima and Clavariopsis aquatica, for in 
water cultures of these two species the spores form appressoria almost as 
soon as they have come in contact with the bottom of the culture dish and 

within a few minutes are firmly attached to the bottom of the dish. 
In considering the advantage of the branched and sigmoid spores with 

respect to the ease with which they may be trapped on the substratum, 
it must be borne in mind that this advantage may be more apparent than 
real. The unbranched spores of Dactylella aquatica and the unbranched 
spore forms of Heliscus aquaticus, for example, germinate within a very 

few hours, as do all the spores in this group. The germ-tubes produced 
are quite capable of performing the same functions attributed to the 
branches of the branched spores, an observation that is borne out by the 
examination of any water culture of these fungi. 

When one considers the problem of dispersal, one is reminded of the 

situation that exists in the saltwater Peridinaceae. Here there is a cor- 
relation between the length of the appendages and the density of the 
water. The warmer the water, and therefore less dense, the longer are the 

appendages of these peridinaceous organisms and the colder the water the 
shorter are the appendages. This is apparently a mechanism to maintain 
a resistance balance with the water that acts as an aid in floating. Thus 

one of the more important features of the branched and sigmoid form of 
the aquatic Hyphomycetes is the resistance that these shapes offers to the 
movement of water. As observed in water cultures, these spores float very 

efficiently and are doubtless carried long distances by the movement of 
water in the natural habitat. 

Many of the California water courses are dry for the greater part of the 

year. During the early spring months, however, collections of suitable 

material from these temporary streams and ponds revealed the presence 

of many aquatic Hyphomycete species. There is, then, some sort of 
efficient ‘““holding-over” mechanism. With sclerotia in several species and 

chlamydospores in at least one, this is not so surprising. When skeletonized 
leaves were collected, either from stream beds or ponds several months 
after the water had evaporated or from debris left behind by the floods, 
and placed in water, it was found that sporophores and spores were 

formed in large numbers in about forty-eight hours. The interesting fact 
was that it was Anguillospora longissima and not the sclerotial forming 
species that was the dominant and frequently the only species present. 
What the ‘“‘holding-over’” mechanisms are here is not yet known. It is 
assumed for want of other evidence that it is the thicker-walled, more 

densely pigmented hyphae, such as are formed in culture, that act to 
hold the organism over until favorable conditions return. 
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Fig. 1. The aquatic Hyphomycetes found in California are represented as growing o 

a single, uae substratum, The substratum is represented by the irregular line 

at the bot 
A. nee longissima (Sacc. & Syd.) Ing. B. Tricladium angulatum Ing. 

C. Alatospora acuminata Ing. D. Flagellospora curvula Ing. E. Fla gellospora nial 

lioides Ing. F. Tetracladium marchalianum De Wild. G. Tetracladium setigerum 

(Grove) Ing. H. Tetracladium monosporus Ing. 1. Tetrachaetum elegans Ing. J. 

Heliscus aquaticus Ing. K. Anguillospora gigantea n. sp. L. Dactylella at ag ) 

n. comb. M. Tricladium gracile Ing. N. Articulospora moniliforma Nn. sp. on- 

niera eces De Wild. P. Articulospora tetracladia Ing. Q. Carr loshord Pe: 

cladia n. sp. R. Clavariopsis aquatica De Wild. S. Lemonniera cornuta T. 

Vinibllospono Feat ciria n. sp. U. Tricladium splendens Ing. V. Tuma hare 

curvula Ing. 400. 
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Fig. 2. A-H. Dactylella aquatica a n. comb. 
A. Mature aleuriospores. faae in the development of an aleuriospore. 

B. co aleuriospore at the a i release. C. The spore primordium at 11:50 A.M. 

D. 1:15 P.M. E. 2:25 P.M. F. 3:15 P.M. G. The release of the mature aleuriospore 

at 4: . P.M. H. The sporophore beginning to elongate prior to the formation of a 

new spore. From a hanging-drop culture of the fungus growing on a decayed leaf. 

A. Anguillospora pseudolongissima n. sp., showing the phialides and 

nies a B-G. Stages in the development of the aleuriospore of Angwuillospora 

gigantea n. B. An early stage in the development of the spore primordium 
The a ie at 10:15 A.M. G. The mature al at the time of 

valeacé, 5:38 P.M. From hanging-drop, pure cultures. * 700 
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Fig. 4. A-I. Lunulospora curvula Ing., showing the development of the aleuriospores. 

A. A tip of a sporophore showing a half-matured aleuriospore and a young spore 
primordium at 10:15 A.M. B. The same spores at 11:00 A.M. C. 11:45 A.M., note 
the formation of the cross-wall that delimits the spore primordium. D. 12:25 P.M. 

E. The mature spore has been shed and the spore primordium shows a pronounced 

curvature at 1:10 P.M. F. 1:45 P.M. G. The initiation of a new spore primordium 

is well under way at the left of the expanded sporophore tip, 2:35 P.M. H. 3:30 P.M. 

I. The mature spore and the new spore primordium at 4:00 P.M. By 5:00 the 
mature spore had been shed and a new spore primordium initiated near that same 
spot. From hanging-drop, pure culture. 560. 

Fig. 5. A-G,. Articulospora tetracladia Ing. showing the development of the aleurio- 
spores. A. The spore primordium had appeared as a small spherical swelling at the 

B 

3:45 P.M. the fourth branch of the spore has appeared. F. 5:00 P.M. G. The mature 
aleuriospore at the time of release, 6:10 P.M. From a hanging-drop, pure culture. 
Ss 560. 
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Fig. 6. A-G. Tricelophorus monosporus Ing., showing the development 

aleuriospore. A. The spore primordium has been delimited from the sporophore by 

a cross-wall, 12:30 P.M. B. The formation of the basal cell and the terminal cell; 

the latter will form one of the four divergent branches of the spore, 1:25 P.M 

C. The initiation of the second branch, 1:50 P.M. D. 2:25 P.M. E. 4:00 P.M. 

F. The same spore at 6:30 P.M. G. The release of the mature aleuriospore took place 

at 6:50 P.M. From a hanging-drop, pure culture. *« 560. 

Fig. 7. A-G. Tricladium ane Ing. A. The spore primordium with the delimiting 

septum at the base, 10:30 B. The spore primordium with its first bea rse 

septum, 11:40 A.M. C. The a branch of the spore is visible as a “bud” 1:25 P.M. 

D. The spore primordium has elongated somewhat and a second oe ee 

has appeared by 2:25 P.M. E. The second of the two divergent branches is visible 

same spore showing curvature of the axis at 5:30 P.M. G. Release 

of the aleuriospore at 6:35 P.M. From hanging-drop, pure culture. > 560. 

Fig. 7. H-N. Tricladium angulatum Ing. H. The spore primordium with the de- 

limiting septum at the base, 8:50 A.M. I. The first transverse septum, 10:00 A.M 

has appeared, 1:15 P.M. M. The spore at 2:10 P.M. N. The mature aleuriospore at 

the time of release, 3:35 P.M. From hanging-drop, pure culture. * 560 

Fig. 8. A-E. Tricladium gracile Ing. A. The spore primordium already exhibited 

the curvature of the main axis and was delimited from the sporophore, 11:35 A.M 

. The second branch, 2:00 P.M. D. The mature aleuriospore at the time of 

relbake: de 25 P.M. E. The phialides and phialospores of this species. From a hanging- 

drop, pure culture. 500. 

Fig. 9. A-G. ne ake moniliforma n. sp., showing the development of the 

aleuriospores. A. A short section of the sporophore with one almost mature spore and 

to the right a spore primordium with the first branch fully aie and the second 

branch showing as a spherical swelling at the apex, 9:20 A.M. B. A bud has developed 

that will form a branch of the sporophore, 10:10 A.M. C. A two-branched spore has 

been discharged and the spore primoridum to the right of it has produced the third 

branch, 11:05 A.M. D. 12:00 noon. E. 1:10 P.M. F. 2:00 P.M. G. ee mature spore 

has been released, 2:30 P.M. From a hanging-drop, pure culture. * 5 
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Fig. 10. A-F. Tetrachaetum elegans Ing., showing the development of an aleuriospore. 

A. The sporophore 10:40 A.M. B. The spore primordium has been formed by the 

cross-wall, 11:20 A.M. C. The spore primordium showing the origin of the new 

growing points 12:00 noon. D. 12:30 P.M. E. The same spore showing the formation 

of the separating cell, 1:30 P.M. F. Release of the mature aleuriospore at 4:05 P.M 

From hanging-drop, pure culture. « 660. 

Fig. 11. A-M. Campylospora chaetocladia n. sp. A. Mature, free-floating gees 

B-M. Development of an aleuriospore. B. The aleuriophore, 11:20 A.M. h 

terminal swelling has been set off from the sporophore by a septum to form the: spore 

primordium, 11:55 A.M. D. The “crozier” stage of the spore primordium, 1:20 P.M. 

nee a che iceman cell at 4:30 P.M. G. 5:25 P.M. H. The initiation of the four 

growing points that will develop into the four divergent appendages, 6:45 P.M. I. 8:00 

P: . 9:10 P.M. K. The curved appendages have begun to straighten out, 10:20 

P.M. L. The mature aleuriospore was shed at 11:40 P.M. M. The initiation of a ne 

ore primordium at the tip of the same sporophore, 1: on A.M. From a hanging- ana 

die of a fragment of decomposing maple leaf. * 6 
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Fig. 12. A-F. Flagellospora curvula Ing., showing development of the conidia. 
A. The terminal and basal phialide of the conidiophore have begun the initiation of 
spore primordia, 11:35 . B.1:50 P.M. C. 3:20 P.M. D. The mature conidium 
has been shed from the middle phialide, 5:15 P.M. E. 8:05 P.M. F. By 10:10 P.M. 
the conidium has been shed from the bei phialide and the conidium on the basal 
phialide is almost mature; note ve new primordium has appeared on the terminal 
and middle phialides. From a feo drop, pure culture. 600. 

Fig. 12. G-K. Flagellospora penicillioides Ing. G-J. Shows the development of a 
conidium beginning at 7:55 A.M. (G) and ending at a stage near maturity of the 
conidium at 11:50 A.M. (J). By 12:20 the conidium had been shed and a new one 
had made its appearance. K. The terminal portion of the conidiophore from which 
the developmental studies were made showing the method of branching and the clus- 
ters of phialides. From a hanging-drop, pure culture. * 600. 

Fig. 13. A-I. Heliscus aquaticus Ing. A. Mature, aerial conidia. B. A chlamydospore 
showing the thick wall and the oily contents. C. A cluster of chlamydospores. D-I. 
Developmental stages ue formation of conidia. D. At 10:45 A.M. E. 11:50 A.M. 
F. 12:40 P.M. G. 1:15 . H. 2:05 P.M. I. The phialide on the ane has produced 
a microconidium, 2:45 . i. From a hanging-drop, pure culture. & 6 

Fig. 13. J-P. Alatospora acuminata Ing., showing development of the conidia. J. 
ea stage of the spore primordium on the phialide to the right, 5:55 P.M. K. 7:50 
P.M. L. The conidium has been shed from the left phialide; curvature of the spore 
axis is evident on the spore primordium to the right, 9:40 P.M. M. 10:45 P.M. N. 

P. The conidium is near maturity, 2:30 A.M. From a hanging- 
drop culture of the fungus growing on a decayed leaf fraominat < 600 
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Fig. 14. A-K. Lemonniera cornuta n. sp. Stages in the development of a 
conidium. A. The mature conidium has been shed and the small spherical swelling 
at the tip of the phialide is the primordium of a new conidium, .M 
same primordium at 3:27 P.M. C. The spore primordium has assumed an inverted 
tetrahedron aspect with the four growing points already developed by 7:00 P.M. 
D. same at 7:35 P.M. E. By 8:15 the growing points are short branches. F. 

mature. J. By 9:10 A.M. the conidium has been shed and a young spore has formed 
under it at the apex of the phialide. In still water the released conidium may remain 
for a long time at rest on top of the new conidium developing beneath it. K. The 
terminal portion of a conidiophore showing branching. From a hanging-drop, pure 
culture. & 740. 
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Fig. 15. An outline map of California showing the principal water courses, lakes, 
and those areas in which collections were made for aquatic Hyphomycetes. 
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PROPOSAL FOR A SYSTEM 

OF BIOLOGICAL NOMENCLATURE, 

WITH SPECIAL REFERENCE TO MICROORGANISMS '! 

R. G. H. Stu 2 AND ELwvn T. REESE ® 

An absolute system of nomenclature, in which all of the characters 
employed for the identification of the organism are directly discernible 
from the name itself, is proposed. 

Particularly in microbiology the use of the present system, as described 
by Briquet (1935), meets with many difficulties. There are the recurrent 

arguments over the concept of ‘‘major” and “minor” characters in delimit- 
ing the ‘‘species,” the grouping and regrouping maneuvers of the ‘“‘lumpers”’ 
and the “splitters,” the persistence of nomina nuda, the multiplicity of 
synonyms and homonyms, the lack of fixity of names in taxonomic areas 
which have not been monographed and the continuous infusion of erroneous 
identifications into the literature. The question was entertained by Siu 
(1951) whether it is feasible to borrow some of the features of the simpler 

and more stable system of chemical nomenclature; or to modify certain 
numerical keys, such as those used by Davidson et al. (1942) and Nobles 
(1948) for the wood-rotting fungi into pronounceable words; and to formu- 

late a more functional system of biological nomenclature. 
In this paper, the principle of the suggested system is given with several 

examples in the Fungi Imperfecti. This will suffice as the basis for an 
evaluation of the idea. The final expression of the method will require 
intensive work by experienced and skilled taxonomists. 

1The authors wish to express gratitude to Professors W. H. Weston, and the late 

W. L. White of Harvard University for their critical review of the manuscri 

> Farlow we and Herbarium for Cryptogamic Botany, Harvard Tiers. 

Cambridge, M 

CDibncering ee wid Laboratories, U. S. Army Quartermaster Corps, Natick, Mass. 
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GENERAL RULES FOR PROPOSED SYSTEM OF NOMENCLATURE 

The name of the organism shall consist of two words, each of which 
contains nine letters, comprising three syllables. The succession of letters 
in each word shall be 

CVCCVCCVC 

where C represents a consonant and V a vowel. This arrangement provides 

a pronounceable series of letters. 

Each letter shall represent one or a group of observable taxonomic char- 

acters. Since there are twenty-one consonants and five vowels, each char- 
acter can be divided into twenty-one or into five divisions depending upon 
the position the representative letter occupies in the name. If there is 

doubt concerning the accuracy of determination of the character in ques- 

tion or if the available specimen does not allow for a study of that char- 
acter, the consonant ‘“X”’ or the vowel ‘‘O”’ shall be used. Upon acquisition 

of the requisite data, these tentative letters shall be replaced by the final 
ones. 

If more or less than the 18 characters stipulated above are required, 

the individual words may be lengthened or shortened by employing the 

same pronounceable succession of letters. If deemed necessary, a trino- 

mial may be invoked. As a final resort even numbers may be used between 
words, in which case each numbered position is capable of 10 subdivisions, 
with zero representing a doubtful character. The need for these modifica- 

tions can be determined only after an intensive study of the proposed 
system, 

It is suggested that the more readily observable characters or those 
separating the larger phylogenetic groups be represented among the first 

letters. Those characters observable with the greatest difficulties, those 

of a more mutable nature, and those of occasional appearance should be 
relegated toward the terminal positions in the name. 

In the case of a binomial system it would be desirable to arrange the 
succession of characters, such that the first word generally indicates what 

is currently considered the genus and the second, the species. 

ILLUSTRATIVE EXAMPLES 

It is believed that the proposed system can be applied to all organisms. 
The theoretical number of different names using 18 letters (12 of which 
are consonants and 6 vowels) is 20!" « 4° or 17,000,000,000,000,000,000. 

To illustrate the applicability of the system, five examples in the Fungi 

Imperfecti are given below. In this instance, the keys to the genera ac- 

cording to Clements and Shear (1931) are used. It is to be noted from 

the resulting characters (Table 1) that the first letter is used to separate 

fungi from other organisms. The second letter then divides the fungi into 

four large groups of which the Fungi Imperfecti is one. The examples 
have been developed with the thought that it will probably be necessary 
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to develop new sets of characters for each of the four major groups of 
fungi, i.e. beginning with the third letter in the name. 

The following five examples show how genera in the Fungi Imperfecti 
would be coded according to the information from Table 1. 

Present Name: Illustrative New Name: 

Aspergillus Fimmabbat 
Gliocladium Fimmapbam 
Penicillium Fimmapbat 
Oedocephalum Fimmebbat 
Stilbum Fismenbat 

Thus Penicillium and Oedocephalum differ by only one character from 

Aspergillus while Stilbum differs in three characters. Gliocladium differs 
from Penicillium in one character. How closely related two genera are 

phylogenetically would be indicated by how far from the end of the coded 

word they differ in a particular character, thus the third letter represents 
divergence in families, Sti/bum being in a different family than the other 
three genera. 

As a further example, a nomen nudum may be considered. Accordingly, 

Weston’s Aglaiocephalum (Weston, 1933) would assume the name, 

Fimmetbak. 

ADVANTAGES AND DISADVANTAGES OF PROPOSED SYSTEM 

Two centuries of work have been based on the present binomial system. 
To suggest that this system be replaced by another requires a serious con- 

sideration of the resulting advantages and disadvantages. The difficulties 
inherent in the current system have been mentioned in the introductory 

paragraphs of this paper. The more significant advantages of the proposed 
system of nomenclature are: 

1. Informative nature of names: 

The proposed name immediately provides the reader with a large 

amount of morphological and physiological information about the 
organisms. Phylogenetic relationships would also be readily apparent 

from the name. Thus, the degree of relationship would be indicated 
by how far from the first letter of the coded name a difference 

between the two names exists. 

2. Fixity of names: 

Present rules permit many occasions for changes of names. It is 

not uncommon to find a dozen synonyms for the same organism. 
There is the question of historical priorities, for example. In the 
proposed scheme, once an organism is described, the name is not 

subject to change. 

3. Clarity of tentative names: 

In the prevailing system, there is no way to know how ‘“‘tentative” 
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a tentative identification is. In the proposed system, the use of the 

letters “X” and “O” clearly identifies those characters in which 
doubt exists. The proposed system minimizes the tendency of some 
investigators to force a culture into a known species even though 

doubt exists as to the fitness of several characters. 

Nomina nuda: 

Frequently names of organisms are mentioned in papers without 

accompanying descriptions. Since it is not possible to tell anything 

about the morphology and physiology from the name, these nomina 
nuda are of use only when they are later fortified with the proper 

descriptions. In many cases, the latter are not forthcoming and the 

meaningless names remain in the literature. If the proposed system 

of nomenclature is accepted, nomina nuda will be eliminated, for the 
mere presentation of the name itself provides considerable informa- 

tion about the organism. This has been exemplified earlier in this 
paper using Weston’s Aglaiocephalum. 

Objectivity: 

Subjectivity is reduced to a minimum in the proposed system. For 
example, the question of relative importance of characters does not 

come into play in the proposed system nearly as much as it does 

in the present system, This eliminates the perennial argument be- 
tween the “Jumper” and the “‘splitter” as to whether a given differ- 

species.” According to the proposed system, the difference is merely 

taken care of by the appropriate letter, without need of changing 
the entire name of the organism. 

Functional simplicity: 

With its simple rules and freedom from historical priorities, the pro- 
posed system is much easier to follow than the present system 

particularly for the naming of new organisms. It is well within the 

grasp of the non-taxonomist, when the more typical organisms are 

concerned. Even the professional taxonomist is spared considerable 
time and effort by not being required to delve into the past literature 
with such intensity as required by the present system to make sure 

that the organism had not been previously named. 

Reduction in number of synonyms, homonyms, and misidentifications: 

Given a correct observation of the characters in the laboratory, two 
independent workers will arrive at exactly the same name using the 

proposed method. This is not true with the present system. As dis- 

cussed in ‘‘5” above, one individual may decide to coin a new name 

for the organism while the other investigator may decide to use the 

closest available name. 
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8. Flexibility for special purposes: 

(a) Names of organisms following the proposed system are readily 
adaptable to the IBM or punched card method of studying the 
correlation of characters. This opens up new scientific and industrial 
possibilities for the taxonomic researcher. 

(b) Individual, scientific or industrial groups interested in minor, 

specialized traits such as strain differences and genetic mutations 

may, for their own purposes, expand the prevailing name to include 

special characters. Such characters are not part of the accepted 

name, of course, but correspond more to the presently used strain 

numbers or varieties. If in the future, some of these traits do, in 

fact, represent important taxonomic features, they can be readily 

added to the prevailing name, without vitiating the earlier results. 

(c) Ease of handling herbarium specimens and filing library refer- 
ences is another advantage of the proposed system. The present 

scheme demands a knowledge of taxonomy on the part of a her- 
barium attendant and clerk, for frequently the organisms are filed 
according to families or phylogenetic groups. With the proposed 

system, ordinary alphabetical arrangement suffices. 

As far as the authors can see, the proposed system is beset with no 
serious taxonomic difficulties, other than those inherent in any taxonomic 

endeavor. In this respect, it excels the present method. However, there 
are two disadvantages in the proposed scheme which must be considered. 
One is the seriousness of typographical errors. A mistake in a single letter 
may throw an organism into an entirely different class. The other is the 
difficulty in verbal presentation. 

These disadvantages can be minimized by a careful choice of letters 
during the development of the basic keys, so that the more common species 
will have the more euphonious names, For this reason, the collaboration 

of phoneticists is clearly indicated. Furthermore, since not all of the letters 

possible for a given position will be used in the name, attention can be 

directed to the selection of letters which are as different as possible from 
each other in sound and appearance. It is believed that the difficulties of 
verbal presentation can be reduced to an acceptable level by such means. 
The seriousness of typographical errors, though decreased considerably, 
still remains and diligent proof-reading will be necessary. Actually this 
may not work out in practice to be as great as it may first appear, for 

usually the rest of the context will aid in the recognition of such errors. 
While one is tempted to prejudge the magnitude of such a source of error, 
probably it can be determined with accuracy only after the system has 
been developed and put into use for some time. 

It may also be desirable that during the transition period, the present 
names are retained, followed by the proposed name in parenthesis. The 

use of dual names may be carried on until such a time that acquaintance 
with the new system becomes general. 
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SUMMARY 

An absolute system of biological nomenclature has been proposed as 
a replacement for the present one. In the new system, all of the characters 

that enter into the final identification of the organism are directly dis- 
cernible from the name itself. It is hoped that this proposal will stimulate 
a healthy reexamination of the system of nomenclature used heretofore, 

and of the various means which can be employed to minimize its inherent 

difficulties. The proposal in this paper is humbly presented as one approach 

to the problem. 
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TABLE 1, ILLUSTRATIVE KEY FOR LETTERS OF THE First NAME ACCORDING TO 
PROPOSED SYSTEM OF NOMENCLATURE, 

Position 
of letter Description of Character Letter 

First 
Plant phyla 

Spermatophyta Gymnosperms G 
Angiosperms H 

Pteridophyta Ferns & allies D 

Bryophyta Mosses, etc. M 

Thallophyta 
with chlorophyll Algae C 
without chlorophyll 

Filamentous Fungi F 
] S Bacteria B 

Fungi parasitic on Algae Lichens L 

Myxomycetes K 

Animal Phyla 

Protozoa P 
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Position 
of letter Description of Character Letter 

Second 
Fungi 

Possessing a known sexual stage 

Mycelium coenocytic; sexual spores 
borne within a sporangium. Phycomycetes E 

Mycelium septate 
exual spores, borne in a sac, 

usually 8 spores per ascus. Ascomycetes A 

Sexual spores borne externally on 
a i seas usually 4 spores per 
basidiu Basidiomycetes U 

Possessing no ion sexual a or if 
known, then rare or infrequen Fungi Imperfecti I 

Third 
Conidia borne in pycnidia 

Pycnidia globoid, ostiolate or astomous 
ycenidia brown to black, membranous 

to carbonace Phomaceae P 

oar — colored; fleshy, gelati- 
Zythiaceae Z 

Pyeniti ae more or less radiate or 
hysterioid. Leptostromaceae L 

Pycnidia apothecium-like or hysterioid, 
opening circularly or by a cleft or lobes Discellaceae B 

Conidia not borne in pycnidia 
Conidiophores borne on a more or less 

parenchymoid stroma Melanconiaceae G 

Conidiophores not on a stroma 
yphae in cottony masses 
Hyphae and spores hyaline or bright. 

colored Moniliaceae M 

Hyphae and/or spores typically dark Dematiaceae D 

Hyphae compacted to form spore-body 
Spore-body sessile, globose to ap- 

planate (sporodochium) Tuberculariaceae T 

oa body stalked, capitate to cylin- 
c (synnema) Stilbaceae S 

Conidia a Sterile Mycelia K 

Fourth 
Conidia one-celled (Amerosporae) 

Mucedineae M 
Dematieae N 

Conidia two-celled (Didymosporae) 
Mucedineae T 
Dematieae G 

Conidia 3-many celled, 
septa transverse (Phragmosporae) 

Mucedineae B 
Dematieae Cc 
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Conidia elliptic to cylindric 
Smooth 
Rough 

Position 
of letter Description of Character Letter 

Conidia 3-many celled, septa 
transverse & longitudinal (Dictyosporae) 

Mucedineae P 
Dematieae K 

Conidia filiform (Scolecosporae) 
Mucedinea 5 
Dematieae L 

Conidia spirally twisted (Helicosporae) 
Mucedineae D 
Dematieae F 

Conidia forked, radiate or united (Staurosporae) 
Mucedineae R 
Dematieae Vv 

Fifth 
Hyphae very short or little different from the 

conidia 
Spores catenate I 

Spores not catenate U 

Hyphae elongate & distinct from conidia 
Spores catenate A 

Spores not catenate E 

Sixth 
Conidia exogenous 

Conidiophore simple, unbranched: 
pores termina G 

Spores typically pleurogenous Ty 

Conidiophore simple, branched: 
ranching irregular; spores terminal T 

aris hing irregular; spores pleuroge- D 
ous 

Branching verticillate; spores terminal V 
Branching penicillate; spores terminal P 

ee inflated: 
inal swelling B 

ee inflated J 

— com d: 
pore bearing ae simple, globose M 
eee bearing portion anole. evlindric N 
Spore bearing portion branched S 

Conidia endogenous F 

Seventh 
Conidia globose to eee 

S o somewhat B 
Very rough ie. tu ee ar spiny, stellate D 

Conidia allantoid K 

WO 
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Position 
of letter Description of Character Letter 

Conidia fusoid 
Smooth 
Rough N 

Conidia ciliate 

Eighth 
Parasitic on plants 

Parasitic on animals 

Saprophytic 

Some forms parasitic, some saprophytic 

Ninth 
(Miscl. hodge-podge to catch various genera) 

Spores held together by mucilaginous sub- 

Subiculum present 
None of above HunrnA ze 
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ACTIVITY OF FUNGI ON OILS 

ELwyn T. REESE, Howarp CRrAvETZ, AND GABRIEL R. MANDELS 

Pioneering Research Laboratories, Quartermaster Res. and Dev. Center, Natick, Mass. 

Plastic films, like other substances composed of organic materials, are 
subject to the degradative action of microorganisms. Under favorable con- 
ditions of moisture and temperature, microorganisms attack certain types 
of plasticizers although the plastic itself does not appear to be affected. 
Since the plasticizer is added to make the films flexible, microbial action 
results in a stiffening of the film (Harvey, 1949). Plasticizers vary in 
resistance from inert compounds such as tri-octyl-phosphate to extremely 
susceptible ones such as castor oil. For reasons of availability, cost or 
requirements of specific properties, it is frequently necessary to use plasti- 
cizers which are non-resistant. A study has been made in these laboratories 
of the breakdown of several homologous series of esters by the fungus 
Aspergillus versicolor and by the bacterium Pseudomonas aeruginosa 
(Stahl and Pessen, 1953). Results of tests conducted under the auspices 
of the National Defense Research Committee during World War II are 
summarized by Brown (1946). Most plasticizers are of the ester type. 
Those composed of naturally occurring oils and fatty acids (i.e. laurates, 
stearates, ricinoleates, etc.) are known to support microbial growth, while 
synthetic plasticizers of the phthalate and phosphate types are generally 
resistant. The present study was undertaken to determine the range of 
organisms capable of growing on typical plasticizers. It supplements a 
previous publication covering the activity of the same fungi on cotton and 
on wool (Reese, et al, 1950). The activities of some (358) of these or- 
ganisms on coconut oil, methyl-acetyl-ricinoleate (or di-hexyl-sebacate) 
are being reported here. 

Comparatively little information on fat utilization by fungi is available. 
Much more interest has been shown in fat synthesis. On the other hand 
degradative action by bacteria has been more fully covered. One of the 
best reviews is the 26 page chapter “Action of Microorganisms on Fat” 
by Jensen in his recent book (1945). Fats decompose slowly in the soil 
(Waksman, 1932). Fungi and aerobic bacteria are largely responsible. 
A comparative study of bacterial action on lipids (Castell and Garrard, 
1941) showed Pseudomonas aeruginosa, Alcaligenes viscosus, and Sta- 
phylococcus aureus as possessing distinct lipolytic action. The factors af- 
fecting lipase production by two of these bacteria, Alcaligenes viscosus 
and Pseudomonas aeruginosa, were recently investigated (Cutchins, 
Doetsch, Pelczar, 1951). In the Actinomycetes, several of the antibiotic 
producing species of Streptomyces have been found to utilize animal and 

409 
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vegetable oils. Replacement of all of the carbohydrate by lipids did not 

decrease the yields of antibiotic produced (Perlman and Wagman, 1952). 

Fungi, especially Aspergilli and Penicillia, have frequently been observed 

growing on margarine and butter. Undoubtedly many of those fungi found 

on paints, meats and other complex substrata are obtaining their nutrient 

from the fatty constituents therein. 
We are not concerned here with the mechanism of breakdown of the 

compounds under consideration. Indeed, the manner of attack does not 

appear to have been clearly established for various types of esters. Prob- 

ably the action revolves around hydrolytic breakdown — lipases attacking 

glycerides such as coconut oil; esterases breaking down the simple esters. 

This aspect of the enzymic hydrolysis of fats and esters has been reviewed 

recently by Ammon and Jaarma (1950). 

METHODS 

Cultures were set up in triplicate in 250 ml Erlenmeyer flasks containing 

0.5g¢ of coconut oil (‘“Moonstar,” Procter and Gamble), di-hexyl sebacate 

(Hardesty Chemical Company) or methyl acetyl ricinoleate (P4, Baker 

Castor Oil Company) and 50 ml of nutrient solution (1.0 g NHsNOs; 

1.36 g KH2PO4; 0.2 g MgSO47H20; 0.1 g Difco yeast extract; 1000 ml 

distilled H»O; pH adjusted to 6.4). The di-hexyl sebacate was purified by 

adsorption on activated silica, activated alumina and Fuller’s earth. After 

autoclaving, the media were inoculated with a spore suspension, and placed 

on a reciprocal shaker at 30°C for 7 days. Dry weights of the mycelium 

produced were determined after filtering on sintered glass crucibles, ex- 

tracting the residual oil with an excess of absolute ethanol and drying at 

70°C. Results are based on the average dry weight of mycelium per flask. 

RESULTS 

Results are presented in detail in the appendix. The data are summarized 

in Table 1 in which 5 categories of growth have been set up. The percentage 

of the strains falling into each category is shown as well as the total number 

of strains tested. Sebacate was distinctly inferior as a substratum. Over 

Taste 1. GrowtH OF FuNGI ON Fatty MATERIALS 

Growth % of Strains Tested 

Category Wt/ flask as % wt. of oil Coconut Oil Ricinoleate Sebacate 

0 0-10 mg 0-2% 5% 10% 40% 
1 11-100 3-20 39 57 58 

Zz 101—200 21-40 31 29 1 

3 201-300 41-60 22 4 0) 

4 oes 60-4 3 0 0 

Number of strains tested 358 309 82 
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95% of all strains tested showed less than 50 mg growth/flask (i.e. less 
than 10% conversion of oil to mycelium). No effort was made to deter- 
mine the cause. The other ester, ricinoleate, was a fairly good substratum 
for 90% of the test organisms. The elyceride, coconut oil, was by far the 
best substratum of those tested in that 95% of the organisms were able 
to grow on it, and the per cent conversion of substratum to fungus tissue 
was greatest. While a few cases have been found where the amount of 
growth on ricinoleate exceeded that on coconut oil, the reverse is usually 
true. 

The organisms falling at either extreme, i.e., no growth (group 0) or very 
good growth (groups 3,4) are listed in Tables 2 and 3. Much of the screen- 
ing done has been on Aspergilli. The results indicate that members of the 
following groups are usually very active: A. terreus, A. niger (the A. 

TABLE 2. ORGANISMS GROWING LiTTLE oR Not at ALL Unper CONDITIONS OF THE TEST 
(Group 0) t+ 

Acrostalagmus cinnabarinus QM 320e Colletotrichum sp. QM 533 
Amblyosporium aso QM 971 Ctenomyces serratus QM 256 
Aspergillus repen QM 44c  Phialophora lagerbergii QM 267 
Bacidiontycete (conidial stage) QM 592  Pholiota adiposa QM 512 

QM 870 Polyporus sulfureus QM 509 

Botryosporium pulchrum QM 965 Sepedonium sp. QM 913 
Botryotrichum piluliferum QM 991 Stereum purpureum QM 1014 

TasBLe 3, OrGANISMS Growinc BEsT on OILS (Groups 3, 4) 7 

Alternaria tenuis QM /73b_ Beauveria bassiana QM 972 
Aspergillus carbonarius QM 331 Brachysporium sp. QM 70g 
A. clavatus QM 872 Chaetomium globosum QM 38f 
A. fischeri QM 865 *Ch. spirale QM 622 
A. flavus QM 63c_ Circinella sydowi QM 629 

A. QM 458 *Cunninghamella bertholletiae QM 1021 
A. niger mut. cinnamoneus QM 326 *C. blakesleeana QM 631 
A. niger mut. schiemanni QM 327 *C. echinulata QM 154f 
A. ochraceus QM 880. Paecilomyces varioti QM 823 
A. oryzae QM 82i ‘Penicillium citrinum QM ia 

A. parasiticus QM 884  Pestalotia royenae QM 531 
A. phoenicis QM 1005 Pestalotia virgatula QM 479 
A. sydowi QM 31c *Phomaceae QM 13e 
A, tamarii QM 75b- * Phomaceae QM 699 
* A. terreus QM 72f Phomaceae QM 618 

* A. ustus QM 891 Phomaceae QM 703 
A. ustus var. laevis QM 893 homaceae QM 376 
A. versicolor QM 432 Rhizopus sp. QM 1032 
A. violaceo-fuscus QM 335 *Septonema sp. QM 818 

* The asterisk indicates those organisms whose mycelial weight exceeded 60% of 
the initial ae the coconut oil. 

+ See Table 
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luchuensis series is only moderately active), A. flavus-oryzae, A. fumigatus, 
A, clavatus, A. tamarii, A. versicolor, A. ustus. Moderate activity is shown 

by A. nidulans group. Least activity is shown by members of the A. repens, 
and A. wentii groups. In the genus Chaetomium, as in the Aspergilli, the 
isolates of each species are quite uniform in activity. The relative activities 
of the several species are: 

Very active: Ch. globosum, Ch. spirale, Ch. mollipilium 

Moderate activity: Ch. elatum, Ch. funicolum, Ch. cupreum, Ch. 
atrobrunneum, Ch. indicum, Ch. tortile, Ch. 

cochliodes 

Weakly active: Ch. causiaeformis, Ch. velutinum 

Cladosporium herbarum isolates had medium to low activity on the oils 
used, This is odd since the isolates included two from sheepskin which 
Weston (1951) found to grow well on both animal and plant oils. Clado- 

sporium herbarum and Pullularia pullulans are frequent causes of spotting 
of paints, yet neither fungus compares in activity with many others here 

tested on oils. This would indicate the difficulty of translating information 
obtained in shake flasks to other environmental conditions. Activity on the 

oils of paint, or of animal carcasses, evidently hinges on other factors. 

Insect parasites appear to be very active consumers of oils. Thus, we 
find Beauveria bassiana, Aspergillus parasiticus, and Aspergillus flavus, in 

the very active group, but the common plant parasite Botrytis cinerea, 

on the other hand, has very little fat degrading ability. This observation 
is based on very few cases, and no generalization is intended. 

The Phycomycetes vary in ability to metabolize oils. Best of the Phy- 
comycetes tested are three species of Cunninghamella, C. bertholletiae, C. 

blakesleeana, C. echinulata. All three showed a mycelial weight equal to 
65% of the initial weight of coconut oil, and to 20-40% of the initial 
ricinoleate. Rhizopus spp., and Circinella sydowi are also very active, 
while Absidia capillata is rather weak. Of the Basidiomycetes tested, most 
appear to be relatively inactive, though this may be largely the result 

of the use of slow-growing ea inoculum. Polyporus versicolor had 

moderate activity on coconut oi 

SUMMARY 

Of the fungus isolates in the Quartermaster Culture Collection tested 
for their ability to grow on fatty materials: 95 percent grew on coconut 

oil, 90 percent on methyl acetyl ricinoleate and 60 percent on di-hexyl 
sebacate. Ability of fungi to hydrolyze extracellularly the ester linkage 

appears to be extremely widespread. 
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APPENDIX 

QM Relative Activity * on 

Organism Number Coconut Oil Ricinoleate 

Absidia capillata van Tieghem 8b 1 1 

Absidia sp. 579 2 

Acremontum sp. 1b 1 

89c 1 1 

4 581 1 

ef 582 1 al 

583 1 

[Sole eal cinnabarinus Corda 320e @) 0 

566 2 

Riche ria Mees Milbra 280 1 1 

Alternaria solani (Ellis et Martin) 281 1 

orauer 
Alternaria tenuis Nees 26a 2 2 

: 73b 3 

= 85i 1 1 

m 120m 2 

ne 584 2 1 

. 585 1 

“ 586 2 2 

Alternaria sp. l5a 2 

e 298 2 

we 587 g 

* See table 1. 



414 FaRLowIA, Vor. 4, 1955 

QM Relative Activity on 

Organism Number Coconut Oil Ricinoleate 

Amblyosporium botrytis Fresenius 971 1 

Arthrobotrys arthrobotryoides 669 1 

(Berlese) Lindau 
? 1024 1 

“4 1025 1 

Arthrobotrys superba Corda 670 1 

ee SS Corda var. 671 1 

oligos Coe 

faa ee ads Raper and Thom 961 1 2 

Aspergillus carbonarius (Bainier) Thom 331 3 1 

Aspergillus chevalieri (Mangin) Thom 52b 1 0 
and Church 

= 64c 1 
ll2a 1 

312 1 

Aspergillus chevalieri (Mangin) var. 58b 1 0) 

intermedius Thom and Raper 
914 1 

Aspergillus clavatus Desmazieres 862 1 1 
872 3 1 

863 2 

i i ial (Delacr.) Thom 962 1 1 

Poe “iseher Wehmer 864 3 2 
865 3 

“6 866 Z 2 
867 2 

ie? flavipes (Bainier and Sartory) 24a 1 1 
om and Chur 

868 ] 1 

ie 869 1 
Aspergillus flavus Link 4m 2 2 

et 10e 3 

ae 63c 3 3 
“ 70a 3 
= 138f 3 

ad 380 2 

" 870 2 
Aspergillus flavus-oryzae series 871 3 2 
Aspergillus foetidus Thom and Raper 328 2 1 
Aspergillus fonsecaeus Thom and Raper 330 3 1 
Aspergillus fumi igatus Fresenius 6b 2 2 

45h 2 1 
“ 445 2 

> 497 2 

Aspergillus giganteus Wehmer 620 2 2 
Aspergillus luchuensis series 102d 1 1 

i 155e 2 
873 2 

‘i 874 2 
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QM Relative Activity on 

Organism Number Coconut Oil Ricinoleate 

Aspergillus montevidensis Talice and 401 1 1 

Aspergillus nidulans (Eidam) Winter 25b 2 2 

i 87c 2 1 
« 875 1 

ot 876 1 

Aspergillus niger van Tieghem 458 3 2 

s 877 s) 1 

fs 878 3 

Aspergillus niger mut. cinnamomeus 326 3 2 

(Schiemann) Thom and Rap 

Acpewilite niger a7 schiemann 327 3 3 

Thom) Thom and Rape 

Aspergillus niger series 4j 3 
ss 38b 3 

sf 45d 3S 

“ 50c 2 
ie 154a 3 
u 198b 3 

© 386 4 
. 861 3 Zz 

Aspergillus niveus Blochwitz 879 i 2 

Aspergillus ochraceus Wilhelm 26b 3 i 
e 58c 2 1 

“: 880 3 Z 

Aspergillus oryzae (Ahlburg) Cohn 22b 3 2 

ss 821 3 2 

Aspergillus panamensis Raper and Thom 882 3 1 

Aspergillus parasiticus Speare 883 3 3 
= 884 3 3 

Aspergillus phoenicis (Corda) Thom 329 3 2 
and Currie 

s 1005 3 2 

Aspergillus repens (Corda) deBary 44c ) 0 
ee 56f 1 0 

59g 1 1 
$ 210 1 0 

" 360 1 0 
361 1 0 

7 364 0) 0) 
* 564 3 2 

Aspergillus restrictus G. Smith 885 2 0) 

Aspergillus rugulosus Thom and Raper 886 1 1 

Aspergillus sclerotiorum Huber 661 2 2 

Aspergillus sydowi (Bainier and 4d 1 1 
Sartory) Thom and Church 

7 31c 3 1 
4la 3 1 

. 54a 1 1 
o 96a 3 1 
re 103g 3 1 
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Organism 
Relative Activity on 

Coconut Oil Ricinoleate 

Aspergillus tamarii Kita 
iT$ 

“ 

Aspergillus terreus Thom 

Aspergillus ustus (Bainier) var. 
laevis Blochwitz 

Aspergillus versicolor (Vuillemin) 
Tiraboschi 

Aspergillus aera fuscus Gasperini 
Aspergillus tii Wehmer 
Serene (Conidial stage) 

Beauveria oe (Bals.) Vuill. 
Blakeslea trispor axter 
Botryodiplodia iheobromae Patouillard 

its 

Botryophialophora sp 
Botryosporium eile Corda 

Botryotrichum piluliferum Sacc. & Marchal 

iz9 

ania cinerea Persoon 
Botrytis 

336 
3 

NmMwWwWwh ww bh WW WH WwW 

bho hk ee bh bh 

Wry BMH We 

DN WwW 

SRF OF FOF NN NEF KEW OR BO WH WN WN Ww 

mM NH NM NH R&R MH KH LO BD HO FO 

Do Mh hte BO 

Ne WH WH We 

mem ho 

OF K RP OF COON Be HP RD RH RON ee ee ee 
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Organism 
QM 

Number 
Relative Activity on 

Coconut Oil Ricinoleate 

Brachysporium oosporum (Corda) 
Saccardo 

Brachysporium sp. 

ie 
Coplalionhoca en Thaxter 
Cephalosporium sp. 

Cephalothecium roseum Corda 
“ 

Chaetomium atrobrunneum Ames 
ity 

“c 

Chaetomium causiaeformis Ames 
Chaetomium cochliodes Palliser 

““c 

Chaetomium cupreum Ames 
Chaetomium elatum Kunze and Schmidt 

“ 

Chaetomium funicolum Cooke 

Chaetomium globosum Kunze 
“ 

Chaetomium indicum Corda 
“cc 

“ 

a“ 

Chaetomium mollipilium Ames 

Chaetomium spirale alae 
Chaetomium tortile 
Chaetomium tnrgopilosum Ames 
Chaetomium velutinum Am 

“ 

is 

“ 

Chaetomium n. f Am 
yaad spinosa van Tieahon and 

Le Mon 

665 2 

NHN FR RP RYN BW DN RD HH WWW WW OW} HH NO 

2 

beet oe oe NN eee eee eee eae ot 
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M Relative Activity on 

Organism Number Coconut Oil Ricinoleate 

Circinella sydowi Lendner 629 3 1 
Circinella sp. 902 2 1 

Cladosporium herbarum Link 17b 1 1 
" 52a 2 1 
" 55b 1 1 
i 71d 2 1 

“ 120g 1 1 
© 121k 2 2 

122e 2 1 

# 279a 1 0 
“ 489 1 1 

i 1027 1 1 

“ 1028 1 1 

Cladosporium sp. 122c 1 1 
“ 146h 1 1 

- 236 1 2 

279b 1 1 

re ee p. 533 0 0) 
Collybia velutipes (Curt.) Lond. 1012 1 0 
Coprinus sclerotigenus Ellis and 933 2 2 

Everhart 
Corynespora sp. 569 0 0) 
fee. serratus Eidam 256 0 0 
Ctenomyces sp 199 0 

287 2 1 
e 774 1 1 
nt 845 1 1 

Cunninghamella it aasseaiast Stadel 1021 4 2 
Cunninghamella blakesleeana Lendner 631 4 3 
Cunninghamella arene Chinen 154f 4 2 
se -ardo 

nghamella elegans Lendner 634 2 1 
pe es falcata (Tehon) Boedijn 77a 1 1 
Dactylium dendroides (Bulliard) Fries 508 2 1 
Fusarium roseum Link 38g 1 1 
Humicola fuscoatra 580 1 1 
Memnon ne echinata ‘(Rivolta) Ic 1 1 

allow 
Mucor S hevente: Lendne 549 1 1 
Mucor heterosporus Fisc her 615 2 1 
Myrothecium verrucaria (Alb. and 460 2 1 

Schw.) Ditmar ex Fries 
Paecilomyces varioti Bainier 822 2 1 

3 823 3 1 

_ 824 2 

Penicillium capsulatum Raper and 2572 2 2 
Fennell 

Penicillium chrysogenum Thom 943 2 1 
Penicillium citrinum Thom la 3 1 
Penicillium duclauxi Delacr 1078 2 1 
Penicillium frequentans Westling 2497 2 1 
Penicillium funiculosum Thom , 2 2 
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QM 

Organism Number 

Penicillium lilacinum Thom 4e 

Penicillium luteum se 474 

Penicillium martensii Biourge 50a 

Penicillium palitans Westling 919 

Penicillium pusillu m 137g 

Pestalotia bico a Ellis aa oo 664 

Pestalotia dichaeta Spegaz 698 

Pestalotia pa 5 Coo te. 381 

Pestalotia royenae Guba 531 

Pestalotia virgatula Klebahn 478 

mt 479 

Pestalotia sp. 2d 

sf 119b 

He 121L 

= 795 

Mi 796 

go eee compacta (Carrion) Binford, 260 

mmons 

piislephors fastigiata (Lagerberg and 265 

Melin) Conant 
Phialophora jeanselmei (Langeron) 270 

Phialophora ices (Melin and 267 

Nannfeldt) C 
Phialophora eee (Brumpt) Binford, 259 

ess & Emmons 
s 261 

“ 262 

Phialophora verrucosa Medlar 264 

= 269 

Phialophora 645 

chine adipose Fr. 512 
l3e 

. 29b 

" 40c 

= 106d 

120k 

3 534 

C 568 
576 

ry 603 

5 618 

a 699 

701 

# 702 

7 703 

a 704 

: 798 

a 799 

is 804 

e 830 

Relative Activity on 

Coconut Oil Ricinoleate 

2 2 

2 1 

1 1 

2 1 

1 1 

3 2 

2 2 

2 2 

3 2 

2 Z 

3 2 
3 2 

2 

Z 4 

3 2 

Ss 

2 1 

1 1 

2 2 

@) 0 

1 1 

1 1 

2 1 

1 1 

1 1 

1 1 

0 0 

4 2 

2 2 

1 1 

1 2 

2 1 

2 2 

) 

3 2 

2 2 

3 1 

4 3 

2 3 

1 1 

3 3 

2 2 

2 2 

2 1 

2 1 

2 1 

1 1 
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Organism 

Phymatotrichum 
Polyporus allecae tea Fries 

“ie ead ——— (L.) F 

— opri sp. 
-— 

iz 

ce 

Rhizopus arrhizus Fischer 
“ 

Rhizopus nigricans Ehrenberg 
its 

Rhizopus oryzae Went and Geerlings 

Rhizopus sp 

Scopulariopsis brevicaulis (Saccardo) 
Bainier 

ee ye cael repens Bainier 
Sepedoni 
Septonema sp 
Spegazzinia tessarthra (Berk. and 

Curt.) Saccardo 
Shae sp. 

46 

Spicaria _ Abbott 

Spiroschism 
ee eae pruinosum Gilman 

nd Abbott 

Stachybotrys atra Corda 
Stemphylium pai Wallroth 

Stereum purpu r. 
Syncephalastrum racemosum (Cohn) 

Schr 

ogaster Boud., 
Pullularia pullulans (deBary) Berkhout 72c 

Relative Activity on 

Coconut Oil Ricinoleate 

ma De WN DY DH WHY DH RH DH WH RNS RH OR WY DY 

Re Ee Ome et Re 

_ mm NM H&L 

NON KF ewe 

Le ctl te oe 
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Q Relative Activity on 
Organism Number Coconut Oil _Ricinoleate 

Torula 986 2 1 
Trichoderma viride Harz 6a 2 1 

13b 2 1 

Tritirachium roseum van Beyma 164 1 1 
Ustilago zeae (Beckm.) Unger 990 1 2 
Sporocytophaga eee B482 1 0) 

(Krzemieniewska) Stanie 
B1549 1 0 Streptomyces sp. 
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NEW LICHENS FROM NORTHERN PATAGONIA, 

WITH NOTES ON SOME RELATED SPECIES 

I. MACKENZIE LAMB 

Farlow Herbarium, Harvard University 

The new entities described in the present paper are all from the western- 
most parts of Argentine Patagonia situated between latitudes 39° and 
43° S., chiefly from around the great Cordilleran lakes of Nahuel Huapi 
(Prov. Rio Negro), Futalaufquen and Menéndez (Terr. Chubut) and Lacar 
and Quillén (Prov. Neuquén). They are based partly on material pre- 
served in the Argentine Museum of Natural Sciences in Buenos Aires 
(collections made chiefly by Oscar Kiihnemann) and partly on specimens 
collected by the present author on a field trip to those parts of northern 
Patagonia in 1950. Most of the localities visited lie within the Argentine 

National Parks of Nahuel Huapi, Lanin, and Los Alerces. At the western 

ends of the lakes mentioned, where most of the collections were made, the 

lichen vegetation is extremely rich and luxuriant; it accompanies the 

species-rich Valdivian rain forest, largely composed of evergreen Antarctic 
beech (Nothofagus dombeyi), bamboos (Chusquea) etc., eastwards through 
the mountain passes from the Chilean side, and the species composing it 
are for the most part characteristic of the very humid Valdivian floristic 
region, with some Magellanic elements at the higher altitudes. The finding 

of a number of undescribed species of lichens in this area is not altogether 

surprising, because very few data have been published concerning its 
cryptogamic vegetation. Apart from a few records mentioned by Malme 

(1899, 1925) and others, there exist only two papers dealing especially 

with the lichen flora of this part of northern Patagonia: * that of Rasanen 
(1939), based on a collection made in the Nahuel Huapi National Park 
by A. Donat, and that of Santesson (1942) on lichens from the same area 

collected by Ljungner in 1932-34. A semi-popular lichen flora of the 
Argentine National Parks, by the present author, is now in course of 

preparation, and the new entities here described were encountered in the 

elaboration of a large amount of undetermined lichen material being worked 
up in connection with its compilation. Some apparently new species of 

Cladonia found in the collections were submitted to Dr. Alexander W. 
Evans (Yale University), who is reporting separately on them in due 

course. 

* The paper “Lichenes argentinienses a cl. Dr. Lorentz in Argentina australi s. 
patagonica et prope Conceptionem lecti” by J. Miiller-Argau (Flora, Vol. LXXII, 
508; 1889) deals mainly with species from the more arid and floristically quite 
distinct region to the east of the National Parks. 

423 
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Verrucaria lacustris M. Lamb (n. sp.) 

Thallus epilithicus, effusus, tenuis, obscure cyanescenti-griseus aut chalybaeus, made- 

factus vix gelatinosus et col haud tatus, — s vel passim subreticulato- 

rimosus, haud areolatus, opacus, hypothallo obscu haud inctus; intus pseudo- 

parenchymaticus, I- , strato basali tenui, olivace e€0- ee sed haud carbonaceo; gonidia 

4-8 mw di it h 

en 0 
magis chalybaeo, etc.—JIn saxis granitoideo-quartziticis praeter litus lacus Verde in 
Argentina, Patagonia, Chubut, ubi net asperitatis coeli adspersione procellarum 
facile humectat tur: M. Lamb, 1950, 588 

Fig. 1. Verrucaria lacustris M. Lamb. Part of the type-specimen (* 4). 

Thallus epilithic, forming irregular confluent patches to 5 
diameter, thin, effuse, not bounded by any dark hspotals, smo need poe pre 
blue-green-gray or “chalybaeous” (comparable to PI. 35°" i-k in Ridgway’s 
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“Color Standards,” 1912), without any brownish tinge, not changing color when 
moistened, matt, continuous in places obsoletely reticulate-rimose, not areolate, 
not punctate. Perithecia fairly a nt, irregularly scattered, pal sate ase 
forming hemispherical- or subconical-em at lack verrucae 0.3-0. f 

ostiole usually + distinct, minute, impresse 
allus 30-65 w thick, with a somewhat cnenaly limited, dark olive-brownish upper 

cortical layer 6-10 yw thick: basal 10-17 y» also gradually dark olive-brownish (not or 

d 
slightly larger, 2-3 uw. Algae pale green, globose or oblong, thin-walled, small, 4-8 
diam. All thalline tissues I-. 

Perithecia in section show a globose or sang flattened excipulum 170-255 « diam., 
with entire, dark brown wall about 1 thick of tangentially arse en cells 
6-10 * 1.5-3.0 uw. Involucrellum well developed, carbonaceous, 65-78 yw thick above, 

regularly massed, ellipsoid, —— walled, colorless, simple, 13.5-15.3 (-17.0) & 6.5-7.5 
(—8.5) yw. “Nucleus” I + vinous- fil escent (x0 preceding blue coloration). (No 
pycnidia found.) 

Fig. 2. Verrucaria lacustris M. Lamb, The type-specimen. Structure of the peri- 
thecium, 

his species is one of the es Verrucariae of the aethiobola- -group, related 
ela Ach. a 

and smaller a V. halensk+i Serv. in Véstn. Kral. Ceské Spol. Nauk, Vol. 
3: 1951 (differing in the piel eee thallus and smaller dimensions of perithecia 
and excipulum), V. subhydrela Serv., op. cit., p. 6 (differing in the smaller, com- 
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ieoigel — excipulum, the thinner, more adpressed involucrellum, and the longer 

hat b V ader spores), an iabasica Serv. in Preslia, Vol. XXIV , 355 

ee * differing in the partly minutely verruculose thallus and smaller perithecia an 

excipulum, the latter colorless or almo t ase). Among Southern Hemisphere 

Zealand) ; from V. riograndensis it differs in the larger perithecia and smaller mame 

from V. sublaevata in the dark chalybaeous thallus and smaller spores, and from V 

submargacea also in the distinctly smaller spores. 

Collected on granitoid-quartzitic rocks at the edge of the lake, just above water 

level, certainly inundated during stormy weather. It was of more or less sporadic 
a 

Type in Herb. Mus. Nat. Canada, Ottawa; isotype in Herb. Inst. Bot. Darwinion, 

San Isidro, Buenos Aires. 

Sphaerophorus ramulifer M. Lamb (n. sp.) 

Thallus caespitosus, erectus, altitudine 2.5-4.0 cm.; rami primarii congesti, sub- 

simplices aut parce irregulariter ramosi, teretes “(nec complanati) , validi, 0.8-2.0 
25 fi : é 

minutis vel papillis parce obsito; mazaedium prominens, nigrum, subtiliter fibrosum 
Sporae globosae, decolores aut leviter cyanescenti-obscuratae (nunquam  fuscae), 

membrana tenui, pigmento nigricante friabili obductae, simplices, 6.5-8.5 u« latae. — 

Medulla alba, solida, KHO- , CaCl.O.- , PD- , I- .— Ad speciem neozelandicam 
Sph. nobilem Zahlbr. proxime accedit, a qua atatura amnion. medulla iodo haud 

Fig. 3. Sphaerophorus ramulifer M. Lamb. The type-specimen ( 1.25). 

reagente, sporis minoribus et forsan aliter coloratis recedit. Sph. stereocauloidi Nyl. 

item neozelandico haud absimile, at defectu cephalodiorum et reactionis icdeticae mox 
distinctus. — Ad corticem el erosae in Argentina, Patagonia, Rio Negro, lacus Frias: 
M. Lamb, 1950, no. 5977. 

Caespitose, fouming close, irregular, intricated tufts; primary branches upright, 
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crowded, 2.5—4.0 cm. high, subsimple or sparingly branched in irregular fashion, terete 
(not flattened), 0.8-2.0 (-2.5) mm. thick, entirely covered with a smooth, matt, non- 

s, in Ww 
places (artificially) stained crimson-reddish. Numerous small disharmonic phyllo- 
cladioid branchlets present, both on the primary branches and around their base; 

i r 

2.5-3.0 mm. diam. Re 
ceptacle corticate, concolorous with the rest of the thallus, smooth or slightly scrobicu- 

i iu 
ose. 

Cortex of primary branches 100-120 y thick, in outermost one-third gradually ’ 

inspersed with sordid yellowish-gray granules, the inner part clear and hyaline; on 
the outside covered by a colorless, amorphous, necrotic stratum 6.0-8.5 yw thick. 
Cortex composed of completely gelatinized and fused, very t pte walled hyphae in- 

.O-1.7 pw 
the gelatinous matrix. Inner boundary against the algal-medullary layer Vv 
(not of “zigzag” formation). Algal-medullary layer 50-100 deep, densely dark 
grayish-inspersed and + opaque in water. Central core compact, without interstices, 

in a + longitudinal sense. Algae protococcoid, globose, bright green, thin-walled, 
5.5-8.5 « diam. In KHO, nubilation of outer cortex is dissolved with effusion of 
yellow ae that of the algal-medullary layer and the central core dissolved without 
any color. Spores simple, globose, colorless to faintly cyanescent-darkening, but 
ii brown, surrounded by quantities of a friable blackish pigment; thin-walled, 
6.5-8.5 w diam. 

Medulla KHO- , CaClO- ,KHO(CaCI.0:)— ,PD-_ (also in the finer branches 
and younger growing parts), I- 

here are four other known epedias of Sphaerophorus which are oo with the 
same type of characteristic minute divaricate phyllocladioid branchle Sph. stereo- 

tion (medulla PD + red) h. tuckermani Ras. is a re der species, and 
has the medulla I + blue. Sph. stereocauloides differs in the char- 
mae’ cre es and has the -medu a a ] The greatest similarity seems 

well in habitus with Sphk. ramulifer, but is much larger, up to 16 cm. igh, has 
a positive reaction of the medulla with iodine, a oe eat ee arrangement of the 
apothecia, and distinctly larger and brown- Weniented’s 

I s found growing in conspicuous tufts towards ine ue of trunks of Fitzroya 
in open -— age i of the lake. 

Herb. Nat. Canada, Ottawa; isotypes in Farlow Herb., — Inst. 
Syst. Bot. arp ae Herb, Inst. Bot. Darwinion, San Isidro, Buenos Air 

Psoroma internectens M. Lamb (n. sp.) 

Thallus minute squamulosus, squamulis vix 0.5 mm, latis, primum dispersis, mox 
contiguis et imbricatis, cervinis aut alutaceo-fuscidulis, rotundatis, passim margine 
angustissime et indistincte pallidioribus, hypothallo eee nigricanti superpositis, 
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marginibus liberis aut subliberis; apothecia inter squamulas dispersa, discoidea, sessilia, 

0.9-1.8 disco obscure rufescenti aut rufofusco, opaco, ata, persistenter plana, 

nudo, rgine tenui, integro, haud vel vix prominulo, rufofusco (disco concolori vel 

erie pallidiori), demum fere excluso. Thallus latere superiore tantum cortl icatus, 

cortice 17-20 wu crasso, indistincte pseudoparenchymatico a gonidia et in > uo} 

Fig. 4. Psoroma internectens M. Lamb. Part of the type-specimen (X 4). 

Thallus rare in small scattered or confluent patches up to 1 or 2 cm. across, 

consisting of scattered, contiguous, or fin ally imbricated, minute, tawny or brownish 

completely free at the edg e e of squamules concolorous with up sa or 

slightly paler, or blackish from the adherent hypothallus, not rhiz 

surface of tha mooth, matt. Apothecia fairly numerous, irregularly seit) 

among the squamules, discoid, sessile, constricted at base, mm. diam., per- 

sistently plane, with dark reddish -brown, smooth, matt, naked disc and thin, 

entire, not ly prominent, reddish-brown margin (concolorous with, e- 

what lighter than, the ' ich may finally - + refle and almost excluded 

In outward appearance, the apothecia look biatorine. The margin on its outer side is 

occasionally minutely and obsoletely verrucose- eee but this not noticeable 

n to) 
Thalline squamules 100-140 » thick; upper cortex 17-20 uw thick, colorless to faintly 

sordid yellowish, + clear or slightly cloudy in section (but without granules), in- 

aaineiy ee ema toate with isodiametric, rounded cell-lumina 3.5—5.0 u diam. ; 

interior completely filled with symbiotic algae embedded in compact pee tissue ; 

no distinct lower cortex developed. Hypothallus consisting of lax, brown or colorless 

yphae about 3.5 w thick entangled with the particles of the sui stnatsin, Algae pale 

green, globose, 8-14 y» diam., thin-walle 



LAMB: LICHENS FROM PATAGONIA 429 

argin of apothecia distinctly corticate only in its lower part; the upper part has 

running up at the sides of ie "hymenium to ae a + obsolete, non-prominent proper 

Fig. 5. Psoroma internectens M. Lamb. The type-specimen. Section of an apo- 
thecium 

en and hyaline. Paraphyses separable in water, involved in mucilage and + 
gelatinous, 1.5-2.5 « thick, simple or branched, + irregular but not articulated; not 

usly “thicke ned to a wu. Spores 6-8 in ascue! aeegs or partly 
biseriate, Ned slightly pointed or sometimes bluntly apiculate at ends, with 
uneven- scabrid, a — atinous wall up to 1.5 w thick, and often vacuolate contents; 
20-24 oe 12 w. Hymenium I + light blue then wine-red (only the asci stained). 

The t Als consisting of minute, + imbricated squamules, mice resembles that 
of the species of Psoromaria, Ps. descendens and Ps, subdescendens, and ithe 
apothecia ae te resemble chose of the latter species, but differ anatomically in 
the presence of algae in the margin and below the lower Somanss stratum; their 
structure is fundamentally the same as in other species of Psoroma, but the cortex 
of the thalline ‘eos is pushed down and re eflexed, giving a 7 ered ag sear 

mb 
in Lilloa, Vol. XXVI, ne 

Collected by Oscar Kiihn neman andy soil among mosses at Lago Menéndez in 
the western part of the Los ees National a (Chubut). 

Type in Herb. Mus. Argent. Cienc. Nat., Buenos Aires; isotype in Herb. Mus. Nat. 
Canada, Ottawa 

Parmeliella granulata M. Lamb (n. sp.) 

Thall foliaceo-crustosus, plus minusve orbicularis, ad 10 cm. latus, margine 
laciniato-lobatus, in centro crustaceo-squamulosus, undique (saltem in herbario) 

subtu e e 
pallescente dense vestitus. Laciniae marginales longit. 4-8 mm., latit. 1.5-4.0 mm., 
crassit. circ. 0.2 mm., irregulariter divisae et lobatae, planiusculae, haud_ sulcatae; 
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thallus in parte centrali ad 2 (-3) mm. crassus, squamulis coacervatis, concrescentibus, 

rotundatis aut varie lobato-crenatis, laevigatis aut thalli marginem versus scabriusculis. 
6) O mm. Apothecia numerosa, sessilia, rotun , basi modice vel bene constricta, - 

lata, ab initio nigra a conigra, nuda, primo plana et margine proprio mediocri 

integro concolori cincta, dei onvexa et immarginata; excipulum integrum, 

nferne incoloratum sat sse pseudoparenchymaticum, lateribus extus anguste 

fuscescens et ex hyphis radiantibus contextum; hypothecium isabellinum, ad 2 

rass ymenium 80- altum, superne obscure olivaceo-fuscescens aut fuli- p 
um, c¢ ecolor et hyalinum, paraphysibus discretis, simplicibus. Sporae 

8nae, simplices, incoloratae, ellipsoideae, vulgo apicibus acutiusculae, 12-15 > 5.5-7.0 ph, 

i laevigat Thall D 

I- ; hymenium I + persistenter caerulescens, pie cee KHO- , HNO; + violaceo- 

s ilitu m, quod ad habitum attinet, cum P. plumbea 

(Lightf.) Miill. Arg. ostendit, at colore et scabrositate thalli diversa.— Ad cortices in 

Argentina, Patagonia, Neuquén, prope lacum Quillén: O. Kiihnemann, 1943, nos. 

789, 791 pr. p. (typus speciei), 79 

Fig. 6. Parmeliella ne M. Lamb. Part of the type-specimen showing pe- 

ripheral lobes (< 4 

Description of the type-specimen (Kithnemann no. 791 pr. p.): Thallus foliose- 

crustose, adpressed, + orbicular, up to 5-10 cm. diam., laciniate-lobate at periphery, 
crustose-squamulose in central part, alutaceous in color (“Cinnamon-Buff,” “ lay 

Peripheral laciniae 4-8 mm. long, 1.5—4.0 mm. broad, loosely adpressed to substratum, 
irregularly branched, ne and lobate-crenate, ‘about 0.2 mm. thick, + plane, 
i : 

n 2 (-3) mm, thick; squamules 
rounded or irregularly lobate-crenate, 0.8-1.3 fer mm. diam., up to 0.3 mm. 

pallescent) mat of rhizinae, which is visible in places also at the periphery. Thal us 
externally and internally KHO- , CaChOe2- , PD- ; medullary hyphae I-. 
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Apothecia numerous in central part of thallus, lecideine, scattered or crowded to- 

pp 
brownish (almost colorless in very thin section), not nubilated, irregular on account 
of scabrosity, 45-95 yw thick, pseudoparenchymatic, PE ae cells with rounded 
or + angulose agin 459, w diam. and walls thick. Algal stratum 
irregular, somewhat dispersed, 30-90 uw deep; algae ee sordid aeruginose or 
pale blue-green, round, 3-4 diam., enclosed in clumps in thin colorless slime- 
sheaths, no concatenate arrangement apparent. Medulla loose, almost arachnoid, 

to 400 w thick, colorless or ae places slightly pale brownish-nubilated, of thin- 
walled, colorless hyphae 3.0-3.5 uw thick loosely intertexted in various directions. 
underside of thallus the medulla goes over gr adually into matted, dirty aeruginose, 
thin-walled, rhizoidal hyphae 3.0-4.5 uv 
The apothecia contain no algae. Exeipalu um entire, developed both at sides and 

below apothecium; at sides 95-125 yw thick, not nu ubilated: + colorless internally, in 
outermost 30 mw gradually pale sordid brownish; composed of strictly radiate- 
parallel, confluent and conglutinated hyphae 3-4 y thick wit alls of ra 
thickness. Lower part of exciple below hypothecium + c lorless, hyaline, 45-65 
thick, + grossly pseudoparenchymatic with oblong, + vertically elongated cells 
8-13 9 yw, their Is u thick, but showing transition to radiate hyphae 
at the sides of the exciple. Hypothecium up to 270 wu thick, sordid yellowish or isa- 
belline and + clear (+ colorless in very thin n), the upper and greater part 
composed of densely compacted or partly indistinctly pseudoparenchymatic, moderate 
thick-walled hyphae 3-4 iam., ly intertexted in various directions (in upper 

grossly pseudoparenchymatic basal excipular eee Hymenium 80-100 u Ta. 
abruptly dark olivaceous-brown or brown-blackish in uppermost 12-18 yu, otherwise 
colorless and hyaline. Paraphyses discrete in water, 1.5-2.0 pu thick, simple, not 
articulated, at tips clavate-capitate up to 4.5 s and _ there brownish-fuliginous 
(KH , HNO; ark purple-crimson). Asci clavate, 60-80 0-15 w, with wall 
about 1 yw thick at sides, thickened up to 10 ex. Spores 8, biseriate or 1 -15) wata 
+ uniseriate in ascus, simple, eee ellipsoid, usually obtusely or + acutely 
pointed at ends, 12-15 % 5.5-7.0 uw, with thin smooth wall. Hymenium I + per- 
sistently dark blue (only the asci Baie 

The other two specimens collected in the-< same locality by Kiihnemann are identical 
with the holotype, and indeed seem to be parts of the same collection. P. granulata 
resembles P. plumbea (Lightf.) Miill. Arg. in the habitus and form of ae thallus, b : : ; 

ill. Arg. from Nee Caledonia has a different type of scabrosity, due to brown 
verruculae on the otherwise smooth and + shining surface, and differs also in the 
pale underside with marginal rhizinae, and the larger and thickly margined apothecia. 

Type in Herb. Mus. Nat. Ca nada, Ottawa; peers in Herb. Admin. General 
Parques Nacionales, Avda. Santa Fe 690, Buenos Air 

Parmeliella concinna M. Lamb (n. sp.) 

Thallus plagulas sparsas orbiculares 5-12 mm. latas efficiens, effigurato-laciniatus, 
cinereo- aut glaucescenti-alutaceus, opacus, haud sorediosus; laciniae margi ae Ae 
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radiantes, substrato laxe adpressae, 0.5-1.3 mm, longae, 0.3-0.7 mm, latae, planae aut 
0) 

margine proprio sees = denique immarginata et modice convexa. Excipulum 
integrum, pseudoparenchymaticum, hyalinum aut tantum sie Aa angustissime 
fuscescens. sean ee ratum aut isabellinum, compacte hyphosum, inferne 
sensim magis pseudoparenchymaticum. Hymenium 90-100 yu na totum hyalinum, 
epithecio nullo; paraphyses eee simplices, oa aeons. Sporae 8nae, 
ellipsoideae, Bas rotundatae vel vix acuminatae, simplices et hyalinae, 13.5-16.0 

K 

biculari-effigurato et apotheciis minoribus diversa. Forsan prope P. amphibolam 
, il. Arg., etiam in Nova Zelandia inventam, locanda, at sporis haud distincte 

apiculatis et thallo esorediato distinguitur.— Ad truncos combustos in Argentina, 
Patseonls Chubut, prope litora lacus Verde: M. Lamb, 1950, no. 5879 

Fig. 7. Parmeliella concinna M. Lamb. Part of the type-specimen on carbonized 
Woo 

s forming small scattered orbicular effigurate patches 5-12 mm. diam. on the 
a pares zed lignum; composed of radiating, loosely adpressed laciniae, oe 
alutaceous or sordid yellowish-glaucescent (between “Citrine-Drab” and ‘Buffy 
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Brown” in Ridgway’s “Color Standards,” Pl. XL), matt, not isidiate or sorediate. 
] m 

into minute rounded squamules up to 0.15 mm. diam., but not aie as Surface 
of laciniae smooth, glabrous. Underside of peripheral laciniae free from the sub- 
stratum, glabrous, smoth, pale (isabelline or faintly brownish); no rhizoids or hypo- 
thallus present. Thallus externally and internally CaCl.O-.- — 
Apothecia numerous in central part of thallus, sessile on the Iacinie. roti: 0.5-0. 
mm. diam., buff-flesh-colored or pallid testaceous-brownish (approx. “Sayal Soe 
in Ridgway, Pl. XXIX), matt, naked, slightly to moderately constricted at base, at 
first plane with thin, entire, hardly prominent, paler (carneous-yellowish) proper 
margin, then finally becoming moderately convex and immarginate. 

Thallus corticate on upper side only. Cortex 45- , 7 ie colorless, clear, grossly 
pseudoparenchymatic, with isodiametric, rounded or obtusely angulose cells 7-14 yu 
diam., with walls 1.5-2.5 yw thick. Medulla calonieed clear, thin, about 3 deep, 
of + closely compacted, bank intricated or mainly + longitudinally running, 
thin-walled hyphae about 3 » thick. Algal stratum about 45 « deep, + continuous. 
Algae blue-green, + globose, fa 9 w diam., in irregular clumps al in chains). 

thecia contain no algae. Bacinulutt entire below apothecium, aie and 

menium 90-100 w high, entirely colorless and hyaline (no colored emihecian’, 
Paraphyses discrete, simple, 1.5-3.0 » thick, at tips clavate-capitate up to - mw and 
there occasionally slightly moniliform- constricted. Asci Senere 70-80 x 
persistently blue with Iodine, with gelatinous wall 1.0-1. ig thee at sides, a 
thickened at apex (about 4 i Spores 8, uniseriate or subset in ascus, simple, 
colorless, ellipsoid, not or hardly pointed at ends, 13.5-16.0 & 6-8 gu, with smooth 
wall about 0.7 « thick. 

Parmeliella aided Pens, Zahlbr., described from Chatham Island, New 
Zealand, obviously com ery close to the present species, to judge from the de- 
scription. Its ap a: are however larger, up , and the thallus is of 
ee ee laciniae, not orbicular-effig PL micro phylloides ee: 

e mar res. 
merous well-fruited thalli were found over the carbonized surface of a fallen 

burnt tree trunk in open forest near the shore of the Lago Verde, at the west end 
of the ee ster ieee 
Typ Nat. Canada, Ottawa; isotypes in Farlow Herb., Herb. Inst. 

Syst. ae Uppsala, se Herb. Inst. Bot. Darwinion, San Isidro, Buenos Ais res. 

Pseudocyphellaria exanthematica M. Lamb (n. sp.) 

Thallus er: sat late expansus (7-15 cm. latus), lobato-laciniatus, laciniis 
brevibus aut sat elongatis, (0.3—-) 0.5-1.0 cm. latis, ramosis, axillis rotundatis, apicibus 
rotundatis truncatis, lateribus laciniolis seu foliolis permultis simplicibus aut 
ramosis, 0.4-1.8 mm, fatis munitis; superne fusco-glaucescens aut pallide rufofus- 
cescens, haud scrobiculatus, opacus vel monn nitidus, pustulis minutisismis nu- 
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merosissimis pallide rufofuscescentibus (ad instar variolarum vel morbillorum) crebre 

obsitus; inferne centrum versus fuscescens et obscure tomentosus, peripheriam versus 

pallide alutaceus et g scens, pseudocyphellis parvis, albis, planis a evi 

prominentibus munitus. Med Soredia et isid Gonidia palmellacea, 

laete viridia. (Apothecia tantum juvenilia visa, ad 0.7 mm. lata, margine subintegro 

thallo subconcolori et gonidiis destituto, disco conc fuscescenti, hypothecio 

leviter rufofuscescenti, hymenio solummodo paraphysibus constit llus extus 

reagentibus mutatus; medulla KH nte fuscoflavesc rubescens 

(praesertim in strato gonidiali), CaCl Laciniis shane microphyllino-dis- 

sectis et superficie thalli peculiariter mopuilioea exasperata statu sterili mox 

distinguenda. —In cortice musco so Nothofagi in Argentina, eretierss Rio Negro, 

lacus Frias: M. Lamb, 1950, no. 6. 

Fig. 8. Pseudocyphellaria exanthematica M. Lamb. Part of the type-specimen (X 1). 

Thallus 7-15 cm. diam., + rigid and subcoriaceous in the dry state, lobate-laciniate 

with short to + clonwated, sublinear laciniae (0.3- 0.5- “1.0 cm. wide; laciniae 

branched with rounded axils, rounded or truncate at the ces, producing at their 

edges large numbers ] simple or Seren, eaicpaphline 7 0.4-1.8 mm 

wide; upper surface even (no scrobiculation), brownish-glaucescent to pale reddish» 

brown, matt or sbi: without pse ne yphellae, but thickly strewn with ~~ 

pale reddish-brown, pustular excrescences up to 0.05 diam., resemblin mm t 

markings of smallpox or measles. Under surface brown towards the center, an 
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short, coarse, spongy-fibrous, dark tomentum, towards the periphery pale aluta- 
ceous ad gla brous, matt or subnitid, smooth or in places faintly wrinkled-scro- 
biculate, not bullate or costate. Pseudocyphellae moderately abundant, pure white, 
small, up to 0.5 mm, diam., round or sometimes oval, plane to slightly convex- 
erumpent, powdery. Medulla white. Some immature apothecia present, up to 0.7 mm. 

thick, clear, yellow or yellow-brownish in its outer half, with rounded, isodiametric 
c , their walls about 1.5 w thick. Algal stratum continuous, 
35-60 « deep; algae bright green, separate, round, thin-walled, 7-15 « diam. Medull 
insperse e in section from a yellowish-gray nubilating substance; its 
hyphae colorless, thin-walled, hick, closely or + loosely interwoven 
Lower cort 5-60 «w thick, a intly yellowish to almost colorless, pseudo- 
parenchymatic with ded, isodiametric cells 3.5-6.5 iam. (Ww 3.0 bu 

cortex, without peculiar structure, but often with a more intense reddish-brown 
pigmentation. Surface of thallus KHO- CaCl.0— PD- ; medulla KHO 
(slowly) brownish-yellow (chiefly in the aileal layer), Cacho, , PD + (slowly) 
red (chiefly in the algal layer), FeCl; + faintly purple-violascent. 

A section through one of the immature apothecia shows that the margin contains 
few or no algae; the algal stratum of the thallus runs up into the pedicel of the 

d ; : ; 

and cloudy in inner part, colorless and hyaline in outer part; composed of radiately 
parallel, gelatinously conglutinated hyphae with short ee cells 6.5-10.0 wu 
diam., the rounded lumina giving a + pseudoparenchymatic appearance. Hypo- 
thecium faintly reddish-brown. Hymenium immature, without asci, consisting of 
closely packed paraphyses only, about 100 w high, fainily brownish-yellow in its 
uppermost part. 

In the shape of the thallus lobes and in the microphylline lobules at their margins, 
this species resembles the Pseudocyphellariae: homalosticta Vain., multipartita Vain., 
phaeorhiza Vain., polyschista (Mey. & Flot.), Se ale (Nyl.) Vain., jnolifenns 
(Nyl.) Vain., and psilophylla (Mill. Arg.), but all of these have a perfectly smooth 

inaequalis, laevibus et nitidis, obscure fuscis, margine numerose v. rarius superne 
hinc inde sparse microphyllino- isidiosis, K -++ lutescens, Cl— KCI-_, subtus pallide 

scure fuscidulis; Se ea Albis, 0.1-0.2 mm. latis, pulverulentis, haud promi- 
nentibus; medulla alba. Cortex superior 30-40 latus, intis albidus, extus pallide 
fusco- flavescens, distincte pseudoparenchymaticus, cellulis sphaericis, oblongis v. varie 

l 

10-15 w lata, membrana incrassata. Sterilis. a 
Valdivia, by H. Hahn. The present author does not intend to make here formal 



436 FaRLowlA, VOL. 4, 1955 

w combinations of yo species polyschista, psilophylla and valdiviana under Pseudo- 

cy phell aria, as he has not made a sufficient study of them, and they may be synonyms 

of earlier described eek 

Only one specimen was seen, but plentifully and well developed, on the mossy 

trunk me a “Coihue” (Nothofagus dombeyi) in open woods near the shore of Lago 

Frias near the western end of Lago Nahuel Huapi. 

Type in Herb. Mus. Nat. Canada, Ottawa; isotypes in Farlow Herb., Herb. Inst. 

Syst. Bot. Uppsala, and Herb. Inst. Bot. Darwinion, San Isidro, Buenos Aires. 

Pseudocyphellaria hirsuta (Mont.) Malme, f. leucosticta M. Lamb (n. f.) 

forma typica speciei pseudocyphellis omnino albis vel albidis, nec luteis, differt— 

aeentind, Patagonia, Chubut, lacus Futalaufquen: O. Kiihnemann, 1941, no. 5449 

(holotypus) ; lacus Menénder: O. Kiihnemann, 1940, no. 4752; lacus No. Uno: 

. Kiithnemann, 1941, no. 5465; Rio mae lacus Nahuel Huape insula Victoria, 

Puerto Radal: R. Pérez-Moreau, 1940, no. 4541 

The specimens are in every way ren ny Ps, hirsuta except in having white pseudo- 

cyphellae. In the normal species some of the older pseudocyphellae may lose their 

yellow color by being worn down to the white medulla, but in this form all the 

oe even the youngest, are without yellow color 

Typ other specimens cited in Herb. Mus. Argent. Cine Nat., Buenos Aires; 

isoty - in ‘Herb, Mus. Nat. Canada, Ottawa. 

Nephroma (Eunephroma) kuehnemannii M. Lamb (n. sp.) 

Thallus late expansus, laxe adpressus, haud adscendens, irregulariter laciniato- 

5 cm. longis, 0.7-1.3 cm ie incisi 

pero. 
115 altum, superne fulvo-fuscescens; sporae 5-6 ( — nae, inoalores aciculari- 

cylindricae, rectae, utrinque ween acuminatae, 5—8-septa —— longit. 68-95 yu, crassit. 

3.0-3.5 w.—Medulla KHO tantum indistincte fuscescens, CaClO:- vel partim 

flavescens, PD + bene flavescens, I- .— Species peculiaris, nner sporis perlongis 

et multiseptatis et cephalodiis veris in pagina infera thalli ease obiter visa fn 

the “ed es. on per cs strarnineous-fscescent (between ‘Honey Yellow” and 

isidia or kes underside pee eli or paler (ach racnauscu Hitch), ae ilackenuie. 

whitish to brownish, matted rhizinae up t mm. | Scattered cephalodia present 

on underside; concolorous with underside or pale brownish, subglobose, up to 

mm. diam., smooth, often cracked, containing Nost Medulla white or whitish, . diam. 
without any vellow tinge. Apothecia fairly numerous, “terminal on laciniae, formed 

on the underside and then reflexed to face upwards; round or oblong, 4-9 mm. 

diam., plane or slightly concave, with dark red-brown, matt or subnitid, naked disc 
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and prominent, irregular thalline margin 0.3-1.0 mm. wide, which is often torn open 
ve expose the m a. Underside (ie. original upper aD) of apothecium corticate, 

Thallus corticate on both surfaces; upper cortex 30-37 yw thick, pseudoparenchy- 
matic, stained dark yellowish (without granules) in outermost 11-17 yw, the inner 
part colorless and hyaline; cells + isodiametric, obtusely angulose, 6-9 » diam., with 
walls about 1.2 w thick. Algal stratum 20-35 u deep, pale green; algae protococcoid 
pale green, globose, thin-walled, 13-22 uu diam., without visible pyrenoid. Medulla 
entirely sordid yellow-brownish-nubilated with ratte granules and semi-opaque in 
ae composed of colorless, thin-walled hyphae 2-4 uw thick fairly compactly i 
tri ated in various directions or predominantly horizontally parallel, Lower pene 

Figs. 9 & 10. Nephroma kuehnemannii M. Lamb. The type-specimen (* 1); spores 
(x 450). 

11-35 yw thick, faintly dull yellowish in section, not nubilated, aga ries Gan 
of isodiametric, rounded cells 3.5-4.5 « diam. with rather thick walls (1.5-2.5 4). 
Rhizinae dull yellowish in section, not nubilated, — of elongated, parallel 

cells 13-20 uw long, 3-4 w wide, with walls up to 1.7 uw thic 
Apothecia corticate on lower side (i.e. original upper side) with an uneven-ver- 

rucose, pseudoparenchymatic cortex up to 70 yw thick, sordid ea ier in 

aS cells 5—9 uw diam., the colorless walls 1.5-2.0 w thick. Algal stratum continuous, 
0-85 mw deep. Medulla sordid yellow-brownish-nubilated, as in the thallus, running 

up into the apothecial margin. Apothecial margin usually wit nommpesed 
of medullary hyphae and an outermost, clear, yellowish, gelified, indistinctly pseudo- 
parenchymatic cortical layer about 35 thic s es wi he 
medulla exposed on the surface Hypothecium 70-8 eep, clear, colorless in lower 

2-3 ig thick. Hymenium 95-115 yu high, yellows brownish in uppermost 10-14 u, other- 
wise colorless and hyaline. Paraphyses separable in water, 3.0-3.5 w thick, simple or 

t 

12-15 uw broad, with wall 1.0-1.5 w thick at sides, not or only slightly thicker at the 
apex. Spores seen 5 or 6 in ascus, packed + straight and parallel, acicular-cylindrical, 
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5-8-septate, colorless, straight, bluntly pointed at the ends, often more tapered towards 
one end, 68-95 3.0-3.5 Hymenium light blue, then pa with Iodine. 

Medulla of thallus FeCl; -+ reddish-purple, KHO + faintly brownish, CaCl.O.— 

very distinct and rather peculiar species on ace oun t of the cephalodia on the 
underside and especially the long and multiseptate spores; the spores are seldom over 

s 
N. patagonicum Kphbr. (Syn. N. analogicum Nyl.), but that is is quite di ae 
in its yellow medulla and black, glabrous underside (see bel 

Fairly plentiful material collected by O. Kiihnemann in a ieee (“Aler- 
zal”) at Lago agile in Chubut. 

Type in Herb. Mus. Argent. eee Nat., Buenos Ske isotypes in Herb. Mus. 
Nat. Canada, Bee and Herb. A. H. Magnusson, Goteborg. 

ephroma analogicum Nyl. and 7 patagonicum anette are placed apart as separate 
a in Zahlbruckner’s Cat. Lich. Univ., Vol. III, 422, 425: 1925, but Zahlbruckner 

ymous, a 
present author’s examination of the type specimens at Helsingfors and at Miinchen. 
Kofarag6-Gyelnik gave a long acinar. of the type-specimen of N. patagonicum 
in Ann. Cryptog. Exot., Vol. IV, 1931; his statement that rhizinae are presen nt 

has also redescribed the type of N. Reni ca Ann. en Nat. pone Pars 
Vol. X fae ee : 

under the microscope, without any macroscopically visible pubescence. He is also 
wrong in attributing Nostocoid algal symbionts to N. analogicum; in the type- 
specimen they are clearly protococcoid, pale green, globose, 7-12 wu diam., thin-walled, 
separable, not in slime-sheaths. 

Nephroma (Nephromium) chubutense M. Lamb (n. sp.) 

Thallus suborbicularis, 5-7 cm. latus, substrato arcte adnatus, sat rigidus et 
min bni 

cis, comp sis, SS quasi 
diffractam formantibus, late et poe te obsitus. Laciniae ambitu confertae, longit. 
0.5-1.0, latit. 0.2-0.4 cm., superficie sieegar ae ieee et margi i j 
patis, vag fuscis see es parce aut sat 
substrato late adhaerens, tantum zona cae He ral mm, oe “wisibilis, glaber, 
griseo-nigrescens, ambitu pallidior (pallide fuscus aut alutaceo-fuscescens), opacus, 
undulatus, haud distincte bullatus, laevigatus. Medulla partim alba, partim pallide 
flavescens aut aurantiaco-flavescens. Gonidia Nostochinea, coeruleo-pallescentia aut 
virescentia, interdum flavidula aut rubescentia, vagina gelatinosa sat crassa induta. 
(Apothecia ignota.) — Thallus extus KHO— CaCl.0.- , PD- , intus KHO- , 
CaCl. D + leviter testaceo-rubescens. ti sect. Nephromio colore stramineo 
. isialiis ispesaknbibus: squamulaeformibus, in parte seit thalli late confluentibus 
et quasi crustam fo epionue: locum bene distinctum ten ae rticola in Argentina, 
Patagonia, Chubut, ad oe Menéndez: M. Lamb, ee 

~ =] = inn = wm o. o a rot) = aes a ° a] wn 1 

covered and concealed A a crust of brown or yellowish-brown, squamulose isidia. 
Peripheral zone 0.7-1. . wide, only ee isidiate, stramineous-yellow (yellow- 
brownish or brown at fie extreme ends of the lobes), matt or subnitid, the lobes 
crowded, 0.5-1.0 cm. long, 0.2-0.4 cm. a with reticulate-rugose surface and 4: 
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raised, crisped edges garnished more or less abundantly with brown, flattened- fi 
muliform isidia 0.2-0.4 mm. diam. Central part of thallus + com pletely covered with 
a continuous or irregularly diffract, brown, matt crust of very crowded, squamuliform 
isidia. Underside free from the subst iatom only at the periphery, in a zone 3-9 mm. 
wide; glabrous, pale brown to buff-brown at the edges, gray-blackish further in, 
matt, irregularly undulate-folded but not distinctly bullate, not wrinkled, matt. 
Medulla in places white, in other places pale yellow to orange-yellow. Thallus ex- 
ternally KHO- , CaClO.- ,PD- ; medulla KHO- , CaClO. , PD + brick-red 
(not very intensely). (Sterile.) 

Fig. 11. Nephroma chubutense M. Lamb. Part of the type-specimen ( 3). 

Thallus 200-275 w thick where not en corticate on both ee ni cortex 
35-40 yw thick, dull yellowish-inspersed or in plac rown, u cept in very 
thin sections, pseudoparenchymatic, of een olitueely angulose or 3.5-5.0 wu 
diam. with walls about 1 u canes in places covered by a colorless, hyaline, Spa 
gelatinized, necrotic stratum up to 7 w thick. Algal layer 50-70 » deep, in + inter- 
rupted nests; algae Nasi. oon blue-greenish to ye llowish or reddish, in pees 

Oo 

or hardly cloudy, but + obscured by pigment, somewhat indistinctly pseudoparenchy- 
matic, of ame rounded or obtusely angulose cells 2.5-3.5 « diam., their walls 
about 1 uw thick. No rhizinae or tomentum-hyphae present. 

AS es s the present writer’s knowledge goes, there is no other species in the sect. 
em with distinctly stramineous-yellow color of tha she 

Collected at the west end of the Lago Menéndez on the t onl of a small tree in 
open scrub formation in the lower reaches . the Torrecillas nee stream. 

Type in Herb. Mus. Nat. Canada, Ottaw 

Nephroma rascal, nila nea (Ras.) Gyeln., 
2 elaena Ras. (n 

“Thallus subtus laevigatus, fusconiger vel ad marginem fuscescens” (R&s. in litt.). 
Thallus 3-8 cm. latus, pallide aut obscure fuscus, opacus vel partim subnitidus, irregu- 
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lariter lobatus, crebre et subtiliter reticulato-costatus et lacunosus, costis isidiis parvis 
squamulosis munitis et simul saepe excoriatis. Apothecia orbicularia aut reniformia, 
ad 7 ata, rufofusca, margine thallino pertenui. (Sporae haud evolutae.) — Ad 
corticem aed pumilionis in Argentina, Patagonia, Rio Negro, lacus Frias: 
Lamb, 1950, no. 6010. 

Thallus 3-8 cm. diam., pale to dark brown, matt or subnitid, irregularly lobate, 
closely and finely reticulate- costate and lacunose, the ridges beset with small squamu- 
lose isidia and often splitting open to expose the white medulla. Underside brownish- 

shaped, up to 7 mm. diam,, reddish-brown, with very thin thalline margin. (Spores 
not developed.) Medulla KHO- , CaCl.O. , PD- 

he authentic material of Nephroma ada Ae aia (Ris.) Gyeln., described from 
sega Chile (Magallanes and Nub ble) has not been seen by the present author, but 
Dr. : aan: 

a = Q ee 7.) 

Zo 

- nN <j = 
= 

3 ° ~ ios) & = - = all - n - 
a=) _3 

i) =} rednaate similar, bile differs 
in the thin papery thallus, usually more scanty isidia, smaller apothecia, different 
chemical reactions, etc. 

A single small nonulalion found in the trunk of a “Lenga” (Nothofagus ane 
alongside the bed of a stream near the Lago Frias by the western end of Lago Nah 

Type in Herb. V. Rasainen (Helsingfors Botanical Institute); isotypes in Herb. 
Mus. Nat. Canada, Ottawa, and Farlow Herb. 

Lecidea (Eulecidea) patagonica M. Lamb (n. sp.) 

Thallus albus, tenuis, effusus, indistincte et minute areolatus aut partim continuus 
vel fere membranaceus, passim parcius evolutus et (propter hypothallum cyaneo- 

it : ae 

tum, hyalinum, saltem inferne granulis sordide flavidis parce inspersum. Hymenium 
70-95 altum, i age paraphysibus concretis, seria obscure aeruginoso aut 

a deae aut 
niglonaan. 15-18 6-7 ( -8) yw, apicibus de aut obbuse acum ee inter- 
dum halone mucilaginosa tenui indutae.— Thallus KHO- CaCl.0.- P 
hyphae medullares J— . Epithecium KHO- HNO: re -viblaacens, 
menium et hypothecium subhymeniale I + geendlescens. —In stirpem ZL. litho philae 

: ei). 
Description of the type- sheeted (M. Lamb no. 6029): Thallus forming ill- 

boun 

or partly thicker, contiguous and indistinctly areolate ; areolae usually not well de- 
fined, minute, 0.2-0.4 ( -0.6) mm. diam., plane or pale slightly convex, separated 
by very narrow and often indistinct crncke. Seen with the naked eye, the thallus 
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appears as a thin whitish film, Da mii or greenish-gray (from the hypothallus). 
Thallus KHO- , CaChOz , PD- ; medullary hyphae I-. Algae protococcoid, 
bright green, globose, thin-wall a 7- 15 @ diam. Apothecia numerous, irregularly 
scattered, sessile, slightly to moderately constricted at bas ase, round, (0.5-) 0.8-1. 

-1.8) mm. diam., entirely black and matt (shining only where rubbed), for a long 
time plane with Moderate but not prominent, entire proper margin, finall becoming 
eee convex with the margin excluded. Disc smooth, not papillate or fissured, 
not pruino 

Fig. 12. Lecidea patagonica M. Lamb. The type-specimen ( 4). 

Excipulum continued a long way round below apothecium, but not quite reaching 
to center ; 60-100 uw thick, abruptly dark aeruginose or aeruginose- blackish in outermost 

granules ; 
induc ince pachydermatic hyphae 4-5 w thick. Hypothecium merging gradually into 
excipulum at sides, colorless, up to 260 « deep, pena of indistinct, gelatinized, 
densely compacted and intertexted hyphae 1.5-2.0 » thick, hyaline but with scattered 
irregular inclusions of + granular, sordid iC oe substance (especially in 
lower part). Hymenium 85-95 high, in uppermost 10-17 w + gradually dark 

c 
capitate to 2.5-3.5 w at the blue-green tips. Asci clavate, 60-85 & 12-16 yu, with 
+ gelatinous wall up to 1.5 w thick, in immature asci thickened up to 13 w at the 
apex. Spores 8, biseriate in ascus, ellipsoid to i pane rounded or mepngs 
pointed at ends, with thin smooth wall, 17-18 & 6.0-6.5 #, sometimes invested in 
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thin clear refractive mucilaginous coat. Hymenium and upper part of hypothecium 

+- lag (contents of asci finally vinous-fulvescent); inner colorless part of ex- 

cipulum faint blue. Epithecium ~~ uter part of excipulum KHO- or more 

saeco greenish, HNOs + violet- 
The other specimen, no. 5818 from the Isla Victoria, agrees well with the holotype, 

di 

deep; hymenium 70-90 » high; paraphyses up to 2 yw thick; spores 15-17 & 6-7 

( -8) », without mucilaginous coat. 

Fig. 13. Lecidea patagonica M. Lamb. The type-specimen. Section of an apo- 

thecium 

L. patagonica obviously belongs to the Lecidea lithophila-group, and is distinguished 
by the high hymenium and relatively ge spores. Other Patagonian species to which 

it appears to be closely related are L. subdeclinans Miil. Arg., L. lechleri Zahlbr., 

L. xantholeuca Mill. Arg., and L. i ers Ras. L. subdeclinans (see following 

otherwise similar, is distinguished by its vellowish thallus. ZL. corralensis has much 
smaller apothecia. L. subauriculata B. de Lesd., a N. American species, somewhat 

resembles our plant, but differs in the less on differently colored thallus and 
more broadly ellipsoid spores, L. hornii Lynge, from E. Greenland, has many 

characters in common with L. patagonica, but its apothecia are smaller and its spores 

distinctly larger. Among the European species, L. patagonica approaches only L. 

italica B. Lesd., which has larger, concave and Bersicteaily margin nate apothecia 

specimen from the Isla Victoria was growing on dry non-calcareous rors near the 
shore of the lake, associated with ee Bere ae Whg 

Type in Herb. Mu us. Nat. Canada, Ottaw 

Lecidea (Eulecidea) subdeclinans Miill. Arg. 

in Nuov. Giorn. Bot. Ital., Vol. XXI, 45: 1889. 

Revision of the ae ne from Fuegia, Staten Island, Port Cook, coll. Spegas- 

sini, 1888 (no. 68), Herb, Miill. Arg., Herb. Boissier, Geneva: On apparently 

metamorphic, + ate rock. Thallus well developed, effuse, thickish and tartareous, 

0.3-0.6 mm. thick, not areolate but with anastomosing and + reticulating, + sharp- 
th 1 . : : fai 

thalline line). Thallus KHO + distinct yellow, CaClOe , medulla I- under 
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microscope. The thallus is ecorticate, of compact ne te structure with + 
gelatinously fused, indistinct yphae, grayish- nubilated and oily-grumose in the lower 

conflue 
mat pothecia sessile, slightly to moderately constricted at base, 0.8-1.0 mm. 
nar round or + angulose, black, matt (nitid only Neate ubbed), persistently es 

nally very slightly convex, naked, with + persistent, thin and somewhat 
ree hardly prominent, entire or slightly re tt concolorous See, eee 

Fig. 14. Lecidea subdeclinans Miill. Arg. The type-specimen. Section of an apo- 
thecium. 

Excipulum developed at sides, where 65-90 yu thick, becoming indistinct at the base 
) 

brownish ee 55- igh, gradually dark brown (no aeruginose tinge) in 
uppermost 6-10 yw, otherwise colorless or towards the base slightly brownish-cloudy 
Paraphyses concrete in m , 1.0-1. thick, ips capitate u 
(| -5.0) » and there + brown-pigmented. Asci 45-55 & 12-15 u. Spores ellipsoid a 
elongate-ellipsoid, with thin smooth wall, not halonate, 13.5-16.0 5-6 uw. With 

O, a yellow mist flows from sections of thallus and apothecia; the excipulum 
becomes lighter reddish-brown, the hypothecium + entirely colorless, the eptheciim 
lighter and more olivaceous brownish. With Iodine, hymenium blue then dark 

um 
Miller Arg., loc. cit., also published a @ sheriz za Miill. Arg. of the species from the 

same locality, distinguished by the obsolete thallus. In his herbarium there are two 
c specimens be this name, both from Staten Island, Port Cook, collected by 

Spegazzin nos. 62 a 63 respectively. Number 63 is obviously referable 
to Lecidea lapicida Ach. crustacea (Bausch.) Anzi), having the t y mar- 
gined apothecia and internal struc ture characteristic of that species; the other speci- 
men is different and is arently conspecific with L. subdeclinans Miill. Arg., 
differing chiefly in the obsolete thallus, which is represented on a few indis- 
tinct, sordid whitish traces around and below the apothecia. This specimen, no. 62 
of Spegazzini’s collection, is therefore proposed as the lectotype of the var. steriza 
Mill. Arg. In addition to the obsolete thallus, it differs slightly from the holotype 
of the typical L. vateclnaas in the dark aeruginose or pee aa aoe (not 
brown) eee of the outer excipulum and the epithecium, and in slightly smaller 

‘iations, a 
Certainly belonging to the Lecidea lithophila-group, and coming nearest to L. 

subplanata Vain., from which it differs chiefly in the longer spores. 
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Lecidea (Psora) hypotheja M. Lamb (n. sp.) 

Thallus congesto-squamulosus, caespites latos, crassos, deplanato-pulvinatos efficiens, 

squamulis confertis, imbricatis, erectis aut varie intricatis, 1.0-2.5 ( -—4.0) mm. longis 

i i ro ndati 
ad h 

ibique sa um . nonnibil pulverulentis; inferne laete sulphureis, subtilissime 

i i S 

oy ad 13m m. lata, an aed ee aa et acervulos ad 2.5 (—3.0) mm, latos 

formantia onl (amphithallinum) superne rufofuscescens, ba ersus sensim 

hyali ium cum hypothecio rufo- aut purpureo-fuscescens, in s parte 

intensius ita tinctu tum; hypothecium 50- crassum, strato myelo- 

hyphico (cono centrali) crystalligeno et partim flavovirescenti superpositum Para- 

physes concretae, indistinctae. Asci clavati (sporis haud evo olutis). — Thallus extus 

intusque KHO- , CaClO. , PD- ; hyphae medullares I- . Hymenium I 

partim sordide ade. in KHO tc um hypothecio) solutionem violaceo-rubri- 

cosam effundens. — Pulc et insignis species, affinis ut videtur L. ictericae (Mont.) 

Tayl., squamulis ore ‘nbileetoseonaedtts: caespites pulvinatos formantibus 

dignota. — In fissuris rupium praeter litora lacustria in Ar gentina, Patagonia, Chubut, 

prope Futalaufquen: M. Lamb, 1950, nos. 5870 ee speciei), 5932 

Fig. 15. Lecidea hypotheja M. Lamb. Part of the type-specimen (XX 3). 

Description of the type-specimen (M. Lamb no. 5870): thallus congested-squamu- 

lose, forming compact, flattened-pulvinate patches 5-10 cm. diam. and 1.0-1.5 cm. 

thick; squamules crowded, imbricated, upright to + horizontal, 1.0-2.5 

mm i long and broad, about 0 . thick, rounded or + sinuate-lobed, p : 

alutaceous or pale n upper side, with finally + tumid, yellow, often slightly 

pulverulent (but not sorediate) margins. Upper side , not pruinose mooth, matt 

Lower side of squamules sulphur-yellow, subtly radiately adpressed-fibrose but not 

rhizinose, matt. No isidia or soredia. Squamules externally and internally KHO- 
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CaCl.0: PD-— ; medulla I- . Apothecia — numerous, on upper side of squam- 
i bos 

a 

simple or the Teese: ones oan sulcate and + completely divided into aggrega- 

tions of pulvinate secondary discs; smooth, moderately nitidous; simple apothecia 

to 13 mm. diam., compound Si up to 2.5 ( -3.0) mm. diam. and often 

sacs Aesune d. 
Upper side of squamules corticate with a colorless, hyaline cortex 70-120 uw thick 

ted Vv 

somewhat irregular; lower side sharply delimited from the algal stratum. Algal 

stratum continuous, 60—90 —100) » deep, somewhat diffuse on lower side. Medulla 

120-200 yu thick, hyphose, ewes _yellowsh or greenish-yellowish-cloudy in section 

(but without visible granules), composed of thin-walled hyphae 3-4 yw thick com- 

pletely intricated in various ce on or partly predominantly + horizontal, without 

the medullary tissue, with the hyphae somewhat larger (up to 4.5 mw diam.) and 

thicker-walled (walls up to 1.5 yu thick), more bee pai ey: no visible granules. 

The medulla becomes + clear and hyaline with KHO, without mist; sections 

CaCl.0.- , I- . Symbiotic algae rere ee bright green, globose, 6-10 w diam., 

thin- walled, The yellow color of the underside and eas of the squamules is due to 

the sordid yellowish nubilation of the medullary lay 

Excipulum of amphithecial origin, merging pradually into the thallus cortex below 

ae = the hymenium above; in upper part yellow-brownish or red-brownish, in 

low rt becoming colorless and hyaline ; compose ed of ee and gelatinized, 

thick- dalled, parallel-radiate hyphae, the lumina distinct, 1.5-2.0 w wide. tral 

cone compact, filled with irregular fealonless crystals up to 10 i 

amorphous, yellow-greenish substance; the intertexted hyphae pulenlecs: indistinct. 

Hypothecium 50-70 uw deep, reddish-brown (concolorous with the hymenium), com- 

posed of compactly ede hyphae 2-3 w thick with thin, + pigmented walls. 

K 

thick, embedded in turgescent mucilage, s aes Sr  ccinally branched, not articu- 

lated, not noticeably thickened at tips. eee lavate, immature, 45-50 K 10 uw. (No 

spores developed.) Both hymenium and hypothecium give off a crimson-purple 
: ; 0 

In both the specimens the hymenium is completely oar of spores, te the 

apothecia are otherwise well developed. The only oe pecies of sect. Psora which 

at all resembles it is L. icterica (Mont.) Tayl., ich ee similarly i Sas 

squamules of about the same color, but these in Pass i are all closely applanate to 

1G hypotheia was fecal abundant in both the localities, Lago Verde and Lago 

Cisnes, some miles apart, forming clumps and patches on oe in crevices of steep 

rocks by the shores of BS lakes, 1 to 1.5 m. above the wa 

ype in Herb. Mus. Nat. Cae Ottawa; isotypes in Farlo ow Herb., oo Inst. 

Syst. Bot. Uppsala, and Herb. Inst. Bot. Darwinion, San Isidro, Buenos Air 

Catillaria melanopotamica M. Lamb (n. sp.) 

Thallus sat late effusus, saepe ambitu hypothallo eins viridinigrescenti aut obscur re 

opaco vel nonnihil nitido, mediocri, integro, satis prominenti cincta, deinque im- 

marginata, Excipulum integrum, ad marginem eae purpureo-tinctum, cae- 
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terum incoloratum; e hyphis radiantibus, pachydermaticis, conglutinatis constans. 
Hypothecium totum hyalinum (incolor aut leviter sordide lutescens) aut superne 
leviter purpureo-fuscescens, Hymenium 100-125 yw altum, pallide cantar xiolaecens, 
epithecio purpureo-fuligineo; paraphysibus discretis, apicibus capitat Sporae 6-— 
nae, subbiseriatae, ellipsoideae, 1-septatae, oo es, 18-23 X 8. abo ‘Pion Phallus 

O lutescens, CaClO.- , PD- au istincte flavescens; hymenium I + 
coerulescens deingue sordide venue mascene, KHO (cum parte marginal excipuli) ++ 

C. i 

Figs. 16 & 17. Catillaria ee M. Lamb. Part of the type-specimen 
(X 4); spores (X 1 

Description a the type-specimen (M. Lamb no. 5815): thallus effuse, forming 
patches 5-10 cm. diam. on the smooth bark, bounded at most places of periphery by 
a thin, non- icbae greenish-black or dark gray hypothallus, which is also visible 
oe a there in the thinner parts of the central thallus. Thallus whitish or cream- 

i 0.2 

ing. Symbiotic ot of thallus protococcoid, pale green, globose, 6-9 yw diam., 
thin-walled. 

Excipulum entire below apothecium, 65-78 yw thick, at the margin up to 100 u thick ; 
Q ° oO =] aS, (= i i-] it) oo o <5 i © Q = =e =] U p sm ae o, ot S 5 a ie) . co ey o p gg Oo — Pp S: 5 ° = wm = “ um) a aL = — oe oS 

and hyaline, in the margin unevenly purplish from amorphous pigment between the 
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hyphae. Hypothecium 100-135 yw deep, either entirely colorless and hyaline, or in the 
mw very faintly and un i e 

om 
sides, at the apex spu uriously a thickened up to 25 w. Spores 7-8 in as 
et ae ellipsoid, 1-septate, occasionally hee slightly constricted at the 
septum, with wall and Seat of equal thickness (about 1 «); plasm clear and hyaline; 
18-23 8.5- a uw. With KHO added to sections of apothecium, the hymenium and 
colored lateral parts of excipulum turn purple-red; the hypothecium and colorless 
lower excipulum + slight yellow. Hymenium I + blue then sordid dark aeruginose, 
other parts J- . 

The other specimen, no. 5836, collected some distance away in the Isla Victoria, agrees 
othallus 

height of hymenium the same). Spores 6-8 in ascus; wall and septum up to 1.5 uw 
thick. 

The species comes closest to the Australian C. superflua (Mill. Arg.) Zahlbr., and 
could not be distinguished with certainty from the latter on the basis of the diagnosis 
alone. Miiller Arg.’s type specimen was therefore examined (see revision below), and 
the following differences, which seem to be specific, were found: 

C. melanopotamica C. superflua 

Marginal part of excipulum dark oli- 
vaceous, greenish-brown, sordid aerugi- 
nose or fuliginous 

Marginal part of excipulum purplish or 
purple-reddish 

ium aa colorless or faintly lagen colorless and hyaline in 
onally very faintly purple- part, in upper part pale sordid 

brownish in ees art. ee or olivaceous-isabelline. 

Hymenium 85-100 wu high, entirely color- Hymenium 100-125 yw high, entirely a 
purplish-violascent pate streaks of 
ment between the paraphyses. 

Epithecium purple-blackish (KHO + 
purple-reddish). 

Spores 8.5-10.0 u« broad. 

less and hyaline except for the epithecium. 

Epithecium pele ae blackish (KHO + 
dark sordid wn). 

Spores 10-12 yu aie 

C. melanopotamica is probably also related to the Australian C. frenchiana (Mill. 
Arg.) Zahlbr., but differs from the latter in different color of thallus, si oa spores, etc. 

Both Eccles seen were on trunks of “Coihue” (Nothofagus dimbes 
Type in Herb. Nat. Ca nada, ie isotypes in Farlow Herb. ‘and Herb. 

Inst. Bot. en. oe Isidro, Buenos Aires 

Catillaria phaeolomiza M. Lamb (n. sp.) 

llus effusus, tenuis, albicans, inaequalis aut verruculoso- inaequalis (praesertim 
u u 

ha 
e asperitate substrati), opacus, continuus 

silia, rotundata, 0.5-0.8 mm. lata, 

aut indistincte e 

partim pallidiora ‘Husennievésaentia) plana et margine mediocri, parum prominenti, 
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integro, seen circumdata, dein leviter convexa et immarginata. Excipulu. integrum, 

ba 

irregulariter obscure fuscescens aut purpureo-fuscescens. Hymenium 95-120 » altum, 

hyalinum, epithecio olivaceo-fuligineo, paraphysibus discretis, apicibus capitatis et 

subaeruginosis aut a ineis. Sporae 8nae, biseriatae, ellipsoideae, incolores, 1-septatae, 
PD 18-25 & 8.5-10.0 w.— Thallus KHO + lutescens, CaCl.O.- , — ; hymenium 

I + coerulescens aaa aeruginascens ; hypothecium superius (cum excipulo marginali) 

O + purpurascens; epithecium KHO + olivaceo-fuscescens. — Affinis praecedenti 

(C. melanopotamicae), at hypatec superne fusco, hymenio hyalino, epithecio aliter 

colorato et KHO haud purpurascenti, et apotheciis saepe aero distincta videtur 

. phaeolomam (Kn.) Zahlbr. e Australia, hucusque tantum e descript. cognitam, 

arcte accedere possit.— Corticola in Ar Seuen oo Nahuel Huapi, loco ac- 

curatius non age : L. E. Cannelle, 1943, ate 

Thallus effuse, thin, 0.1-0.2 mm. thick, cream-colored or whitish, uneven or verru- 

culose-uneven (angels from the inequalities of cs substratum), matt, continuous or 

indistinctly and minutely reticulate-rimose, not areolate. No dark eine seen. 

Thallus KHO + yellow, CaChO. , PD- Apothecia numerous, + evenly scattered, 

0.5-0.8 mm. diam., discoid, sessile, slightly to moderately pent hese at base, black or 

occasionally partly paler (bro wh-bla ckish), rst plan ith moderate but hardly 

rominent, entire, black or brownish margin, are fe oane slightly convex and im- 

i i smooth 

coming + purpu t 
structure, a a ag gelatinized, parallel, thick-walled hyphae, the fistulose 

lumina about 1 » wide. In a few places on the outer side of the excipulum there may 

be a faint aeruginose oe in patches. Hypothecium consisting of two parts: 

(a) a lower 35-68 uw, clear and colorless (or in places faintly purplish in its lower 
half) of indistinctly pseudoparenchymatic structure, without inclusions; and (6b) an 
upper 40-57 4, somewhat patchily dark brown or dark purplish-brown. Total depth 
of hypothecium is 100-130 ~. Hymenium 95-120 uw high, hyaline, without any purple 
color, the epithecium irregular, sordid olivaceous- blackish, without any purplish tinge. 

i 

hypothecium and colorless parts of excipulum turn yellow; upper dark hypothecium 
and colored parts of excipulum turn aa ae Cie epithecium KHO + dark olive- 
brown (not purpurascent). Hymenium I + blue then blue-green; other tissues of 
apothecium I[- . 

Comes very close to the foregoing (C. melanopotamica), but differs in the distinct 

with KH nd the somewhat paler, not black apothecia. There seems to be 
considerable resemblance to the Australian species C. phaeoloma (Kn.) Zahlbr. and 

C. melaloma ( ahlbr., both desc in Tran n c. Lond., ser. 2, Bot., 
Vol. II, 45: 1882, ub Lecidea, as far as can be judged from Knight’s inadequate de- 
scriptions, Unfortunately all attempts to obtain reliably authenticated original material 
of these two species for comparison were unsuccessful. No specimens could be found in 
Herb. Kew; in Herb. Nylander, Helsinki, there is a specimen (no. 20934 in Herb. Nyl.) 
sent by Knight under the name “Biatora melaloma,” but on examination it proved to 
be a Buellia 
Type in Herb: Crypt. Inst. Miguel Lillo, Tucuman, Argentina, under no. 8618. 
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Catillaria lacarensis M. Lamb (n. sp.) 

Thallus sat late effusus, tenuis, crassit. vix 0.2 mm., partim membranaceus, partim 
plus minusve desquamescens; albidus, opacus, continuous aut obsolete et subtiliter 

hypothallo haud viso. Apothecia copiosa, sparsa, sessilia, rotundata, basi modice vel 
bene geen 0.6-1.8 ( ~2.0 mm, lata, nigra, diu plana et margine tenui aut 

purpureo-fuligi y jum 10 altum, sat hyalinum, epithecio fuligineo, 
paraphysibus disretis, apicibus capitatis. Sporae 6-8nae, subbiseriatae, incoloratae, 
ellipsoideae, 1-septa — 10-13 ».— Thallus KHO + indistincte (fusco-) 
flavescens, Cacho : ” pp- ; hymenium I + coerulescens deinque aeruginascens: 

Fig. 18. Catillaria lacarensis M. Lamb. Part of the type-specimen (x 4). 

ay ener KHO + r ie -purpurascens; epithecium KHO + purpureo-fuligineum. 
AC. eolomiza, quacum habitu externo et hypothecio superne fusco congruit, 

ne a artim meres Nira ar (nec purpureo-fuscescenti), hypothecio 
inferne Seen et sporis distincte majoribus. — Corticola in Argentina, Pat- 
agonia, Neuquén, ad lacum Lacar prope flumen Hua-Hum: O. Kiihnemann, 1943, 
no. 780 

Thallus gi forming patches 5 cm. or more in diameter on smooth bark; thin, up 
o 0.2 mm thickness, in places membranaceous, in other places thicker and + 
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desquamescent ; cream-colored or whitish, aon continuous or obsoletely finely rimu- 

mo or - not distinctly verruculose; KH 

brownish or ferruginous-yellowish, CaChkO. , PD- No dark hypothallus seen. 

Symbiotic algae pale green, consisting of thin-walled, globose cells 5-10 » diam. co- 

hering in clumps and seemingly apeanreet probably Trentepohlia. Apothecia nu- 

merous, + evenly scattered, sessile, moderately to well constricted at base, discoid, 

8 0) di i 1 

— jo) Ww oO — i=) ° p< ~ Oo cE rot) cot oO — co Ln} He < 

becoming slightly convex with the margin indistinct or evanescent. Disc matt, smooth 

less and hyaline, with scattered streaks of career aes Steere or sometimes 

and lower age become reddish-purpurascent ; | the epithecium turn urpli Ne 

other tissues ao : 

Type in Herb. Admin. Parques Nacionales, en Santa Fe 690, Buenos Aires; 
isotype in Farlow Herb 

Catillaria superflua (Mull. Arg.) Zahlbr. 

Cat. Lich. Univ., Vol. aes 75: 1926. Syn. Patellaria (Catillaria) superflua Miill. Arg. 
in Flora, Vol. LXX, 336: 1887. 

Reviean of the tvpe- oe from Australia, New England (New South Wales), 
Walcha, coll. Crawford (no. 14), in Herb. Mill. Arg., Herb. Boissier, Geneva: On 
smooth cracky bark. Thallus effuse, not limited by any hypothallus, apparently ex- 

: ee ar 

acc. to Miill. Arg.), very a oe 0.05 mm. thick, membranaceous, continuous or 

ppt ‘ 

at base, pet black, 0.5-0.9 mm. diam., at first plane with a moderate, prominent, 
entire, black, matt or subnitid margin, hea becoming mie to moderately convex 
with the margin reflexed and invisible. Disc smooth, matt, ed. 
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Excipulum well developed at sides and continued for some distance round on under- 
side of apothecium, where it becomes gradually indistinct, absent in the center; 60-85 
u thick, of distinctly radiating structure, in the upper marginal part streakily and 
irregularly pigmented with a dark olivaceous, greenish-brown, sordid aeruginose or 

KHO becoming fulvous-brown or purplish-brown, in HNO; distinctly purple. In the 
lower part of the excipulum the pigmentation is + absent. Hypothecium clearly 
divided into two parts: (@) an upper, pale sordid olivaceous or olivaceous-isabelline 
60-75 : of distinct, rather thick- walled, variously intricated or partly vertical hyphae 

.0-4.5 w thick, and (b) a lower, colorless and hyaline layer 65-125 w deep of more 
She Het consisting of fine thin- walled, gelatinously conglutinated hyphae 

y 

menium I + persistent dark blue. The upper, pale sordid olivaceous- isabelline part of 
the hypothecium becomes + fulvescent with KHO. 

Thallus up to 80 thick, ecorticate. Symbiotic algae protococcoid, yellow-green, 
+ globose, 4-9 u dia 

The three Catillariae here described as C. melanopotamica, C. phaeolomiza and C. 
lacarensis form a closely related complex, possibly a single variable rican but until 
further ean grein be variability to be studied, it seems best to describe the 

ree ra dely divergent anatomica bynes as separate species. They may be 
provisionally eee a the following key 

1. Spores 24-32 10-13 mw; excipulum aeruginose-blackish at sides and partly below; 
yellowish-gray granular inclusions present in lower part of hypothecium......... 

Spores smaller, 18-25  8.5-10.0 uw; excipulum Benen or purple-reddish at 
sides, colorless below; no granular eine: in hypothecium ................ 

ad 

2. Hymenium pale purplish-violascent (streaks of pigment between the paraphyses) ; 
upper part of hypothecium colorless or only faintly purple-brownish .......... 

Pr dn re to Sou cae aie ee eee C. melanopotamica 

Ley ~ Hymenium colorless and hyaline; upper part of hypothecium dark brown or 
purplish-browne es. 2.0.82 sae. care sb oe C. phaeolomiza 

Bacidia (Scoliciosporum) spirospora Knight 

in Trans. & Proc. New Zealand Inst., Vol. XII, 371: 1880. 

As lectotype has been selected a specimen in Herb. Nylander (no. 17565) from New 

only at point of contact with other crustaceous lichens, effuse, becoming thin an 
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membranaceous at the margin, thin, up to 0.2 mm. thick, now whitish with a faint 

ochraceous tinge (cinerascent in fresh condition, acc. to Knight’s description), matt, 

smooth, irregularly finely rimose, not areolate, KHO- or slightly brownish, CaCl.0.- 

PD- Apothecia numerous, scattered, adpressed-sessile, round, 0.4-0.7 mm. diam., 

moderately to well constricted at base, at first plane with a thin, entire, not or only 

slightly prominent, pale reddish-brown to black nee then becoming finally slightly 

convex and immarginate. Disc brown-blackish to black (or occasionally fuscous in 

younger apothecia), matt, smooth, not pruinose. 
Excipuld um + entire helow a pothecium, or becoming indistinct in the central part be- 

low; 55-85 « thick, either ly ‘ainshly sordid yellowish or isabelline, or gradually 

pale brown in the outer half, clear, without granules, composed of gelatinously congluti- 

nated, thick-walled hyphae in flabellate-radiate formation, only the lumina visible, 

these 1-2 u wide, simple or a pat Hypothecium consisting of two parts: (a) 

visible granules, composed of thick-walled, gelatino usly | concrete hyphae 3-5 wu thick 

closely intricated in various directions, in the upper su oheegasiae part going over into 

finer, + vertically parallel hyphae about 1.5 yw thi Hymenium 60-70 yw high, 

gradually or + abruptly subaeruginose-fuliginous or eee blackish (not 

pure aeruginose) in uppermost 8-10 y, otherwise colorless and hyaline, not inspersed. 

Paraphyses discrete, 1.0-1.5 « thick, simple or branched, not anastomosing, not articu- 

lated, at tips gradually thickened to 2-3 w and there + pigmented, dark sordid sub- 
aeruginose. Asci clavate, 50-62 ~ 12-15 tt pie wall about 1 » thick at sides, at apex 

thickened in immature asci to 6-10 wu. Spores 6-8 in ascus, packed parallel in a bundle, 
not noticeably spirally twisted; outside asci + straight or slightly flexuose or often 

sigmoid-flexuose, obtusely pointed at one end, gradually tapering and acuminate at 

the other, 8-15-septate with rectangular or + cubical loculi, 45-65 3-4 nw. Hy- 

menium I + persistent blue. Sections of apothecium KHO- in all parts; epithecium 

HNO, + bluish-violet. 

Fig. 19. Bacidia spirospora Knight. The lectotype-specimen. Spores (x 800). 

Another specimen, no. 17568 in Herb. Nylander, from New Zealand, coll. Knight, 
1867, no. 103, written up by Nylander as ‘“Lecide exa Nyl.,” is on lignum, and has 
no distinct thallus, only a patchy whitish discoloration of the lignum. Apothecia 
entirely black, mostly slightly convex and immarginate, 0.4-0 -1 mm. diam.; 

<< 3 w, usually sigmoid-flexuose, about 15-septate. It is obviously referable to B 
spirospora, being a lignicolous, + athalline condition. But another specimen, on bark, 
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Herb. Nyl. no. 17566, coll. Knight, 1867, no. 302, called “Lecidea deflexa (corticola)” 

by Nylander, is a different species, very similar in the structure of the apothecia, but 

with different spores, cylindric-fusiform, straight or slightly at te flexuose or 

moid, + equally rounded at both ends, shorter, 30-43 X 3-4 uw, 7—-13-septate: 

synonym for Bacidia eee Knight, based on the ratérial sent by Knight under 

ame. The speci inoi 

Stnr. (in Oesterr. Bot. Zeitschr., Vol. LXVII, 278: 1918), but differs in the color of 

the epithecium, which in acerinoides is colorless to yellow-brown, olivaceous, dark 

brown or purplish- brow wh, not aeruginose-fuliginous; also in Stein ae species the 

hypothecium and excipulum stain more or less violet-purple with KHO. B. spirospora 

also approaches the N. American species Bacidia idahoénsis H. Magn. (in Medd. 

Géteborgs Bot. Trddg., Vol. XIX, 45: 1952, described as belonging to sect. Eubacidia, 

the thicker hypothecium, + distinctly divided into two parts and KHO— , the nega- 

tive reaction of the epithecium with KHO, and the smoother thallus of different color. 

Var. patagonica M. Lamb (n., var.) 

Similis speciei typicae, solummodo apotheciis nonnihil ier ad (usque 1 mm. 

latis), hymenio altiori (75-100 ») et epithecio magis aeruginoso differens. — Corticola 

in Argentina, Patagonia, Chubut, prope lacum Menéndez: M. Lamb, 1950, no. 5933. 

Fig. 20. Bacidia spirospora var. patagonica M. Lamb. Part of the type-specimen 

(X 4). 

Thallus white or whitish, effuse, matt, very thin, not over 0.1 mm. in thickness, 

partly hypophloeodal, irregularly and grossly rimose from the cracking of the bark 

cracks. Thallus KHO- or indistinctly yellowish, CaClOz-- , PD- . Medullary 
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hyphae 2-3 yw thick, I- , with walls of moderate thickness. Symbiotic algae protococ- 
coid, pale green, elahnae, 3-7 diam., thin-walled, cohering in clumps. Ap ia 

i 0 mm. 

naked, smooth or minutely scabrid. 
Excipulum entire below apothecium, 50-70 thick, in lower part colorless and 

hyaline, at sides faintly yellowish (or sometimes dark reddish in uppermost part ad- 
joining the phathsielern clear ee translucent, composed of parallel, thick-walled, 

end, (8— ) 12-15-septate, (47— ) 60-68 & 3.5 uw, packed 6-8 in a ascus, at first straight 
and Lathe finally distinctly though loosely spirally wound. 

d growing on the t trun eh of Colletia at the edge of the Nothofagus forest by 
Lag ae near Lago Mené 

n Herb. Mus. Nat. Zen Ottawa. 

Stereocaulon (Enteropodium) patagonicum M. Lamb (n. sp.) 

eer eee eranell erecta, pee robusta, substrato arcte affixa, haud 
Pacis 2.5-7.0 cm. alta, 1-2 mm. crassa, modice et irregulariter ramosa 
teretia, decorticata, ne aut komients. pk laevi vestita; phyllocladia latenelia: 

Fig. 21. Stereocaulon patagonicum M. Lamb. The type-specimen ( 1). 

copiosa, albida aut glauco-cinerascentia, primum verrucosa, ad 0.3 ( —0.5) mm. lata, 
dein (praesertim in partibus inferioribus) squamulosa et crenata, usque 0.8 . lata, 
saepe imbricata. Cephalodia lateralia, verrucoso-globosa, 0.5-1.5 mm. ee ae. 
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cladiis concoloria aut parum obscuriora — cinerea), algam Nostochineam 
continentia. Apothecia copiosa, terminalia, 1.0-3.0 ( -3.5) m 
aut fusconigricantia, e plano et tenuiter marginato mox convexo-immarginata, laevia, 

nuda. Stratum medullare apothecii (conus centralis) hyalinum, compactum, hyphis 

conglutinatis, saepe granulis opacis inspersum; hypothecium tenue, plus inne 

sordide flavidulo-nubilatum vel fere hyalinum; hymenium 60-80 uw altum, purum, 

superne fuscescens. Sporae 8nae, cylindrico -fusiformes, rectae, 3 ( —4)-septatae, longit. 

30-44 rassit. 3.0 i 

1950, no. 5790 (typus speciei), et multis aliis locis in Patagonia argentinenei et chilensi. 

Description of the Pee ail (M. Lamb no. 5790): Pseudopodetia ene 
stipate-caespitose, rooted firmly at the oe into the earthy substratum, 2.5-4.5 c 
high, (0.8- 1-2 mm. hicks slightly and irregularly branched, upright, rigid, ae 
feapile, ae decorticate, in places with a moderate smooth tomentum like that of 
St. paschale. Phyllocladia abundant and crowded in upper parts of pseudopodetia, 

Cephialodia common, fateral on pseudopodetia, among the phylioaladin, eae glo- 
5 “di s ; 

se with minute darker spots on the surface; containing Sticonema PAU liocladia 

abundant, terminal on ends of pseudopodetia, 2-4 mm. diam., dark brown or brown- 
blackish, at first plane with distinct, raised, concolorous proper margin, then soon 
slightly to strongly convex, with the margin secluded Disc aaa att, not pruinose. 

Excipulum poorly deve oe pe obsolete, of radiatin ucture, colorless and 
+ hyaline, in places covered b thin layer of pseudo Soden peer tissue. Central 
cone cleft and eee colores, ra compact, without inclusions, of gelatinized 
structure, appearing to be of leptodermatic hyphae about 3 yu thick loosely 
interwoven and ieee a oo mucilage. Hypothecium 60-80 » deep, not 
sharply differentiated from the central cone, slightly yellowish-gray-cloudy in section, 
not pigmented. argo 60-70 » high, brown above. Spores 3-septate, cylindrical- 
fusiform, acre 

elongs to sect. nea and is most closely related to St. tomentosum Fr. 
from which it differs in the robust, erect habitus and large terminal apothecia. The 
lower tele are unmistakably like those of St. tomentosum, but the upper 

It was recorded from the National Park of Nahuel Huapi in Rio Negro by Rasanen 
in An. Soc. Cient. Argent., Vol. CX XVIII, 136: 1939, under the erroneous identification 

of “Stereocaulon myriocarpoides Nyl.” (specimen seen in Herb. Rasdnen). 

The type population pases studied in Chubut, W. end of Lago a antes was 

n the sandy gravelly shore of the lake behind the beach, near the edge of the Notho- 
fagus forest, where it occurred intermixed with a sward of Stereocaulon paschale. 
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mong the latter it grew in sporadic isolated tufts, which were very distinct by their 
larger stature and abundant eis othecia. The een are always firmly rooted 
into t ssi earthy substratum or onto small 

Type in Herb. Mus. Nat. Canada, Ottawa; ie in Farlow Herb. 

F. subirregulare M. Lamb (n. f.) 

siete sets compactos et crustosos formans, phyllocladiis valde congestis, 
verruc aut crenato-squamulosis. Pseudopodetia demum elongata, ai alec parcius 
phyllocladiis oe partim denudata; apothecia terminalia, mox corymbose divisa. — 
- rupes et inter lapides in cacumine montis Rigi prope lacum Frias, ate circ. 1750 in 

: M. Lamb, 1950, nos. 5788, 5789 (typus). 

Fig. 22. Stereocaulon patagonicum {. subirregulare M. Lamb. The type-specimen 

(X 1) 

Description of the type-specimen (M. Lamb no. 5789): Forming compact, flattened- 

pulvinate tufts, firmly attached to the rock or in clefts between stones, cinerascent 

whitish, with the phyllocladia very crowded and forming a crust. Tufts widely at- 

tached on underside, orsiventral; phyllocladia mostly verrucose, about 0.25 mm. 

diam., in places larger, up to 0.8 ( -1.0) mm. diam. and flattened-crenate, like those 

of St. paschale var. alpinum (Laur. Mudd; seudopodetia finally itvegularly elongated, 
3.0-4.5 cm. long, partly denudated, partly covered with eon or aggregated ea 

. di d i 

the a nena Saracirtek ey up to 3 mm, diam., dark cinereous, verruculose-tuberculate 
or + botryose, containing Stzgonema. Phyllocladia PD + (sl owly) orange-red 

a i 

which resembles that : St. botryosum {. irregulare H. Magn. From the latter it can 
be distinguished by the larger, ashy-whitish, finally ae phyllocladia. 

he two specimens were found at the summit of the Cerro Rigi, above the tree limit, 
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in a very exposed and windswept position probably with little or no protecting snow 

cover in winter. 
Type in Herb. Mus. Nat. Canada, Ottawa; isotype in Farlow Herb. 

Stereocaulon paschale (L.) Hoffm., var. marae (Laur.) Mudd, 
f. flabellans M. anil (n. f.) 

Pseudopodetia valde dorsiventralia, substrato arcte applanata, ree flabellatim 
expansa, phyllocladiis majusculis, deplanato-squamulosis, crenatis, congestis obtecta. 
—Terricola inter rupes et lapides in Argentina, Patagonia, Rio Neer o, in cacumin 
montis Rigi prope lacum Frias: M. Lamb, 1950, nos. 5786, 5787 (typus). 

Fig. 23. Stereocaulon paschale var. alpinum {. flabellans M. Lamb. Part of the 
ype-specimen (* 3). 

Description of the type-specimen (M. Lamb S 5787): ee paar spreading 

tufts flattened and appressed to the ground, 2.5 cm. across, becoming + con- 
fluent to cover large areas of ground; pseudo ae copiously eee in a spreading 
rele enon the upper side entirely concealed by the phyllocladia; seen from the 

i hey si ete, 0.4-1. m. th 
labrous or with a thin , subtle, concolorous tomentum. Phyllocladia very numerous on 
upper side, crowded, dathenedscanamulos: 0.7-1.0 mm. diam., incised-crenate at the 
ae white or whitish, often tending to fuse together. Cephalodia not abundant, on 
the under side, south, + globose, sometimes aggregate- verrucose, 0 3-0.7 ( -0.9) 
mm. diam., light-colored (whitish or faintly dull roseate), containing Nostoc. Phyllo- 

ile. 
On the summit plateau of the Cerro Rigi, at an altitude of about 1750 m., this form 

presented a very striking appearance on account of its decumbent, closely adpressed, 
flabellate-radiating habitus. The fan-like groups of pseudopodetia were congregated 

the same orange- red reaction of the phyllocladia with Evvaphenylenediamine, and a 
hence referable to the Stictic acid strain of the species. 

Type in Herb. Mus. Nat. Canada, Ottawa; isotype in Farlow Herb. 
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Stereocaulon (Enteropodium) speciosum M. Lamb (n. sp.) 

Pseudopodetia caespites usque 30 cm. latos formantia, erecta vel varie intricata, 
a robusta, (5— ) 8-10 —13) cm. longa, 2.5-5.0 mm. crassa, simplicia vel 

ramosa, cylindrica, apicibus cornuto- a decorticata, suavacie inter 
hyllocladia laevi aut nonnihil spongioso-fibrosa, phyllocladiis albidis circumcirca dense 
obtecta, partibus ay emorientibus et ee illic phyllocladiis destituta. Phy ese 
onferta, verrucosa, .2-0.5 ( -0.8) mm. lata, vulgo stipitata, saepius centro ob- 

scurius (olivacee- as fusco-ochracee-) ianoulata: Cephalodia ree phos ses- 
silia, enenenid pulvinata, rufofusca aut fusconigricantia , 0.6-1.0 mm. lata, minute 
verruculosa, an continentia. (Apothecia sel wale ae ar (saltem 

versus) PD + Ne. 
— Ad stirp oe uli vesuviani _pertinet, St. cornuto Mill. habitu ornuto- 

Fig. 24. Stereocaulon speciosum M. Lamb. Part of the type-specimen ( 1). 

(haec in St. cornuto vulgatissima). Aspectu portentoso, inter species spectabilissimas 
generis adnumerandum. — Ad terram sabulosam in Argentina, Patagonia, Chubut, lacus 
Menéndez: M. Lamb, 1950, nos, 6069 (typus speciei), 6071, et ibidem jam anno 1940 a 
cel. O. Kithnemann lectum; quoque in aliis locis Patagoniae argentinensis et chilensis 
obvium 
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Description of the type-specimen (M. Lamb no. 6069): Forming caespitose clumps 
up to 30 cm. across of variously intricated or upright pseudopodetia which are grad- 
ually brown and emorient in lower parts: the living parts with a cover of whitish 
Sayilecidia are 3-7 ( -9) cm. long, 2.5-5.0 mm. thick, simple or only sparingly 
branched, branching off from a common io in the lower part, terete, cylindrical, 

tomentose. Phyllocladia ee and contiguous, + concealing the podetia, mostly 
distinctly stalked and usually in groups of 3-10 or more on simple or branched 
pedicels 0.5—2.0 mm. es, small, 0.2-0.3 (exceptionally up to 0.8) mm. diam., pre- 
dominantly verrucose, always nah distinct, olivaceous- or ochraceous-brown centers, 

or + pellucid, verruculose or botryose, irregularly pulvinate, 0.6-1.0 mm. dia 
containing Stigonema. Phyllocladia KHO + yellow, PD + (slowly) Fe ore ve 

ile). 
In its habitus the new species, ag belongs to sect. Leucocheilon, subsect. Pelto- 

phyllum M. Lamb (in Canad. Journ. Bot., Vol. XXIX, 566-7: 1951), somewhat 

however, in its much mo © mObuse and thick pseudopodetia, 2.5-5.0 mm. thick in- 

y 
abundantly fertile. Other alae seen were from Rio Negro in Argentina and 
Aysén and Llanquihue in Chi 
Type in Herb. Mus. Nat. Canadas Ottawa; isotype in Farlow Herb. 

Var. surreptans M. Lamb (n. var.) 

eudopodetia prostrata, substrato adpressa, haud vel vix affixa, laxe reptantia et 
ae subradiatim vel ellatim ramosa, crassissima As 7, rane ad 10 mm ne é : 4 : 

prope lacum Frias: M. Lamb, 1950, no. 6098; etiam e Valdivia et Ecuador visum. E ? 

without phyllocladia and covered with adherent earth. Tips of pseudopodetia cornute- 
attenuated. Phyllocladia crowded, covering and concealing the pseudopodetia, verru- 
cose, 0.4-0.9 mm. diam., often + confluent; whitish or cinereous, matt, often aaa 
distinct darker centers; the latter, when mee minute, spot- like: ills aiseiiel: glauce 
cent. Cephalodia numerous, Lae Noss on upper side among the shellnciadia, 
forming irregular, pulvinate-confluent, brown-blackish masses with obsoletely verru- 
culose surface; containing Sikes “Phylladadis PD + (slowly) orange to orange- 
red. (Sterile.) 
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ound on flat soil beds in slight hollows between rocks and stones in exposed 

Fig. 25. — speciosum var. surreptans M. Lamb. Part of the type- 

pecimen ( 1). 

specimen from Ecuador distributed in Lich. Austroamer. ex Herb. Regnell. no. 391 

Type in Herb. Mus. Nat. Canada, Ottawa; isotype in Farlow Herb 

Stereocaulon argus Hook. f. & Tayl. emend Th. Fr., var. stenospermum 

M. Lam Vv 

Sicut species typica, at hypothecio sat hyalino et fere punter as (ut in St. implexo), 

nec nubilato, et sporis angustioribus, longit. 37-60 w, crassit. (3 oo 4-5 a (in 

specie typica sunt crassiores, 5-7 axicola in Argentina, ae nia, Rio gro, 
prope amnem glacialem Frias: M. aia, 1950, nos. 6088 (typus), 6002, et in pot 

lacus Menéndez: M. Lamb, 1950, no. 6077. 
Description of the type-specim (M. Lamb no, 6088): Pseudopodetia forming 

caespitose tufts, upright, firmly sacked to the substratum, moderately branched 

fro the base and upwards, Melee the basal portions s what woody; 5.0- 

not a 
of caer baa coralloid, cylindrical, 0.25-0.40 ( -0.50) mm. thick, the lower 
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ones irregularly branched, up to 8 mm. long, the upper ones becoming shorter and 

simple and finally passing into papillate excrescences of the cortex; concolorous with 

the pseudopodetia, not lighter at tips, their cortex smooth or transversely — 

The lower phyllocladial branchlets are harmonic, not distinguishable from fine pseu 

podetial side-branches. Cephalodia moderately numerous, lateral on iy aanren 

Fig. 26. Stereocaulon argus var. stenospermum M. Lamb. The type-specimen 

Cx 1). 

usually ply stalked, sacculate, moderately to strongly scrobiculate-indented or 

cerebriform, irregular in shape, 1.5—2.0 -3.5) mm. diam., gray to glaucous-cinereous 

or brownish-gray, internally loose and arachnoid, bounded by a palisade-cortex 28— 

35 « thick, containing Stigonema-filaments. Apothecia terminal, abundant, 1.5-3.0 

( -4.0) mm. diam., soon convex, at first with a + reflexed, paler (pale brownish) 

proper margin which is are scrobiculate on the underside, finally + excluded. 

Larger apothecia becoming furrowed and finally separating into several cages!) 

divided pulvinate portions. Disc dark brown or brown-blackish, + matt, naked 

smooth. Phyllocladial branchlets KHO + yellow, PD + (slowly) sulphur-yellow 

(not turning red). 
Excipulum reflexed and corrugated, continuous to the pseudopodetium below, 65- 

to 340 w deep, lax in texture, heavily aie Ue sordid rownish-gray granules 

without granules or inclusions, com 2s Hymenium 100-120 » high, brown in u 

10-13 ‘< otherwise + colorless and hyaline. cris ial tccie 1.5-2.0 mw thick, 

capitate to 5 w at the brown tips. Spores seen 4-6 in ascus, ar spirally wound; 

deere or slightly bent, cylindric-fusiform, 3-7 ( iy os 37-60 *& (3.5- ) 44 

5 «, sometimes breaking up into 1—2-septate pieces with rounded ends 
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ycnidia numerous at ends of some of the acme a forming botryose clusters 
ry gray or pale brownish verruculae 0.15-0.30 mm. dia Conidia filiform, arcuate 
or rarely sf straight, 10-14 » long, about 0 i 

n the type material of St. argus from Campbell Island the hypothecium is nubilated 
and opaque right up to the base of the hymenium, and the spores are (4— ) 5-6 ( -7) 
# broad. In other respects the Patagonian variety s shows close agreement with it. 

e in Herb. Mus. Nat. Canada, Ottawa; isotype in Farlow Herb. 

Stereocaulon corticatulum Nyl., var. procerum M. Lamb (n., var.) 

Pseudopodetia altiora quam in specie typica, usque 4 ( —-5) , laxe caespitosa, 
in 

(cortice tantum passim squamulose evoluto, praesertim in ramulis_ tenuiori 
Saxicola in Argentina, Patagonia, Rio Negro, prope lacum Frias: M. Lamb, ane no. 
6086. 

Fig. 27. Stereocaulon corticatulum var. procerum M. Lamb. The type-specimen 
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ie Leone es ra ae gr oot firmly attached to the rock, (1.5-  ) 2-4 

( -5) cm. high, 0.7-1.0 3 . thick, irregularly branched from near the base 

and upw wards, almost ental ae the cortex persisting only in a few places 

as isolated patches or squamules, chiefly on the finer branches; smooth, + rigid, 

subochraceous-whitish or whitish with a faint roseate tinge, glabrous. Soredia effuse, 

merous, laterally sessile on nag vnna eR Fi or terminal on short side-branchlets, 

es to glaucescent, in young stages subglobose with smooth, unicolorous or 

slightly variegated surface, then becoming larger, up to 1.5 —2.0) mm. diam., and 

distinctly foveolate-indented, almost as in St. ramulosum (Sw.) Rausch., Gceacianully 
€ 

yellow (not turning red). Apothecia rare, terminal, 0.8-2.0 ( a. mm. diam., 

pulvinate-convex and immarginate at maturity, brown- ane matt, not pruinose. 

Excipulum well developed at sides | below, 5 thick, colorless or faintly 

sordid yellowish, clear, composed of parallel, congluinate thick-walled hyphae. Cen- 

tral cone eep in center, mostly loose in texture and clear to slightly 

inspersed, in upper more compact and more densely sordid yellowish-gray- 

insperse ypothecium sharply limited from upper central cone, —4 Pp, 

colorless and hyaline. Hymenium 65-75 » high, pute in upper 9-14 uw, otherwise 

colorless and hyaline. Paraphyses discrete, 1.0-1.5 thick, capitate to 3.0-3.5 wa 

40-60 
Stereocaulon corticatulum was originally described from New Zealand, and has 

not been recorded in the literature from outside that country. It is, however, ap- 

i of So was fou 

the brown ake Spores few in ascus, about 4, straight, cylindric-fusiform, 3-septate, 

0X 3.0-3.5 

Nepre and Chubut. Stereocaulon subcorticatum Ras. in Ann, Bot. Vanamo, Vol. II, 

. 1, 24: 1932, western Fuegia, is conspecific with St. corticatulum, and should 

_ called St. corticatulum var. subcorticatum (Riés.) M. Lamb (in Canad. Journ. 

Bot., Vol. XXIX, 581: 1951). Other synonyms for the typical species are Stereocaulon 

ttalaum rah St. corticatulum subsp. detergens Nyl., and Stereocaulon humile Mill. 

tter perhaps to be segregated as a distinct variety, but requiring further 

f oO members of the subgenus 
a) a Rg =, = 3 id wm ° 5 oO ° o = Oo << ae 3 = 

The 0 
are Pate eagspikese and constantly effusely sorediate at the apices and on the sides. 

The type material ound growing on rock faces beside a strea open 

Nothofagus forest, associated with St. implexum Th. Fr., along the a eneeat 

i N ro. 

Type in Herb. Mus. Nat. Canada, Ottawa ay isotype in Farlow Herb. 

Pertusaria (Eupertusaria) victoriana M. Lamb (n. sp.) 

Thallus effusus, linea nigricante nulla ut videtur limitatus, fere omnino e verrucis 

fertilibus constans, albidocinereus (apicibus verrucarum interdum pauxillisper och- 

raceo-tinctis), opacus; isidia et ee desunt. Verrucae fertiles confertae, subglo- 

bosae, 0.8-1.3 mm. latae, passim 2-3 ce et dein 1.5-2.0 mm. latae; 1-2- 

carpicae, basi modice aut bene ee haud pulverulentae; disculis sat profunde 

impressis, haud annulatis, nigrescentibus, nudatis aut interdum pruina alba super- 

fusis, rotundatis, primo punctiformibus, dein leviter apertis et 0.2-0.3 mm. latis. 

Epithecium sordide inspersum, hymenium circ. 450 » altum, paraphyses tenues, fili- 
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formes, ramoso-connexae et intricatae. Sporae binae, incolores, ellipsoideae aut ellip- 
soideo-oblongae, 90-140 56-70 ( -75) yw, pariete duplici praeditae, membrana 

r a 

n ue 
laribus praecipitatis), PD + bene et casein flavescens; CaCloOe et Iodo haud 
reagens, Epithecium KHO +  subviolasc albidopallenti Nyl., e Fuegia de- 
scriptae, forsan maxime affinis Se coi o erane fr litora in Argentina, Patagonia, 
Rio Negro, insula Victoria in lagi Nahuel Huapi: M. Lamb, 1950, no. 5817. 

Figs. 28 & 29. Pertusaria aaa M. Lamb, The type-specimen (* 3). An ascus 
with spores ( 230). 

8 eluse (no ela ait dark line seen), consisting almost entirely of crowded 
h e fertile verrucae sterile areolae present betw e fertile verrucae tumid 

and convex, abou mm. dia No distinct hypothallus developed. Color whitish- 
gray, without any yellowish tinge, but the tops of the fertile verrucae sometimes with 
a faint ochraceous tinge; not s No isidia or soredia. Fertile verrucae crowded 
and often several confluent, irregularly subglobose, 0.8-1.3 mm. diam. (confluent 
groups of 2—3 are 1.5-2.0 mm. diam.), moderately to well constricted at base, not pul- 
verulent, 1—2-carpic. Discs + impressed, blackish, naked or occasionally whitish- 
pruinose, round, at first punctiform, then widening to 0.2-0.3 mm., not surrounded 
by any annulus. Thallus and verrucae externally KHO- or red in spots, PD + faint 
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yellow; internally KHO .3 yellow then blood-red (with formation of acicular crystals 
under the microscope), P persistent yellow. CaClO.- , I- , both externally 
and internally. Symbote algae protococcoid, bright or yellowish green, globose, 
separate, thin-walled, 10-20 iam. 

Margin of fertile verrucae with abundant algae. Excipular tissue around apothecia 
15-60 » thick at sides, up to 75 mw thick at apex, not pigmented, but + grayish- 
nubilated, especially around the ostiole. Hypothecium blackish in section from in- 
cluded air (like the whole of the rest of the thallus). Hymenium subglobose or + 
flat and dilated, about 450 w high, in uppermost 30-50 » with an irregular, dark 

Asci ae 320-390 * 65-78 uw, with colorless, non-striated wall 5-6 uw thick at 
sides and up to 10 uw thick in lower part. Spores 2 per ascus, placed end to end, 
colorless, ellipsoid or oblong-ellipsoid, 90-140 * 56-70 ( —-75) mw; wall distinctly 
double; outer wall 3-5 uw thick, of the same thickness all round, sometimes smoot 
and structureless, more often minutely granulose-porose (this more distinct in KHO), 
occasionally indistinctly longitudinally striated; inner wall 3-8 yw thick, sometimes 
thicker at ends, hyaline, not striated or costulate, smooth on inner side. The boundary 
betwee en inner and outer walls a appears as a highly refractive line. Spore-contents 

m the literature, this species seonied to be closely related to P. albidopallens 

verrucosa Nyl. (from New Zealand). The type material of these species was therefore 
obtained and examined. P. alterimosa (see revision below), although resembling our 
species in many respects, is a Lecanorastrum, with more irregular, finally lecanorine 
fertile verrucae and brownish discs up to 0.8 mm. in diameter. Its spores also differ 
in h a single wall only. P. albidopallens (see revision below) has a thinner, 
verrucose-areolate or cS thallus with a distinct pale reddish tinge, less 
crowded, re flatten + : norine fertile verrucae with larger, white-farinose 
discs, and its spores Pe omit to another authentic loa in Herb. Nylander) 
have a simple wall. P. oe as far as can n from the minute type 
fragment in Herb. Nylander os 22954), coll. Coles, no. 4694, stuck down so that 

the substratum cannot be se differs from P. victoriana in the thick, smooth 
continuous or slightly rimose ane and the ponte of distinctly a fertile 
verrucae; the black, naked, impressed-punctiform discs (up to 0.5 mm. in- 

cluding the blackened margin) are immersed in the thallus, not pea ee distinel 
separate fertile verrucae. According to Nylander, the specimen probably grew on 
rock; Zahlbruckner in Cat. Lich. Univ. gives it as a corticolous species. Nylander 
described the thallus as nodulose- crenate at the periphery, but this is not distinctly 

a a 

zahlbruckneri H. Ma (from Hawaii) is Oa nae by fhe: annulate increta of 

the apothecial discs a the longer spores with transversely rugulose inner wall. 
victoriana belongs to oS Eupertusaria, sect. Rubescentes Erichs. (in Rabh. 

Krypt.-Fl., Vol. ee ce , Teil 1, 341: 1935). 
Type ir Herb. a Can ala, ieee isotypes in Farlow Herb. and Herb. 

Inst. Bot. oa. "San Isidro, Buenos Air 

Pertusaria albidopallens Ny]. 

Lich. Fueg. et Patagon., 22: 1888. 

The following is an external description of the type-specimen of P. albidopallens 
Nyl. from Cape Horn, coll. Hariot, 1885 (no. 23817 in Herb. Nyl.): small fragment, 
about 9 & 6 mm., on chips of rock. Periphery of thallus not present. Thallus of 
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moderate thickness (0.2-0.5 mm.), verrucose-areolate or rugose-areolate, the areolae 

+ distinct, tumid and convex, of irregular shape, 0.3-0.6 mm. diam., more or less 

completely separated by narrow or partly closed-up cracks. No dark hypothallus 

developed. Thallus cream-colored or isabelline with a distinct pale reddish tinge, matt, 

the surface of the areolae smooth. No ata or soredia. Medulla ee pea 

white, dense. Thallus-fragments crushed out under iaaroenal KHO + yellow mist 

then forming abundant red spicular eee Fertile verrucae numerous, scattered 

or sometimes 2-3 contiguous, + lecanoroid, sessile on the ale and usually distinctly 

constricted at the base, round or slightly irregular in outline, 0.8-1.2 mm. diam., 

flattened-subglobose or convex-discoid, flattened at the apex and there + widely 

white-farinose with expanded flat disc u 0. diam., which is either entirely 

white-farinose or imes with t blackish epithecium -+ visible beneath the 

pruina. Thalline margin thickish, non-pr ent, entire, concolorous with the rest 

of the thallus. The specimen was too scanty to permit any apothecia to be taken 

for sectioning specimen in Herb. Nylander referred, obviously correctly, 

to P. albidopallens (no. 23818), from Cape Horn, ‘“‘ex hb (nomine ‘globulif- 

era’),” is somewhat larger and better developed. In habitus it is quite similar to 

the Hariot type-fragment; the fertile verrucae up to Thallus under 

microscope KHO yellow mist then red crystals. Spores seen in crushed prepara- 

tion only outside ascus, colorless, about 165 72 u, with colorless, single, smooth, 

not striate or costate wall 4—7 u thi 

The species should perhaps be referred to the subgen. Lecanorastrum., 

Pertusaria alterimosa Darb. 

in sie ls Schwed. Siidpolar-Exped. 1901-1903, Vol. IV, Lief. 11, 7, Pl. 1, 

fig. 1 

e following is a revision of the type-specimen from the Falkland Tslands,. Port 

Louis, coll. C. Skottsberg, 1902 (no. 25) in Herb. Naturhist. Riksmus. Stockholm 

On metamorphic rock, associated with a Lecidea- -sp. Thallus Sire, indeterminate 

i); ) 
tumid, irregular, sone eapies delimited areolae 0.3-0.5 mm. diam.; the thicker parts 

coarsely rimose-areolate or glebose with irregularly rounded or angulose, almost 
columnar areolae oe mm. diam. separated by deep and wide cracks, + flat or ver- 

rucose-rugose on their upper — with vertical sides (not constricted at base), 
most of them fertile with 1 or 2 apothecia. No isidia or soredia. Medulla white and 

wi the 

be produced by the latter. Thallus externally and internally KHO + yellow then 
soon blood-red, with red spicular crystals under the microscope, PD persistent 
intense yellow, CaCl.O I- . Apothecia + lecano geil the disc at first deeply 
sunken and of + iiclettenord: appearance, then soon anding and from sunken 
becoming finally level with the surface of nes verruca ; i nee 0.3-0.8 mm. diam., 
sordid brownish, matt, naked or with sparse white granulate pruina (possibly 
mould!), concave to plane, sometimes 2 eee the thalline margin surrounding 
them irregular, finally becoming thin and often + lacerated, not distinctly crenulate. 

j ioe : 0 
Apothecia bounded at the sides by a thin but + distinct proper m 0-30 mu 

thick consisting of tangential, parallel, conglutinated hyphae 1.0-1 thick ; 
sordid yellowish-cloudy in section. On the outside of the pr ar is a thickish 
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170 ji deep in center, heavily vellowish-gray-nubilated and opaque in section. Hy- 
menium 350-375 uw high, clear and colorless or isabelline-cloudy, with an irregular, 
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ae oie granulose epithecium in its uppermost 20-35 p. Paraphyses distinct, 

1.0- w thick, branched and anastomosing. Asci clavate, 350-375 mw long, about 

75 pw eon with hyaline, non-stratified wall 8-15 » thick, mostly 2-spored, a few 

1-spored. Spores lying one above the other, ellipsoid or oblong-ellipsoid, ede 
100-130 « 55-60 w (or up to 180 5 » when single in ascus), with grumose- 
guttulate protoplasm and hyaline, non-striated wall 3-5 » thick smooth on both inner 

and outer sides. Asci blue then be aeruginose with Iodine. 
The specimen is not in very good condition; some of the fertile verrucae are hollow 

having lost their hymenia. It is Aeneas a Lecanorastrum. The younger fertile 
verrucae with deeply sunk hymenium call to mind the appearance - Thelotrema 

present are not over 0.8 mm. in diameter; they are sordid brownish, not at all 

concolorous with the thallus. No 3-spored asci were seen by the present author. 

Usnea (Euusnea) kuehnemannii J. Mot. (n. sp.) 

Thallus 11-20 cm. longus, pendulus, tenuis, modice ramosus, sat elasticus, iy 
0) stramineus aut fusco-flavescens, opacus vel parum nitidus; rami primarii 0.5-0.8 mm. 

crassi, partim laeviuscule teretes, partim foveo tae et rugis canted 

ornati; rami terminales laeves, teretes, tenuiter capillac oredia in ram o- 
ribus haud rara, minuta, farinosa, sparsa aut passim mane ntia, haud prominula, 
flavido-albicantia. Medulla sat crebra, alba; axis chondroideus circ. 4% diametri 

ramorum ag eae Apothecia numerosa, ramis lateraliter insidentia, sessilia, minuta, 

0.5-1.0 ( -1.3) mm, lata, concava vel fere plana, margine thallino are rial, tenul, 

integro aut pie erenato, disco pallido, pruinoso, flavido-albicanti, opaco. Spor ce 

ellipsoideae, simplices, incoloratae, longit. 8-10 yw, crassit. 4.5-5.0 m.— Medul 

Fig. 30. Usnea kuehnemannii Mot. Part of the isotype-specimen in Farlow Herb. 

Cx 3) 
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KHO- , CaClO. , PD- .—Affinis, ut videtur, speciei austroafricanae U. primi- 
tivae Mot. Habitu pendulo @ apotheciis lateralibus subgeneri Protousneae similis, 

Vv pr subgen. Euusneam locanda. — 
Arboricola in Argentina, Patagonia, Neuquén, haud ‘proc e a Quillén, socia 
Usneae oe poeppigii: O. Kihnemann, 1943, 796 p 

Thallus 11-20 cm. long, pendulous, slender, mode ee Se coat elastic, 

dark rolls or aoa matt or subnitid; main branches 0.5-0.8 mm 

thick, partly smoothly terete, partly i i 

terminal branches smooth, terete, finely capillary. Soredia present on many 
finer branches, minute, fanpieed. scattered or in planes + confluent, n 
yellow-whitish, Apothecia numerous, verano sessile on the branches, minute, 0.5-1 

3) m to alms t plane, with prominent, thin, entire or ia diam., concave 
Spores 

( m. 
soletely crenate thalline margin and ne tee whitish-pruinose, matt disc. 

4.5- 

Motyka in Lich. Gen. Usnea Stud. Monogr., 627: 1936-1938 two seid 
approach the sect. Protousnea in their pendulous habit and intel apothecia, but are 
placed in the subgenus Euusnea on account of the pale taal discs. The materia] 

i i i oty 
Herb. J. Motyka, Lublin, Poland; isotypes in Herb. Admin. Parques 

Nacionales, Avda. Santa Fe 690, Buenos Aires, and Herb. Mus. Nat. Canada, Ottawa. 

Buellia (Eubuellia) tephrodes M. Lamb (n. sp.) 

Thallus effusus, maculas orbiculares aut irregulariter confluentes formans, obscure 
cinereus (madefactus pallide fuscescens), opacus, areolatus vel verrucoso-areolatus, 
crassitudine mediocri, areolis vulgo tumidis, 0.2-0.3 mm. latis. Hypothallus pened 
tinctus aut obsoletus. Apothecia copiosa, dispersa, sessilia, rotundata, 0.5-0.8 

Fig. 31. Buellia tephrodes M. Lamb. The type-specimen (x 4). 

lata, nigra (aut passim fusconigra), opaca, igen diu aut Pores tenbek plana et margine 
u d 

convexa), disco subtiliter scabrido. ere te laterale, cum hypothecio obscure 
fuscum aut fusconigrescens. Hymenium 90-100 yw altum, in summa parte obscure 
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fuscum, caeterum decolor, haud oleoso-inspersum; paraphyses jam in aqua facile 

liberae, apicibus fusco-capitatae. Sporae (6—- ) 8nae, latiuscule oblongo-ellipsoideae, 

vulgo rectae, fuscae, 1-septatae, 18-24 ( -27) XK (8- ) 10-13 4, ad septum haud 

CaCl.O.2, nec PD reagens; medulla pro maj. parte I- , passim parce I + caerulescens. 

— Australiensi B. arenariae Miill. Arg. accedit, a qua thallo obscuriore, magis ver- 

rucoso-areolato, hymenio ioe etc. recedit. B. macrospora Mill. Arg., item e Aus- 

tralia, apotheciis cito valde convexis et nitidis et sporis longioribus et oligotocis differt. 

— Ad saxa granitoidea in ree Patagonia, Rio Negro, insula Victoria in lacu 

Caloplacam pyraceam (Ach.) Th. , Candelariellam vitellinam (Ehrh.) Miill. Ae. 

et Rhizocarpon disporum (Naeg.) ta. Arg. sat abundanter proveniens: M. Lamb 

Description of the type-specimen (M. Lam bs no. 5855 br. p.): thallus effuse, without 

any trace of effiguration at periphery, forming + orbicular or 5 hee confluent 

patches 1-2 cm. diam. among other crustaceous fone No black hypothallus de- 

veloped. Thallus dark ash-gray, becoming pale brownish ane moistened, matt, 

0.2-0.3 mm. thick, composed of crowded, plane to usually tumid-verrucose, irregularly 

angulose or rounded areolae 0.2-0.3 mm. diam. No isidia or soredia. Thallus KHO- 

(also under microscope), CaClO:- , PD- , in section covered by a + developed, 

brown cortical layer up to 12 y thick of indigtine! gelified te (in KHO more 

distinct, of cells 3-5 « diam. with very thin brown walls). Medulla colorless and clear 

in ie (white macroscopically), for the most part I- , but here and there a few 

he hyphae stained violet-blue by Iodine. Apothecia sessile on thallus, well con- 

chee d at base, round, 0.5-0.8 mm. diam., nu geen scattered or occasionally two 

contiguous, black or sometimes brownish- black, att, not pruinose, for a long time 

or persistently plane with moderate, entire proper a finally sometimes becoming 

convex and immarginate, but not strongly convex. Disc minutely scabrid, rarely 

umbonate in the center. 

Excipulum developed at sides only, but reaching some way down on underside of 

ee 60-80 » thick, dark brown in section, more brown-blackish in outermost 

5-1 ather g ae pseudoparenchymatic, with + rounded, isodiametric or slightly 

ae eee cells 4.5-6.5 w diam., their dark brown walls 0.6-1.0 « thick. Hypo- 

lowe f two-thirds, paler brown in upper subhymenial part; distinct from the 

excipulum which encloses it at the sides; of + cellular structure with cells up to 5 pw 

i ; + sharply delimited at base, or sometimes forming a + distinct brownish stipe 

running down into the thallus tissue. Hymenium 90-100 vu high, somewhat abruptly 

dark brown or brown-blackish in uppermost 8-12 w (the epithecial surface uneven), 
t an 

tips, which are clavate-capitate up to 4-5 » and brown-pigmented. Asci clavate, 60-75 

12-20 uw. Spores 6-8 in ascus, biseriate or irregularly overlapping, broadly oblong- 

(1.0-1.5 «); persistently brown (not becoming bl lackish or opaque), smooth-walled or 

finally with the wall extremely subtly granulate-scabrose (this visible only under oil- 

immersion) ; 18-22 ( -27) & 11-13 uw, Sections of apothecia unchanged in color by 

KHO and HNOs. 
Symbiotic algae protococcoid, bright green, globose, separable, 12-19 m diam., 

thin-walled. 
A similar type of thallus, with brown-tipped cortical hyphae but appearing gray 

or whitish on account of the outermost amorphous layer, is found also in some other 

species, e.g. B. notabilis Lynge. 

B. tephrodes appears to come closest to the Australian B. arenaria Mill. Arg. The 
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ty pe-specimen of the latter was reexamined (see revision below), and it was found t 

about 4 m. above the water level, associated with Lecidea albidocinerella (Vain.) 
Vain., Caloplaca pyracea (Ach.) Th. Fr. eae vitellina (Ehrh.) Mill. Arg. 
and Rhizocarpon disporum (Naeg.) Miill. g. 

Type in Herb. Mus. Nat. Canada, Gus, 

Buellia arenaria Mill. Arg. 

in Bull. Herb. Boissier, Vol. I, 52: 1893. 

The aoe is a revision he type-specimen from Australia, Victoria, near 
Lorne, coll, F. R. M. Wilson, 7 pan 1044), in Herb. Miiller Arg., Herb. Boissier, 
Geneva: 

On sandstone rock. Thallus apparently effuse and widespread, sordid whitish or 
cream-colored, matt, not changing color when moistened, areolate, the areolae 0.2- 
0.5 mm. dine, mostly contiguous but in places + dispersed with the bare stone 
showin ng in age eae in eon obtusely angles or + rounded, plane to 

externally a eee KHO- , CaChO.— PD-  ; medullary hyphae I 

Excipulum lateral, 35-7 ick, densely dark brown or brown-blackish, confluent 
with the concolorous hypothecium. Hypothecium thick, up to 200-300 w deep in 
center, densely dark n or brown-blackish, paler brown at the base where it 

) 
thecial tissues can be seen only in very thin sections; the excipulum is aan sha of 
shert, rounded, isodiametric or slightly radially elongated cells 4-5 « + in- 
distinct on account of the dense brown pigment, which is especially thick in the 
outermost 25-30 uw. The hypothecium is of more distinct cellular structure, with 

and hy ai vr are — more reddis menium 60-75 w high, 
colorless (or faint brownish in thicker sections), itnewenty dark brown in uppermost 
part, slightly guttulate-inspersed with some oil-droplets in th er part; without 
any acruginose tinge. Paraphyses in some mucilage but discrete in water, k, 
simple or sparingly branched, not articulated, at tips clavate-capitate to 4.0-4.5 yu 
and there unevenly capped with dark brown ment. Asci clavate, 45-5 0-17 uy, 
with gelatinous wall 1.0-1.5 « thick at sides and 240 uw thick a e oO ( 
i dark brown (not becoming blackish or opaque), ellipsoid to 

9-11 uw; the cells of equal a the spore-wall thin, less than 1 4, smooth, 
the septum often slightly thicker (1.0-1.5 «), but sometimes thin like the spore-wall. 
Hymenium with Iodine blue then ate blue 

ACKNOWLEDGMENTS 

Material was received on loan for revision from the following institutions, to the 
Penet of which the author wishes to express his sincere thanks: Admninisheacitn 



LAMB: LICHENS FROM PATAGONIA 471 

eneral de Parques Nacionales y Turismo, Buenos Aires; Museo Argentino de 

Ciencias Naturales, Buenos Aires; Herbier Boissier, Geneva; "eee Yliopiston 

Kasvitieteellinen Laitos, Helsinki; Botanische Staatsanstalten, Miinchen; Naturhis- 

toriska Riksmuseet, Stockholm; and Instituto Miguel Lillo, Taeuinan, Argentina. 

Grateful acknowledgment is also made to Miss J. Ericksen, Mrs. P. von Henneberg, 

Miss E. Korzeniowska, Mr. C. Martin, Mr. H. Nilssen, and Mrs. E. Shappirio, for 

help in the preparation of the illustrations. 

LITERATURE CITED 

Malme, G. O. 1899. Beitrage zur Stictaceen-Flora ee und Patagoniens. 

Bih, Kel. Svensk. Vet.-Akad. Handl., Vol. XXV, Afd. III, no. 5. 

Malme, G. O. 1925. Die Pannariazeen des Regnellschen Herbars. Ark. f. Bot., Vol. 

XXA, no. 3. 

Rasanen, V. 1939. II. contribucién a la flora liquenologica sudamericana. Liquenes 

recogidos por el Dr. A. Donat en el Parque Nacional de Nahuel Huapi y por 

Adrian Ruiz Leal, en Mendoza. An. Soc. Cient. Argent., Vol. CXXVIII, 133. 

Santesson, R. 1942. Lichens from the Nahuel Huapi National Park in Argentine. 

Ark. f. Bot., Vol. XXXA, n 



‘sr Fe TT ee 

oO . 

7 : 

7 

- : 

; - 

7 

ra 

> 

z 

- 

7 



4(4):473-512 FARLOWIA Jury, 1955 

THE LICHEN GENUS BUELLIA IN THE WEST INDIES 

Henry A. ImsHauc ! 
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INTRODUCTION 

This study of the West Indian species of Buellia follows a similar study 
of the North American species which was the subject of my doctoral thesis 
and was “published” only in the form of microfilm (Imshaug, 1952). The 
material in this thesis is, however, being prepared for regular publication 
in a revised form. 

A separate paper is being published on the morphology and anatomy of 
the genus. The present paper is, therefore, one of a series of regional re- 

‘ University of Idaho, Moscow, Idaho. 
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visions which are intended to be used in conjunction with the paper on 
morphology and anatomy since it expresses my views on the taxonomy of 

the genus. The ultimate goal is the completion of a monograph of all the 
species of Buellia. It is hoped that the publication of regional revisions 

will stimulate further collecting and provide more material for the final 

monograph. 

GEOGRAPHY AND CLIMATE 

The West Indies are a group of islands enclosing the Caribbean Sea be- 

tween SE North America and N South America. They lie between 

latitudes 10° and 25° N and longitudes 60° and 85° W. The islands 
are generally grouped in three divisions; GREATER ANTILLES in- 

cluding Cuba, Hispaniola (Haiti and Dominican Republic), Jamaica, 

and Puerto Rico; LESSER ANTILLES including Virgin Islands, Wind- 

ward Islands, Leeward Islands, and the islands in the S Caribbean Sea 

north of Venezuela; BAHAMA ISLANDS. Included also in this study 

are a few islands (Swan Islands, San Andrés, and Providencia) in the 

Caribbean Sea off the coast of Central America. 

The largest island is Cuba with an area of 44,164 sq. miles. The re- 
maining islands, listed according to size, are Hispaniola (29,979 sq. miles), 

Jamaica (4,450 sq. miles), Puerto Rico (3,435 sq. miles). Trinidad 

(1,862 sq. miles), Guadeloupe (619 sq. miles), Martinique (380 sq. 

miles), Dominica (304 sq. miles), St. Lucia (233 sq. miles), Barbados 
(166 sq. miles), St. Vincent (130 sq. miles), Grenada (120 sq. miles) 

and Antigua (108 sq. miles). All the other islands, except some of the 

Bahama Islands, have an area of less than 100 sq. miles. 
Many of the islands are mountainous, either of volcanic origin as in the 

Lesser Antilles, or as a result of uplifting accompanied by folding, thrust- 
ing, and faulting as in the Greater Antilles. The Bahama Islands, however, 

are of very low relief, rising to a maximum elevation of 400 ft. on Cat 
Island, The outliers in the Lesser Antilles are also of low relief, varying 

from hilly to practically flat. These latter islands are composed principally 

of sedimentary rocks which lie horizontally or are somewhat tilted. Eleva- 
tions of about 1000 feet are attained on these outliers. 

The highest elevation in the West Indies, 10300 feet, is found in 

Hispaniola. Blue Mountain Peak, in Jamaica, is the next highest mountain. 

with an elevation of 7402 ft. The highest elevations in Cuba and Puerto 

Rico are, respectively, 6560 ft. and 4398 ft. In the Lesser Antilles 
Guadeloupe has the ghost elevation with a dormant volcano of 4800 ft. 

TEMPERATURE ?: The temperature throughout the West Indies is 

rather uniform at sea level. The mean annual temperature (below 500 ft.) 

varies from 74°-81° F. The mean annual range of temperatures is from 

3°-7°F, except in Cuba and the Bahamas where the mean range is 

“The climatological data were obtained mostly from W. W. Reed, Climatolcgical 

data for the West Indian Islands, Monthly Weather Review 54(4): 133-160. 1926. 

It has been supplemented, however, with more recent local reports. 
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greater (8°-11° F). Extreme temperatures are from 51°-101° F except 
in Cuba where the extremes vary from 40°-104° F. The temperature, 
however, decreases with an increase in elevation. In Jamaica, for example, 

there is a drop of 1° F for each 320 ft. rise in altitude. A recording of the 
elevation of the collection is, therefore, an indication of the temperature. 

The highest elevation for a Buellia in the West Indies is on Blue 

Mountain Peak (7402 ft.) in Jamaica. The mean annual temperature 

here is 56° F and frost has not been recorded. Higher elevations occur in 

Hispaniola but meteorological data are not available. 
PRECIPITATION: Precipitation is entirely in the form of rain, 

except for an occasional hail storm. The minimum yearly mean for the 
region is approximately 20 inches, in Hispaniola, while 252 inches, in 
Jamaica, represents the maximum yearly mean. The characteristic feature 

of the mountainous islands is the remarkable difference in the amount of 
rainfall received on windward and leeward exposures and in low and 
elevated areas. Striking contrasts can be found between stations separated 
by only a few miles. The greatest difference occurs in Jamaica where 

there is a gradient of 190 inches (mean annual rainfall) in a distance of 
30 miles. An even more striking example is recorded for Dominica with a 
change from 78 inches to 185 inches (mean annual rainfall) occurring in 

a distance of only three miles. In general the low islands are rather arid 
while the mountainous islands have a wet windward side and a dry leeward 

side. The opposite condition may, however, prevail if the mountains are 

on the leeward side as in Grenada. 

The mean annual rainfalls for the driest and wettest parts of the main 

islands included in this study follow. There may be drier or wetter parts 

on the islands, but if so there are no meteorological data available for them. 

Bahamas: 46 inches is the yearly mean at Nassau. 
Cuba: 28 to 79 inches. 
Isle of Pines: 71 inches is the yearly mean at Nueva Gerona. 

Jamaica: 27 to 252 inches. 

Hispaniola: 20 to 103 inches. 
Puerto Rico: 36 to 135 inches. 

Virgin Islands: 41 to 46 inches are the yearly means at Charlotte Amalie 
(St. Thomas) and Christiansted (St. Croix), respectively. 

Guadeloupe: 50 to 156 inches. 
Dominica: 70 to 193 inches. 

Martinique: 45 to 120 inches. 

St. Vincent: 70 to 91 inches. 
Grenada: 39 to 147 inches. 

Trinidad: 45 to 108 inches (but possibly as high as 200 inches on summit 
of Aripo). 

EVAPORATION: Evaporation is influenced by temperature, vapor 

pressure, and wind velocity under 20 miles per hour. These are relatively 

constant in the West Indies. Data are available from localities near sea 
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level in Jamaica, Puerto Rico, and St. Croix (Ray, 1931). They show 
that evaporation exceeds precipitation throughout the year, except in the 

height of the rainy season. This excessive evaporation is largely the result 
of the steady trade winds throughout the year and the long daily periods 
of sunshine and high temperature. More rain is, therefore, needed to 
support a given type of vegetation than in cooler regions. 

ECOLOGY 

Local usage speaks of ‘dry belt,” “middle belt,’ and ‘mountain belt” 
climates. These climatic zones have also been used in referring to the 
vegetation. Stehlé (1945) thus uses the terms “‘forét xérophile,” “forét 
mésophile,’’ and “forét hygrophile” for the vegetation in the dry, middle, 
and mountain belts respectively. As pointed out by Beard (1949) this is 
an unsatisfactory basis for an ecological classification of the vegetation as 

a whole. Attention should be directed on the physiognomy of the forest. 

The present writer believes, in addition, that more attention should be 
given to the nonvascular plants and their use in a life-form classification. 
A purely floristic system is of little value in the tropics (Richards, 1952). 

There is, however, very little natural vegetation left in the West Indies. 

Almost all of the available land has been used at one time or another for 

the cultivation of sugar cane. The practice of shifting cultivation has fur- 

ther destroyed much of the natural vegetation on slopes too steep for sugar 

cane. The genus Buellia, however, is not limited to the natural vegetation 

and may be collected wherever trees are cultivated and wherever rock out- 
croppings occur. Although the bark of many tropical trees is too smooth 

to support many lichens the common Coconut and Mango trees provide 

an excellent habitat. There are no terricolous Buelliae in the West Indies. 
Although I could find no Buelliae on the various limestones in Jamaica 

there is a collection of B. dejungens from limestone in Cuba, and a collec- 

tion of B. posthabita from limestone in Puerto Rico. 
It appears best to classify the species as regards their moisture require- 

ments. In Jamaica the lichens can be readily grouped into three classes. 
This was done by plotting the annual mean rainfalls of 317 Jamaican 
weather stations on topographic maps and estimating the annual mean 

rainfall of each collection locality. The three classes are called xerophytic, 

mesophytic, and hygrophytic and are used in reference to the three main 

climatic belts. As Beard (1949, p. 14) points out “‘all climatic changes are 
a gradual progression and human classification is entirely arbitrary.” For 
the distribution of lichens, however, this is a very convenient and practical 

classification. 
Xerophytic lichens are found in areas receiving a mean of 40—60 inches 

of rainfall per year. Mesophytic lichens are found in areas receiving 60— 

100 inches. Hygrophytic lichens are those found only in areas with more 

than 100 inches of rain annually. Some species are able to grow under 

both xerophytic and mesophytic conditions. The rainfall figures given for 

the three classes were developed for Jamaica but should apply generally 
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throughout the West Indies where temperature and evaporation are similar. 
In the Bahamas and parts of Cuba, however, the figures would probably 
be lower. 

An especial effort was made to collect lichens in the most arid parts 
of Jamaica. That is, in the Thorn Scrub Woodland and Cactus-Thorn 
Scrub vegetation of the south coast and on the outlying cays.* This 
region has a mean annual rainfall of less than 40 inches, with a minimum 
recorded yearly mean of 27 inches. Not a single species of Buellia was 
found in this extremely arid region. 

In Jamaica the species are classified as follows: 

XEROPHYTIC: B. leucomela and B. yaucoensis. 

XEROPHYTIC-MESOPHYTIC: B. efflorescens, B. gerontoides, and B. 

modesta. 

MESOPHYTIC: B. bahiana, B. catasema, B. glaziouana, B. lauricassiae, 
B. melanochlora, B. proximata, B. subsensitiva, and B. trachyspora. 

HYGROPHYTIC: 3B. atrofuscata, B. callispora, B. glaucotheca, B. 
jamaicensis, B. placodiomorphoides, B. posthabita, B. remensa, and B. 
rufofuscescens. 

In Grenada only six species were collected, B. catasema, B. efflorescens, 
B. gerontoides, B. placodiomorpha, B. posthabita, and B. remensa. All of 

these must be classed as mesophytic. The most arid part of Grenada (Point 

Saline) has a 19 year (broken) average of 49 inches mean annual rainfall. 
This figure is exceedingly variable throughout the years, ranging from 22 

inches to 92 inches. It appears doubtful if a true dry belt climate occurs 
in Grenada because of the frequency of years with means exceeding 60 
inches. No Buellia was found in the mountain belt climate of Grenada. 

For the other islands an attempt has been made to determine the 
climatic belt the species was collected in from the locality data given on 

the herbarium label. This was done through the use of the rainfall maps 

published for the various islands. The results are given under the in- 

dividual species in the taxonomic section. 

DISTRIBUTION 

The West Indies have been visited by a number of lichenologists. C. C. 
Plitt and C. E. Cummings both collected in the Blue Mountains of Jamaica, 
and Bruce Fink spent two months collecting in Puerto Rico. The only 

species reported in the literature from Fink’s collections are some new 
species but Fink (1918) has written a general account of his sojourn in 

Puerto Rico. The entire collection has been prepared for publication by 

Joyce Hedrick Jones as a portion of Volume VII, Part 4 (unpublished) 

of the Scientific Survey of Porto Rico and the Virgin Islands. The 

present writer has made extensive collections in Jamaica and Grenada. 

*For a description of the vegetation of Jamaica see Asprey and Robbins, 1953. 
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There are, in addition, a number of other collectors who, although not 

specialists on lichens, have collected many lichens and their collections 

show a considerable field knowledge of the group. Britton and his as- 
sociates have collected very extensively in the Bahama Islands, Isle of 
Pines (off Cuba), Puerto Rico, and the Virgin Islands. 

As a result of all the collecting up to the present time it can be said that 
the lichen floras of the Bahamas, Cuba, Jamaica, Puerto Rico, Virgin 
Islands, and Grenada are well represented in herbaria. Guadeloupe, 

Dominica, Martinique, St. Vincent, and Trinidad are also represented, 
but less completely. The remaining islands are represented by few, if any, 
collections. It is most unfortunate that so little material is available from 

Hispaniola. 
ENVIRONMENTAL FACTORS: The distribution of the species of 

Buellia in the West Indies is governed both by environmental and historic 
factors. Thus a hygrophytic species would be expected to occur only 

where the annual rainfall is in excess of 100 inches (mean annual). Not 

all islands can supply this condition, Two species, B. atrofuscata and B. 
rufofuscescens, formerly known only from Brazil have been found in 

Jamaica in a locality with over 150 inches of rainfall. The only other 
island with comparative rainfall is Dominica and, unfortunately, the col- 
lections from this island are rather meager. On the other hand, some 

islands (e.g., Grenada) may not have the arid conditions necessary for 

the xerophytic species. Bwuellia modesta, for example, does not seem to 
occur on this island. 

The temperature, although fairly constant near sea level for most of the 

region under consideration, appears to differ enough in Cuba and the 

Bahamas to be considered as a factor. These islands, or portions of them, 

are usually excluded from the tropical part of Middle America. Four 

species are known from the Bahamas, B. bahiana, B. catasema, B. geron- 

toides, and B. modesta. All four of these are found in Jamaica where they 

are classed as mesophytic or xerophytic-mesophytic. It is probable that 
in a cooler climate the moisture requirements as expressed by annual mean 

rainfall would be less. Thus some species common to both the Bahamas 
and Jamaica would require less annual rainfall in the former islands. The 
terms xerophytic, mesophytic, and hygrophytic actually represent a pre- 

sie) aban seaein index rather than mean annual rainfall alone. Evap- 

oration figures, however, are not generally available. 

Buellia callispora is found in Jamaica in areas receiving from 80 inches 

to 200 (or more) inches of rain. The only other West Indian collection is 
from Guadeloupe, This species is, however, found along the coast of eastern 

North America as far north as Latitude 35° N, and in South America, 
along the eastern coast as far south as Latitude 35° S. Temperature would 

appear to be the limiting factor, as well as moisture, in this case. 

HISTORIC FACTORS: Theories on migration within the West Indies 

have largely been based upon continuous land connections. An excellent 

review of the historical geology of the region is given by Schuchert (1935). 
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The Greater Antilles seem never to have been connected by dry land to 
North America. Likewise, there is no evidence that the Lesser Antilles 
were ever connected with South America. Furthermore, there is no evi- 
dence that there was a continuous land connection from the Greater Antilles 
to Grenada. Two Central American—Greater Antillean land bridges 

have been postulated, one from the Honduran peninsula to the Greater 
Antilles and one from the Yucatan peninsula to Cuba. Schuchert (1935) 
recognizes only the first one. The islands in the Greater Antilles appear to 
have been connected at one time or another and this land bridge extended 
as far east as the Virgin Islands or, possibly, Antigua.® 

It is apparent, then, that the distribution of many species is the result of 

long distance migration. The corticolous species of Buellia are on the 
whole widely distributed, with only 2 out of 17 endemic to the West Indies, 
As for the saxicolous species, however, 8 out of 10 (B. dispersula is not 

considered West Indian) are endemic to the West Indies, with all but 3 
limited to one island. All 8 endemics are, however, limited to the Greater 

Antilles and Virgin Islands which were at one time connected to Central 
America. Of the 3 endemics which are found on more than one island: 
B. trachyspora is common to all the Greater Antilles ° and Virgin Islands; 

B. dejungens has apparently bypassed Jamaica but is found on all the other 

Greater Antilles and Virgin Islands; B. prospersa is limited to the Virgin 
Islands 

It seems that long distance migration must account for the wider dis- 

tribution of many of the corticolous species. Long distance migration is 

apparently not so effective in the dispersal of saxicolous species. A suit- 
able habitat for saxicolous species is not so common as a suitable habitat 
for corticolous species. What rock is found in the West Indies is frequently 
protected by the canopy e canopies) of the forest. Many of the rocks 
also disintegrate very rapi 

Two saxicolous species, —— are widely distributed. These are 

B, glaziouana and B. posthabita. The absence of B. glaziouana from the 

Windward Islands and Cuba indicate that this species, widely distributed 
in SE United States, Central America and South America entered the 
West Indies by the former land connection with Central America. Buellia 

posthabita is the most widely distributed saxicolous species within the West 
Indies. It is known from South America but not from North America, nor 

from Central America. It is the only definite saxicolous example of long 
distance migration. 

Many of the corticolous species are known not only from North 

America, Central America, and South America but also from the Pacific 

‘ Trinidad is strictly speaking not to be considered a part of the West Indies since 
it is geologically and biologically a part of the South American continent. It is in- 
cluded in this study merely as a matter of convenience 

°See figs. 5 & 6 in Beard (1949) which outline the conjectural geography of the 
Lesser Antilles in early Miocene and early Pliocene times. 

° Whe ecies is found on both Cuba and Puerto Rico it is assumed that it 

also occurs on Hispaniola. 
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Islands and tropical Asia. Since this genus has not yet been critically 
studied outside the Western Hemisphere no attempt will be made to discuss 
ee aad — of their distribution at this time. 

species which are endemic to the West Indies are 
B. ee and B. yaucoensis, Like the saxicolous, endemic 

species, these are limited to the Greater Antilles. Buellia gerontoides, 
although not endemic to the West Indies is nevertheless limited in its dis- 
tribution to low elevations in the Caribbean area 

The distribution of the West Indian species of Buellia is summarized 

in Table I 

TAXONOMIC SECTION 

HERBARIA CONSULTED 

The symbols used are those in the Index Herbariorum. 

BM — British Museum (Natural History), London, Great Brit 
BPI — Plitt Herbarium in Bureau of Plant Industry, Beltsville, Maryland, U.S.A. 
C — Botanical Museum & Herbarium, Copenhagen, Denmark 
F — Chicago Natural History Museum, Chicago, Illinois, U. S. A. 
FH — Farlow Herbarium, Harvard niente Cambridge, Massachusetts, U.S. A. 
G — le Arg. iaher an in Conservatoire et Jardin botaniques, Genéve, 

Switz 
— Nulander Berbarium i in Botanical Museum, Helsinki, Finland. 

Imsh — Private herbarium of author, H. A. Imshaug 
— naa Herbarium in Botanische Paes Miinchen, Ger- 

MICH — Univ endity of Michigan, Ann Arbor, Michigan, U.S. A. 
MO Missouri Botanical Garden, St. Louis, Missouri, U.S. A 
NY — Ne ork Botanical Garden, New York, New York, LA. 
PC — Laboratoire de Cryptogamie, Muséum National d’ Histoire Naturelle, Paris, 

France. 
PH — Academy of Natural Sciences, Philadelphia, Pennsylvania, U.S. A. 
TUR — Vainio Herbarium in Botanical Institute of the University, Turku, Abo, 

Finland. 
US — U. S$. National Museum, Smithsonian Institution, Washington, D. C., 

S.A 

KEY TO SPECIES 

A. SAXICOLOUS SPECIES 

1. Spores incompletely 3-septate (secondary septa not com- 
pletely formed) ........0.00000 000.0 cee B, jamaicensis 

4. Thallus thin & continuous, KOH— .............. B. prospersa 
4. Thallus of large verrucae, occasionally sublobate, 

KOH + (red, crystals) ...........0.0..0....0.... B. boergesenii 
3. Spore wall thickened; spores not polarilocular. 

5. Hypothecium and _ stipes colorless; spores mischo- 
blastiomorph 2.0.0... B. posthabita 

5. Hypothecium and stipes brown. 
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6. Thallus thin & continuous, becoming rimose-areo- 
late; stipes & exciple KOH + (purple out in solu- 
tion) ; spore wall + evenly thickened; no oil drops 

hymenium ............. 0.0.00 cee eee B, dejungens 

6. Thallus composed of granules, scattered or co 
fluent; stipes & exciple KOH — ; spores a: 
blastiomorph; oil drops in hymenium ........... B. subdispersula 

Granules cinereous ................ var. subdispersula 
Granules yellow .................. var. flavogranulosa 

2, Spore wall and septum thin and even 

7. Spore surface prominently verrucose ................ B. trachyspora 

Spore surface smooth 

8. Thallus continuous, becoming rimulose or rimose-areolate.B. glaziouana 
Thallus section KOH — 

Thallus yellowish ............. var. glaziouana 

Thallus cinereous or white ...... var. poliocheila 

ae section KOH -+ (red, crys- 

| (a ee ee are var, sensitiva 

8. Thallus not continuous. 

9. Epithecium green; hypothallus continuous, gray or 

dark cinereous; thallus of thin, scattered, cinereous 

areoles, KOH + (red, crystals) .................... . subsensitiva 

9 pithecium pee hypothallus consists of a few 

scattered black s 

10, Thallus di esl areolate in center, radiate- 
OH ae at periphery, ae K Boi tie Ahere es oe B. brittoniae 

10. Thallus consists of scattered, small, cinereous 

aan s, freq. narrow & elongated, KOH -+ (red, 

CHYSEAIS)) gid sed ap eens oe ane Me he peewee elas B. dispersula 

B. CorticoLous AND LIGNICOLOUS SPECIES 

di. ae 3-septa 

De ae ple a hypothecium KOH — ; spores 21-26 an 

iD: Exc ee Tae KOH + (red, crystals) ; 

spores lias) SC 629 fe ceca iey cal een oe lee oy De a ee eine B. lauricassiae 

1. hae i. septate. 

3. Spére wall or septum thickened, either evenly or unevenly. 

4, Hymenium inspersed with oil drops. 

B. proximata 

5. Spores mischoblastiomorph ....................5. B. atrofuscata 

5. Spores not misc paige 

6. Epithecium green, H + (violet); thallus and 

hypothecium KOH ei (red, crystals) ; spores 14-19 

6-9 
6. Epithecium yellow-orange, KOH — ; thallus and 

hypothecium KOH — ; spores 29-42 & 14-21 yw ..B. callispora 

4. Hymenium not inspersed i oil drops 

7. Spore wall not thickened at apex hae thickened in 

center (spores + polarilocular). 

8. Spores 14-18 & 6-9 yw; exciple brown .............. B. placodiomor pha 

8. Spores 21-28 * 9-10 yu; exciple valli and with oil 

ais Sg igtin dean ae oauag. 36 EL eae as B. placodiomor phoides 

7. Spore wall + evenly thickened, leaving one small 

ae sporoblast in each cell 
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9. Disk of apothecium naked; epithecium brown, KOH 
; thallus KOH—>; exciple KOH + (red-violet 

out in solution) ..............0..0 0.00.00. cee eee B, yaucoensis 
9. tee of apothecium + white pruinose; epithecium 

green, KOH + (violet); thallus KOH + (red, crys- 
ae : euctele ROT 6 pg hn dkh bor jn be Rh Saks B.remensa 

3. Walls of spores thin & snsonas in thickness. 
10. Asci polysporous .........0 00.0.0. c cece eee ee B. efflorescens 

var. diminutiva 
10. Asci octosporus. 
11. Disk of apothecium pruinose.’ 
12, Pruina red or red-brown; exciple KOH + (red- 

i LOD) 5s i aa eee ee ave oes B. rufofuscescens 

x 
Be Apa ered asain yee te te let othe 5 B. glaucotheca 

14. Epithecium green, KOH + (violet); spores 13- 
17K 6-8 Mo ee B, remensa 

13. Pruina Be or yellow-green. 
5. Spores 12-17 & 5-7 mw; hypothecium KOH + 

(red, crystals); epithecium KOH —.......... B, gerontoides 
15. Spores 19-28 * 8-12 mw; hypothecium KOH + 

(red out, but no crystals) ; epithecium KOH + 
(layer of yellow granules) .................. B, melanochlora 

11. Disk of apothecium naked. 
16. Hymenium inspersed with oil drops; mea 

green, KOH + (violet) .............00.0..0..0.... B. bahiana 
16. Hymenium not inspersed with oil drops. 

17. Spores verruculose .................... 0.05. B. leucomela 
smooth. 

18. Thallus soraliate, ae —;  exciple iii 
spores 11-14 

18. Thallus not a 
19. Exciple pallid ; Eoin & thallus KOH + 

(red, crystals); thallus continuous to + 
TMMOSE 1364-4 ean peace isaee ae ct eee Waa es B. modesta 

19, Exciple brown; hypothecium & thallus KOH 
thallus peaates SOF gd eb denies asda atoms B. catasema 

llus not red inside 
Thallus red inside 

a Re hears Ley es B. efflorescens 

tasema 

ia, dene oe OS ee sess var, Sanguinariella 

Buellia atrofuscata Wainio, Etude Lich. 

Brésil 1: 169. 1890. 

sleet conformis Wainio, Etude Lich. Brésil 1: 168. 1890. 
e€ collections: Buellia atrofuscata — “Ad terram hum in Carassa (cire. 

1500 metr. s. m.) in civ. Minarum, n. 1416.” (Brazil) ere in TUR (Vainio 
Herb.) ; isotype in FH. 

Buellia conformis —“Ad corticem aig prope Sitio (1000 metr. s. m.) 
Minarum, n. 1093.” (Brazil) eo TUR (Vainio Herb.) ; 
HYPOTHALLUS not seen 

in civ. 
isotype in FH. 

i scant, occasionally absent. APOTHECIA 

Note that the pruina may be scant, in which case it is best seen when the disk is 
moistened with water. 
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0.2-0.4 mm. across, see Disk black, dull, naked, plane to somewhat convex. 

Margin thin and concoloro 
Hypothecium and stipes . rown, adc se aes Exciple thin and concolorous. Hymenium 

85-105 « thick, colorless but inspersed with small oil drops; paraphyses forming a 

brown epahecnun: Spores 8 in ascus, mischoblastiomorph, fumose to brown, 18-24 

0-12 w, 
Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH — 

A hygrophytic, corticolous and lignicolous spaces known in the West ‘Indies only 

from the Blue Mountains of Jamaica. 
Material seen. JAMAICA — The Triangle, Cummings 312, Feb. 28, 1905 (FH); 

Cummings 126, March 1905 (FH); hut at Murdocks Gap, 3300 ft., Imshaug 15299a, 

March 19, ee (Imsh). 
Wainio used two names for this species. Buellia conformis was ccraen from 

corticolous ener and B. atrofuscata was described from material on debri 

though B. conformis has “page priority,’ Malme (1927) used the epithet atrojusnt 

for this species. It should also be noted that the excipular differences apparent 

Wainio’s descriptions do not exist. 

Buellia bahiana Malme, Ark. Bot. 

21A(14): 17. 1927. 

Buellia eckfeldtiana Steiner in Magn. & Zahlbr. Ark. Bot. 32A(2): 51. 1945 

Type collections: Buellia bahiana — Collected on bark by Malme at Rio Vermelho 

ae Brazil. Three cua (12, a & 35) are cited but none is designated as 

holotype. I have seen only one of thes O. 

Buellia celta — Collected on sat by Eckfeldt and Bailey at Hilo, Hawaii 

(Hawaiian Islands). Holotyp W (not seen 

HYPOTHALLUS not seen sate as black dekinaitine line around thallus. THALLUS 

glaucous-cinereous (occasionally somewhat sulphureous), continuous to somewhat 

rimulose with surface smooth or verrucose. Well-developed thalli are rather thick 

and rimose-areolate, the areoles composed of many verrucae. A CIA scattered, 

superficial, constricted at base, - mm. across, occasionally conglomerate. is 

black, naked, dull, plane to slightly convex. Margin thin and concolorous, occasionally 

becoming wavy. 
Hypothecium, stipes and exciple confluent, dark brown; stipes well aie to 

base of thallus. Hymenium 55-88 » thick, age iagpensed with many oil drops; 

paraphyses forming a green ceca, Apical cells of paraphyses only ache 

5 eer and fusco-capitate. Spores 8 in ascus, — fuscous, callisporoid, 14-19 * 

6-9 
Chemica Reactions: Epithecium KOH + (lavender); hypothecium and_ exciple 

KOH — ; thallus KOH + (red, crystals). 

A eas tic, corticolous species of wide distribution in tropical and subtropical 

regions. In addition to the West Indian material collections have been examined from 

Bermuda, United States ee Central America, South America, and the Hawaiian 

Islands 
Material seen. BAHAMAS — New Providence, Brace 9566, Aug. 5, 1918 (NY). 

UBA — locality unknown, Wright IJ 131 (US); locality unknown, Wright II 

130 (US); on Cocothrinax, La Cafiada, Isle of Pines, Britton, Britton & Wilson 

14423a, Feb. 16, 1916 (FH-Riddle) ; on Cocothrinax, La Cafiada, Isle of Pines, Britton, 

Britton & Wilson 14426, Feb. 16, 1916 (FH-Riddle, NY); on Colpothrinax, San 

Pedro, Isle of Pines, Britton & Wilson 14550 & 14549, Feb. 12-March 22, 1916 (FH- 

Riddle, NY) 
JAMAICA — Wareika House, summit of Long Mountain, 1350 ft., Imshaug 13501 

Nov, 29, 1952 (Imsh); sea level, a rk Imshaug 15584, 15589 G& 15597, April 

21, 1953 (Imsh); White River Bay, , Imshaug 15761a, May 4, 1953 (Imsh) ; 

Hollymount, Mt. Diablo, 2750 ft. ae 14236, Jan. 28, 1953 (Imsh). 
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PUERTO RICO — Manato, Fink 2075, Jan. 13, 1916 (FH). 
ST. THOMAS — Crown, Raunkiaer 421, Nov. 31, 1905 (C); Boergesen, Jan. 

1896 (C 

MARTINIQUE — Between Fort de France & Montmartre, Evans 524, Sept. 2, 
1927 (FH & MO-707 

This species is na variable as regards some of its diagnostic characters and 
care must be used in ascertaining the presence or absence of a particular feature. 

KOH. Shadows of incipient secondary septation frequently appear even if definite 
callisporoid cells are not visi le. 

The greenish epithecium, presence of oil drops in the hymenium, dark brown 
exciple and smooth, continuous thallus are perhaps the most reliable characters. 

Buellia boergesenii sp. nov. 

Hypothallus nigricans, parum conspicuus, e maculis formatus minutissimus, dispersis. 
Thallus crassus aut mediocris, e verrucis formatus semiglobosis vel irregularibus, 
interdum sublobatis, eens, KOH sanguineorubens, solutione mox cristalla acicularia 

cia formante; hyphis n coerulescentibus. Apo 0.3-0.5 mm. lata, basi constricta, 
disco plano, nigro, ae aut cinereo-pruinoso, m tenui, nigro ypothecium, 
stipes et excipulum fusconigricans, K anguineo rubens, solutione mox cristalla 
acicularia formante ymenium 60 ud oleoso-inspersum, superne 

incrassata, 13-17 uw longae, 6—7 yw crassae. Specimen typicum in saxo, Cruz-Bay, insula 
St. John, legit F. Boergesen, Mar. 11, 1906. Holotypus in C conservatus. 
HYPOTHALLUS consists of a few scattered black specks. THALLUS composed of 

large verrucae (0.25-0.50 mm. across) which become flattened and occasionally lobate. 
Verrucae tan, but usually covered with a light cinereous pruina. APOTHECIA 0.3-0.5 
mm. across, superficial, constricted at the base. Disk ities frequently covered with a 
cinereous pruina, plane. Margin black, thin to moderat 
Hypothecium, stipes and exciple confluent, dark brown, Hymenium 60 thick, 

Sp 
1-septate with septum thickened to form a central isthmus, 13-17 * 6-7 yw. (See 
fig. 21) 

Chenticad Reactions: Hypothecium and stipes KOH + (red, crystals) ; thallus section 
I — ; KOH + (red, crystals). 
Knows only from one collection on rock from the Virgin Islands. 
Material seen: ST. JOHN — Cruz-Bay, on coastal rocks, F, Boergesen, March 11, 

1906 (C-mixed with holotype of Buellia orcularia). 
This collection was published by Wainio (1915) as Buellia conspirans, It differs 

from the holotype of B. conspirans (Herb. Nylander no. 10547), however, in the 
dark brown exciple and in the better developed thallus. The exciple in B. conspirans 
is pallid and the thallus consi of crowded, irregularly shaped granules. 

Buellia brittoniae Riddle, Mycologia 

86. 1923 

Type collection: Collected on sandstone at La Canada on Isle of Pines (off Cuba) 
in West Indies by N. L. Britton, E. G. Britton, & Percy Wilson, no. 14579, Feb. 16, 1916. 

HYPOTHALLUS scant, consisting of a few scattered black specks. THALLUS 
consists of narrow (0.2-0.3 mm.), slightly convex, dark brown laciniae which grow 
centrifugally and fork seagate At a distance of 0.6 to 1.3 mm. from a tips the 
laciniae become rimose and areoles develop. The original pattern of th ciniae is 
visible for a considerable eskeee but at the very center of the alae ie areoles 
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become very irregular and no definite pattern is discernible. APOTHECIA 0.3-0.5 mm, 

across, superficial, constricted at the base. Disk black, dull, rather scabrid, somewhat 

convex. Margin thin, at first brownish but becoming concolorous, at length ex- 

cluded. 
Hypothecium pallid or very pale brown (in thick sections) ; stipes colorless; exciple 

pallid but brown at margin. Hymenium ca. w thick, colorless, not i ith 

il drops; paraphyses ae a brown epithecium. Ap ells of paraphyses en- 

larged and fusco-capitate. Spores 8 in ascus, brown, 1-septate, but frequently exhibit- 

ing shadowy secondary arith indicative of an incipient 3-septate condition, 10-12 

Chemical Reactions: Epithecium ee + (yellow), other apothecial tissues 

KOH — ; thallus section KOH + (yellow), 

A saxicolous species known only from eh 7 Pines. 

Material seen. CUBA (ISLE OF PINES) —on sandstone, La Cafiada, Britton, 

Britton & Wilson 14579, Feb. 16, 1916 (FH-Riddle, NY); Las Tunas Mts., on quartz, 

Las Tunas, Britton, Britton & Wilson 15518, Feb. 22, 1916 (FH, FH-Riddle, NY). 

Buellia calispora (Knight) Steiner, Bull. Herb. 

Boissier, ser. 2. 7: 645. 1907. 

Lecidea callispora Knight, Trans. Linn. Soc. London, ser. 2, Bot. 1882. 

Karschia fraudans Starb. Bih. K. Svensk. Vet.-Akad. Wand. hi an 10. 1899. 

Buellia didyma Wainio, Ann. ‘Bead. Sci. Fenn. ser. A. 6(7): 

Buellia rinodinospora Riddle, Bull. Torrey ee Club. 44: aa i 

Buellia blasteniospora Zahlbr. Ann. Myc 

Type collections: Lecidea ee allot on , bark of trees in Sidney, New 

n. 

Karschia fraudans —1 have not located the type specimen but Nannfeldt (1932, 

iS 323) cites Malme’s study of the type specimen as reason for putting K. fraudans in 

synonymy with B. callispora. 
Buellia didyma — Collected by P. Duss, no. 161, at Basse-Terre, Guadeloupe (West 

530) 
Buellia rinodinospora — Collected by J. A. Cushman, 155, March 19, 1912, at 

Newcastle (4000 ft. elevation), ae (West Taco). ae in FH (Riddle 

Herb.) ; isotypes in FH and MIC 

Buellia eee colecd by Rapp, no. 95, on oak at Sanford, Florida 

(U.S.A.). An isotype is in FH. I have not seen the holotype. 

HYPOTHALLUS not seen except as a black line delimiting thallus. THALLUS 

glaucous-cinereous, soon continuous from coalescent granules or patches; surface 

Sve ly somewhat verrucose and, when thick, becoming rimose. APOTHECIA 

0 m. eee scattered, smpeitiolll Disk black, dull, naked, plane to somewhat 

convex. Margin concolorous and moderately thick. 

eee ae and exciple + confluent, dark brown. Hymenium 100-200 u 

a slight halo. (See fig. 2G) 

Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH 

A cs hse ae a and lignicolous aces of wide Aiciituion, & addition 

to the West I n material collections have been examined from the United States, 

South America = the Hawaiian Islands. 

Material seen: JAMAICA — Newcastle, 4000 ft., Cushman 155, March 19, 1912 

(FH, FH-Riddle, nen), ; Cinchona, 1500 m Maxon & Killip 1275, March 20, 1920 

(FH) ; Goshen, 1000 ft., Imshaug 15984, May 8, 1953 (Imsh) ; Coopers Hill, 2450 ft., 
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Imshaug 14126, Jan. 27, 1953 (Imsh); Bellevue to Mt. Rosanna, 3800 ft., Imshaug 

14465 & 14482, Feb. 4, 1953 (Imsh); Birchs Hill, 1809 ft., Jmshaug 15704, April 24, 
1953 (Imsh) ; Farm Hill, 4000 ft., Jmshaug 14785, Feb. 21, 1953 (Imsh) ; ridge north- 

west of Murdocks Gap, 3600 ft., Imshaug 15337, March 15, 1953 (Imsh); Guava 

Ridge, 2900 ft., Imshaug 14335a, Feb. 3, 1953 (Imsh); forest hut above Corn Puss 

Gap, 3550 ft., Imshaug 13455, Nov. 20, 1952 (Imsh); forest hut at Murdocks Gap, 
3300 ft., Imshaug 15299a, March 15, 1953 (Imsh). 
GUADELOUPE — Basse-Terre, Duss 510, grin (NY); Basse-Terre, Duss 161 
i. 9530). 

Buellia catasema (Tuck.) Tuck. Syn. N. Am. 

Lich. 2: 161. 1888. 

Lecidea catasema Tuck. Proc. Am. Acad. Arts & Sci. 6: 283. 1866. 
Buellia hiorami B. de Lesd. Bull. Soc. Bot. France 87: 140. 1940. 
Type collections: Lecidea catasema — Collected on Bi in Cuba (West Indies) by 

Wright, no. 242. Holotype in FH (Tuckerman Herb. 3 
Buellia hiorami — The original description is ba ae on ee server made in Cuba 

by Frere Hioram in 1930, Bit two localities (El Palenque, alt. 400 m., and Loma 
San Juan, alt. 1000 m.) both in Province de Oriente. A holotype was not 
designated and both solleetions were destroyed in World War II. No duplicates have 
been located. 
HYPOTHALLUS seen only as a black delimiting line between a thallus of B. 

catasema sail a thallus of another species. THALLUS composed of small (0.05—-0.15 

constricted at base. Disk black, dull, naked, + plane. Margin concolorous, rather 
thin and inconspicuous 

Hypothecium and co brown, confluent. Exciple thin, brown. Hymenium 40-65 
w thick, not inspersed with oil drops, usually colored with shades of green, yellow and 
brown; paraphyses forming a brown epithecium, with apical cells enlarged and 
Coa Spores brown, 1-septate, smooth, walls thin and even, (9) 11-14 (15) 
x 4-6 (7 
Chemical ‘Reactions: Apothecial tissues KOH — (or, occasionally, hypothecium 

KOH -+ , red out in solution, ha no crystals formed) ; halting section KOH — (except 
for a areas in sanguinariella) . 
Am Benes tic, soticols pee found also in the United States, Central America 

and nae Ameri 

var. catasema 
Medulla white, KOCH 
Material seen: CUBA — = Wrizhi 242 (FH-Tuckerman 3296); on Conocarpus, Isle 

of Pines, Siguanea, Britton, Britton & Wilson 14940, Feb. 26, 1916 (FH-Riddle, NY). 
JAMAICA — Flora River, 2700 {t., Imshaug 14379, Feb. 3, 1953 (Imsh); gap 

A — Tree on cultivated cee of Mt. Maitland, 1050 ft., Taushaie 16204, 
July 15, 1953 (Imsh); on Coconut in cultivated area along Grand kane Road near 
Good Hope Water Works. 950 ft. ween 16238, July 19, 1953 (Imsh). 

var, sanguinariella (Nyl.) comb. nov. 

Lecidea parasema var. endococcina pee Proc. eae — Arts & Sci. 4: 283. 1866. 
Lecidea sanguinariella Nyl. Ann. Sci. Nat. V. 7: 328 
Buellia seca daa pe Zahlbr. in Rechinger a eds Math.-Nat. Kl. Akad. 

Buellia pe eats ane Ann. Acad. Sci. Fenn. ser. A. 6(7): 92, 1915. 
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Type collections: Lecidea parasema var. ripeemesig OM ap oe on bark in Cuba 

(West Indies) by Wright. Holotype in FH (Tuckerman Herb. 329 
Lecidea sanguinariella — Collected on a tree at Rio Negro, oh 1200 m., in New 

A ig : 42). 

Indies) by P. Duss no. 1413. Holotype in TUR (Vainio Herb. 944 

Medulla ae bright red. The red areas are KOH + (lavender color out in 

solution, no crystals). 
Material seen: BAHAMAS — Crooked Island, Brace (MICH); Jingo Hill, Crooked 

Island, Brace 4758, Jan. 18, 1906 (FH-Riddle, NY); Vauxhall, Crooked Island, 

Brace 4726, Jan. 16, 1906 (FH-Riddle, NY). 
CUBA — Wright (FH-Tuckerman 3296) ; on Cocothrinax, La Canada, Isle of Pines, 

Britton, Britton & Wilson 14423a, Feb. 16, 1916 (NY); on Colpothrinax, San Pedro, 

Isle of Pines, Britton & Wilson ae Feb. 12—March 22, 1916 (FH-Riddle, NY) ; 

Isle of shee Britton & Wilson (MIC 
JAMAICA — north slope of eee 2100 ft., Imshaug 14271, Jan. 29, 1953 

ee 
GUADELOUPE — Sofaga, Duss 1413 (TUR-Vainio 9446). 

GRENADA —Mt. Maitland, 1050 ft., Imshaug 16201 & 16203, July 15, 1953 

(Imsh). 
I have been unable to detect any difference between B. catasema and B. sanguinariella 

other than the red color of the medulla. This color appears quite variable, at times 

even in the same thallus. My collections from Mt. Maitland in Grenada were a 

mixture of the two varieties. 
It seems reasonably certain from the original description that B. hiorami is this 

species. 

Buellia dejungens (Nyl.) Wainio, Ann. Acad. 

Sci. Fenn. ser. A. 6(7): 79. 1915. 

Lecidea dejungens Nyl. Ann. Sci. Nat. IV. 19: 355. 

Bu ae dejungens var, actin ae Ann. ee Sd: Fenn. ser. A. 6(7): 80 

19 

he dejungens var. chrysochlora Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 81 

1915. 

ie ot dejungens var. chrysochroa Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 82 

ee. endochrysea Wainio, Ann. Acad. Sci. Fenn. ser. ee akan: 83, 1915. 

Buellia finkit Merrill in Hedrick, Mycologia 22: 255. 

Type collections: Lecidea dejungens — Collected - a Wright “ad rupes calcareas” 

in Cuba (West Indies). Holotype in H (Nylander Herb. 5726b). 

Buellia dejungens chrysophaea — Collected at Magensbay Estate in St. Thomas 

pa Indies) by F. Boergesen, Dec. 28, 1905. Holotype in 

Zi eis var, ie areor dee mee cited iva collections. The St. Jan 

Ly arte is the only one in C but no spores could be found in it. The St. Croix 

collection in TUR (Vainio Herb, 9525) consists of one fragment and I have selected 

it as the lectoty 
Buellia ae var. chrysochroa — Collected at Rustenberg in St. John (West 

Indies) by F. Boergesen, March 15, 1906. Holotype i 

Buellia endochrysea — Collected at 800 ft. a. on Magensbay Estate in St. 

Thomas (West Indies) by F. Boergesen. Holotype in C; a fragment is in TUR (Vainio 

Herb. 9539), but it does not have well-developed B. endochrysea on it. 

Buellia finkii — Collected at Aibonito (eastward exposure at 2100 ft.), Puerto Rico 

(West Indies) by Bruce Fink, no. 1884, Jan. 4, 1916. Holotype in MICH; isotypes 

in FH & NY. 
HYPOTHALLUS usually evident only at periphery as a thin black border. When 

the thallus is exceptionally well-developed a black hypothallus may be seen occasionally 
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between the areoles) THALLUS usually very thin and gear becoming some- 
what rimulose. Surface smooth and somewhat nitidou Color variable, from 
cinereous to somewhat greenish or sordid yellowish or brow nish: frequently blacken- 
ing along the cracks. When well-developed the thallus iene thick and areolate. 

+ reddish beans; dull, naked, plane (rarely convex on well-developed specimens). 
Margin miodetanely thick (although excluded when disk becomes convex) and raised, 
concolorous. 
Hypothecium pallid or yellowish; stipes orange or reddish-brown; exciple dark 

brown, Hymenium 60-85 (100-120) w thick, colorless, not inspersed with oil drops; 

enlarged and fusco-capitate. Spores 8 in ascus, pale fuscous, 1-septate with very 
thick walls (not baa 4 em ae 14-18 (21) & (6) 7-9 (11) uw. (See fig. 2C 

Chemical Reactions: Stipes, hypothecium and exciple KOH + (deep lavender yp 

purple out in solution), other ae ee tissues KOH — ; thallus section I - , P ‘ 
portions KOH + (deep lavender purple out in solution). 
A meso phytic, saxicolous species known only from the West 
Material seen: CUBA — locality unknown Wright (H- Cee “3726b). 
PUERTO RICO — Rio Cuyan, Britt 8565, Feb. 13, 1926 (NY); Dos ra 

above Corozal, Britton, Britton & Chardon 8948 & 8952, Feb. 25, 1927 (MICH, N 
2100 ft., Aibonito, Fink 1884, Jan. 4, 1916 (FH, MICH, NY); 2200 it., ae 
Fink 1040, Jan. 5, 1916 (FH, MICH). 

ST. THOMAS — -Water Bay, Britton, Britton & Kemp 14, March 10-16, 1923 
(MICH, NY); Tutu, Britton, Britton & Kemp 26, March 10-16, 1923 (MICH, NY); 
Tutu, Britton, Briton co Marble 469b, Feb. 8-9, 1913 (FH-Riddle, MICH, NY); 
Botany Bay, Britton, Britton & Kemp 36, March 10-16, 1923 (MICH, NY); 
Magensbay Estate, Boergesen, Dec. 28, 1905 (TUR-Vainio 9539 & C); Loevenlund, 
Raunkiaer 404, Dec. 15, 1905 (C). 

: xX — Hams Bluff, Boergesen, Feb. 6, 1906 (C); summit of Mt. Eagles, 
ih als Jan. 28, 1906 (C); Caledonia Dal, Boergesen, Feb. 16, 1906 (TUR-Vainio 

52 el 
OHN — Esperance, Boergesen, March 7, 1906 (C); Rustenburg, Boergesen, 

ae 15, 1906 (C). 
his species is rather common in Puerto Rico and the Virgin Islands and Wainio 

has described three varieties and one closely related species from this region. These 
appear to ae ae writer to be merely ecological variations and are not recognized 
nomenclatur 

The ee material collected in Cuba by Wright has a very thin, continuous 
thallus, quite green in color (due to the absence of a cortex) and is nitidous. It is 
only barely becoming somewhat Tae The green color is apparently from the 
algal layer 

ost material collected of this species has a thicker thallus with a sordid cinereous- 
Prconae color and not so nitidous. The thallus is ey noticeably rimose-areolate. 
The cracks in the thallus frequently blacken and the thallus ne a variegated appear- 

a e en 
thecium, in the epithecium. oe son was described by Wainio as var. chryso 
pms Genes ar. hrysochlora and var. chrysochroa were both characterized 

is fragmentary and, in sat Oneeecomia y other species, - some inatioinces it is 

In the type collection of B. finki the thallus is ae well-developed with 
thick, cinereous areoles. The areoles are occasionally somewhat dispersed. A transi- 
tion, however, can be observed from a thin, continuous, eer yellow-brown thallus 



ImMSHAUG: BUELLIA IN WEST INDIES 489 

on one face of the rock to a thick, areolate, cinereous thallus on another side of the 

rock. Isotype material of Buellia finkii was annotated by Wainio as Buellia dejungens. 

The original collection of B. endochrysea is rather fragmentary and m y impression 

is that it represents an interesting case of regeneration in B. dejungens. "The thallus 

{ B. j ich h i 

several places. Small squamules appear on the surface of the blackened areoles. In 

another place a thin, branching, brown, laciniate thallus also is growing on the 

blackened areoles. There are no apothecia on the laciniate thallus. The apothecia on 

the squamulose thallus are typical of B. dejyungens 

Buellia dispersula Miill. Arg. Bull. Soc. 

Bot. Belg. 32: 144. 1893. 

Type ce ae The only specimen in the Miiller-Arg. Herb. (G) was collected 

y Tonduz 893 at San Marcos, Costa Rica 

HYPOT ire ae consists of only a fei scattered black specks. THALLUS 

consists of scattered, sma all (up to 0.2 mm. long), frequently elongated areoles which 

narrowly constiiteed at base. Disk black, naked, dull, plane. Margin eoncdloratis and 

rather thic 
H ypothecium and stipes confluent, brown; exciple thick, + pallid but brown at 

margin. Hymenium 50-60 yu thick, colorless, not inspersed with oil drops; ia 

forming a brown epithecium, apical cells enlarged and fusco-capitate. Spore 

ascus, brown, 1-septate, walls thin and even, (11) 13-17 (19) * 6-7 uw 

Cote see ae and stipes KOH -+ (red, jetta) thallus 

section I — OH + (red, crystals). 

A ee Central American species known from the Caribbean only from one 

island off the coast of Nicaragua. 

Material seen. ISLA DE PROVIDENCIA — outcrop of volcanic rock, Proctor, 

May 1-9, 1948 
The ,above Beceuptian is taken from the Caribbean collection which differs from 

the type from Costa Rica only in the smaller spores and thinner hymenium. The 

holotype of B. dispersula has spores 18-21 (33) X 8-10 (17) mw, and hymenium 85-100 

p thick 

Buellia efflorescens Miill. Arg. Hedwigia 

32: 129. 1893. 

Buellia tuamotensis Herre, Bryologist 56: 281. 1953. 

Type collections: Buellia effloresce anaes on trees near Singapore by 

Maingay, no. 158. Holotype in : Ae 

Buellia iaenaienss Colle on ree on Raroia Atoll, Tuamotu Seay 

by M. S. Doty in 1952. — in BISH and private herbarium of A. W. Herr 

(not seen 
HYPOTHALLUS not seen. THALLUS at first in scattered patches but later 

coalescent into a continuous, smooth, cinereous to pale yellow-green or pale sulphureous 

crust, occasionally rimulose with age. Soralia either widely scattered or, occasionally, 

abundant and + confluent, pale yellow, 0.1-0.3 mm. across. APOTHECIA 0.2-0.6 

mm. across, Teale’ oo at base. Disk Blas naked, dull, plane to convex. 

Margin an concolor 

Hypothecium and ics light brown. Exciple dark brown-black. Hymenium 50-60 

thick, colorless, not inspersed with oil drops; paraphyses forming a brown 

epithecium, apical cells much enlarged and prominently fusco-capitate. Spores 1- 

septate, smooth, walls thin and even, 10-14 & 5-7 uw. Immature spores with many 

small oil droplets. 



490 FARLOwIA, VoL. 4, 1955 

Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH — 
A xerophytic and mesophytic, corticolous species of wide distribution on ‘Pepin 

islands. 

var. efflorescens 

Spores 8 in asc 
Material seen: AMAL CA — White River Bay, 30 ft., Imshaug 15765, May 4, 1953 

(Imsh) ; summit of Catherines Peak, 5000 ft., Zmshaug 13319, Nov. 11, 1952 (Imsh) ; 
north slope of Portland Ridge, 200 ft., Toeshaue 13269, Oct. 24, 1952 (Imsh) ; 
Montego Bay, Cushman 91, Feb.—March 1912 (FH, MICH, NY, F-1142406); Silver 
Hill Gap, 3450 ft., Zmshaug 14090, Jan. 21, 1953 (Imsh). 

— Crown, Raunkiaer 421, Nov. 31, 1905 (C —no apothecia 
GUADELOUPE — on Coccoloba ees Basse- ene: Duss 1502 (TUR- ‘vatnie 

9229). 

GRENADA — sea level, Grenade Bay, Imshaug 16302, July 24, 1953 (Imsh); sea 
level, Coconut Grove, Grand Anse Beach, Imshaug 16068, 16073 & 16074, July 4, 1953 
(Imsh) ; sea level, Covent Grove, Levera Bay, Imshaug 16156 & pred oF 
1953 (Imsh) ; sea devel south coast of Point Saline, Imshaug 16128 & 16129, July 9, 
1953 (Imsh); dry scrub woodlands, 100 ft., Morne Rouge Cove, Aes 16136, 

h). 
This variety is probably more common than its present known distribution would 

indicate. The soralia are easily overlooked and many tropical records of B. punctata 
or B, myriocar pa probably refer to this species. It is doubtful if B. punctata occurs 
in the tropics. 

If soralia are abundant the apothecia are scarce; likewise, if the soralia are scarce, 
apothecia are abundant. Occasionally, the thallus may be ver y scant, in which case 
the soralia are more difficult to detect 

var. diminutiva (Wainio) comb. nov. 

Buellia polyspora var. diminutiva Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 93. 1915. 
Type collection: Collected on a tree at Cane Bay in St. Croix (West Tages) by 

Raunkiaer, no. 467, Jan. 4, 1906. Holotype in C; isotype in TUR (Vainio Herb. 9494). 
Thallus scant and soralia not so abundant as in var. efflorescens. Apothecia minute, 

0.1-0.2 mm. across. Spores ca. 32 in ascus, pale fuscous, 6-10 * ca. : 
Material seen: PUERTO RICO—shrubs on dry open hill, Yauco, Fink 1428, 

Dec. 28, 1915 (FH); al on dry hill top, Yauco, Fink 1455, Dec. 30, 1915 (F- 
1271625, FH, MICH, NY, US). 

ST. CROIX — Cane Bay Raunkiaer 467, Jan. 4, 1906 (C, TUR-Vainio 9494). 
Soralia, although definitely present in — baloty pe from St. Croix, are not definitely 

present in the material from Puerto Ric 

Buellia gerontoides (Stirton) comb. nov. 

Lecidea gerontoides Stirton, Trans. Glasgow Soc. Field Naturalists 4: 165. 1876. 
—— gerontoides (Stirton) Zahlbr. Cat. lich, univ. ‘ 192 

Icon Botany of the Maya Area, Miscellaneous Pape s VI. a chens from the 
Yuc nn Peninsula by ie Sar Plate 4, fig. b Co. sub B, aeruginascens). 
Carnegie Inst. Wash. Publ. 4 

Type collection: ten = shee G. Brodie on a tree near Port of Spain, Trinidad 
(West mee Holotype in BM 
HYPOTHALLUS not seen. ‘A black delimiting oe is seen only when thallus is 

adjacent Ss a thallus of a different species. THALLUS composed of small patches 
which soon coalesce to form a continuous, yellow-green or bright sulphureous (rarely 
pale sulphureous) crust. Thick thalli become somewhat rimose. APOTHECIA 0.3- 
1.5 mm. across, constricted at base. Disk covered with an ecamete en 
pruina, plane to occasionally + convex. Margin black, frequently y or crenulate, 
occasionally pruinose on inside (near disk); thick, raised and ae 
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Phone alee and stipes brown, confluent. Exciple keener 4 + pallid but usually 

brown. Hymenium 60-85 yu thick, colorless, not inspersed with oil drops; paraphyses 

not forming a replace epithecium, apical cells only ele enlarged and _ scarcely 

fusco-capitate. Spores 8 in ascus, 1-septate, 7 Pigas walls thin and even, 

frequently germinating at both ie 12-17 (21) X 

Chemical Reactions: Epithecium KOH — (or occasionally producing balls of color- 

less crystals as in thallus), Ah echt KOH + (red, ee thallus section KOH -+- 

(balls of colorless crystals). 

A pee be ae corticolous species known only from the West Indies and 

Central Ameri 
Material seen: "ISLAND UNKNOWN — on Coconut, Breutel (M). 

AS —on Cocothrinax jucunda, Great Exuma, Stocking Island, Britton & 

Millspaugh 3065, Feb. 22-28, 1905 (FH-Riddle); on Mimusops parvifolia, Ship 

Channel Cay, Exuma Chain, Britton ‘ Millspaugh 2765, Feb. 17, 1905 (FH-Riddle) ; 

she Siete Island, Hitchcock 3, Nov. 27, 1890 (MO-3245 

C — bark of Red Mangrove, Gage Largo, Prov. ai Havana, Proctor, April 4-9, 

1948 hey 
JAMAICA — north slope of Portland Ridge, 200 ft., Imshaug 13254, Oct. 24, 1952 

(Imsh) ; SE slope of Hellshire Hummock, 300-400 ft., Tmshaile 13685, Dec. 16, 1952 

(Imsh) ; sea level, Long Bay, Imshaug 15582, April 21, 1953 (Imsh) ; Montes Bay, 

kas 89, Feb.-March 1912 (FH, FH-Riddle, MICH, NY); sea level between 

naway Bay and Dry Harbour, on Coconut, Imshaug 15998, 15999 & 16001, May 9, 

1953 (Imsh) ; White River Bay, 30 ft., Imshaug 15761, May 4, 1953 (Imsh) ; Dunn’s 

River, 150 ft., Imshaug 15739 & 15751, May 4, 1953 (Imsh); stump of Coconut, 

Galina Point, sea level, Imshaug 13863, Dec. ae ig (Imsh) ; sea level, Rocky Point, 

5 a 15399, 15402, 15404, April 7, 1953 (Im 

ROIX Boe. Broufel (H-Nylander 10289, aa 

a THOMAS — on Coconut, Charlotte Amelia, Britton, Britton & Marble 489a, 

Feb. 8-9, ee (FH-Riddle, MICH, NY 

PETER ISLAND — Britton & Shafer 862a, Feb. 13-17, 1913 (FH-Riddle, NY). 

ANE en ee end of island, Britton & Fishlock 989a, Feb. 19-20, 1913 (FH- 

Riddle, NY 
SAINT BARTHELEMY — sur écorces de Mapores, Camaruche, LeGallo 404, Aug. 

26, 1951 (MO-174107). 
A—sea level in Coconut Grove, ae me Imshaug 16156, 16159, 

16160 & 16161, July 12, 1953 (Imsh) ; Coconut Grove ft., La Sagesse Little River, 

Imshaug 16289 & 16291, July 22, 1953 (Imsh) ; here slope of Mt. Maitland, 

1050 ft., 7mshaug 16197, July 15, 1953 (Imsh). 

SAN ANDRES — bark of Mango & Coconut, Proctor, April 22-27, 1948 (PH). 

SWAN ISLAND — Nelson, April 1912 (FH). 

In numbers 16197, 16289 & 16291 (all from Grenada) the color of the thallus was 

a very pale sulphureous and the pruina on the apothecial disk was almost white. 

This species has generally been called B. aeruginascens. These two species are not, 

however, identical, nor is B. aeruginascens identical with B. melanochlora. The 

differences between these and other species with pruinose disks are summarized in 

Table II. 
I am indebted to Dr. I. M. Lamb for calling my attention to this species which 

was erroneously jae to Catillaria by Zahlbruckner 

Buellia glaucotheca (Fée) Malme, Ark. Bot. 

21A (14): 20. 1927. 

Lecidea glaucotheca Fée, Suppl. Essai Crypt. Ecorces Exot. Offic. 109. 1837. 

Buellia subdisciformis (Leight.) Wainio f. caesiopruinosa Tuck. in Wainio, Etude 

Lich. Brésil 1: 167. 1890. 
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Type enue Lecidea glaucotheca — “Habitat in corticibus Cinchonae Con- 
damineae, H. et B.” (Humboldt & Bonpland). The collection probably came from 
Peru since ah is eee Humboldt & Bonpland list the host plant from. I have not 
located the type collection. 

Buellia subdisciformis {. caesiopruinosa — Collected by Wright, no. 240, in Cuba 
(West ene Holotype in FH (Tuckerman Herb. 3298 
HYPOTHALLUS not seen except as a_ black delimiting line around thallus. 
Beng cinereous or slightly sulphureous, soon continuous from coalescent patches, 
moderately thick and becoming somewhat rimose; surface rather rough. APOTHECIA 
6) 

ue 
enlarged nor ear ate. Spores 8 in ascus, brown, 1-septate, walls thin and even, 
surface smooth, 18-28 > 7-10 (12 

Chemical Reactions: Ente ae KOH + (red, crystals), other apothecial tissues 
OH ~— ; thallus section KOH + (red, crystals). 
A geri. corticolous and lignicolous species known from the West Indies and 

South America. 
Material seen: CUBA — Wright 240 (FH-Tuck. 3298). 
JAMAICA — Cummings 316, Feb—March 1905 (FH); ridge NW of Murdocks Gap, 

3600 ft., Blue Mountains, Inshaue 15313, March 15, 1953 (Imsh); Farm Hill, 4000 
ft., S slope of Blue Mts., Jmshaug 14772, Feb. 21, 1953 (Imsh); forest hut at Mur- 
docks Gap, 3300 ft., Imshaug 15299a, March 15, 1953 (Imsh); forest hut at Corn 
Puss ae 3550 ft. psn oe Nov. 20, L962 fae summit of Blue Mt. Me 

As with most species whose thallus gives a KOH + (red, crystals) reaction the 
medulla is occasionally (but rarely) reddish in color. 

This species is not identical with B. aeruginascens. For the differences between these 
two and other species with pruinose disks see Table II. 

Buellia glaziouana (Krmphbr.) Miill. Arg. 

Flora 63. 19. 1880. 

Lecidea sti Sprite Flora 59: 317. 1876. 
Rinodina thom uck. Syn. N. Am, Lich. 1: 209. 1882. 
Rinodina ae Wainio, Etude Lich. Brésil 1: 164. 0. 
Lecidea cohibilis Nyl. Sertum Lich. Trop. Labuan et Singapore 42, 1891. 
7 contiguella (Wainio) Malme, Bih. K. Svenska Vet.-Akad. Handl. 28(III, 1): 

1902. 
ee moreliiensis B. de Lesd. Lich. Mex. 914. 
eran contiguella (Wainio) We ie Acad. Sci. Fenn. ser. A. 6(7): 

Melanspic contiguella var. vegetior Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 

ee on (Nyl.) Zahlbr. Cat. lich. univ. 7: 344. 193 
Buellia contiguella var. vegetior (Wainio) Zahlbr. Cat. i univ. 7: 346. 1931. 
Type collections: Lecidea glaziou oua na — Co Nected ‘ad saxa granitica” in Prov. Rio 

eels 
oral contiguella — Collected 

Brazil, by . Wai no. 59. Holotype in TUR (Vainio Herb. $078). 
Feder pee alae Collected on sandstone at Lookout Mt., Tennessee (U.S. A.) by 
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W. W. Calkins. Holotype in H (Nylander Herb.). Portions of this collection are in 

F-30152, FH, MICH, MO-34678, NY, and US. 
Buellia morelienss = The original material was collected by Frére Arséne Brouard 

in Morelia, Mexico, on volcanic rocks. No holotype was designated and most of the 

material was destroyed in World War II. I have seen one of the eeapa from the 

private herbarium of A. H. Magnusson. Additional material may be the un- 

Melanas picilia contienella var. vegetior — Collected on rock at Magensbay Estate, 

St. Thomas (West pny by F. Boergesen, Dec. 28, 1906. Holotype in C; isotype in 

TUR (Vainio Herb. 908 
HYPOTHALLUS Eo except as a narrow black margin delimiting the thallus 

from neighboring thalli. THALLUS thin to scene thick, pale creamy yellow, 

continuous, becoming rimose-areolate. APOTHECIA 0.2-0.7 mm. across, Grimmensed 

to emergent, not constricted at base. Disk black, me dull, plane. Margin mod- 

spersed with oil drops; paraphyses forming a brown epithecium, apical cells enlarged 

and fusco-capitate. Spores 8 in ascus, brown, 1-septate with thin, uniform walls, (10) 

11-15 (16) & (5)6-7(8) m. 
Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH + (clear 

ee out in solution), C — , K(C) — , Pd + (cinnabar), I + (blue, in spots). 

A mesophytic, saxicolous apecis of wide distribution in South America, North 

ete: Central saa and the West Indies. 

The type specimen of B. glaziouana showed a blue reaction with iodine in the 

medulla. This is mua to the statements of Wainio and Malme. 

mon and variable lichen in ane warmer regions of the Western 

1) Apothecia remain more or less immersed due to the poor development of the 

stipes. This variation was described as Rinodina contiguella by Wainio. 

2) Thallus whitens and As aang initials are frequently abortive. It is possible 

that these are responses some nutritional deficiency. This variation has been 

called B. poliocheila a "8 antillarum). B. glaziouana f{. albinea Ras., however, 

represents an entirely different species. 
s contains a depsidone giving the reaction KOH + (red, crystals). This 

variation has been called B. recepta and B. sensitiva 

e last two variations are quite deanctve and are regarded as varieties. 

var. glaziouana 

Thallus yellowish, KOH + pie out in solution). Apothecia either adnate on 

surface of thallus or immersed in thallu 

Material seen: JAMAICA — SW ee near summit of Mt. Rosanna, 4000 it., 

Imshaug 13985 & 14005, Jan. 14, 1953 (Imsh); Bellevue, 3800 it., Imshaug 14454, 

Feb. 4, 1953 (Imsh) ; Halberstadt to Bloxburgh, 2800 ft., Imshaug 15038, March 

3, 1953 (Imsh) ; NE slope of Catherines Peak, 4500 ft., Tuashand 13808, Dec. 26, 1953 

(in msh). 
PUERTO RICO — Publito Rio, Britton & ees 9426a, Jan. 6, 1930 (MICH, 

NY); Naranjito, 2000 ft., Fink 219, Nov. 27,1915 (M 

ST. CROIX X — Cotton Valley, Biitian, Britton yor 170, March 17-25, 1923 

(MICH, NY). 

var. poliocheila (Wainio) comb. nov. 

Buellia poliocheila Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 85. 1915 

(poke antillarum B. de Lesd. Bull. Muséum Hist. Nat. Paris II. 15: 470, 

e collections: Buellia poliocheila — Collected on rocks at Ma Folie, St. Thomas 

ee Indies) by Biese. Holotype in C; isotype in TUR (Vainio Herb. 9541) 
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Buellia antillarum — Collected on volcanic rock at sea level at Anse du Sud de 
Bouillante, Guadeloupe (West Indies). Holotype in PC. 

Thallus white or cinereous. Apothecial initials frequently yee leaving shallow, 
ochraceous pits. Hymenium 50-65 u thick; spores 10-12 (1 

Material seen: Phen men slope of Catherines Peak, i. ft., Imshaug 
13808 & 13815, Dec. 26, 1952 (Im 
PUERTO RICO — Publito ne a: Britton & Britton 9425, Jan. 6, 1930 (MICH, 

ie 
ST. CROIX — Cotton Valley, Britton, Britton & Kemp 59, March 17- 25, 1923 

(MICH, NY). 
ST. THOMAS — Magensbay Estate, Boergesen, Dec. 28, 1906 (C); Ma Folie, 

Biese (C). 
ST. JOHN — Cruz-Bay, peepee Boergesen, March 11, 1906 (C). 
GUADELOUPE — Anse du Sud de Bouillante (PC). 
Buellia antillarum was ae bed as differing from B. poliocheila by virtue of a ies ena The hypothecium in the type material of both species is, however, 

var. sensitiva (Zahlbr.) comb. nov. 
Buellia sensitiva Zahlbr. Mycologia 22: 78. 1930. 

Buellia recepta (Krmphbr.) Miill. Arg. Linnaea 43: 36. 1880. 
Type 

1 
collections: Buellia sensitiva — Collected on rocks in an open field at 

Rico (West Indies) by Bruce Fink, no. 102, Nov. 25, 1915, 
7 p “t 3 

—" 
= = 8 

= 
lac] 

Ze ie 
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Lecidea recepta — Co Hected “ad saxa granitica” in Prov. Rio ee a Brazil, by D. A. Glaziou, no. 3295, in 1869, Holotype and one isotype are i 

ST. THOMAS — Magensbay Estate, Boergesen, Dec. 28 1905 | ag 

The reaction of the thallus in the original material collected by Glaziou in Brazil 
is quite variable. 

Buellia jamaicensis sp. nov. 

Hypothallus nigricans, ad ambitum solum visus, Thallus tenuis, continuus, demum 
sus, | i saepe rimulo viter verruculoso-inaequalis aut partim sat laevigatus, ochra intus interdum sen H sanguineo-rubens, solutione mox cristalla acicularia formante; hyph Goerulescentiiue. Apothecia basi constricta, disco plano, opaco, nu O, nigro, margine fuscescens, vu arum prominente, 
oO cens, Igo 

crassitudine mediocri. Hypothecium et stipes fusconigricans; excipulum  extus fusconigricans, intus pallidum. Hypothecium, ie et fe ape KOH. sanguineo- rubens, solutione mox cristalla acicularia form nte. Hymenium 65-70 uw altum, haud oleoso-inspersum, superne fuligineum. Sporae . nae, ren n fuscae, 1-septatae, paene 3-septatae, (13) 14-19 w longae, 7— 10 mw crassae. Specimen typicum in saxo, prope Clifton Mount, 1341 m., insula Jamaica, tech H. A. Imshaug, no. 13591, Dec. 3; 1952. Holotypus in FH conservatus. 
HYPOTHALLUS seen only as a narrow, black, delimiting zone at periphery of thallus. THALLUS Be an a posi blackening, rather thin, continuous, be- coming rimose and occasionally somewhat verrucose. Medulla orange-red in spots. APOTHECIA 0.3-0.6 mm ae. pa at base. Disk black, dull, naked, plane. Margin rather thick and raised, usually brownish but occasionally showing an orange- red tint. 

othecium and stipes confluent, brown; exciple pallid, but brown at margin : occasionally somewhat orange-red above: Abierenia um 65-70 yw thick, colorless, not 
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inspersed with oil drops; paraphyses forming a brown epithecium, apical cells en- 

larged and fusco-capitate. Spores 8 in ascus, brown, somewhat verruculose, 1- — 

but a thickened so as _ Ben ae a - age condition, (13) 14-19 7-10 wp. 

Chemical Reactions: and exciple KOH + (red, crystals) ; 

aan Sian KOH + fe a Hee I+ (bl 

A hygrophytic species found only on non-calcareous r nae in Jamaica. 

Material seen. JAMAICA — summit of Catherines Peak, 5000 ft., Imshaug 13370, 

Nov. 11, 1952 (Imsh); near Clifton Mount, 4400 ft., Imshaug 13591, Dec. 3, 1952 

(Imsh) ; SW slope of Mossmans Peak, 5200 it., Eashaus 14935, Feb. 23, ar (Imsh). 

The spores are unique in that they give a vague appearance of being 3-septate. 

as a vague shadow. A similar type of spore has been observed in a Mexican species, 

B. jajalpae B. de Lesd. 

Buellia lauricassiae (Fée) Miill. Arg. 

Rev. Mycol. 9: 85. 1887. 

Lecidea lauricassiae Fée, Suppl. Essai Cryptog. Ecorc. Officin, 101. 1837. 

es A Trevis. Rivista Period. Lavori Accad. Padova 5: m 1857. (nomen 

se D celiestieine “Habitat frequenter supra corticem Lauri Cassiae (cortex ee 

ligneoe officinarium), et verosimilliter in Indiis supra cortice variarum arborum.” 

ction. 

HYPOTHALLUS seen ae as black line at margin and at junction of thalli. 

THALLUS continuous, white to glaucescent, occasionally becoming somewhat verru- 

cose; thickened thalli ee somewhat rimose-areolate. APOTHECIA scattered, 

0.3-1.0 mm. across, somewhat constricted at the base. Disk black, naked, dull, + 

S. 

pallid but brown at margin. Hymenium 60-80 yu thick, colorless, not inspersed with 

Chemical Reactions: Hypothecium and stipes KOH + (red, crystals) ; thallus sec- 

tion KOH + (red, crystals). 

A mesophytic, corticolous species common in tropical and subtropical regions. 

Known in the Western Hemis ae from United States, West Indies, and South 

America, but not from Central Amer 

Material seen: CUBA — locality cchnoures Wright II 133 (US); Wright 239 (FH, 

US); Wright (MICH). 
ICA — locality unknown, Cummings 253, Feb—March 1905 (FH); Kalorama 

to Halberstadt, 2250 ft., Imshaug 15004, March 3, 1953 (Imsh) ; N slope of Montpelier, 

2100 ft., Imshaug 14256, Jan. 29, 1953 (Imsh) ; sea level, Long Bay, Imshaug 15592, 

April 21, 1953 (Imsh) ; Guava Ridge, 2900 ft., Imshaug 14338a, Feb. 3, 1953 (Imsh) ; 

Prospect Estate, White River, 300 ft., Imshaug 15770, May 5, 1953 (Imsh). 

PUERTO RICO— open places, on posts, Aibonito, Fink 1875 & 1876, Jan. 4 

(MICH); on Inga, Rio Portugues, N. of Prince, Britton & Britton 7429, Feb. 12, 

1923 (MICH, NY); on Terminalia, San German, Britton 4007, Feb. 9, 1915 (FH- 

ee MICH, NY). 

ROIX — Spotless Bay, Evans 534, Sept. 1927 (FH, MO-70746); Jolly Hill, 

5 hoe 436, Jan. 22, 1906 (C); Fair Plane, on Manchinil & Hematoxylin, 

Boergesen, Feb. 4, 1906 (C); Krauses Lagoon, Reaabiver 542, Feb. 4, 1906 

DOMINICA — Botanical Garden, Roseau, Evans 63, Sept. 5, 1926 (FH, NY). 

species is not synonymous ae B. aphvcemia B. geophila, or B. See 

mioides. Buellia a can be distinguished from ana species by its pallid 

exciple and the KOH + (red, pee reaction of the thallu 
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Buellia leucomela sp. nov. 

Hypothallus nigricans, ad ambitum solum visus. Thallus tenuis, continuus, demum 
saepe rimulosus, laevigatus, sulphureus aut ochraceus, KOH non reagens. Apothecia 
0.3-0.4 mm i i i 

Sporae 8:nae, fuscae, 1-septatae, verruculosae, 14-16 « longae, 7 uw crassae. Specimen 
typicum in 1 cortice arboris, Portland eee 61 m., ject H. A. Imshaug, no. 13269, 

Potion and exciple confluent, brown. Stipes pallid, forming a pale layer 
between exciple and hypothecium. Hymenium a 70 « thick, colorless, not inspersed 
with oil drops; paraphyses forming a brow n epithecium, apical cells somewhat 
enlarged and fusco-capitate. Spores 8 in ascus, 1-septate, surface verruculose, 14-16 

ca. 
Chemical Reactions: Apothecial tissues and thallus section KOH — 
A xerophytic species growing on bark in association (in Jamaica) Sith: B. yaucoensis 

and B, efflorescens. Material has also been seen from the Gulf Coast of SE United 
States. 

Material seen: JAMAICA —N. slope of Portland Ridge, 200 ft., Imshaug 13269 
Oct. 24, 1952 (Imsh). 

The spores are not as markedly verrucose as in B. trachyspora but their roughened 
surface can nevertheless be seen under high power without the use of an oil immersion 
objective. The latter is, however, helpful in doubtful cases 

Buellia melanochlora (Krmphbr.) Miill. Arg. 

Flora 68: 510. 1885. 

Lecidea melanochlora Krmphbr. Flora 59: 6. 
Type collection: Collected by Glaziou in “e-avinels peewee Rio Janeiro.” Two 

Pres numbers are cited in the original description, no. 6293 and 6326. I have 
examined both numbers in the Krempelhuber Herb. (M ) and only no, 6293 has notes 
by Krempelhuber. Number 6293 is, therefore, selected as the lectot 
HYPOTHALLUS black, present only at periphery of the thallus as it is soon 

covered by the coalescing granules. THALLUS composed of small granules which 
rming h 

constricted at base. Disk black but covered with a yellow-green pruina, plane. 
Margin thick, black, raised and prominent. 
Hypothectim and stipes confluent, brown. Exciple frequently + pallid. Hymenium 

75-100 mw thick, colorless, inspersed with very tiny oi rops or granules; apices of 
paraphyses scarcely enlaree d and scarcely fusco-capitate, not forming a colored 
epithecium. Spores 8 in ascus, brown, 1-septate, smooth, walls thin and even, (17)19— 
28(31) & (7)8-10(12) u 

Chemical Reactions: Epithecum KOH + (layer of yellow granules), hypothecium 
KOH + (red out in solution but no crystals) ; thallus section KOH 

ophytic, corticolous species known outside the West Tadies ‘tom United 
States on and So America. 
ene L seen: CUBA — Wright 241 (FH-Tuck.). 
JAMAICA — Hart - (FH-Tuck., NY); mariah 283, Feb.March 1905 (FH); 

Cerin Wight (MICH); Mandeville, Wight jan, 28, 1909 (FH-Riddle) ; 
Mandeville, Wight 107, Feb, 11, 1909 fea ado. Bamboo, 2000 ft., Imshaug 
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15973, May 7, 1953 (Imsh); Albion, 2400 ft., Imshaug 15897, May 7, 1953 (Imsh); 
Coopers Hill, 2450 ft., Imshaug 14143, 14157 & 14160, Jan. 27, 1953 (Imsh); be- 
tween Bellevue and summit of Mt. Rosanna, 3800 ft., Imshaug 14485, Feb. 4, 1953 
(Imsh) ; gap SE of Catherines Peak, 4500 ft., Imshaug 13901, Jan. 12, 1952 (Imsh). 
PUERTO RICO — open hill top, Aibonito, Fink 1903, Jan. 5, 1916 (FH, MICH, 

This species is not identical with B. aeruginascens. For the galas between 
these two species and other species with pruinose disks, see Table 

Buellia modesta (Krmphbr.) Miill. Arg. 

Flora 64: 524. 1881. (non Darb. 1923) 

re fis gua Krmphbr. Vidensk. Meddel. Naturhist. Foren. Kjobenhavn 5(1873): 
(non Hue 191 

Py oes Miill. Arg. Rev. Mycol. 10: 68. 1888. 
Type collections: Lecidea modesta — Collected on trees in Serra d’Estrella, central 

Brazil. I have been unable to locate the type specimen. It is not in the Fevemnqselouler 
Herb. (M), nor is it in C 

Buellia granularis — Collected on trees at Guarapi in Paraguay by Balansa, no. 
4195, in 1887. Holotype in G. 
HYPOTHALLUS visible only as a black border and delimiting line between thalli. 

THALLUS a moderately thick, glaucous-cinereous, continuous crust. Surface usually 
rather smooth but occasionally appearing somewhat verrucose, + areolate in age. 
APOTHECIA 0.3-1.5 across, Disk black, naked, plane fa ements convex). 
Margin thick and Se eee 

Hypothecium and stipes brown, confluent. Exciple pallid. Oil drops are commonly 
found in the upper part of the hypothecium and occasionally in the hymenium. 
Hymenium (50)70-100 uw thick, colorless, not inspersed with oil drops; paraphyses 
forming a brown epithecium, apical cells enlarged and fusco- oie Spores 8 in 
ascus, 1-septate, brown, end walls frequently somewhat thickened, especially on young 
spores. Young spores occasionally have oil droplets inside. (10) 12-17(19) & 5-8(9) um. 
(See fig. 2B) 

Chemical Reactions: Hypothecium KOH + (red, crystals) ; thallus section KOH + 
(red, crystals 

xerophytic-mesophytic, corticolous species which is very common in the tropical 
ae a South America, Central America and the West Indies. 

rial seen: BAHAMAS — on Acacia coriophylla, Eleuthera Point, Britton & 
he 5638, Feb. 24, 1907 (FH-Riddle, NY); on Exostema caribaeum, Eleuthera 

o& Millspaugh 2165, "Ten, 27-28, 1905 (FH_Riddle, NY); on Coccothrinax jaounda. 
i F 

Riddle, NY); on Pseudophoenix sargenti, Little San Salvador, Britton & Millspaugh 
5672, Feb. 25-26, 1907 (FH-Riddle, NY); on Torrubia longifolia, Long Island, 
Clarence Town, Britton & Millspaugh 6341, March 16-19, 1907 (FH-Riddle, NY); on 
Inaba caribaea, Watling’s Island, Cockburn Town, Britton & Millspaugh 6062, March 
12-13, 1907 (FH-Riddle, NY); New Providence, Brace 9781, Dec. 19, 1918 (FH- 
Ridale, NY). 

CUBA — locality unknown, Wright (US); Wright 450 & 448 (FH-Tuck. 3295) ; 
Poinciana regia, Artemisa, Adnes, Jan. 8, 1902 (FH); Prov. Las Villas olim sae 
Clara, Cienfuegos, Soledad, Atking Borarceal Garden, Welch 9196, Aug. 12, 1948 
(MO-169602) ; Palmas San Juan, Hioram 5569, April 7, 1922 (BPI) ; Confiente 
Estate, Hioram 5758, March 9, 1922 (BPI); Nogueras Hill, Hioram 5744, Oct. 6, 
1921 (BPI); on Lysiloma, Isle of Pines, Vivijagua, Britton, Breton & Wilson 15034, 
Feb. 28-29, 1916 (FH-Riddle, NY); on Oxandra, Isle of Pines, Sierra de los Caballos, 
Britton & Wilson 15145, March 2, 1916 (FH-Riddle, NY). 
JAMAICA — locality unknown, Cummings 147, Feb—March 1905 (FH-Riddle, 
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NY); Kalorama to Halberstadt, 2250 ft., Imshaug 14999 & 15004a, March 3, 1953 

(Imsh) ; Cane River Falls, 400 ft., on cca onut & Akee, Imshaug 14517 & 14521, Feb. 

1907 (FH-Riddle, NY); Potsdam, Malvern, Britton 481, Sept. 9, 1907 (FH-Riddle) ; 
Birchs Hill, 1809 ft., Imshaug 15683, April 24, 1953 (Imsh); Montego Bay, Cushman 
103, Feb.-March 1912 (FH); Clarks Town, 750 ft., Imshaug 16046 & 16038, May 10, 

1953 (Imsh) ; Albion, 2400 ft., Jmshaug 15908, May 7, 1953 (Imsh) ; ambos, 2000 ft., 

Imshaug 15974, May 7, 1953 (Imsh) ; Claremont, 1800 ft., Jmshaug 15886, May 7, 1953 
(Imsh) ; Hopewell, 1400 ft., Jmshaug 15817, May 6, 1953 (Imsh); Dunns River, 150 

ft., Imshaug 15750, May 4, 1953 (Imsh); sea level, on Coconut, between Runaway 

Bay & Dry Harbour, Imshaug 15997, May 9, 1953 (Imsh); stump of Coconut near 

mouth of Bog River, Port Antonio, Wight, Dec. 30, 1905 (FH); Port Antonio, Wight 

31, Dec. 30, 1905 (FH- Riddle) ; NE Point, sea level, Zmshaug 15382, 15385, 15387, 
15392, 15395, March 31, 1953 (Imsh) ; Rady Point, sea level, Zmshaug 15396 & 15407, 

April 7, 1953 (Imsh 
—on small dead tree in arid thicket, Mt. La Mine, St. Michel de l’Atalaye, 

Dept: du eae 350 m., Leonard 8015f, Dec. 15, 1925 (FH 
PUER O RICO — locality unknown, Britton & Baw n (MICH); on Pithecolo- 

bium ae ati, Coamo Springs, Bitton 8563, Feb. 13, 1926 (MICH, NY); on 

Fink 1463, Dec. 29, 1915 (FH); on  Cophdlocapaus: Guanica, Salinas de Guanica, 
Britton, Cowell & Brown 4932, March 35-8, 1915 (FH-Riddle, NY); on Pithecolobium 
unguiscati, Guanica, Britton, Cowell & Brown 4957, March 5-8, 1915 (FH-Riddle, 
Y); on Eugenia, Guanica, Salinas de Guanica, Britton, Cowell & Brown 4936, 

March 5-8, 1915 (FH-Riddle, MICH, NY); on Pithecolobium, Desecheo Island, Brit- 

ton, Cowell & Hess 1611, Reb: 18-19, 1914 (MICH, NY); Rio de Maricao, Britton 

4055a, Feb. 10, 1915 (FH-Riddle) 

MAS — Mt. Crown, Raunkiaer 419, Nov. 31, 1905 (C). 

ST. CROIX — Krauses Lagoon, Raunkiaer 542, Feb. 4, 1906 (C); near Frederik- 
sted, Evans 12, Aug. 25, 1926 (FH). 

es ADELOUPE — on Mangifera indica in Ravine-Chaude, Duss 1416 (TUR-Vainio 

is ore size is sia nian related to elevation in Jamaica. Collections from localities 
of less than 400 ft. measure (10)11-14(17) & 5-7(8) u, while collections from 750- 
2400 ft. measure 14-19(20) & 7-8(9) yw. This does not conform to a xerophytic- 
mesophytic distinction 

Extra large spores were found in Cuba oo 450 & 448) and Puerto Rico (Britton 
4055a), These measured 20-32 * 11-12(14) u 

Buellia placodiomorpha Wainio, Etude Lich. 

Brésil 1: 172. 1890. 

Type collection: Collected by Wainio “ad corticem arboris prope Sepitiba in civ. 
Minarum, n. 473” in Brazil. Holotype in TUR (Vainio Herb.) ; isotype in F 
HYPOTHALLUS absent. THALLUS scant, frequently apparently absent. When 

present indefinite or somewhat furfuraceous, cinereous to dark gray. APOTHECIA 
0.4 mm. across, scattered, somewhat a at base. Disk black, naked, dull, 

planed o + convex. Margin very thin, concoloro 
Hvypothecium brown or reddish brown; pee brown; exciple thin and brown. 
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Hymenium 50-75 yu thick, colorless, not inspersed with oil drops; paraphyses forming 
a brown epithecium, apical cells enlay ged and fusco-capitate. Spores 8 in so pale 
fuscous, walls unevenly thickened but ee strictly polarilocular, 14-17 « 6 ( 

.2H 
Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH — 
A mesophytic species known also from Bermuda “ine South America. 
Material seen: GRENADA — sea level, Antoine Bay, Imshaug 16297, July 24, 1953 

(Imsh); sea level, Grenade Bay, Pasha 16304, July 24, 1953 (Imsh); sea level, 
Coconut Grove, levers Bay, Imshaug 16157 & 16166, July 12, 1953 (Imsh). 

The West indian material agrees well with the isotype at FH. It is cite that 

tion of the species is correct, in spite of the thalline exciple having disappeared.” I 
have not seen the type collection ei Lecanora insperata Nyl. and so am unable to 
reach a decision at the present tim 

Buellia placodiomorphoides sp. nov. 
Hypothallus incertus. Thallus cinereus, tenuis, verrucoso-inaequalis, verrucis dis- 
it 0.06-0.12 . latis, KOH lutescens. Apethesis 0.3-0.5 mm. lata, basi con- 

gricans, : 
Excipulum intus pallidum oleoso-inspersum, extus fliscomianioanss KOH non reagens. 
Hymenium 65-100 altum, haud oleoso-inspersum, superne aurantiaco-rufescens. 
Sporae 8:nae, fumoso- fuscescentes, 1-septatae, membranis lateralibus sat inaequaliter 

Specimen typicum in cortice arboris, Catherines Peak, 1524 oat soe Jamaica, legit 
H. A. Imshaug, no. 13343, Nov. 11, 1952. Holotypus in FH c ervatus. 

rather widely scattered verrucae 0.06-0.12 mm. across. APOTHECIA scattered, 

Hypothecium brown; stipes brown and well- develapeds exciple pallid with many 
oil drops and brown at margin. Hymenium 65-100 wu thick, colorless, not inspersed 
with oil drops; paraphyses forming an orange-brown epithecium, apical cells enlarged 
and fusco-capitate. Spores 8 in ascus, pale fuscous, 1-septate, with walls unevenly 
thickened, but not strictly polarilocular, germ pore at each end, 21-28 & 9-10 uw. (See 
fig. 2F) 

Chemical Reactions: Apothecial tissues KOH — ; thallus section KOH + (yellow). 
A hygrophytic, corticolous species known ails from the Blue Mountains of 

Jamaica. 
Material seen: JAMAICA — summit of Catherines Peak, 5000 ft., Imshaug 13343, 

Nov. 11, 1952 (F.H 
is species is similar to Buellia ee except that the spores are smaller and 

not thickened at the septum. Also, in placodiomorphoides, the oil drops are 
confined to the exciple, which is pallid. a spores are similar to those in B. 
placodiomorpha except that they are much larger. Buellia placodiomorpha does not 
have a pallid exciple 

Buellia posthabita (Nyl.) Zahlbr. 

Cat. lich. univ. 7: 390. 1931. 

Lecidea posthabita Nyl. Lich. Nov. Zeland. 111. 1888. 
Buellia parachroa Wainio, Etud. Lich. Brésil 1: “178. 18 
Buellia parachroa var. interrupta Wainio, Ann, Acad. ey Fenn. ser. A. 6(7): 1915. 
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Buellia pachydermatica Wainio, Ann, Acad. Sci. Fenn. ser. A. 6(7): 87. 1915. 

Buellia naranjitana Zahlbr. Mycologia 22: 79. 1930. 

Type collections: Lecidea posthabita — Collected on rock at Honda, New Granada, 
by Lindig in 1861. Holotype in racine Herb. 10546). 

Buellia parachroa — Collected on granite near Rio de Janeiro, Brazil, by Wainio, 
no. 104, in 1885. Holotype in TUR (Vainio ones 

Buellia parachroa var. interrupta — Colle ae oe Mansasouw (800 ft.) in St. 
Thomas _— Indies) by F. Boergesen. Holotype in C; isotype in TUR (Vainio 
Herb 9 
ae Ao ae She ir at Ma Follie in a oo (West Indies) by 

Biese. Holotype in C; isotype in TUR (Vainio Herb. 
Buellia a a on rock in open a . Navanjite in Puerto Rico 

(West Indies) by Bruce Fink, no. 236, Nov. 27, 1915. Holotype in MICH; isotype 

HALLUS not evident except as a black ais line. THALLUS in 
form of scattered patches which may coalesce to cover arge area. Each individual 

whitening or becoming cinereous; thin and continuous, but becoming rimose-areolate 
APOTHECIA ee leg mm. across, adnate, only slightly constricted at base. Disk 
black, naked, pla Margin concolorous, moderately thickened and somewhat raised. 

ypo haciin ae stipes colorless or pallid. Exciple very dark brown, occasionally 
tinted somewhat green, confined to sides. Hymenium 75-100 uw thick, colorless, not 

with age), a occasionally swollen at center (14)17-24 * (8)9- 
12(13) w. (See fi 

Chemical see eae Apothecial tissues KOH — ; thallus section I — , KOH — , 
Pd 

A mesophytic species widely distributed on rock in tropical West Indies and South 
America. 

Material seen: JAMAICA — gap SE of Catherines Peak, 4500 ft., Zmshaug 13899, 
Jan. 12, 1953 (Imsh); SW slope of Catherines Peak, 4450 ft., Imshaug 13920, . 
12, 1953 (Imsh); NE slope of Catherines Peak, 4500 ft., Imshaug 13817 & 13813, 

14444, Feb. 4, 1953 (Imsh); Bellevue, 3800 ft., Imshaug 14458, Feb. 4, 1953 (Imsh) ; 

Birchs Hill, 1809 it., Zmshaug 15696 & 15720, April 24, 1953 (Imsh). 
PUERTO RICO — Mannato, Britton & Britton 8769, Feb. 4, 1927 (MICH, NY); 

n serpentine, Indiera Fria near Maricao, 430-800 m., Britton, Cowell, & Brown 

4559 & 4561, Feb. 19-22, 1915 (MICH, NY); on shale, Punta Guaniquilla, Britton, 
Cowell, & Brown 4591, Feb. 24, 1915 (MICH, NY); on limestone, hills between Gabo 

(MICH, NY); Yauco, Fink 1678, Jan. 1, 1916 (F-1271784, FH, MICH); Yauco, 
Fink 1387, Dec. 28, 1915 (FH, MICH); open field, Naranjito, Fink 236, Nov. 27, 
1915 (FH, NY 

ST. THOMAS — Ma Folie, Biese (TUR-Vainio 9532, C); Magensbay, 800 ft., 

ie ata (TUR-Vainio 9522, C); no locality (C); locality unknown, Forel, 1878 
H-Nylander 28667). 
ST. CROIX — Cotton Valley, Britton, Britton, & Kemp 175, March 17-25, 1923 

(NY); Canebay, Boergesen, Jan. 26, 1906 (C); Hams Bluff, Boergesen, Feb. 6, 1906 

(C). 
ST. JOHN — Reef Bay, Boergesen, March 7, 1906 (TUR-Vainio 9533). 

GUADELOUPE — locality & collector cuigiown PC). 
GRENADA — Piton near Levera, 700-750 ft., Imshaug 16307 & 16316, July 24, 

1953 (Imsh). 
In the collection from Hams Bluff (St. Croix) the thallus is very scant and the 
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specimen appears athalline. ree the epithecium is very dark. In all other respects, 

however, it agrees with B. posthabita. 

This species may be nee by the pee hypothecium and mischoblastiomorph 

spores. The spores are very similar to those in B. atrofuscata, which species, how- 

ever, has a brown hypothecium and is not ae S, 

Buellia prospersa (Nyl.) Riddle, Brookl. 

Bot. Gard. Memoirs 1: 114. 1918. 

Lecidea prospersa Nyl. Flora 63: 127. 1880. 

Buellia pachyphragma Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 93. 1915. 

Buellia orcularia Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 94. 1915. 

Buellia sda ane Fink in Hedrick, Mycologia 22: 255. 1930. (non Miill. Arg. 

Proc. Roy. Soc. Edinburgh 11: 465. 1882 

Rinodina yore (Nyl.) Zahlbr. Cat. Lich, Univ. 7:544. 193 

Type collections: Lecidea prospersa — Collected on Rais in St. Thomas (West 

Indies) by Dr. Forel in 1878. Holotype in H (Nylander Herb. 9312) 

Buellia pachyphragma — Collected at Reef Bay in St. John (West Indies) by F. 

Boergesen, March 7, 1906. Holotype in C. A fragment from this collection in TUR 

(Vainio Herb. 9533) consists only of B. posthabita. 

Buellia orcularia — Collected on littoral rocks at Cruz-Bay, St. John (West Indies) 

by F. Boergesen, March 11, 1906. Holotype in C; isotype in TUR (Vainio Herb. 

31 
Buellia substigmatea — Collected on rock on rocky hill, Christiansted, St. Croix 

(West ee by Britton, sepa and Kemp, no. 79, in 1923. Holotype in MICH; 

isotype in 

Se ae frequently not ao on herbarium specimens but occasionally 

black, naked, ne (occasionally convex in older apothecia). Margin concolorous, 

moderately poe and raised but becoming ag ee excluded in older apothecia. 

Hypothecium and stipes confluent, brown. Exciple a very distinct pee brown 

layer. Hymenium 50-65 wu thick, colorless, not eee with oil drops; paraphyses 

forming a ae dark brown epithecium, apical cells swollen and prominently 

fusco- cae Spores 8 in ascus, fuscons, polarilocular, 10-14 5-7 pw. 

mical Paone Apothecial tissues KOH — ; thallus section I—, Pd—, 

KOH — (or yellow). 
A saxicolous species endemic to pa Virgin Islands. 

Material seen: ST. CROIX — on hill, Christiansted, Britton, Britton, & Kemp 79, 

March 17-25, 1923 (MICH, N 

ST. THOMAS — Forel, 1878 (H-Nyl. 9312); Ma Folie, Biese (TUR-Vainio 9532, 

with type of B. pachydermatica) ; Nordsidebugt, on maritime rocks, Boergesen, Dec. 

28,1905 (C, TUR- — 11951). 
uz-Bay, Boergesen, March 11, 1906 (TUR-Vainio 9531, C); Reet 

Bay, Boergesen, Men 3, 1906 (C). 

Buellia proximata Magn. in Magn. & Zahlbr. 

Ark. Bot. 32A(2): 52. 1945. 

Type collection: Collected on bark by the Hawaiian Bog Survey in 1938 (no 

6023) at Kokee (ca. 1100 m.) on Kauai (Hawaiian Islands). Holotype in S (not deen), 

HYPOTHALLUS seen only as a black delimiting line. THALLUS white to glauces- 

cent, continuous, becoming somewhat verrucose. APOTHECIA 0.3-0.8 mm. across, 

constricted at base. Disk black, ae dull, naked. Margin moderately thick, some- 

what raised, concolorous. 
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Hypothecium, stipes and exciple confluent, brown. Stipes extends to base of thallus. 
Hymenium 60-100 » thick, colorless, not inspersed with oil drops; sabe oe 

“Ch hemical Reactions: heron tissues KOH — ; thallus section KOH 
A mesophytic, corticolous species known only from Jamaica, outside of the Hawdlion 

Islands. 
Material seen: JAMAICA — locality unknown, goa 88 & 394, Feb.-March 

1905 (FH); Flora River, 2700 ft., Imshaug oe Feb. 3, 1953 (Imsh); Guava 
Ridge, 2900 ft., Imshaug 14338b, Feb. 3, 1953 (Imsh 

Buellia remensa (Stirton) comb. nov. 
Lecidea remensa Stirton, Trans. Glasgow Soc. Field Naturalists 4: 166. 1876. 
Catillaria remensa (Sticion) Zahlbr. Cat. lich. univ. 4 192 
Type collection: Collected on bark near Pork of Snaih: Trinidad (West Indies) 

by Rev. G. aeaee Holotype and an re in BM. 
HYPOTHALLUS not seen. THALLUS of many small, scattered patches (or 

flattened ae soon coalescent a cinereous- glaucescent, smooth or occasionally 
remaining + granulose, continuous crust whic : becomes somewhat §areolate. 
APOTHECIA 0.3-0.9 mm. across, scattered, somewhat constricted at base. Disk 
black but generally covered with a white pruina, ee to convex. Margin black, thin, 
becoming excluded. 
H ecium, stipes and exciple confluent, dark brown. Hymenium 45-70 wu thi ck, 

colorless, not ins spersed with oil drops; Aaa forming a caer iia. 
apical calls somewhat enlarged and fusco-capitate. Spores 8 in as n, 1- cu row 
septate, with walls evenly thickened leaving 1 spherical sporoblast in a, cell, 13-17 

M. 
Chen mical Reactions: Epithecium KOH + (violet), hypothecium KOH + (red, 

crystals) ; thallus section KOH + (red, crystals). 
A mesophytic-gygrophytic, same species known only from the Caribbean area. 
Material seen: JAMAICA — forest hut above Corn Puss Gap, 3550 ft., Imshaug 

13455 & 13462, Nov. 20, 1952 (Ims 
PUERTO RICO — Yunque, 1000 ft., Fink 742, Sept. 12, 1915 (MICH). 
GRENADA — sea level in Coconut Gre eve ra Bay, Imshaug 16160 & 16161, 

July 12, 1953 (Imsh); S shore of Point elke: sea level, Imshaug 16127, 16124 & 
16128, July 9 , 1953 (Imsh); summit of Morne Rouge, 275 ft., Imshaug 16191 & 16194, July 15, 1953 (Imsh). 

he pruina is often difficult to see or may even be a in material from the 
wettest localities. In doubtful cases the pruina is best seen when a drop of water 
is put on the apothecium, The green color of the a rare is also frequently rather 
obscure and the KOH reaction of the hypothecium is not very strong 

It is possible that B. isabellina Malme is synonymous with this species. The spores 
in B. isabellina, however, measure 11-14 & 7-8 yu. 

For an outline of the — between B. remensa and the other species with 
pruinose apothecia see Table I 

indebted to Dr. I. aE Lamb for calling my attention to this species which 
was erroneously transferred to Catillaria by Zahlbruckner 

Buellia rufofuscescens Wainio, Etude Lich. 

Brésil 1: 172. 1890 

Type collection: Collected “ad lignum in Carassa (1400 metr. s. m.) in civ. 
Minarum, n. 1167 b” (Brazil). Holotype in TUR (Vainio Herb.) ; isotype in FH 
(only isotype seen 
HYPOTHALLUS not seen. THALLUS composed of scattered, flattened, cinereous 
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granules (not constricted at base) which often coalesce to form a + continuous crust. 

APOTHECIA 0.2-0.6 mm. across, scattered, narrowly constricted at the base. Disk 

black but usually covered with a reddish or red-brown pruina, plane. Margin black, 

thin and raised. 
Hypothecium, stipes and exciple confluent, dark brown. Hymenium 45-55 wu thick, 

a very pale diffuse green (more conspicuously green in KOH), not inspersed with oil 

Ps; 
perma cp Spores 8 in ascus, brown, 1-septate, smooth, walls thin, 10-13 

mical Reactions: Exciple KOH + (violet out in solution), rest of apothedial 

i KOH — ; thallus section KOH 

A hygrophy tic, corticolous species iriowi only from Brazil and Jam 

Material seen: JAMAICA — ridge NW of Murdocks Gap in Blue 1 ice 3600 

ft., Imshaug 15319, March 15, 1953 (Imsh). 

Similar to B. elisae except for the KOH reaction of the re a Buellia epimarta 

Malme, from Brazil, has larger spores and different chemical reactio 

Buellia subdispersula Riddle, Mycologia 

15: 87. 1923. 

Type collection: Collected on sandstone at La Cunagua _ Isle of Pines (off S 

coast of Cuba) in the West Indies by N. L. Britton, E. G. Britton, & Percy Wilson, 

no. 14577, Feb. 19, 1916. Holotype in FH (Riddle Herb.) : isotypes in MICH & NY. 

HYPOTH ALLUS consists of a few scattered black specks. THALLUS consists of 

cinereous or yellow granules which are either scattered or aggregated into — 

occasionally forming small granulose-continuous patches. APOTHECIA 0.2-0.7 m 

across, superficial, base somewhat constricted. Disk black, naked, dull, plane re 

Hy ecium, stipes and exciple confluent and dark brown. Hymenium 75-95 4 

thick, colorless, inspersed with oil drops; paraphyses forming a brown epithecium, 

apical cells enlarged and fusco-capitate. Spores 8 in ascus, pale fuscous, mischoblastio- 

morph, (13)14-20 « 7-9 pu 
Chemical Reactions: Apothesia tissues KOH — ; thallus section KOH — (or, with 

balls of colorless crystals — 

A saxicolous species ae gals from the Isle of Pines. 

Riddle described this species and B. flavogranulosa from two collections made the 

n 
ra 

ba separate species. The differences, however, do warrent recognition as varieties 

var. subdispersula 

Thallus consists of scattered, cinereous granules, 0.06—0 mm, across. The 

granules frequently aggregate into masses and may form + pre granulose 

areas. Spores 15-20 « 7-9 

Chemical Reactions: Thallus KOH — (no balls of colorless crystals). 

Material seen. CUBA (ISLE OF PINES) — La Cunagua, Britton, Britton & Wilson 

14577, Feb. 19, 1916 (FH-Riddle, MICH, NY 

var. flavogranulosa (Riddle) comb. nov. 

Buellia flavogranulosa Riddle, Mycologia 15: 86. 1923. 

Type collection: Collected on sandstone at La gre on Isle of Pines (off S 

coast of Cuba) in the West Indies by N. L. Britton, E. G. tton, & Percy Wilson, no. 

14578, Feb. 19, 1916. Holotype in FH (Riddle Herb.) ; ne in MICH & NY. 

Thallus consists of scattered clusters (up to 0.43 mm, across) of small (0.06—0.14 

m 
Chemical Reactions: Thallus KOH + (balls of colorless crystals). 

Material seen. CUBA (ISLE OF PINES) — La Cunagua, Britton, Britton & Wilson 

14578, Feb. 19, 1916 (FH-Riddle, MICH, NY). 
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Buellia subsensitiva sp. nov. 

Hypothallus bene evolutus, continuus, cinereus aut cinereonigricans, Thallus tenuis 
e areolis formatus, cinereis, dispersis aut subcontiguis, dlanis, laevigatis, opacis; H 
sanguineo-rubens, solutione mox cristalla beeper bane an J coerulescenti- 

i 6 

fuscae, 1-septatae, membrana aequaliter modice incrassata, 9-12(13) uw longae, 5-6 gu 
i x m., insula Jamaica, legit H. A. 

Imshaug, no. 14002, Jan. 14, 1953. Holotypus in FH conservatus. 
HYPOT HALLUS visible ate the areoles as a gray or dark cinereous layer over 

the substratum. THALLUS consisting of thin, scattered, cinereous areoles. Areoles 

ie) a! a 0 oO Fp) =) o .f 3 oO =] | oe gd te y. ° 5 

a? 
wn ro) ee v2] ° n 0) 

* o 
jos mS a i a No) 

rust; + plane 
smooth, dull. APOTHECIA 0.3-0.6 mm. across, somewhat constricted at base. Disk 
black, Hala, dull, plane. Margin rather thick, soon concolorous with disk, somewhat 
raise 
Hypothecan and stipes confluent, brown; stipes aes Ra ge extending to sub- 

stratum. Exciple pallid but brown (or with tint of green) at margin. Hymenium 
45-70 yw thick, colorless, not inspersed with oil mee paraphyses forming a dark 
green een (HCI — , KOH — ), apical cells somewhat enlarged and_ fusco- 
capitate. Spores 8 in ascus, brown, 1- -septate, with thin and uniform walls, 9-12(13) « 

6 yh. 

Chemical Reactions: Stipes and exciple ble A KOH + (red, ha tie { 
apothecial tissues KOH — ; thallus section KOH + (red, crystals), I ie blue at "base. 

A mesophytic species found only on non-calcareous rocks in J 
Material seen: JAMA ICA — Halberstadt to Bloxburgh, 2800 €. Imshaug 15026, 

15039 & 15046, March 3, 1953 (Imsh); SW slope near summit of Mt. Rosanna, 4000 
it., Imshaug 13985 & 14002, Jan. 14, 1953 ns sh). 

Buellia subsensitiva differs from B. sensitiva Zahlbr. in that the thallus consists of 
scattered areoles on a well-developed atte Also, the stipes is a darker brown 
and is better developed; the epithecium is green and the spores are smaller. Buellia 
subsensitiva is not closely related to B. glaziouana. 

Buellia trachyspora Wainio, Ann. Acad. Sci. 

Fenn. ser. A. 6(7): 84. 1915. 

Buellia gvrosa Wainio, Ann. Acad. Sci. Fenn. ser. A. 6(7): 85. 1913 
Type collections: ‘Buda trackyspora — Collected by Boe ergesen “in rupem ad 

cataractam prope Reef-Bay in insula S. Jan” (West Indies). Holotype 
Buellia ann i = on rock in St. John (West Indies) ite ree on 

March 15, 1906. Holotype in C; isotype in TUR (Vainio Herb. 9538). 
HYPOTHALLUS not ae THALLUS thin, continuous but becoming some- 

what rimose-areolate, Saas albescent to pale cream; surface smooth and even but 
not nitidous. APOTHE 0.4-1.0 mm. across, cont cted at base. Disk black, 
ee aaa dull, es rather thick and frequently raised above the disk, con- 
color 
Hyt eo aenise and stipes confluent, brown. Exciple pallid but brown at margin 

a brown epithecium, apical cells enlarged and fusco- capitate. Spores 8 in ascus, brown, 
1-septate, strongly verrucose, 15-20(23) * 7-9(10) 

Chemical Reactions: Apot thecial tissues KOH — ; thallus section KOH — ,I —. 

Material seen: CUBA — locality unknown, Wright (H-Nylander 3726, with type 
of B. dejungens). 
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JAMAICA — between Halberstadt and Bloxburgh, 2800 ft., 7mshaug 15047, March 
3, 1953 (Imsh). 
PUERTO RICO — open field at 2000 ft., Aibonito, Fink 1947, Jan. 5, 1916 aap: 

FH, MICH, NY, US); exposed places at 2100 ft., ibenito; Fink 1846, Jan. 4, 19 
(FH, MICH). 

ST. THOMAS — Boergesen, March 7, 1906 (TUR-Vainio 9521 
ST. JOHN — Rustenburg, Boergesen, March 15, 1906 (TUR- Vainio 9538, C); Reef 

Bay, Boergesen, March 7, 1906 (C). 
The original material of B. gyrosa is rather fragmentary and differs from B. 

trachyspora only in the gyrose nature of the apothecia. This condition occurs in 
almost all species with a thick, pallid exciple and scarcely warrants species recognition. 

Buellia yaucoensis Vainio. Mycologia 

21: 33. 1929. 

Type collection: Collected on old log on open hill top at Yauco in Puerto Rico 
(West Indies) by Bruce Fink, no. 1460, Dec. 29, 1915. Holotype in MICH; isotypes 
in F (1270211), FH and NY. 

YPOTHALLUS not seen. THALLUS thin and continuous, cinereous caeanien 
smooth but becoming roughened or somewhat verrucose. APOTHECIA 0 
across, scattered, constricted at base, occasionally emergent with ak oa 
fragments. Disk black, naked, dull, plane to somewhat convex. Margin thin and 

in ascus, brown, 1-septate, surface smooth, secondary walls evenly thickened so as to 
leave one small, spherical sporoblast in each cell, (13)14-18 & 6-9 uw. (See fig. 2D) 

Chemical Reactions: Apothecial tissues KOH — , except exciple is frequently KOH + 
(red-violet out in solution) ; thallus KOH — . 
A xerophytic, corticolous species known only from the Greater Antilles. 
Material seen: JAMAICA—N slope of Portland Ridge, 200 ft., Imshaug 13269a, 

Oct. 24, 1952 (Imsh) ; SE slope of Hellshire Hummock, 300 to 400 ft., Imshaug 13710, 
13703, 13702 & 13706, Dec. 16, 1952 (Imsh). 

PUERTO RICO — old log on open hill top, Yauco, Fink 1460, Dec. 29, 1915 (F- 
1270211, FH, MICH, NY). 

SPECIES OF BUELLIA REPORTED IN THE LITERATURE 

ROM THE WEST INDIES 

An asterisk (*) preceding a name indicates that the taxon was originally described 
from material collected in the West Indies. In those cases where I have examined the 
collection, or collections, upon which the reference is based I have indicated my 
revision in parentheses immediately following the reference citation. 

Buellia sp. 
JAMAICA: Ve iy 1927 ae specimen is presumably in the undetermined col- 

s at BPI and was not available for revision.) 
Buellia ane rene “(NyL) nn 

Riddle 1920, sub B. parasema var. aeruginascens (Nyl.) Miill. Arg. 
( = B. gerontoides) 

BAHAMAS (Fortune Island): Hitchcock 1898 ( = B. gerontoides) 
ST. THOMAS: Riddle a sub B. parasema var. aeruginascens ( = B. gerontoides) 

*Buellia Ui i al B. de 
GUADELOUPE: Type. salsetien ( = B. glaziouana var. poliocheila) 
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TABLE I — Distribution of the West Indian species of Buellia. 

ae "2 eee ee F FF gees Fl 
eb “geez eee” & pe, Far : 7 eee ° & & —S 
a wn ad iad q a 

B. atrofuscata x x 

B. bahiana x xX xX X x Xx x x 

B. boergesenii x x 

B. brittoniae x x 

B. callispora x x x x 

B. catasema x xX xX Xx x x x Xx 

B. dejungens x x Xx x 

B. dispersula x a 

B. efflorescens x xX xX Xx x 

B. gerontoides x x x x xX x xX xX xX 

B. glaucotheca x Xx x 

B. glaziouana x x x xX Xx x x 

B. jamaicensis x x 

B. lauricassiae x x x x Xx x x 

B. leucomela x x 

B. melanochlora x x x x x 

B. modesta Xx xX xX xX xX xX x x x xX 

B, placodiomorpha x x x 

B. placodiomorphoides Xx 

B. posthabita x x xX x ?P cx x 

B. prospersa x x 

B. proximata x a 

B. remensa x x x Xx 

B. rufofuscescens x x 

B. subdispersula x Xx 

B. subsensitiva x x 

B. trachyspora x x x x x 

B. yaucoensis x x x 
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*Buellia brittoniae Riddle 
C Isle of Pines): Type collection ( = B. brittoniae) 

*Buellia catasema Tuck 
UBA: Type collection ( = B. catasema) 

Welch 1950 bias modesta) 
Buellia conspirans (Nyl.) W 

H AS: Riddle 1920 ia = ° B. modesta) 
ST. JOHN: Wainio 1915 ( = B. boergesenii) 

*Buellia contiguella var. vegetior (Wainio) Zahlbr. 
Type collection, sub Melanaspicilia contiguella var. 

= B, glaziouana var. ‘ Molioghaila 
*Buellia ina Nyl 

A: Type collection ( = B. dejungens) 
*Buellia dejungens var. chrysochlora Wainio 

X: Wainio 1915 ( = B, dejungens) 
ST. JOHN: Wainio 1915 ( = B. dejungens) 

*Buellia dejungens var. chrysochroa Wainio 
ST. CROI 

vegelior 

*Byellia dacmnaeits var. chrysophaea Wainio 
ST. CRO Wainio 1915 ( = B. dejungens) 
ST. THOMAS: cc 1915 ( = B. dejungens) 

*Buellia didyma Wai 
UADELOUPE: "Type collection ( = - Saree 

— a var. insignis (Naeg.) W 
LOUPE: Wainio 1915 ( = B. A a 

Oat oe aaa He 
MAS: Nylander 1880 (= B. posthabita) 

Riddle 1918 ( = B. dejungens) 
* Buellia sisi ea Waini 

MAS: Type alleetisn ( = B. dejungens) 
*Buellia a vente Wainio 

GUADELOUPE: Type collection ( = B. catasema var. sanguinariella) 
*Buellia finkii Merrill in Hedrick 

PUERTO RICO: Type collection ( = B. dejungens) 
*Buellia flavogranulosa Riddle 

UBA (Isle of Pines): Type collection ( = B. subdispersula var. flavogranulosa) 
*Lecidea gerontoides Stirton 

VIDAD: Type collection ( = B. gerontoides) 
Buellia ag ea (Fée) Malme 

. ( = B. glaucotheca) 
*Buellia gyrosa Wain 

S N: Type raikeies ( = B. trachyspora) 
*Buellia hiorami B. de Lesdain 

Type oo destroyed in World War IJ, but is presumed to be B. 
ema. 

Buellia apse aia cs Mill. Ar 
UB 7(=B. errr 

ST. CROIX: “aes 1915 ( = B. lauricassiae) 
ST. THOMAS: Wainio 1915 ( = B. bahiana) 

Buellia modesta (Krmph.) Mill. Arg. 
CU me 1927 

ST. THOMAS: Wainio 1915 ( = B. modesta) 
ST. CROIX: Wainio 1915 ( = B. modesta and B. lauricassiae) 
GUADELOUPE: Wainio 1915 ( = B. modesta) 
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A: Wainio 1896 (Specimen not in Herb. Vainio) 

ST. VINCENT: Wainio 1896 (Specimen not in Herb. Vainio) 

*Buellia ala Zahlbr. 
RICO: Type collection ( = B. posthabita) 

*Buellia ocr Wainio 

AS: Wainio 1915 ( = B. prospersa) 

ST ee oN: Wainio 1915 Ns = B. prospersa) 

*Buellia eas ae Wai 
MAS: Type collection ( = B. posthabita) 

*Buellia aan ieee Wai 

T N: Type oan ( = B. prospersa) 

Buellia parachroa Wainio 
DOMINICA: Wainio 1896 (Specimen not in Herb. Vainio) 

ST. VINCENT: Wainio 1896 (Specimen not in Herb. Vainio) 

* Buellia Loe var. interrupta Wainio 

MAS: Type eatin ( = B. posthabita) 

Buel n parseme (Ach.) : 

MAS (Fortune Island): Hitchcock 1898 ( = B. modesta) 

cana (Isle of Pines): Riddle 1923 ( = B. catasema 

*Buellia parasema f{. endococcina Tuck. 

Type collection ( = B. catasema var. sanguinariella) 

* Buellia polocheite Wainio 

AS: Wainio 1915 ( = B. glaziouana var. poliocheila and var. sensitiva) 

Wainio 1915 ( = B. glaziouana var. poliocheila) 

*Buellia polyspora var. diminutiva Wainio 

ST. CROIX: Type geen ( = B. efflorescens var. diminutiva) 

* Buellia a (Nyl.) R 

ST OMAS: Type ripen ( = B. prospersa) 

Patt punciorm f. punctata (Koerb.) Wainio 

GUADELOUPE: ea 1915 ( = B. efflorescens) 

ae remensa Stirt 

TRINIDAD: Type aisetion ( = B. remensa) 

*Buellia rinodinospora Riddle 
A: Type collection ( = B. callispora) 

Buellia sanguinariella (Nyl.) Wainio 

BAHAMAS: Riddle 1920 & 1923 ( = B. catasema var. sanguinariella) 

CUBA: Riddle 1920 & 1923 ( = B. catasema var. sanguinariella) 

CUBA (Isle of Pines): Riddle 1923 ( = B. catasema var. sanguinariella) 

*Buellia sensitiva Zahlbr. 

ERTO RICO: Type collection ( = B. glaziouana var. sensitiva) 

Sener eer Dix 1953 ( = B. dispersula) 

*Buellia stipitata Riddle 

JAMAI 

Buellia myriocarpa (DC.) Mudd 

N 

A: Type collection ( = es stygia) 

Buellia ap apa (Leight.) Waini 

UB Pines): Riddle io (= B. bahiana and B. modesta and B. 

asema var. sanguinariella) 

AMAICA: Riddle 1912 ( = B. modesta) 

*Buellia subdisciformis {. caesiopruinosa Tuck. in Wainio 

Type collection ‘ = B. glaucotheca) 

*Buellia he alge Riddl 
e of Pines): “Type collection ( = ee subdis persula) 

*Buellia ee aes Fink in Hedrick (non Miill. Arg.) 

X: Type collection ( = B. pros a 

*Buellia ig a al _ inio 

CUBA: Malme 
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. JOHN: Type cerca ( = B. trachyspora) 
Buellia versicolor Mill. ! 

DRES: nies 195 ( = B. gerontoides) 
*Buellia yaucoensis Wai 

PUERTO RICO: Type collection ( = B. yaucoensis) 
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is a f | 

Su Op 

E. : F, 

G. H. &e 

2; clas wall thickenings in Buellia. A— Spore walls and septum thin & 
n type; B— B. modesta (young spore); C — B. dejungens; D— 

yaucoensis, eae E — mischoblastiomorph, B. posthabita; F—B icodiowors 
phoides, holotype; G— B. callispora; H — polarilocular, B. placodiomorpha; I— 
B, boergesenii, holotype. 

O 
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FRESHWATER ALGAE OF ALASKA 

I. SOME DESMIDS FROM THE INTERIOR ! 

HANNAH CROASDALE 

GEOGRAPHY AND GEOLOGY 

Alaska forms the northwestern part of North America as a peninsula 
with an area of about 586,400 square miles. Most of it lies between 
latitude 60° and 71° N. and longitude 141° and 165° W. About one third 
of it lies north of the Arctic Circle, but only about one tenth of it, the 

‘Arctic Slope,’ which slants from the Brooks Range north to the Arctic 

Ocean, is normally classified botanically as “arctic.” 
Alaska is of particular interest for scientific study because in spite of 

its high latitude it suffered less glaciation in the last great ice age than 
other northern parts of North America. Its glaciation is described by 
Brooks (1953) as “local rather than continental.” This seems to have 

been due to the scanty precipitation during the coldest period. A broad 
belt extending from east to west across the middle of Alaska was believed 
to be practically unglaciated during the Pleistocene (Capps, 1931) while 
the mountainous regions, including Brooks Range to the north and the 
higher Alaskan and Coastal Ranges to the south, were deeply ice-covered. 
The largest glaciers in Alaska today are in the southern part of these high- 
est mountains. Since algae and mosess could presumably survive a period 
of glaciation, if not themselves covered for too long or scoured away, it 
seemed interesting to see if relict forms could be found in these un- 
glaciated areas, and if any comparison could be made with the flora of 

glaciated regions on similar geologic formations. 

Of further scientific appeal is the statement by the great Alaskan 
geologist, Brooks (1953) that “Geologically as geographically Alaska is 

the meeting point of the Old World and the New. The northwesterly trend 
of the axis of folding is North American, the southwesterly trend is 
Asiatic.” He also speaks of the deposit of Asiatic rather than American 
fossils during one of the periods of submergence. Steere (1953), discussing 
the distribution of arctic bryophytes, points out that Alaska is the region 

richest in circumpolar arctic species and, together with northwestern 
Canada is “an area of critical geographical significance, where . . . “bi- 

centric’ species might be expected to find a common meeting place.” Our 

1 Field work done under the auspices of the Arctic Institute of North America, 

with funds provided by the Office of Naval Research. 

Later assistance was received in the form of a grant from The National Science 

Foundation. 
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region is subarctic rather than arctic, but the extreme richness of my 

collections, as far as I have examined them, including, apparently, many 

relict species, points it out as a very important area 

In 1951 two of us, Mrs. E. A. Sherrard, also of Hanover, N. H., and I 

received a grant from the Arctic Institute of North America which enabled 

us to spend all of July and August in Alaska, collecting freshwater algae 
and mosses 

Advised iy geologists we chose two focal areas. One was in Mount 

McKinley National Park at the southern fringe of the central unglaciated 

band, where we could collect, presumably, in glaciated and unglaciated 

areas. The algae collected in this area have not yet been studied. A 
second focal area was chosen at the northern limit of the central unglaciated 
band, in the Bettles-Wiseman region, in the Koyukuk River valley, a little 

north of the Arctic Circle. (Plate IT). 

Alatna (Allakaket) and Bettles are situated on the Koyukuk River, 
Wiseman is on its Middle Fork, and Nolan lies in the hills to the north- 

west, on Wiseman Creek (Plate II). According to Maddren (1913) at 

Alatna, Bettles and Wiseman we were collecting on ‘Unconsolidated 

Pleistocene deposits (silts, clays, sands and gravels, comprising terrace 
deposits, glacial outwash and morainal deposits, and including some un- 

differentiated Recent deposits.)’’ At Alatna and Bettles the closest high- 

lands, on both sides of the river, consisted of ‘Limestone, calcareous sand- 
stones, and arkose, with some igneous rocks.” At Wiseman the land not 

overlaid by the unconsolidated Pleistocene deposits consisted of “Birch 
Creek Schist (Schists of various types, including some limestones, quart- 
zites, and greenstones). Cut by granitic and dioritic dikes. The gold- 

bearing formation of the region.” Nolan, where gold mining is still being 

carried on, was on this formation. 

From Kellogg and Nygard (1951) we learn that the soils can be classi- 

fied as follows: Alatna and Bettles — “Half bog, Subarctic Brown Forest 
and Alluvial soil,” Wiseman and Nolan—‘‘Mountain Tundra, Sub- 

arctic Brown Forest, Tundra, Half Bog and Bog.” The whole area was in 

the region of “discontinuous permafrost.’’ Permafrost has been reported 

specifically for the Wiseman-Nolan area. 

GENERAL ECOLOGY 

The whole region is broadly classified as “open white spruce — birch 

forest.’ The southern slopes of the Brooks Range form the boundary of 

two broadly defined physiographic provinces: the Arctic, or Northern 

Mountain system where tundra prevails, and the Central Valley and 

Plateau region where boreal forests are established. Bettles and Wiseman 

seem, therefore, to lie in a transitional area where boreal forest and 

tundra tend to merge. White spruce, birch and poplar, with an under- 

cover principally of Ledum, cover most of the land. Along river banks 

and levees, and sometimes in moist places at higher altitudes, alder and 
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willow grow abundantly, with a dominant undercover of Equisetum, 

Lycopodium and Galium spp. The exposed land about the riverside villages 
is covered with various grasses and with several species of the saxifrage and 
rose families. And everywhere the forest is broken by treeless areas of 
varying extent locally called tundra, some probably better classified as 
muskeg. 

From Alatna, to Bettles, to Wiseman, to Nolan the transition to more 
northerly, higher land is evident. Alatna and Bettles are more generally 
wooded, At Wiseman and Nolan there is more brush tundra, including a 
wider variety of dwarf and creeping woody plants, as well as many her- 
baceous plants, typical of arctic-alpine or of tundra areas. Salix reticulata, 
Betula glandulosa, Potentilla fruticosa, Shepherdia canadensis, Ledum 

groenlandicum, Cassiope tetragona, Andromeda polifolia, Chamaedaphne 

calyculata and other species of the heath family are frequent at Wiseman 
and less frequent or lacking at Bettles. 

Stoeckeler (1949), has summarized from the U. S. Weather Bureau and 

the U.S. Army and Navy some climatological data for two of our villages 

which indicates the general nature of the region: 

Days of Mean Mean Mean Temp. 
Annual Annual Annual during 

Mean Annual ‘Freezing Precip. Snowfall J-J-Aug. 
Temp. °F Temp. (inches) (inches) 1946 

Wiseman 21.9° 252 8.82 ? 54.6° 
Allakaket 18.9° 257 12.95 i 55.8° 

The August of 1951, when we were in this region, happened to be 
unusually wet and it rained nearly every day. This made algae collecting 

much less profitable toward the end of the period because the ponds, 
sloughs, etc. became “‘drowned out.”’ 

TYPES OF LOCALITIES 

An attempt has been made to fit my localities into the scheme used by 
Strgm (1926). The following symbols are used: 

1b Subaerial on damp soil 
2a Wet roc 
3b On stones, branches, etc. in brooks and rivers 

3d On inundated ground 

4a On stones at the shores of lakes and ponds 

4b From the bottom of lakes and ponds 

4c On stones, branches or other substrates in quiet water 

5c On submerged parts of plants 

5d In grass-bound pools and ditches 
Se From mosses (by squeezing) 
(“T’’ has been added when the collection was made in a tundra ‘“‘pot- 
hole” or “niggerhead pool.” 
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Few alpine habitates were encountered. The hills and the one mountain 
that we climbed were exceedingly dry, with good mosses and lichens but 
very meagre algae. 

Running water habitats were limited to a few small brooks and sloughs. 

The rivers were in flood condition due to much rain and were heavily 

loaded with gravel, making collecting difficult and unprofitable. 

The tundra pot-holes were innumerable, with very cold water, usually 
with a neutral reaction. These varied greatly in algal content, being 
sometimes nearly sterile, sometimes paved with sheets of Nostoc and little 
else, sometimes having a rich desmid flora. 

No large lakes with sandy shores occurred in our region. Most so-called 
lakes were shallow ponds, ringed and paved with moss (most frequently 

Drapanocladus exannulatus (Gumb.) Warnst.), less often with grass, 

sometimes they were large, sedge-choked marshes. Whenever possible 

squeezings were taken from moss, from submerged plants other than moss, 
and from bottom vegetation, using a drag. “Plankton” hauls were made 

by throwing or dragging a small net. From these shallow but cold ponds 

and marshes, showing a high pH, came the richest yields, predominantly 

desmids. 

pH 

The pH was determined colorimetrically with a “‘Lovibond Comparator” 
which is designed to discount the color natural to the pond water. The 
indicators used were Chlorphenol Red, pH 4.8—-6.4, Bromthymol Blue, 
pH 6.0-7.6, and Cresol Red, pH 7.2—8.8. These were newly purchased 
from Eimer and Amend Co. Their readings have been checked against a 
Beckman pH meter and been declared to be ‘very close, as close as a 
visual method can be.”’ 

North of the Arctic Circle, which is the region dealt with in this paper, 
the pH values were consistently high: from 6.4—8.6 with pH 8.0 being the 

commonest record for ponds, lakes and marshes. Perhaps this is to be 

accounted for by the underlying formation which in most cases was 

partly limestone (although the bodies of water always had a heavy growth 

of vegetation which might be expected to annul the effect). Perhaps the 

very cold water is an important factor. At any rate I have faith in my 

records and the localities that /ooked favorable for desmids proved to be 
so, in spite of the high pH. 

It seems possible that I have here the condition that Steinecke (1928) 

found, if my region is comparable to his ‘flat moors.” While central 

Alaska is neither truly arctic or alpine there may be enough permafrost 

and tundra conditions to support a population in non-acid waters similar 

to the acid Sphagnum associations in warmer regions. Cedergren (1928) 

points out the agreement between the algae of Ca-rich highland regions 

and lowland algae in well-aerated water, and says “When the ecology of 

the algae is better known probably most of the arctic-alpine algae will 
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show themselves to be more or less calciphiles, or at least to tolerate Ca, 

which otherwise is not the rule among desmids. 
Everything that I am finding supports these statements in reference to 

our region. When all my material has been examined the lists of species 

should be long enough to justify my belief that in these subarctic regions 

desmids are thriving, at a high pH, under conditions eminently suitable 

for them. 

SCOPE OF PRESENT PAPER AND PREVIOUS WORK 

At the time of writing the material has been studied only from Alatna, 

Wiseman, Nolan and one station in Bettles, but it has seemed advisable 

for greater efficiency in the continuation of the investigation to get some- 

thing into print now for criticism. This paper will (it is hoped) be 

followed by subsequent ones treating the rest of the desmids and the other 

greens, bluegreens and heterokonts of the region. Meanwhile study of the 

rest of the collection will be continued, and then the material, which is 

rich in diatoms, will be turned over to the experts in that field. It is to be 

hoped that eventually something of interest may be revealed about the 

glaciation problem, desmids in localities of high pH, and the relationship 

of our flora to that of similar situations in Europe and to relict and arctic- 

alpine flora. 
To the best of my knowledge no reports on freshwater algae have been 

published for the territory where we collected. The complete (?) list of 

those who have, to date, published on freshwater Alaskan freshwater algae 

(exclusive of diatoms and flagellates) is: Blum (1953), Collins (1909), 

Farlow (1885), Harvey (1872), Hasslow (1934), Hooper (1947), Juday 

et al (1935), Kol (1942), Lowe (1923), Petersen (1932), Prescott (1953), 

Saunders (1901), Setchell & Gardner (1903), Sjoésted (1939), Wailes 

(1933) (1934) and Whelden (1947). Those within the scope of the 

present paper are: Saunders on the southern coast, Lowe on the northern 

coast, Wailes in the extreme southeast and southwest and Kol on glaciers 

in the southern mountains. It has been possible to locate their stations 

quite accurately on the map (PI. I), so they will be entered as ‘Saunders 

(A), (B),” etc, and their records will be added to mine, making the list, 

as far as it goes, complete, to date, for Alaska. 

METHODS 

All identifications were made from formalin-preserved material, and the 

relative abundance indicated by the usual ‘“‘ccc, cc, c, r, rr” after thorough 

examination of a number of slides from one sample, using a mechanical 

stage. This is of course wholly subjective. To me “ccc’”’ means dominant 

in every slide, “cc” present in nearly every low-power field, “c” many 

1“Da4 algernas ekologi blir battre kind, komma troligen de flesta av de arktisk- 

alpina visa sig var mer ell mindre kalkalger err Atminstone tala kalk, vilket eljes ej 

ar regel bland desmidiacéerna.” 
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specimens seen, “r” only a few specimens seen, and “rr” only one or two 
specimens seen. When no letter follows, no impression as to abundance 
was noted. 

All drawings were made with an Abbé camera lucida, most of them with 
the mirror mounted separately, about 12 inches from the miscroscope, a 
system recommended by Mr. A. M. Scott. The degree of magnification on 
the plates shows a regrettable lack of uniformity because many of the 
drawings were made while I was experimenting with the proper position 
for the mirror, and with the lens combination. Some of the details have 
been magnified two times my means of a simple desk magnifier, on the 
camera lucida principle. An illustration is furnished for every plant named, 
since naked lists from an author as little known as the present one are of 
little value. 

In the following pages certain conventions and abbreviations are used. 
The dimensions refer to the author’s Alaskan material only. “L” = length 
of cell, “w” = width of cell, “th” = thickness of cell, “isth.”” = width of 
isthmus in face view, “pyrenoids” — number of pyrenoids per semicell 
(Chloroplasts and pyrenoids, often doubtful or distorted in preserved 
material, are represented on the plates by dotted lines.), ‘terminal 
granules” = number of granules in the terminal granule. Specimens found 
by the author are entered as “Alatna: AS—c” etc. Alatna is the nearest 
village (Pl. I, II), A5 is the station which will be described in the final 
installment of this paper, —c indicates the relative abundance. Records of 
other authors are listed with the author’s name followed by a letter 
(Kol-S) etc, which spots the location on the map of Alaska (PI. I). 
Latitude, longitude and altitude were determined with the help of a pocket 
altimeter, a pedometer and the best maps available (usually flight charts), 
but should be considered only approximate. 

LIST OF SPECIES 

DESMIDIACEAE 

GONATOZYGON 

Gonatozygon Brébissonii De Bary (PI. III, Fig. 2). 
L. 220 w, max. w. 7p (31 x), w. at apex 5u, granules sparse, sharp, Alatna: A2-r. 

Gonatozygon Brébissonii De Bary var. tatricum Raciborski (1885) p. 12 (PI. TI, 
Fig. 3-5). 
L. 75-118 yw, w. 6-8 w (11-19 x), pyrenoids 2-6, granules small, sharp. Nolan: N2, 

N4, Wiseman: W87-r, W88-rr, W95-r. 
Probably new for America. 

Gonatozygon Kinahani (Arch.) Rab. (Pl. III, Fig. 6-7). 
L, 271-350 pw, w. 21-25 » (13-14 Xx), Pyrenoids 3-6, as isolated cells or short 

filaments. Alatna: / c, A6-c. 
Our plant has cells much wider than the 14 # limit given by the Wests. It is too 

short to be the var. mains of Taylor (1934), but it approaches the form described by 
Gronblad (1920), with cells 228-562 w * 21-23 wu, with chloroplast often spirally 
twisted. 
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Gonatozygon monotaenium De Bary (PI. Il, Fig. 1). 

L. 185-192 pu, w. at middle 9-10 w (19-20 5x), w. at apex 10-11 u, pyrenoids 5-7, 

granules rather flat, sometimes indistinct. Mien. W23-1r, W68. 

SPIROTAENIA 

BL ae sera Bréb. ae III, Fig. 8). 

i, ,w. 15-19 w (9.1-10.5 ), w. at apex 11-13 », Alatna: A5-c. 

Renee are Ralfs (PI. a Fig. 9). 

L. 74 w, w. 14 4 (5.3 ), w. at apex 6 w. Wiseman: W90-r. 

MESOTAENIUM 

Mesotaenium Berggrenii (Wittr.) Lagerh. var. alaskana Kol (1942), p. 25. 

Reported by Kol (O-S). 

Mesotaenium macrococcum (Kiitz.) Roy & B 

Reported by Saunders (D) (as M. braunii De Bari, 

ANCYLONEMA 

Ancylonema Nordenskioldii Berg 

Reported by Kol (O-S) (as ee Nordenskioldii Berggren). 

CYLINDROCYSTIS 

Cylindrocystis Brébissonii Menegh. (PI. III, Fig. 10). 

34.5-51 wu, w. 16-20 w (2-3 XX), pumenoia 1. Alatna: A8-—c, Bettles: 297-1, 

Wiseman: W98-r. 

Cylindrocystis Brébissonii Menegh. forma a (PI. III, Fig. 11-12). 

L. 72-96 w, w. 24-25 uw (3-3.8 &), pyrenoids 2. Alatna: A7-r 

Dividing cells? 

Cylindrocystis aoe Menegh. forma B igs ot Fig. 13). 

54 uw, w. 26 w (2.1 %), pyrenoid 1. Alatna 

A very angular 

oo ystis Brébissonii Menegh. oic forma cryophila Kol (1942), p. 26. 

Reported by Kol (O-S). 

baer ena areas Menegh. var. minor W. S G. S. West (Pl. III, Fig. 15). 

13 (2.5 <), pyrenoid 1. Wiseman: W80— 

Ramat ee Menegh, var. turgida ie (Pl. III, Fig. 14). 

L. 49-52 pw, w. 25-30 mw es 7-2 *), pyrenoid 1. Alatna: A2-r, A7-r. 

y ipinunet coe crassa De 

Reported b e (J). i —— gelatinous masses.’ 

Ned eite hae crassa De Bary var. elliptica W. & G. S. West (PI. HI, Fig. 16). 

L. 28 uw, w. 204 (1.4 &). Alatna: 

NETRIUM 

Netrium digitus (Ehrenb.) Itzigs. & Rothe (PI. III, Fig. 17). 

L. 107-110 pw, w. 33-40 w (2.7-3.2 ) (Very hag = always noted). 

Alatna: -c, A3-cc, ie A6-cc, A7-r, Bettles: 298-cc, Wiseman: 

W55, W56-c, W57-c, W70-r, W72-1rr. Also reported by rte (E) (as Penium 

Digitus (Ebr) Breb.) and ne Wailes (1933, 1934) (N 

Netrium digitus os: ) Itzigs & Rothe forma a (PI. III, Fig. 18). 

On, w. 40 uw (2.8 X). Alatna A2-r 

iN form eb eh ite var. curtum (Borge) Krieger. 

Netrium digitus (Ehrenb.) Itzigs. & Rothe var. rhomboideum Gronbl. (PI. III, 

Fig. 19). 
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Two specimens seen: One (W70) L. 140 uw, w. 55 wm (2.5 *), w. at apex 20 uw 
(dimensions very panes to those given to Grénblad) ; the ae bas) much larger: 
L. 227 p 0 5 X), w. at apex 30 w. Alatna: A5-r, Wiseman: O-r. 

Netrium oe — Itzigs. & Rothe var. lamellosum (Bréb.) Grénbl. (PI. 
III, Fig. 20). 
L. 150154 M, Max. w. 24-39 w (4-6.2 &), w. at apex 10-11 w. Alatna: A2-r, A5-r, 

Netrium ae (Ehrenb.) Itzigs. & Rothe var. lamellosum (Bréb.) Grénbl. forma 
a (PI. III, Fig. 21). 

. 152 wu, ma Pre M (3.6-3.8 X), w. at apex 18 «. Wiseman: W55, W67. 
A relatively ce for 

Netrium interr aaa (arab) Liitkem 
Reported by Saunders (C) (as Pomme interruptum Bréb,) 

Netrium oer Bary) Liitkem, (PI. III, Fig. — 
107 uw, w. 29 w (3.7 X), w. at apex 20 w. ! Alatna: A8-c. Also reported by Saunders 

(E) (as Peninm pice De Bary), and by Wailes oe. 193 ) ON). 
Netrium oblongum (De Bary) Liitkem. var. see West (PI. III, Fig. 23). 

L. 78 uw, w. 26 w (3 X), w. at apex 13 uw. Alatna: A 

PENIUM 

Penium cruciferum (De Bary) Wittr. 
Reported by Lowe (H 

Penium exiguum West. (PI. III, Fig. 24-25). 
. 38-60 ww, w. 9-10 w (4.2-10 &), w. at apex 8.5-9.5 u, w. below apex 8-8.5 yu 

pyrenoids 2 wall granulate, granules irregularly arranged, smaller and fainter at 
isthmus, padi bands not observed, wall colorless in region of isthmus, shadi ing to 
dark brown at the apices. Alatna: A5-r, 

Our plant differs from the species as described by West (1892) in its larger size and 
colored cell wall. Krieger extends the size range to beyond our limits, does not 
mention wall color, and describes and figures the wall as “punctate” (as he does all 
the “granular” Peniums). With its larger size and colored cell wall our plant fits 
very well into P. margaritaceum forma minor Cederg. which Krieger includes in 
P, exiguum. 

Penium margaritaceum (Ehrenb.) Bréb. 
Reported by Lowe (H), and by Saunders (B). 

Penium polymorphum Perty 
Reported by Saunders (B). 

Penium silvae-nigrae Rabanus forma minor Bourrelly and Manguin (1952), p. 492. 
(PI. III, ag 26-27). 
ac 16-17 » (2 X), w. at apex 10 w, pyrenoid 1, ae colorless, striate, with 

rather widely let i (8 in 10 yn) chaps striae, which appear as rows of dashes 
rather than as punctae. Wiseman: 

This is nee to Bourrelly and Manguin’ s form tae differs in its shape, with greater 
taper toward the apex, and in the nature of its stri 

Penium spirostriolatum Barker ~ II, Fig. 2). 
L. 230-275 pw, w. 20.5-30 w (9.1-11.2 x), apex 16 yw, transverse sutu 

very evident, wall yellow, striate, eae 7 in 10 ears spiral twist, no punctae visible 
between the striae. Alatna or A6-r. Also reported by Wailes (1933) (M) 

Penium spirostriolatum Barker forma a (PI. a Di de 9). 
L. 334 pw, w. 38 w (8.8 X), w. at apex 25 py, y transverse sutures, wall striate, 

4 striae in 10 w, straight, anastomosing nae length of cell, clearly punctate 
between the striae. Alatna: 

Bourrelly and Manguin (1946) show a similar form. 
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CLOSTERIUM 

en abruptum West var. brevius West & West 
ted by Wailes (1934) (N). 

Cte acerosum arr ae (?) (Pl. VII, Fig. 1). 
00-475 uw, w. 32-40 w (10-14.6 &), w. at apex 8-9 uw, 25° of arc, pyrenoids 6, 

een granules 2, wall ae brown faintly striated, 5-6 striae in 10u, striae 
sometimes becoming irregular at a Nolan: N6-r _N8-t, Wiseman: W89-rr. Also 
eee by Saunders (C), and by Wailes (1934) (N). 

ssibly a less-curved form of Cl. Pritchardianum? 

say eras ar anor poneay. aoe formaa (PI. VII, Fig. 2). 
L. 387 uw, w. 38 uw ( <x), Ww 8 wu, nearl tient, wall striate, 5 striae in 

10 uw, broken, a arranged aoe ae irregularly arranged punctae at apex, 
girdle bands very evident. : N8. 

Superficially this plant ee <i acerosum var. striatum Hilse, but in the latter 
there are flat ribs with striae betwee 

7s 
oO Fa 

Closterium _acerosum (Schrank) Set var, rate Hantzsch (PI. VII, Fig. 3). 
L. 200-2 w. 18-23 w (9.7-1 <<), w. at apex 4-5 yu, cells nearly straight, 

ventral wall slightly tumid, ae 4-6, aL smooth, apices evenly tapered and 
rounded, not recurved. Alatna: A3-r, A7-rr, Wiseman: W55-1r, W70-rr, W/71-rr, 
W90-r, W91-r, W92-c. 
More eociion than the type. 

foie acutum Bréb. (PI. VIII, Fig. 13). 
100 the ge hey ree w. 44, (25 X), w. at apex 1 yp, cells straight, 

i smooth, colorless. Ala A9-rr. Also reported by Saunders (E). 

Geese angustatum Kiitz. (PI. IV, Fig. 10). 
330- uw, Ww. 22-29 w (13.7-16.5 &), w. at apex 13 (19) mw, terminal granules 

i 1.5-2.5 costae in 10 uw, wall ee brown. Apex sometimes bent back and 
sometimes swollen. Alatna: A5-r, Bettles: 298-r, Wiseman: W69-c, W70-rr. Also 
reported by Saunders (D) (as Cl. Paco var. reticulatum Wolle), and by Wailes 
(1933) (M). 

Closterium angustatum Kiitz. forma a (PI. IV, Fig. 11). 
A form about one half as large as the type, wall very rough with punctae. L. 19 

w. 9 uw (21.3 <<), w. at apex 7 uw, terminal granule 1, large, 3 costae in 10 yp, one 
spirally arranged, wall coarsely cane yellow. Alatna PA 

Closterium angustatum Kiitz. var. gracilius var. nov. (Pl. IV, Fig. 12). 
Varietas tenuissima, membrana inter costas levi, 233-325 mw long., 8.5-10 wu lat. 

(27.4-32.5 &), 6.5-7 w lat. in a costae 3 in 10 1, membrana brunnea. 
A very ae variety with the wall smooth Reeves the aa L. 233-325 uw, w 

8.5-10 w (27.4-32.5 <<), w. at apex 6.5-7 wu, 3 costae in 10 wu, wall brown. ee (1939) 
describes a =. tenuis, but his is Teh larger and eines broader. Alatna: AS, 

Bettles: 298- 

says aera’ Cleve IV, Fig. 7). 
, w. 21.5-22 w (9-11 *), w. at apex 4-5 w, 120°-130° of arc, pyrenoids 

8, wie ie oes 10 p. ree Al-c, Wiseman: W21-r, 

Closterium Archerianum Cleve forma a (PI. IV, Fig. 8). 
orm with twice as many striae as the type. L. 223 wu, w. 20 uw an <<), apex 4 u, 

125° of arc, pyrenoids 5, 10 striae in 10 w, wall yellow. Alatna: A2. 

cae arcuarium rane (1952), p. 272. (PI. V, Fig. 18). 

w. 21 » (10.7 <), w. at apex 4.5 uw, 95° of arc, pyrenoids 5, wall 

Po elloanish Alatna: ‘Ag-tr. 

A little larger and somewhat less tumid than Hughes’ plant but otherwise very 

similar. 



522 FARLOWIA, VoL. 4, 1955 

ene ea snare naa Bréb. (PI. IV, Fig. 9 
. 560 . 55 w (10 &), w. at apex 26 uw, 25° of arc, terminal granules many, 

di punctate, a anne darker at apex. Alatna: A5-c. 

see saal ers cornu yee (PI. VII, Fig. 13). 
w. 6 5 &), w. at apex 3 uw, about 20° of arc, wall smooth, older 

ae prawn, oan A6. Also reported by Lowe (H) “Very common the 
majority were more curved than the type form 

With us it appeared as a rather slender, straight form. 

Closterium cornu Ehrenb. forma a (PI. VII, Fig. 14-15). 
Ow, w. 7.2-11 w (16.3-22 &), w. at apex 2 y, cells straight, evenly tapered 

to o the truncate ges pyrenoids 3—4, terminal granules (seen once) 3, wall colorless, 
. Wiseman: W17, W78-r, W89-rr 

Clstriom le ore (Pl. IV, Fig. 13). 
L , w. 40 9 . at apex 14 yp, ie y arc, 2 costae in 10 y, wall yellow, uF 
Pe between the costae. Wisema an: W55, 

Closterium cuspidatum Bail. (PI. VI, Fig. 8) 
. 153 w, w. S51 uw (3 X&), Ww. at apex 14 uw, 195° of arc, pyrenoids 4-5, scattered, 

terminal granules many, wall smooth, colorless, apex with dorsal hump, terminal 
spine 9 « long. Alatna: A5-r 

a sac cynthia De Not IV, Fig. 6 
00-165 yw, w. 12- 74-11 X), apex 3.5-4 uw, 135°-165° of arc, 

eae 3-5, striae 7- : in : B, a iL feately seen) 3-4, wall pale 
brown. Alatna: A5, A6é, Wiseman: W55-r, W90-r. 

Closterium cynthia De Not. forma a (PI. IV, Fig. 4). 
m about twice as large as the type. L. 245 uw, w. 32 w (7.6 *), w. at apex 

5 w, 135° of arc, striae 6 in 10 uw, wall colorless. Only empty oa bbsexved: Alatna: 

Closterium cynthia De Not. forma f (PI. IV, Fig. 5). 
m with thickened area in eg at apex. L. 140-182 uw, w. 14-20 w (8-10 x); 

w. at apex 3-4 w, 120°-150° of arc, pyrenoids 4, terminal granules (rarely seen) 5, 
striae 9-11 in 10 yu, wall colorless c pale brown. Alatna: A9-rr, Wiseman: W78-r, 
W292. 

Closterium dianae Ehrenb. a i Fig. 1-6) 
L. 145-220 w, w. 14-21 uw (9-1 , W. at apex 2-4 uw, 85°-135° of arc, pyrenoids 

3- 6, eens granules 1-3, wall ea colorless, rarely yellow. Granular thickening 

obliquely eee Alatna: AS-cc, A6, AlO-rr, Bettles: 297-cc, 298-cc, Wisema 
W20-r, W21-cc, W25-r, W28-r, W29-cc, W71-rr, W83, W84-c, W85, W96-rr. Also 
reported by Saunders (E) “Only one specimen seen.” 

A very common and variable species, grading into its varieties and into Cl. geen 
Cl. parvulum, Cl. ae and Cl, Leiblein The minimum length given by Wes 
& West of 270 uw is evidently meant to be 1 

Closterium dianae Ehrenb. forma a (PI. be ). 
form more sharply bent near the coast approaching var. compressum 

Kens. L. 78-90 pw, w. 13-16 w (5.6-6 &), w. at apex 3 pw, 145°-175° of arc, pyrenoids 
2, terminal Branile 1, wall smooth, colorless, no granular thickening at apex. Nolan: 
N6- rr, Wiseman 101 cc 

Closterium dianae Ehrenb. var, arcuatum (Bréb.) Rabenh. (PI. V, Fig. 7). 
L. 127-280 w, w. 14-37 w (8-9.1 *), w. at apex 2-4 w, 150°-152° of arc, pyrenoids 

3-4, terminal granules 5, Le smooth, pale yellow, granular thickening at apex some- 
times present. Alatna: A5—c, Wiseman: W72. Also reported by Wailes (1933) (M). 

Closterium dianae Ehrenb. ne pevius (Wittr.) Petkoff (Pl. V. Fig. 10). 
90-139 uw, w. 14-20 uw (6. Pe. w, at apex 2-4 pw, 130°-150° of arc, inn 

morn slightly swollen, py ne 3-5, terminal granules 3, wall smooth, ice or 
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pale yellow, granular thickening at apex rarely present. Nolan: N8, Wiseman: Wi-c, 
W78-r, se ae 

This ete grade into Cl. Leibleinit var. minimum on the thick side and into 
ae ae C Ll. venus and Cl. incurvum on the small side. 

eae ane Ehrenb. var. minus ai Schroder (PI. V, Fig. 
L , Ww. 10.5-18 » (8-12 &), w. at apex 2-3 uw, 100°-125° of ieee pyrenoids 

3, sere atte 1, wall rites and colorless, granular thickening at apex some- 
times present. Alatna: A3, Nola 

This seems to be an entirely rencil variety including all small forms with concave 
ventral surface which might be Cl. dianae. It grades into Cl. parvulum and Cl. 
calosporum (which requires the spore for identification) 

yeas ee Menegh. hae VI, Fig. 20). 
HM, Ww. 88 w (4.4 &), w. at apex 10 mw, 120° of arc, wall smooth, colorless. 

SEER W15-1r 
Only one empty cell was seen, but species is unmistakable from its size and shape. 

Closterium me West & West var. unicrystallatum Kol (1942), p. 26. 
Reported by 

Closterium sae Bréb, (Pl. VIII, Fig. 4, 6). 
L. 90-276 yw, w. 4.5-6 w (18-46 &), w. at apex 1.8-3 wu, cells straight, incurved 

toward the apices, Sone 4-7, terminal granules 1-4, wall smooth, colorless to 
yellow. Alatna: A5-cc, A6, Betiles: 298-r, Wiseman: W69, W70. Als6 reported by 
Wailes (1934) (M). 

Closterium at Bréb. forma sigmoideum fa. nov. (PI. VIII, Fig. 5). 
Forma sigmoide 
L. 185 pw, w. me “m (34 XX), w. at apex 3 uw, pyrenoids 7-8, wall smooth, colorless. 

Alatna: A5-r, 
This has probably been seen and figured before, but it is not in the list of sigmoid 

species in North America given by Irénée-Marie (1954). 

ie ce gracile Bréb. var. tenue (Lemm.) West & West. (PI. VIII, Fig. 7). 
.4 mu (20 X), w. at apex 1.5 pw, 35° of arc, pyrenoids 2 (?), wall smooth, 

fe nee tna: A6-rr. 
A rather stout form 

eee iiosporum West & West (?) (PI. VIII, Fig. 9 
, Ww. 12 w (20 &), w. at apex 2.5 uw, 10° of arc, pvneneids 5, wall smooth, 

colores Wiseman. W290. 
No spore was seen, but the Wests do not seem to consider this essential for 

Nene Ge 

oe incurvum Bréb. (PI. VI, Fig. 5-8). 
37-70 w, w. 7-12 mw (4.2-6.9 *), w. at apex 1.5-2.5 175°-200° of arc, 

Neha 1-3 (usually 0). terminal al 1, wall emaoth, area Alatna: A3-r, 
A35-r, A6-cc, A7-r, Bettles: 297-cc, 298-cc, Wiseman W780 , W84, W96-r, W99. 

This species which was very common and nanstank in chiavacten with much greater 
curvature and relatively stouter than Cl. venus, ae = kept as a separate species, 
as is the practice of Gronblad, Irénée-Marie anal 

Closterium incurvum Bréb. forma a . VI, aa : 
A larger and more slender form. L. 82-90 w, w. 10-12.5 w (7-8.2 ), w. at apex 

175°-180° of arc, potenids 2-3, eee cone 2, wall smooth and 
colorless ‘Wiseman > W52-c, W78, W85-c 

Since one specimen shows a ee ‘thickeniie - the wall at the apex, perhaps 
this may be a small form of Cl. dianae var. com pressu 

82-90 w, w. 9-10 w (9-10 &), w. at apex 3-4 uw, 120°-150° of arc (difficult to 
measure), pyrenoids 4, terminal granule 1, wall smooth, even with oil immersion, 
pale yellow or brown. Alatna: A5, A6, Bettles: 297. 
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This plant with its smooth (or very finely striated) wall, its blunter apices, and 
typical curvature, seems better maintained as a separate species rather than a variety 
of Cl. cynthia, This practice is also followed by Gronblad, Irénée-Marie and others. 

Closterium Jenneri Ralfs forma a (PI. VI, Fig. 2). 
A small, less-curved form. L. 84 w. 10 p», rae ), 110° of arc, pyrenoids 2, 

te ee peaniile 1, wall smooth, pale brown. Alatna: A6. Perhaps this is the plan nt 
reported by Low e (H) « . . . a form with apices less anes than type. 

Closterium Jenneri Ralfs var. tenue var. nov. (PI. VI, Fig. 3-4). 
Varietas tenuis, minus curvata quam planta typica, ee autem typica, parte 

media recta, apicibus incurvatis, eae obtusis, 117-14 long., 9.5-11 lat 
(10.6-13.4 ), 2.5-3 mw in apice, —115° arcus (mensura a pyrenoidea 2-4, 
granula terminalia 2, membrana levis, sine colore, raro dilute brunnea. 

A slender variety, less curved than the type but with the Fay straight middle 
portion and incurved apical region. Apices also relatively blunt and without a 
thickened area or pote in the wall. L. 117-143 uw, w. 9.5-11 w (1 we re <<), Ww. 
apex 2.5-3 uw, 90°-115° of arc (difficult to measure), ener 2-4, terminal es 
2, wall emote colorless, in one case pale brown. Alatna: Al, A2, Wiseman: W56, 

O-r. 

sient juncidum Ralfs 
d by Saunders (C). 

ae eames Ralfs var. Se Roy (PI. IV, Fig. 15). 
L. 175 w, w. 12 w (14.6 &), w apex 6.5 uw, 35° of arc, 1 large terminal granule, 

13 striae in 0 uw. Alatna: AlO-r. 

Closterium he pie ar var. elongatum Roy & Biss. (Pl. IV, Fig. 16). 
350 uw, w. 8.2 w (42.7 &), w. at apex 6 uw, 10 striae in 10 u, wall colorless. 

Anti: A9-trr. 

Closterium ee Bréb. oe as Fig. 1). 
L. 470 wu, w. 22 w (21 <), w ex 3 wu, wall striate, 11 striae in 10 uw. Bettles: 

297-1, 298-1, Ee ie W834. ie, icsehe By Wailes (1934) (N). 

Closterium Kuetzingii Bréb. var. laeve (Racib.) Krieger (Pl. [X, F Mt 
L. 420-480 pw, w. 18 uw (23.4-26.7 *), w. at apex 1.5-2 yu, wall ae smooth. 

Alatna: A3, A9, Wiseman: W83. 

Closterium Kuetzingii Bréb. var. laeve (Racib.) Krieger forma a (Pl. IX, Fig. 3). 
L. 400 wu, w. 21 w (19 &), w. at apex 3 4, wall smooth. Wiseman: W84 
In shape tending toward Cl, rostratum. 

Closterium Leibleinii Kiitz. 
Reported by Wailes (1934) (M). 

Closterium Leibleinii Kiitz. var. minimum Schmidle (PI. VI, Fig. 19). 
L. 76-92 ? w. 15-20 mu (4.7-5.8 ), w. at apex 2.5-3.5 mw, 141°-155° of arc, 

pyrenoids 2-3, wall smooth, colorless. Nolan: N8, Wiseman: W1. W80-c. 
Krieger absorbs this variety into the species, but makes no allowance in his 

dimensions for a small size and relative shortness of Schmidle’s variety. All of our 
forms seem closer to Schmidle’s oo ga (1893) for var. minimum than to the 
description Krieger gives for Cl. Leible 

se anna libellula F 
Reported by Saunders (A) (as Penium closterioides Ralfs). 

Pas libellula Focke var. intermedium (Roy & Bissett) G. S. West (PI. 
IV, Fig. 1 
L. 84 uw, w. ‘15. 5 wu (5.4 <<), w. at apex 6 w, pyrenoids 3. Alatna: A9-r. 

sa one lineatum Ehrenb. oe VII, Fig. 12). 
460- ,» W. 20-22 pw (22-2 w. at apex 6-7 yn, cells straight in median 

Rees slightly incurved toward ae aries, pyrenoids io dexcnnal granule 1, wall 
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yellow to dark yellow-brown, striate, 6-9 striae in 10 uw, punctate at apex, in one case 
punctae observed between the striae. Wiseman: W17-r, W29-c, W72-rr, W94-r. 

Closterium lineatum Ehrenb. var. fe Bows (1951), p. 200 (PI. VIII, 
Fig. 11 
ie 570-665 & w. 15-21.5 w (31-38 &), w. at age hs 7 uw, cells nearly straight, 

pyrenoids 14, terminal granule 1, 6—9 striae in 10 yw, striae becoming broken at apex 
but aan ee straight lines, ae punctae. Wall of he nen thickened area. Alatna: 
A9-rr. 

Probably the first record for America. 

a aeige mee (Miill.) Nitzsch. (Pl. VII, Fig. 4). 
, W. 66-80 uw (6.7-7.6 *), w. at apex 20-27 uw, 33°-45° of arc, pyrenoids 

many, eed wall ail colorless, apices slightly recurved. Alatna: A5, Wise- 
W87-r, W88-r, W90-r, W92-cc, W94-cc. Also reported by Saunders (B) 

i@eceenal 

Closterium lunula (Miill.) Nitzsch. forma gracilis Messik. (1935), p. 119. (PI. 
VII, Fig. 5). 

10 wu, w. 95 w (6.4 &), w. at apex 28 w, 35° of arc, pyrenoids many, scattered, 
(aennal granules many, small, wall smooth, colorless, chloroplast with longitudinal 
ee (6 visible in supine wiew) notched in the manner of Netrium digitus. Bettles: 
298-1r. 

oa plant differs from Messikommer’s in its slightly ee ventral surface, making 
i re nearly symmetrical, and in its larger ie nsio Ho er, the chloroplast 
plates with notched edges, t the less recurved apic serie smooth wall seem to fit most 

i i ise granules is very evident in ie) ea is) n ta Sel _ =} oe ° =n = > [=] << ry (a) (=; o f=} 

Similar also is Cl. lunula var. Massartii (de Wild.) Krieger, which is, however, more 
nearly symmetrical, somewhat larger, and has less dissected chloroplast plates. Per- 
haps these three could be combined as one variety of Cl. lunula, 

Closterium macilentum 
Reported by Saunders ae - Cl. Brébissonii Delp.). 

eee Lea e (Bory) Ehrenb. (PI. Re Fig. 21). 
. 220-305 mw, w. 30-41 uw (6.3-7.6 *), w. at apex 7-8 uw, 70 ee of arc, pyrenoids 

4-8, eee a fen aules many, wall smooth, me less. Wiser W74-r, W80-r, 

W89-c, W91-cc, W92-cc, W94-c. Also repoiced by Lowe (H). 

Closterium moniliferum (Bory) Ehrenb. var. concavum Klebs. (PI. VI, Fig. 22). 
. 238-250 p, w. 37-43 uw (6.4-6.8 &), w. at apex 7-8 mw, 115°-120° - arc, ‘pyrenoids 

5-6, terminal granules 4, wall smooth, pinkish brown. Wiseman: W78 

eka Sgt (Bréb.) Liitkem. (PI. IV, Fig. 2 
47-86 12-17.5 w (3.9-4.9 *), w. at apex ee uw, pyrenoid 1. Alatna: Al, 

Pe -r, A5-cc, le. Wiseman: W55-r, W90. 

ss asap parvulum Nag. (PI. a Fig. 13-17). 
92 H, W. 10.5-18 w (7-11 &), w. at apex 2-3 uw, 120°-165° of arc, pyrencuds 

25 terminal granules 1-5, wall smooth, colorless, rarely pale brown. Alatna: A2, A3, 

AS~ce, A9-rr, Bettles: 297-r, Wiseman: W21-cc, W28-r, W42, W49-cc, W55-r, W56, 

W59-c, W70, W76, W78. Also reported by Powe (H, K), and by Saunders (C) “very 
spamdant, - 

nother very common and variable species, grading aa varieties of Cl. dia 

Cl. venus. Separation in this paper has been made mainly the basis of Cl. pare 

having a greater curvature and sharper apices than Cl. bite and a lesser curvature 

and larger size than Cl. venus. The presence of a granular thickening in the wall at 
the apex is as variable in Cl. parvulum as in Cl. dianae, but in general Cl. — vulum 

has an evenly tapered apex while the apex of Cl. dianae is obliquely truncated 
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Closterium ag eigc rer Hee (Pl. VI, Fig. 9). 

L, w. 19.5 w (26.3 %), w. at apex 6 yw, cell nearly straight, incurved near 

the apices, with tips LE penne 7, wall very pale brown, striate, 10 striae in 

10 p. W92-1r 

pire siaeioanana Bréb. ’ brevius West ae VII, Fig. 16). 

205-360 wu, w. 17-20 w (12-18 &), w. at apex 3.5-5 mw, 25°-35° of arc, apices 
more or less recurved, tees 5-11, terminal granules 1-2, wall brownish, finely 
pete 11-13 striae in 10 uw. Wiseman: W87-c , W94 

Saas TCS Arch. (PI. VII, Fig. 8). 
1 7 ><), w. at apex 8 yw, 35° of arc, ventral side also concave, 

wall ade 6 ee in : uw. Alatna: 

Closterium Pritchardianum Arch. forma laeve Hughes (1952), p. 284 (PI. VII, 

Fig. 7). 
: 330-525 w. 30 w (11-17.5 ), w. at apex 8-9 yw, 20°-35° of arc, apices 

abruptly tapered, somewhat recurved, pyrenoids 6-7, wall smooth, colorless. Alatna: 
A10, Wiseman: W78-r. 

par acerosum, In my material there is a considerable overlapping of 
characters pene cen these two species and their varieties. 

oe pronum Bréb. (PI. ae ae me 
By WwW. 11 pw (26.8 &), vw, cells nearly straight, pyrenoids 12, 

ban granules 9-10, wall on pe Fe > W72. 
A relatively short form. 

oe pseudolunula Borge (PI. VII, Fig. 6). 
95-310 pw, w. 38.5-44 w (7-7.6 w. at apex 8 pn, 65° ca arc, s pyrenords 4, in 

Bre row, terminal granules 6-8, niall smooth, wallion: Wisem W 

Closterium Ralfsii Bréb. var. hybridum Rabenh. (PI. VIII, Fig. 10). 
L. 465 w, w. 38 w (12 &), w. at apex 8 w, 38° of arc, 10 striae in ‘10 bu, wall brown. 

Wiseman: W83-rr. Also reported by Wailes (1934) (N) 

Closterium rostratum Ehrenb. (PI. IX, Fig. 4-5). 
L. 360— Bw, Ww. 20-40 pw (9.3-19.3 ), w. at apex 2-2.5 mw, apex sometimes 

swollen, wall gl cee 7-12 striae in 10 u, wall sometimes thickened at apex. 
Alatna: A3, AlO-r, Nolan: N8-r, Wiseman: W21-r, W29-rr, W72-rr, W78-r, W85-1r. 
Also reported by Wailes ak (M) (as Cl. roninatilen var. hneiiva ipainin West). 

This was by far the commonest of the beaked Closteriums and showed considerable 
variation. 

caer setaceum Ehrenb. - IX, Fig. 6 
33 Bw, w. 11-18 pw (26.7-3 3X), w. te apex 2.5 uw, wall delicately striate, 13 

fe e in 10 w. Alatna: A2-rr, AS5—cc, A6-r. Also reported by Lowe (H), and by 
Wailes (1934) (N). 

a sa sr ue? Bréb. var. elegans (G. S. West) Krieger (PI. VIII, Fig. 3). 
5 w, w. 7.5 w (26 XX), w. at apex 2 uw, wall smooth, colorless. Alatna: A2-rr 

s is more cae than the 11-21 » allowed in the diimensibiis given by Krieger, 
but he includes - this variety Cl. strigosum forma of Schmidle (1902) which has the 
breadth of only 

bags ae Ehrenb. (PI. IV, Fig. 14). 
Bw, Ww. 23-24 w (11 >), w. at apex 9-10 a 60° of arc, a i ie 

oa striate, 5-7 striae in 10 pale brown. Alatna: A3-r, A6-r, Wiseman: W29. Also 
reported by Lowe (H), by eee (B), and by Wailes (1933), (M). 

Closterium toxon W. West (PI. VIII, Fig. 1-2). 
L. 200-205 pw, w. 14-15 mw (13.7-14.3 &), w. at apex 7 wu, 20°-35° of arc, pyrenoids 

3, terminal granule 1, wall smooth, colorless to yellow, apices slightly incurved, in 
one case a little swollen. Alatna: Al, Bettles: 297. 
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arses wes tumidulum Gay (PI. V, Fig. 19-20). 
2 w, w. 15-18 w (6.5-7.3 ), w. at apex 2-3 w, 130°-150° of arc, bytenolds 

2- 7, ; large or many small terminal granules, wall smooth, colorless. Wiseman: W80 
W292. 

ur plants are less tumid, with less oe apices than those figured by Krieger, 
but Ee (1901) shows a foam rather like 

ee tumidum Leesa (Pl. VU, . 11-12). 
2-165 uw, w. 19 w (8.5-8.7 <<), w. at apex 4-5 p, 20°-30° of arc, pyrenoids 2-3, 

ai aoe colorless. Alatna: Al. 

a ae eae shes forma a (PI. VII, Fig. 10). 

es .19 w (9.5 &), w. at apex 3 yp, steaielt pyrenoids 5, terminal granule 

1, Alat a 
A ed longer than the type, cells straight and more tapered. 

Closterium venus Kiitz. (Pl. VI, Fig. 11). 
L. 56-85 pw, w. 8-10 w (7-9.4 <<), w. at apex 1.2-1.9 uw, 150° of arc, pyrenoids 2, 

terminal ae 2 (rarely observed), wall smooth, colorless, rarely sallow isi, 

Wiseman: W28, W72-c, W78-c. Also reported by Lowe (H) “Fairly common,” an 

by Saunders (C). 
Much rarer than Cl. incurvum or Cl. venus var. crassum, 

Closterium venus Kiitz. forma a ae VI, mie: 17). 

L. 78-80 w, w. 10-11 w (7.3-7.8 *), w. apex 1.8-2 wu, 170° of arc, pyrenoids 2, 

terminal granules 2, wall smooth, ie Se Bada W52, W87-r. 
A form between Cl. venus and the large form of Cl. incurvum. 

Closterium venus Kiitz. forma maior Strgm (PI. VI, Fig. 15-16). 
L. 100- Bw, w. 15-20 w (6.3-6.7 ><), w. at apex 3-4 w, 150°-160° of arc, eas 

3-4, terminal granules 3 (?) (seen only once), wall smooth, colorless. Wise 

W21, W57-r. 
Krieger absorbs Strém’s form into Cl. parvulum, which is not unreasonable con- 

sidering his figure which shows a curvature of only about 130% of arc. However, our 

specimens fit Strgm’s description and have a curvature of 150°-160° of arc, which is 
better for Cl, venus than for Cl. parvulum, so it seems more appropriate to include 
them in Strgm’s form 

Closterium venus Kiitz. var. crassum var. nov. (PI. VI, Fig. 12-14). 
Varietas crassior, magis curvata, 76-92 mu long., 13-15.5 yw lat. (5-6.4 x), lat. 

in apice, 140° 170° arcus, ee 1- " (plerumque 2), granula ee 1-4, 
membrana levis, sine colore. 

76-92 w, w. 13-15.5 w (5-6.4 &), w. at apex 2-3 w, 140°-170° of ca acne 
1-5 (commonly a terminal granules 1-4, wall smooth, colorless. Alatna: Al, A2-c 
A3-cc, A4-r, Nolan: N6-r, N8, Wiseman: W21-c, W28-r, W7 hy eee 

A much stouter, more strongly curved variety. This a ommon form y. 
occurring in abundance in many of the collections. ” Gronblad, “1982, Mem. Soc. 
Fauna Flora Fenn. 28:51, figures a somewhat similar form 

PLEUROTAENIUM 

Pleurotaenium coronatum (Bréb.) Rabenh. 
Reported by Wailes (1933) (M). 

se arene Se Ehrenbergii (Bréb.) De Bary (Pl. X, Fig. 1 
w. at basal swelling 26-35 » (16.3-17 ), w. ‘at apex 18-21 yw, 3-5 

ie ae visible across the apex, wall colorless, punctate. Alatna: A2-c, A9-r, 
A10, Bettles: 298-r, Wiseman: W17, W25-r, W28-c, W52-r, W55-c, W57, W70-r, 
W72-c, W74, W78-r, W85c. Also reported by Wailes (1933) ie and (1934), (N). 

Pleurotaenium Ehrenbergii (Bréb.) De Bary forma a (Pl. X 28 
L. 356-420 uw, w. at basal swelling 27-29 uw, max. w. 29-31 2 rit 7-13.5 ), w. at 
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19-22 mw, 4 tubercles visible across apex, — slightly swollen in mid-region, 

wall colorless, punctate, pores ir ieccregh me elongate. Wiseman: W84-c. 

is relatively short form with ollen ok is closest to var. tumidum 

Turner which Krieger includes in the er s. The elongate pores seem unique 

Pleurotaenium Ehrenbergii (Bréb.) De Bary var. curtum Krieger (Pl. X, Fig. 3). 

210-320 » (2 & the longer semicell), w. at basal swelling 30-31 w (10.7 X), 

at apex 18 ‘ 5 tubercles visible across apex, wall colorless, apparently smooth. 

Wiseman: W85 

Plewrotaenium n Ehrenbergii (Bréb.) De Bary var. elongatum West (PI. X, Fig. 4). 

640 at basal swelling 26 « (24.6 ), w. at apex 19-20 yw, 5 prominent 

bubexclis visible across apex, wall eee spancely punctate. Wiseman: W539. 

oe eugeneum (Turn.) West & West (PI. IX, Fig. 7). 

. 890 w. at ei swelling 40 w (22.3 x), w. at apex 33 yw, basal swelling 

Pet tee ‘at eral margin undulate throughout length, nearly parallel, apex not 

swollen, with 11 visible tubercles, wall apparently smooth, Only one specimen seen. 

Bettles: 298-rr. 
Our plant, with its definite undulate ig ale approaches var. undulatum (Borge) 

Krieger, bat its relative narrowness and few apical tubercles sla it fit better into 

the species, which, according to the Wests, has ‘ ‘slightly sinuate”’ i 

Pleurotaenium minutum (Ralfs) Delp. (Pl. X, Fig. 10). 

45 uw, w. at basal swelling 13 w (11.1 X), w. at apex 9 yw, semicell evenly 

tapered from basal swelling to rounded apex, wall apparently smooth. Alatna: Al-c. 

Also reported by Saunders (E) (as Docidium panini Ralfs 

pase lids minutum (Ralfs) Delp. var. elongatum (West & West) Cedergren 

(Pl. X, Fig. 11). 
, w. at basal swelling 9.5 ~ (27 &), w. ata , basal swelling very 

slight, semicell evenly tapered to rounded ee chloroplast ae (?), with a single 

ow of 8 pyrenoids, wall apparently smooth. Alat 

si minutum (Ralfs) Delp. var. geabie (Wille) Krieger (Pl. X, 

- 

L. ere uw, w. at basal swelling 11-13 w (14.3 1 <<), w. at apex 7-8 yu, basal 

oe very slight, semicell evenly tapered to apex en is truncate with rounded 

corners, chloroplast axial with a single row of 3-6 pyrenoids. Alatna: Al, A2—r, 

A3-c, A5-cc. 

Pleurotaenium nodosum (Bail.) Lund. 

Reported by Saunders (A) “Common.” 

Pleurotaenium trabecula (Ehrenb.) Nag. (PI. X, Fig. 5). 

L. 320-590 mw, w. at basal swelling 21-36 mw (10.6-16.4 ), w. at apex 15-25 yu 

slight inflation above basal swelling, sometimes tumid in middle, wall punctate. 

Alatna: Ail, A3-rr, AS—cc, A6-cc, A7-r, Bettles: 298-1, Wiseman: W25-c, WSS, 

W59-c, W70-c, W85-cc, W92-rr. Also reported i Lowe (L) “Three individuals.” 

(as Pl. trabecula fa. clavata (Kiitz.) West.) 

Pleurotaenium trabecula (Ehrenb.) ae var. crassum Wittr. (PI. X, Fig. 6). 

46-450 uw, w. at basal swelling 26-53 wu, max. w. 29-53 uw (6.4-8.5 X), WwW. 

apex 16-25 uw, undulation above basal swelling very slight, or more often werd 

semicells usually gradually inflated, reaching maximum width about 4 to % way 

from isthmus to apex. Apex without tubercles, rounded. Wall punctate, colorless, in 

the smallest plant pinkish. Alatna: A3-rr, Nolan: N6, N8, Wiseman: W78-rr, W83-r, 
ae 

itis acai trabecula oS Nag. var. elongatum Cedergren forma 

scrobiculatum forma nova (PI. X ; 

Forma membrana scrobiculata. Cellula 760 uw long., 38 w lat. in inflatione basali, 27 

uw lat. in apice rotundato-truncato. Membrana sine colore, scrobiculata, quoque poro 

ae areolam circularem elavatamque sito 

’ 

Fig 
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max. w. above basal swelling 33 yw, w. 760 w, w. at basal swelling 38 » (20 x), 
scrobiculate. Only one 

Te: 
at apex 27 mw, apex ea daa cell wall colorless, 
specimen seen. Wiseman: W59- 

The wall structure is very aes presenting an appearance unlike anything I 
have seen in Pleurotaenium. The pores are irregularly and rather widely spaced, each 
pore lying within a circular raised area 

ee trabecula (Ehrenb.) Nag. var. hirsutum (Bail.) Krieger (Pl. X, 

Fig. 8 
L. 304. “, w. at basal swelling 34 4, max. w. above basal swelling 35 yw (11.3 x), 

w. at apex 20 uw, apex rounded, wall oe. aires with definite extrusions 
through the pores, giving a spiny appearance. tna: Al 

Pleurotaenium trabecula (Ehrenb.) Nag. var. rectum (Delp.) West & West (PI. 
xe, . 9). 
L. 264-380 w, w. at basal swelling 17-22 mw (14.7-17.5 &), w. at apex 12-14 pw, no 
ey et basal swelling, wall apparently smooth. Alatna: A3-c, A5-cc, 
Wiseman: W59- 

Pleurotaenium truncatum (Bréb.) Nag. (PI. IX, Fig. 8). 
, Ww. at base 47 w, max. w. 50 8 <), w. at apex 29 yu, 7 visible gees 

a wall irregularly punctate. Wiseman: 84-rr, 85-rr. Also reported by L 
(H), and by Saunders (C) 

ga erate area atum (Bréb.) Nag. var. crassum Boldt (Pl. IX, Fig. 9- 
nly two pla ifferent Ly seem to fit here ons 

than aa ae oe (Fig. 9) L. 370 uw, w. at base 75 w, ma 80 uw (4.6 <), w. at 
apex 32 uw, had no basal swelling, 4 plainly visible apical are and an apparently 
ees wall, The other (Fig. 10) L. 260 n, w. at base 35 uw, max. w. 45 w (5.7 x), 

at apex 17 uw, had a slight basal swelling, 3 Pes visible apical tubercles, and a 
eee wall. Wiseman: W78-1r (Fig. 9), W85-r (Fig. 10). 

This seems to be a flexible variety. Boldt’s original description (1885) does not 

Ol 

an interesting association of the presence of tubercles on less swollen specimens as an 
instance of reversion to type. 

TRIPLOCERAS 

Triploceras gracile B 
Reported by unde = “Common.” 

TETMEMORUS 

Tetmemorus Brébissonii (Menegh.) Ralfs 
Reported by Saunders (E) “Frequent.” 

Tetmemorus Brébissonii (Menegh.) Ralfs var. minor De Bary 
Reported = Wailes (1934) (N). 

Tetmemorus vee ae ) Ralfs (Pl. X, Fig. 13). 
. 85-110 pu, w. e 28-29 w (3-3.8 X), w. at apex 15x, punctate with widely 

and Preetaaly eed aie Alatna: A8-cc. Also reported by Saunders (E, F), and 
by Wailes (1934) (N). 

EvUASTRUM 

Euastrum abruptum Nordst. forma minor West & West 
Reported by Wailes (1933) (M). 

Euastrum affine Ralfs 
Reported by Saunders (G). 

Euastrum ansatum Ralfs (PI. XI, Fig. 4). 
70-75 mw, w. 34-41 yw, isth. 12-15 w, w. at apex 16-17 uw, th. 23 uw. Lateral facial 
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eee very low, wall coarsely punctate. Alatna: A8—-c, Al0-r. Also reported 

by Lowe (H), and by Saunders (F). 

eee ansatum Ralfs formaa (PI. XI, 

A form with large slits in wall on face af sete L. 70 uw, w. 40 pw, isth. 14 w 

at apex 17 uw, th. 23 ie Wall with slit in middle of semicell, planguiay on one pies 

linear on other. Punctae less prominent, not in vertical rows. Alatna: A5-r 

This is eve ftir ates var. valleculatum which Krieger puts ‘under 

the species 

Paaciaan ansatum Ralfs var. peter vai Ducellier (Pl. XI, Fig. 6). 

L. 84-90 wu, w. 44-45 uw, isthmus 12-15 yw, w. at apex 20-22 all wit 

crease from apical notch to central Caan on, punctae rae aivhity vertical in 

arrangement. Alatna: A5-r, A6. 

seg ae bidentatum Nig. (Pl. XII, Fig. 12, 13). 

a, w. 30-37 uw, isth. 9.5-11 mw. th. 21-24 uw, wall ee or punctate. 

Pee AS5-c, A7-r, A8-c, Al0-r, Wiseman: W65-r, W67, W78-r, W83-r, W84-r, 

W85-r. et reported by Lew (H, L) “the most common species a the genus.” 

h cesta sparsely in many stations, and showed considerable variation in 

facial neuer 

Euastrum pticuan Nag. forma a (PI. XII, Fig. 14). 

A large rounded form with lobes much reduced. L. 60-76 mw, w. 37-40 yw, isth. 

vt 

13-15 w, th. 27 w. Central granules a double row of three, lateral granules somewhat 

a in arrangement, wall strongly punctate. Wiseman: W52-r, W53, W56-r. 

Closest to forma of Skuja (1934), which Krieger absorbs in the species. 

Perey bidentatum Nig. var. oculatum (Istv.) Krieger forma a (PI. XII, 

Fig. 15 
L. 61-70 p, w. 37-41 w, isth. 8-10 yw, th. 26 ». Wiseman: W67, W70- 
Our form had the lateral depressions of forma glabrum of Scott and Prescott (1952), 

but did not have the smooth central protuberance characterizing that 

ge serie binale Spey Ehrenb. 

ted by Lowe (H, I 

aici ae (Twp) renee var. peaiaeg ba Messik. (Pl. XIII, Fig. 7). 

. 13-15 w, w. 12-13 yw, isth. 4 w, th. 8 w. Alatna: A5-c 

Our plant hart a Paneer s smaller form, eek the 4 apical granules. 

Euastrum binale (Turp.) Ehrenb. var. Gutwinskii Schmidle (PI. XIII, Fig. 8-9). 

L. 24-27 uw, w. 18-19 p, isth. 5-7 mw, th. 11-12 mw. Alatna: Al, A2-r, Wiseman: 

W69-r, W70-c. Also reported by Lowe (H). 

— binale (Turp.) Ehrenb. var. Tsu cane Kossinsk. (Pl. XIII, Fig. 10). 

L w. 20 yn, isth. 8 w, th. 16 w A8— 

erent eda Racib. (PI. XIII, on hae 
—49 pw, w. 25-28 uw, isth. 6-9 w, th. 17 w. Facial ornamentation somewhat 

wane. Alatna: A5-c, A6-r. 

oo Sere Lund. (PI. 7 Fig. 14). 

L w. 16 uw, isth. 7 uw, th. Alatna: A8—r. Apex very square in lateral view. 

Buastrum nee as Lund. var. pea exten Nordst. (Pl. XIII, Fig. 15). 

L. 26 uw 16 w, isth. 7 w, th. 8 w. Alatna: A8-rr 

Very ae to species but with apex more rounded in face view and provided 

a a. Probably new for North America 

Euastrum denticulatum (Kirchn.) Gay. (PI. XIII, Fig. 11-12). 

20-32 mw, w. 18-26 uw, isth. 11-13 w, th. 5-9 w. Alatna: A5-c, Bettles: 298-1, 

Wiseman: W56-r, W71-r. “ise reported by Lowe (H). 

Our smallest form (fig. 12) has a large, flat granule inside the pair of marginal 

granules in each lobe, and 3 granules on the central protuberance. This is very 

close to the plant ewe by Prescott & Scott (1945). 
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Euastrum didelta (Turp.) Ralfs 
Reported by Saunders (B), and Wailes (1933, 1934) (N). 

Euastrum dubium N 
Reported by Lowe (L) “Approaching var. Snowdoniense West & West.” 

Euastrum dubium Nag. formaa (PI. XII, Fig. 6). 
L. 32-36 mw, w. 23-26 yw, isth. 5.5-7 wu, th. 14-18 uw. Small granules within lobes 

inconspicuous or lacking, one large smooth central protuberance; apical and lower 
lateral angles usually furnished with a small tooth. Wiseman: W25-c, W27-c, W28-cc, 
W55-r, W57-r, W59-r, W69-c, W72-c, W87-1r. 

Euastrum dubium Nig. forma 8 (PI. XII, Fig. 7 
L. 25 w. 18 yw, isth. 5.5 w. A smaller form, aidpnodebine var. ornatum, with 1 

definite penile within each lobe and 1 large, enooeh central oe Aleta? A3. 

Euastrum dubium Nag. var. ornatum Wolosz. (PI. XII, .8). 
L. 29-31 w, w. 21.5-22 w, isth. 6-7.5 w, th. 14.5 yp. fee plant lacks the granules 

within the apical lobes. Wiseman: W70-c, Wss 

grey dubium Nag. var. ornatum ep forma a (PI. XII, es 9, 10). 
with simpler ee . 28 pw, w. 19-20 yw, isth, w, th. 12 pw. 

ee eo 298-c, Wisem 78— 

perc dubium Nag. var. ai ae Prescott & Scott (1945), p. 237. (Pl. XII, 
Fig. 11). 
L. 34 pw, w. sth. th. 18 «. Lower lateral lobes more produced, otherwise 

very eile cara Seeane Peed mucilege pore and coarse punctations over whole 
cell. Wiseman: W68. 

er elegans (Bréb.) Kiitz. (Pl. XIII, Fig. 5-6). 
w. 18-24 yw, isth. 5-7 w, th. 13.5-14 w. Alatna: A5—c, A6-r, Bettles: 

Be 298-c, Wiseman: W55, W59, wor, W68-cc, W69-c, W70-c. Also reported b 
Lowe (H) “Several eis,” and by Sausages (A, E, F) “Common in freshwater.” 

A very common species 

Euastrum erosum Lund. var. granelosum cepa (Pl. XITI, Fig. 1). 
L. 46 w, w. 25 yw, isth. 9 uw, th. 18 uw. Alatna: 

uncer evolutum (Nordst.) West & oe var. integrius West & West forma 
tu cp Scott & Prescott (1952), p. 381 (PI. XII, Fig. 3). 
L. 54-60 uw, w. 33-35 yw, isth. 9-12 wu, th. 20-22 uw. Wall punctate. Alatna: A3-r, 

A7-c. 
Except for the distinctly punctate wall and pair of scrobiculations above the central 

protuberance, this i at resembles E. guebecense of Irénée-Marie (1939). 

Euastrum gem 
Reported by Sai (C), ‘and by Wailes (1933) (M). 

Euastrum eae (Wittr.) Roy var. silesiacum Gronbl. (PI. XIII, Fig. 1 
20-22 w. 15-17 pw, isth. 4-6.5 w, th. 10 uw. Small, relatively ore rounded, 

upper angles "of lateral lobe Scale beyond lower angles, slight median inflation. 
Alatna: Al, A2-c, Bettles: 298— 

ommoner than the above entries Bane am Since at first, distinction was not 
made between the species and this variety the eran lacking figures are omitted. 

con (ghee ee (Pl. oe Fig. 4). 
. 8-9 pm, th. 15-20 ww. The smaller arr on apical 

and see ee dete Laan Alatna: A5-r, A6-r, Bettles: 297-1, 

Euastrum ebecmeum Schmidle forma a (PI. XII, Fig. 5). 
A depressed form. L. 32 nu, w. 24 uw, w. of apex 7 uw, th. 16 uw, Alatna: AS-r. 

Euastrum obesum Jos 
Reported by Wailes a (N). 

Euastrum obesum Josh. var. crassum Prescott & Scott (1945), p. 282. (Pl. XI, 
Fig. 7) 

4 
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-120 uw, w. 53-61 yw, isth. 17-20 pw, th. 38-? uw. All lobes much rounded, wall 

ener punctate. Alatna: A5—c, A6-r, Bettles: 298-r. 

Euastrum —— (Grev.) Ralfs. (Pl. XI, “— + 

L. 148-164 uw, w. 6.8-8.5 pw, isth. 18-27 pw, th. With or without central scro- 

biculation, incision between upper lateral a ge apical lobes sometimes open, 

sometimes closed, wall widely punctate. Alatna: A5-r, A6-r, Bettles: 298-r, Wiseman: 

-r, W55-r. Also reported by Lowe (H), Saunders (E), and Wailes (1933) (M). 

Euastrum oblongum (Grev.) Ralfs forma a (PI. XI, Fig. 2). 

Wall very coarsely punctate (or scrobiculate?). L. 152-170 wu, w. 74-85 uw, isth. 

22-25 w, central scrobiculations 0-3. Alatna: AS, Bettles: 298-r, Wiseman: W/70-r, 

W90-r. 
ry striking form. This extra-heavy pitting os the wall occurs in several 

diferent species, and perhaps eee subarctic for 

Euastrum Laipheaupvag Bréb. var. brachylobum Las (Pl. XI, Fig. 8). 

L. 62-79 mw, w. 44-49 yw, isth. 13-15 w, th. 24-32 w. Rather ae Wall usoay 

rather coarsely punctate, with radial pattern on ae lobe in apical view. Alatna 
A5-r, Wiseman: W13, W14. 

Euastrum peetnatum Bréb. var. rostratum Taylor. (P1. XI, Fig 

65-71 uw, w. 46-52 yw, isth. 11-13 th. 30-31 uw. Wall se coarsely punctate 

with larger se at apex. Wiseman: WS5- r, W59-r, W67, W70-r, W78. 

Variable, grading into var. brachylobum. 

Euastrum pulchellum 
Reported by Wailes ae 1934) (M,N). 

Euastrum sinuosum Lenorm. var. scrobiculatum Nordst. (PI. XI, 3). 

80-86 uw, w. 46-47 pw, isth. 13-14 w, th. 28- ai uw. Each facial tk pierced 

by scrobiculation, also 3 scrobic ae betw hem. A A5- 

Krieger does not aout auasanaia in facial ea but he notes this as 

a characteristic of the spec 

Euastrum tetralobum a (Pl. XI, Fig. 10). 

be 86 wu, W. 62-63 pw, isth. 20 p. cee A8-r. Less deeply dissected than the 

: This is usually considered to be a “truly arctic species.” 

Euastrum aac West a XII, Fig. 1, 2). 

L. 37-40 uw 27-29 pm, isth. 8- a th. 17-18 w. Alatna: AS, A6, Bettles: 298-r. 

No two are alike j in facial ae 

oe validum West & West ee a (Pl. XIII, Fig. 16). 
ith two small Somer 1 above and 1 below the central a 

Ee. er B, W. 18-20 pw, isth. 5 w, th. 9.5-11 w. Alatna: A5—c, A6-c, Bettles: 298-r. 

Euastrum verrucosum aa (PI. XI, Fig. 11). 

. 88-89 uw, w. 72-76 p, isth. 19-23 yw, th. 48 uw. Lobes nate gions sinus closed 

a. less than one half its length, then widely open. Wiseman: W29-r, W72-r. Also 

reported by Saunders (A). 
Our form approaches var. alatum Wolle a the basal angles do not bend back 

toward the middle to cause “hooked appearance.” 

Euastrum verrucosum var. reductum Norst. 
Reported by ee (1933, 1934) (M,N). 

Euastrum verrucosum Ehrenb. 2 unnamed varieties. 

Reported by Wailes (1933, 1934) (M,N 

sett sp.? (PI. XIII, ie 17). 
. 52 w. 31 mw, isth. 10 uw, th. 21 uw. Cells medium-sized, about 1.7 & longer than 

ee dee ply ee sinus closed, semicell pyramidate, basal angles subrec- 

tangular, apex strongly convex, e rrow median incision. Semicell with ith d 
large, smooth protuberances, one within each apical lobe, one within lower angle of 
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each basal lobe and one in the middle below a pair of mucilege pores. Small tooth 

at each angle of basal lobe. Wall smooth. Alatna : A7-rr. 

This seems quite new, but since only 1 specimen was seen I hesitate to describe a 

new speci 

ess sp.? (Pl. XIII, Fig. 18). 

mu, w. 42 mw, isth. 15 w, th. 26 pw. Semicell divided by narrow incisions into 4 

oe pin: equal “Isthmus deep and narrow. One smooth, squ male central 

protuberance. Wall smooth, Nolan: N2-rr. Only one specimen seen 

This is also Wiiicna te Possibly it is teratological. 
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LIST OF SPECIES — ECOLOGICAL 

Collected by the author between the 3rd and 17th of August, 1951 

Altitude Type of 
North Latitude in feet pH Locality 

Gonatozygon Brébissonii 66° 34’ 400 8.0 5b 
G.— var. tatricum 67° 25°28’ 2110-2210 7.0-8.6 | 4c, 5c,cT 
G. Kinahani ©. 33" 400 ) Sc,e 
G. monotaenium 67° 277-28" 2050 8.0 3b, 5c 
Spirotaenia condensata 66° 33’ 400 8.0 5e 

. obscura 27° 211 7.7 5c 
Cylindrocystis Brébissonii 66° 33’-67° 24” | 400-4500 7.0 2a, 3d, 5c 
C. — form 33’ 40 8.0 Sc 
C.— forma £6 66° 34’ 400 8.0 5b 

— var. mino1 67° 27’ 2110 7.2 3b — var. tur | 66° 33-34" 400 8.0 | Sb,¢ 
C. crassa var, lip ° 33° 400 — 3d 
Netrium digitu 66° 33-67° 27’ | 400-2050 6.9-8.0 | 5b,c,e 
N.— forma a 66° 34’ 400 8.0 Sb 
N.— var. lamellosum 66° 33’-34’ 400 8.0 5b,e 
N. — — forma a 67° 25’-27’ 2000-2050 | 6.9-8.0 | 5c,e 
N. — var. _thomboideum 66° 33’-67° 27’ 400-2050 8.0 Se 
N. oblongu 6° 33’ 400 — 3d 
N. — var. previ 66° 33’ 400 — 3d 
Penium exiguu um | 66° 33’ 400 8.0 Se 
P. silvae-nigrae f. minor 67° 24° 4500 ~~ 2a 
7 spirostriolatum 66° 33’ 400 8.0 5c,e 

— forma a 66° 33’ 400 8.0 Se 
aN acerosum (?) 67° 27’-28’ 2110-2200 7.0-7.7 | 4c, 5c, cT, dT 
Cl. — forma ° 28’ c. 2200 — 5dT 
Cl. — var. minus 66° 33’-67° 27’ | 400-2110 6.9-8.0 | 4c, 5b, c,e 
Cl. a 33° 5b 
Cl. angustatum 66° 33’-67° 27’ | 400-2050 7.0-8.0 | 5c,e 

orma a 33” 8.0 5¢ 
Cl. — var. gracilius 66° 33’-55’ 400-665 7.0-8.0 | 5c,e 
Cl. Archerianum 66° 34’-67° 28’ | 400-2050 8.0 3b, Se 
Cl. — forma a 66° 34° 400 8.0 5b 
Cl. arcuarium 66° 33” 400 8.0 Se 
Cl. em 66° 33’ 400 8.0 Se 
Cl 66° 33° 400 8.0 5c 
Cl. — nen a 67° 27/-28° 2030-2110 7.7-8.1 | 4c, Sb, c,e 
Cl. costatum 67° . 2000 6.9 Sc, e 
Cl. cuspidatum 66° 400 8.0 5e 
Cl. cynthia 66° 33 aa 276 400-2110 6.9-8.0 | 5c,e 
Cl. — forma a 66° 400 8.0 c 
Cl. — forma pg 66° 33’ 27’ | 400-2110 7.7-8.0 | 4c,5a,b,c,e 
Cl. dianae 66° 33’-67° 28’ 400-2210 7.0-8.2 | 3b, 4c, 5c 

cT, e, eT 
Cl. — forma a 67° 25’~28’ 2020-2200 — 
Cl. — var. arcuatum 66° 33’-67° 27’ | 400-2050 8.0 
Cl. — var. brevius 67° 25°28’ 2000-2200 8.0 3d, 5cT, dT, e 
Cl. — var. minus 66° 34’-67° 28’ | 400-2200 8.0 b, dT 

lL. Ehrenbergii 67" 28° 2050 8.1 Se 
Cl. gracile 66° 33’-67° 27’ | 400-2050 7.0-8.0 | 5c,e 
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Cl.— forma sigmoideum 

.— var. tenue 

Cl. idiosporum (?) 

incurvum 

inimum 

. libellula v. intermedium 

. lineatum 
l.— var. elongatum 

Cl. lunula 
Cl. — forma gracilis 

Cl. moniliferum 

Cl 
Cc 
Cl. — forma a 

Cl. Leibleinii v. mini 

Cl 
Cl 

C 

Cl. parvulum 

Cl. praelongum 

Cl. — var. brevius 

Cl. Pritchardianum 

— forma lae 

. pronum 

Cl. pseudolunula 

Cl. Ralfsii var. hybridum 

Cl. rostratum 

Cl. setaceum 

Cl. strigosum v. elegans 

Cl. striolatum 

Cl. toxon 
Cl. tumidulum 

Cl. tumidum 

Cl. — forma maior 

Cl. — var. crassum 

Pleurotaenium Ehrenbergii 

Pl. minutum 

North Latitude 

66° 33’ 
67 

66° 34'-67° 27° 

67° 24°27’ 

66° 33’-55" 
° 66° 33 

66° 34’-67° 27° 
66° 33° 

2 - 

66° 33’-67° 27’ 

66° 33’-67° 28° 

67° 27° 
66° 33’-67° 28’ 

66° 33’-34’ 
66° 34° 

66° 34’-67° 28° 

66° 33’-67° 28’ 

Altitude 
in feet 

400 

400 

2110 
- 400-2210 

2000-2110 
400-665 

400 
400-2050 

400 

665-2110 
400-2110 

2110 
2000-2200 

00 
2050-2110 

4000 
400-2110 

665 
2040-2110 

2030 
400-2110 
400-2050 

00 
2030-2050 
2000-2110 
2000-2050 
400-2200 

400-2110 

2110 
2110 
2000 
665 
400 

T 

535 

ype of 
Locality 

5e 
5c 

e 

4c, 5c 
5b, c, cT, e, 

T 
5c, e, eT 
5c,e 
5c 
Sb, e 
4c 
5b 
5c, eT 
5b, eT 
5eT 
3b, d, 5dT 
5b 
4c, 5b, c 
5b 
4c, 5 
5c 

c,e 

3b, 4c, 5c, e 

5e 
4c, 5 b,c,e 
3b, 5b, c, e, 

eT 
4c, 5 
4c, 5 
4 

Cc 

Cc 



Pl. — var. elongatum 
Pl. — var. gracile 
Pl. trabecula 

Pl. — var. crassum 

Pl. — var. iat 
scrobiculatu 

Pl. — var. cae 
Pl var, rec 
Pl. truncatum 
Pl. — var. s 
Tetmemorus laevis 
Euastrum ansat 
E forma 

— var. dideltiforme 
E. bidentatum 

E. — form 
.— Var. 

FARLOwIA, Vot. 

forma 

et um 
E. binale var. Grénbladii 

Gutwinskii 
tumoriferum 

E. — var. 

E. Cia 
E. seiniata 
E. . dentiferum 
E. Re ie 
E. dubium forma a 
E rm 

E.— var. poriferum 
E. elegans 
E. erosum var. granulosum 
E. evolutum v. integrius 

turgidum 
E. 
E. lapponicu 
E.— forma a 
E. ee var. crassum 
“ oblongu 

— form 
: petintm Vv. ee 66° 33 ee 28° 
E. — 67° — var. ro 

forma 

insulare v. one 

E. sinuosum v. oie 
E. tetralobum 
E. Turner 
E. validum forma a 
E. verrucosum 
E. sp. (1 
E. sp. (2) 

North Latitude 

6 

66° 33’-34’ 
66° 33’-67° 28’ 

66° 34’-67° 28’ 

66° 33” 
66° 33’-67° 27’ 

67° 24’-25’ 
67° 27’ 

id 
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t 

400 
400 

400-2110 

400-2110 

2000 
400 

400-2000 
2110 

2030-2110 

400 
400 
400 
400 

400-2110 
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400-2050 
2000-2110 
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665-2030 

2050 
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c. 2200 
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SAUNDERS, 1901 M- UMNAK ISLAND (e.168° W,, 53°N.) 

A- POPOF ISLAND &.160°W., 55°N.) N- PETERSBERG (133° W., 56°50'N.) 

B- KUKAK BAY (c.154°W., 58° 30'N.) KOL, 1942 

C - SELDOVIA (c.1S3°40'W., 59°22 N.) © - TEKLANIKA GLACIER (<.149° 30'W., 63°25'N) 

D- COOK INLET (152% 15 4°W., 60% GI°N.) P- COLUMBIA GLACIER (+.147°W., 6I°N.) 

£ - PRINCE WILLIAM SOUND (.146°-148°W., 60°- GI°N.) _ WORTHINGTON GLAGIER (s.145°45'W., 61° 10'N.) 

F - YAKUTAT BAY (..139°40'W, 59° 30') 2 ~ VALDEZ GLAGIER [c.146°I5'W, 61°1S'N) 

G~- GLACIER BAY (c.136°W., 58°30'N.) R= KENNICOTT GLAGIER (143 W., 61° 30'N.) 

LOWE, 1923 $ - MENDENHALL GLAGIER (¢.134° 33'W., 58° 26'N) 

H- TELLER [c.166* 20'W., 65°I5'N) THIS PAPER 

1 - CAMDEN BAY (c.143-145°W., 70°N.) ALATNA (¢.152°40'W., 66°33'- 34'N.) 

J- GOLLINSON POINT (144°49'W.,69°59'N.) 

K- MARTIN POINT (143°W, 70°08'N) 

BETTLES (¢.15I* 30'W., 66° 55'N.) 

WISEMAN (150° 03-15'W,, 67°24'-28'N.) 

L- DEMARCATION POINT (141°12'w., 69°4I'N) NOLAN (¢.150°15'W., 67°28'N.) 
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PLATE II 

BEETLES — WISEMAN REGION 
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PLATE III 

Gonatozygon monotaenium, « 475 
G. Brébissonii, 450 
G. cena v. tatricum, « 500 
G. Kinahan 0 
ae condensat, «x 450 
S. obscura, 500 
Cylindrocystis Brisco x 500 

: fia, 4 
N. digitus v. rhomboideum, x 200 
N. digitus v. lamellosum, YK 450 
N. digitus v. lamellosum f. a, & 325 
N. oblongum, 500 
N. oblongum v. brevius, & 500 
Penium exiguum, « 4 
P. silvae-nigrae f. minor, 26 > i 27 & 500, * 1000 

32 . P. spirostriolatum, 200, 
. P. spirostriolatum f. a, « 5a 325 
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Pirate III 
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PLATE IV 

osterium libellula v. intermedium, *« 375 
navicu 35 375 

angustatum Vv. gracilius, «x 325, & 625 
costatum, 

striolatum, xX 325 
juncidum v. brevior, * 375 
juncidum v. elongatum, * 375 

[955 
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PLATE V 

: ar ia dianae, 1,3,.6 * 325, & es 2X 325, & 475, 4,5 & 325, * 500 
nae v. arcuatum, *& 200, x 4 

5 
dianae f. a, 11 & 500, & 1000, 12 & 325, * 6 
parvulum, 13-15 « 475, & 950, 16 & 325, «& on 17 & 450, *~ 900 
arcuarium, «K 450, * 900 
tumidulum, x 525, x 1050 
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PLATE VI 

Closterium Jenneri, « 425 
C. Jenneri f. a, & 425 

mananaanaanan 

Jenneri v. tenue, X 475 
incurvum, 5,7 * 500, 6 * 450, 8 & 475 
incurvum f. a, & 475 
venus, & 475 
venus v. crassum, 12,13 & 475, 14 & 450 
venus v. maior, 15 & 475, 16 & 325 
venus f. a, 475 
cuspidatum, * 450 
Leibleinii v. minimum, * 475 
Ehrenbergii, * 100 
moniliferum, « 325 
moniliferum v. concavum, * 325 
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PruaTte VI 
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PLATE VII 

Closterium acerosum, 200 
m f. a, 325 

10 
lunula f. gracilis, s< 100 
pseudolunula, * 
Pritchardianum f. laeve, & 325 
Pritchardianum, « 325 
praelongum, « 325, « 500 

450 

« 475 
praelongum v. brevius, * 325, & 475 

1955 
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PLATE VIII 

Closterium toxon, « 3 —_ 

wmonaubw hr 

ie Ne} SOP EE Ee er: 

strigosum v. pean — 525 
gracile, & 525 
gracile f. sigmoideum, *& 525 
gracile, « 525 
gracile v. tenue, & 525 
pronum, 375 
idiosporum (?), & 375 
Ralfsii v. hybridum, *« 250, & 550 
lineatum v. elongatum, * 125, & 600 
lineatum, oe < 600 
acutum, * 6 
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PLATE IX 

Closterium Kuetzingii, « 250, * 550 

C. Kuetzingii v. laeve, * 250 

P. truncatum, * 375, & 550 

P.t runcatum v. crassum, * 375 
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PLATE X 

eurotaenium apne, x 325, & 475 

Ehrenbergii v. ene x 325, & 475 
Ehrenbergii v. elongatum, % 325, «& 475 
trabecula, & 375 
trabecula v. crassum, > 325 
trabecula v. elongatum f. scrobiculatum, & 325, & 475 
trabecula v. hirsutum, * 32 
trabecula v. rectum, & 450 
minutum, * 325 
minutum v. elongatum, « 450 
minutum v. gracile, & 450 
fren laevis, & 500 
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PLATE XI 

Euastrum oblongum, 450 
E. oblongum f.a,x 4 

sinuosum vy. ie. «x 450 
ansatum, 500 
ansatum f. a, & 450 
ansatum v, didelroune: x 450 
obesum v. crassum, * 45 

pectinatum v. brachylobum, . 450 
pectinatum v. rostratum, * § 
tetralobum, « 500 
verrucosum, * 475 oo 
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PLATE XII 

Euastrum Turneri, 1 & 675, 2 f. 750 

4 

a=" a 

dubium v. ornatum f{. a, =. 750 

bidentatum, 12 we ks ] 750 
bidentatum f. a, « i 
bidentatum v. oculatum f. a, & 750 
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PraTE XII 
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PLATE XIII 

Euastrum erosum v. granulosum, * 800 

ion n 
denticulatum, 11 *& 750, : — 700 
insulare v. silesiacum, * 750 
crassicolle, * 800 
crassicolle v. ele x 1375 
validum, & 7 

Sp., ) 
sp., X 500 
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INDEX TO GENERA AND SPECIES 

New names are in bold face type. 

Note: Refer to the following lists not repeated here — 

Desmids from Alaska. 518-533 
Fungi and bacteria of = Quartermaster 

Culture Eee 
Fungi on oils. 
Host index oe Ustilaginales of China. 

4-347. 

Acanthocladium extenuatum 243 

Achilegnia 40; latvica 36 
Achitonium 29 
Acroporium erythropodium 244 
Acrostalagmus 
Acrothecium 15 
Acurtis 33 
Aerobryopsis longissima 242 

ta 377 

Amblysporium 411 
ae ci eee confervoides 212; subtilis 

ae compactum 195; Juratz- 
kan 95; serpens 195; varium 196; 

rium var. ovatum 19 
Amphidium lapponicum 181; Mougeotii 

181 
Anacamptodon splachnoides 193 
Ancylonema 51 
Pagoulospons gigante a 363; longissima 

361 

rostratus 192; Rugelii is te im 
viticulosus 19 

Aphanorrhegma patens 223; serratum 223 
Apiosporium 17 
Archidium ohioense 160 
Articulospora moniliforma 366; 

cladia 365 
a 
Ascophor 
hep aeillis wee 86, 411; sreaernen oe 48; 

fumigatus 48; nidu lati s 48; niger 48; 
tamarii 48; terreus 48; ustus 48; versi- 
color 48 

Astomum ludovicianum 173; Muhlenber- 
ianum 173; phascoides 173 

Atrichum angustum 226; crispum 149, 

tetra- 

226; Macmillani 226; undulatum 226; 
un niulatn m var. Selw. nii 227 

Aulacomnium heterostichum 220; palustre 
2 

Auricularia 16, 34 

Bacidia spirospora 451; spirospora var. 
patagonica 45 

Barbula na 174; 
guiculata 

Bartramia ithy phyla 221; pomiformis 221 
Beauveria 4 
eH 5 28 
Blindia acuta 170 
Botryodiplodia theobromae 48 

fallax 174; un- 

Brachythecium acutum 203; campestre 
203; digastrum 203; flagellare 204; flexi- 

ee a 98, 288; clanssenil 97, 
; lambicus 98, 288; sphaericus a 

a 112, 254, 290; versatilis 94, 106, 
112, 255, , 290 

Hrotheralla delicate 210; recurvans 210; 
bees stris 

nia graminicolor 201; novae-angliae 

Sa ae crenulata 241 
Bryocladi 1 
Bryum penne 215; bicolor 215; 

piticium 215; capillare 216; cuspidatum 
216; pachigthess 240; pseudotriquetrum 

240 

caes- 

var. poliocheila 493; glaziouana var 

569 
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sensitiva 494; jamaicensis 494; lau- 
ricassiae 495; leucomela 496; miele 
nochlora ve modesta 497; placodio- 

orpha ;  placodiomorphoides 
499; posthabita Bei prospera 501; 
proximata 501; nsa 502; rufofus- 
cescens 502; spersua 503 ; sub- 
dispersula var. flavogranulosa 503; 
subdispersula var. ssp 503; 
sulenditiva 504; tephrodes 468; 
trachyspora 504; yauconensis 505 

Burrillia ajrekari 313 
Buxbaumia aphylla 2 
Byssothecium 40; circinans 36 

Cacumisporium 15 
Callicostella Kaernbachii 24 
alliergon cordifolium a giganteum 

9; Richardsoni 199; stramineum 199 
Calliergonella cuspidata 199; Schreberi 

199 
Calocera 16 
Calodon 16 
Calymperes tenerum 240 
Calyptothecium acutum 242; recurvulum 

242 

Camptochaete brisbanica 246 

ig aaai 198; racicale 198 

Campylopus Brassii sae a 236; 
umbellatus 236; Wat 

Campylospora 373; chaetocladia 373 
oe i 95-101; krusei 255, 2 
ch 
Car me 
Catillaria ss roaacconer waa Pa phae- 
serial superflua 

Ceram 138; affine i affine var. 
p seb ar 132. aialonne 133; cali- 
for 123; Ca 1 129; caudatum 
134; clarionensis 134; codicola je ge 

Ceratocladium 41; Clautriavii 36 
Ceratodon purpureus 169 
Ceratostoma 18 

INDEX 

Stenochlaenae Chaetaspis 41; 36 
funicolum 48; Chaetomium 45-86, 411; 

globosum 48 
Chamberlainia 
coer 203 

Chaos 
Cintra axicola 334; caricis 335; elynae 

mbristylis-miliaceae 336; imitate 
subinclusa 336 

acuminata 203;  cryto- 

= ; Scleriae 336; 
Circinella 411 
pe alee Boscii 202; piliferum 202 
Cladaria 3 
Chaosporiam herbarum 48 

18 

a 

wW an 

Clava 
Clavarops aquatica 370 
Climacium americanum 183; dendroides 
os ie Kindbergii 183 

Clitopilus 18 
Closterium 521; angustum var. gracilius 

521; gracile f. sigmoideum 523; Jen- 
e 524; venus var. cras- 

Clypeothecium 34 
Coccidiophthora 41; variabilis 36 
Colletotrichium 411 

Cylindrocephalum aureum 48 
Cylindrocystis 519 
Cyphella 15 
Cystopus 23 
Cystothyrium 41; magellanicum 37 

Dactylella aquatica 359 
Debaryomvees 88, 96, 100, 268-274; mem- 

branaefaciens var. Hollandicus 255, 
256, 268 

Decampia 41; Hookeri 37 
Dermatosorus eleocharidis 343 
Derminus 30 
econineon plinthobius 175; Porteri 175 



INDEX 

Diblepharis 41 
Dichaena 24 
Dichelyma capillaceum 186; pallescens 186 

6 

Dicranella heteromalla 162; heter ere 
var. caer 162; ences ssa 236; 
rufescen ae oe aber 162; varia 163 
ie o-scoparium 237; Men- 

ziesli 237; aa 237; a 
237 

Dicranum Bergeri 164; Bonjeani 164; 
condensatum 165; rummondii 165; 
flagellare 165; flagellare var. minutis- 
simum 165; fulvum 165; fuscescens 
165; montanum 166; rugosum 166; 
scoparium 166; spurium 166; viride 
166 

Dictyochora 41 
Didymodon recurvirostris 174 
Diphyscium foliosum 231 
Discelium nudum 223 
Distichium capillaceum 169 
Ditrichum lineare 169; pallidum 169; 

pusillum 170 
Doassansia opaca 313 
Doassansiopsis horiana 314 
Drepanocladus aduncus 200; aduncus var. 

Kneiffi 200; fluitans 200; Sentneri var. 
Wilsoni 200; uncinatus 2 

Drummondia prorepens 181 

Ectropothecium ae 246; riparioides 
246; sandwichense 24 

Enealypn streptocarpa 176 
101; ohmeri 278; 

ae ee noe minor 2 
Entodon brevisetus 193; cladorrhizans 

194; compressus 194; seduotniy 94 
Entyloma australe 310; compositarum 

310; eleocharidis 310; guaraniticum 
310; microsporum 311; oryzae 

Ephemerum cohaerens 223; crassinervium 
3; serratum 223; re ee 223 2 

Eriocladus 27 
Sah ee 246 
Ericsp 
ees - 
Eu don Mulleri 23 
Eurhynchium hians Ler rusciforme 201; 
Saal m 202; drivosu var. praecox 

rigosum ve robustum 20 
a tas Sedi 3 

Fabronia ciliaris 193; Ravenelii 193 

571 

Farysia butleri 338; orientalis 338; sub- 
olivacea 338 

Fissidens adiantoides 176 
Fissidens bryoides 177; bryoides var. in- 

S 
177; subkurandae 236; taxifolius 177; 
terrae-reginae 235 

Flagellospora curvula 374; penicillioides 
375 

Flammula 25 
Fontinalis antipyretica var. gigantea 184; 

ica 184; disticha 185; ‘Duniaci 

heterophylla 185; Novae-angliae var. 
latifolia 185; Sullivanti 185 

Fumago 17, 41; vagans 37 
Funaria flavicans 224; hygrometrica 224; 

Muhlenbergii 224 
Fungi Imperfecti 399-401 
Fusarium 45-86; diversisporum 48; ja- 

vanicum 48; moniliforme 48; semitec- 
tum 48; solani 48 

Galera 25 

Pas 
mmia alpicola var. rivularis 171; 

; laevigata 171; Olney! rat 

Gyromitra 26 

Hanseniaspora 100 
Hansenula 89-112; anomala 100, 284; 

292 

Helicobasidium hypochnoideum 38 
Heliscus aquaticus ea 
Helodium paludosu 
Speer iaae 41; eee 38 

er 

Heterphyiom Haldanianum 211 
Hexagon 
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Himantocladium plumula 242 

ee Muelleri 237; perichaetiale 

37 
i. alia Jamesii 
Homalotheciella |e 205 

Homomallium adnatum 2 
Hyalodothis 41; clavis 38 

16 

ss ciate fluviatile 196; fluvi- 

ile ovatu 6; irriguum 196; 

ean. i orthocladon 197 

Hygrohypnum eugyrium 198; ochraceum 

198; palustre 199 
Hylocomium brevirostre 213; 

146, 213; umbratum 214 
splendens 

Goan app aa eons 173 
; Tortula 174 

Hypnum crista- eae sis ‘146, 208 ; cu- 

Daymanianum 242; 

Mulleri 242 

Isopterygium minutirameum var. brevi- 

folia 245 

Kloeckera 96, 298; africana 100; magna 

94, 100 

Lachnocladium 27 
Lecidea hypotheja 444; patagonica 440; 

42 

cornuta 379 

a a oe riparium 195; trichopo- 

i 95 

Sane tricomitrion 182 

eskea arenicola 190; gracilescens 190; 

nervosa 191; obscura 191; polycarpa 

191 

balli- Leucobryum albidum 150, 167; 

en 

i ee 181; julaceus 181; 

sciuroides 1 

INDEX 

Leucoloma circinatulum 237; subinte- 

cd 

ag co 23 
eucophanes australe 239; candidum 239 

Leucopus 2 
Lindbergia brachyptera 191 
Lucidium 41; pythioides 38 
Lunulospora curvula 364 

Macromitrium Daemelii 241; dimorphum 

41; funiforme 241; Scottiae 241 

Marasmius 27 
Melanomyces 41; quercinus 38 

Melanopsichium inouyei 337; pennsyl- 

vanicum 337 
Melanospora 18 
Meliolopsis 42 
Memnoniella echinata 48 
Mesotaenium 519 
Metasphaerella 42; subantarctica 38 

Micromphale 
Mnium affine 217; cinclidioides 145, 217; 

218 rumm cuspidatum : ndii 218; 
hornum 149, 218; longirostrum 218, 

ium 219; orthorhynchum = 219; 
punctatum 219; punctatum var. elatum 

219; serratum 219; stellare 220 

Monilia 17, 28 
Monotospora 28 
Mulleriobryum Whiteleggei 242 
Mycena 28 
Mycoderma 42, 88 
Mycoleptodon 
Myrioblepharis 42 ; oo 38 
Myriocarpa 42; Cyt 
Myurella Carevann ne 

Nanomitrium synoicum 222 

Netrium 519 
Nummularia 28 

Octoblepharum albidum 239 

Odontia 28 

Omphalina 28 

Oncop 163;  virens 163; 

Wahlen 16 

Oreoweisia serrulata 163 

Orthotrichium anomalum 179; elegans 

79; obtusifolium 179; ohioense 179; 
pumilum 179; pusillum 179; sordidum ilu 
180; stellatum 180; strangulatum 180; 

striatum 180 



INDEX 

Pactilia 29 
aay hee 411; varioti 48 
Pana s 30 
rile 6 
Paraleucobryum longifolium 167 
Parmeliella concinna 431; granulata 429 
Paxillus 3 
Penicillium 45-86, 411; chrysogenum 48; 

citrinum 48; funiculosum 48; luteum 
48 

Peniophora 30 
Penium 520 
Saar 42; a aa 39 

ona 27, 2 
ee onospora } ae 
Pertusaria eee. “as 

466; victoriana 463 
alterimosa 

Pestalotia 411; copernica 48; virgatula 
48 

Phaeodothis 42; Tricuspidis 39 
Phaeomarsonia 42; Yerbae 39 
Phascum cuspidatum var. americanum 

175 
Pheliinus 30 
Phialophora 411; Ke 48 
Philonotis fontan ; fontana var. fal- 

cata 222; lant . marchica 222; 
Mublenber 22 

Phlebia 
er o 411 
Phoma terrestris 48 
Phragmocarpella 42; Ichnanthi 39 

43 

mitrium immersum 224; turbina- 
ae 2 

Pres 

tellum 207; sylvaticum 207; iaceeccunn 
207 

Platygyrium repens 
pee palustre as subulatum 168 
Pleurop 
Ai ee 527; trabecula var. elonga- 

tum f. scrobiculatum 528 
Pleurotus 31 
Pogonatum alpinum 227; a 

220; Pencivenienm 
Pohlia cruda 214; nutans Pr pulchella 

215; Wahlenbergii 215 

Ses) 

Polychaeton 17 
Polyporus 411 
Polystict 

lytrichum commune 228; commune 
ar. perigonale 229; formosum 229; 

gracile 229; juniperinum 229; juni- 
perinum var. alpestre 229; eae 
229; piliferum 23 

Poria 30, 32 
Porotrichum alleghaniensis 182 
Pottia truncata 
Prunulus 28 
Psathyra 32 
Pseudocyphellaria exanthematica 433; 

hirsuta f. leucosticta 436 
Psilothecium 43; innumerabile 39 
Psoroma ee s 427 
Pterophyllus 
Pterula 32 
Ptychomitrium vais 178 
Pullularia pullulan 
Pylaisia intricata ae 

Selwyni 
polyantha 212; 

Raddetes 22 
Ramaria 32 
Raphanazo 
gp Arcapoce denticulata 163; denticulata 

var. ameri ana 16 

Rhacom cain: aciculare 171; heterosti- 
17 

Rhizogonium spiniforme 24 
Rhizopus 411 
Rhodobryum roseum 216 
Rhodophyllus 33 
Rhodotorula 96, 100, 301; 

tinis 
Rhym : 
Rhtdiadlphs squarrose 213; triquetrus 

flava 300; glu- 

7 ie a 213 
Ricnophora 2 

Saccharomyces 93-112; Leone Ra 
cerevisiae 293; globosus 255, 293; 
ulatus - stellatus 96 

Scenidium 
eclodichal Brownii 241 
Schwetschkeopsis ere 193 

mium Lescur 7 
ene 43; conden 39 
Scopularia 34 
ace calcarea 170; pusilla 170; recur- 
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Sematophyllum adnatum 211; caespito- 

3; carolinianum 211; marylandi- 

m 211; saproxylophilum 244 

Ww Saw = = jae —_ 

m ropogonis- ee ee 
antisite 30; caledonicum 

mbopogonis- nar tonensis 340; 

341. sear ie! 341; flagellatum 341; 

formosanum 342; paspali-thunbergii 342 

Sphacelotheca aadenporenti 327; an ee 

tiriae 328; anthistiriae var. punctat 

328; aphid: 328; capillipedii 329; _cru- 

331; nankinensis 331; ophiuri 331; 

penniseti-japonici 332; reiliana 332; 
rottboelliae 332; sacchari 333; sorghi 

argus var. stenospermum 

Stereum 27, 34, 411; guadelupense 39 
Striglia 31 
Syncephalastrum racemosum 1-13, 48 
Syringospora 16 

Syrrhopodon croceus 239 

novae-vale- Taxithelium instratum 244; 
i selenithe- 245; petrophilum 244: 
cium 245. 

Telamonia 34 

Tetmemorus 529 

Tetrachaetum elegans 371 

Tetracladium marchalianum 366; setige- 
rum 366 

Tetraphis pellucida 225 

Theissenula 43 ; clavi 

Th ns aspre elt, 187; aa 187; Lescurii 

87 

‘eae sepedonium 48 

Thuidium abietinum 188; delicatulum 

147, 188; furfurosum 243; Meyenianum 
243; microphyllu 189; minutulum 
189; plumulosiforme 243; pygmaeum 
189; recognitum 189; scitum 189; vir- 

sian 19 
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Thyridium fasciculatum 240; undulatum 

240 
Tilletia alopecuri 306 ; arundinella 307; 

tina 308; pulcherrima 309; rhei 309; 

setariae 309 
Timmia megapolitana 222 

Bi i bullatum 343; evernium 

lobuligerum 343 
ie humilis 174; tortuosa 
Tortula muralis 176; papillosa 176; rivalis 

176 
Torulaspora 88-112; rosei 94, 100, 102, 

255, 291 
scene 88-112; bacillaris 96; caro- 

liniana 94, 105, 112, 255, 287: holmii 

ic 259., es lactis oomiendl 97; 
stellata 96; utilis 

‘Tmichyphyllum ae 243 
Trachythecium verrucosum 246 
Trechispora 43; onusta 40 

a Trematodon ambiguus 168; longicollis 

168 
Trematostoma 34 
Tremella 35 
Tremellodon 

Trictophors aie 370 

Trichochora 

Seabee a 48 

Tricholom 
Trichosteleum hamatum 244 

ostomum cylindricum 173 

aaa angulatum 368; gracile 369; 
splendens 367 

Triploceras 529 

Ulota americana 180; crispa 180; Lud- 

wigii 180 

Underwoodina 16 

Urocystis agropyri 312; anemones 312; 

dioscoreae 312; japonica 312 

Usnea kuehnemannii 46 

Ustilaginales 305-351 

nee cone 316; anhweina 316; 

aven eran oo bulla 
316; ee 317; co 

crus-galli 318; 

dis 321; neglecta 321; nepalensis 321; 

nuda 322; ocrearum 322; rabenhorsti- 
ana 322; reticulata 322; scitaminea 
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323; shimadae 323; shiraiana 323; 
sparsa 324; spermophora 324; sphero- 
gena 325; sporoboli-indici 325;  strii- 

formis 325; tuberculiformis 325; vail- 

lantii 326; violacea 326; warmingii 326 

Vaginata 16 
Vermiculariella 43; Elymi 40 
Verrucaria lacustris 424 
Versipellis 35 
Volvaria 16, 35 

SAS 

Volvoboletus 43; volvatus 40 

Warburgiella cupressinoides 243 
Weisia viridula 173 

Xerocomus 3 
Xylocladium 43; Clautriavii 40 

Zygosaccharomyces 94-112; porrenrn 

255, 294; halomembranis 111, 255, 276 

pastori 255 




