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ABSTRACT

This study is an investigation of the taxonomy, biology, and
affinities of twenty species of lignicolous ascomycetes and imperfect
fungi from the Salton Sea, California. Eight species of ascomycetes,
all Pyrenomycetes, were studied, of which Lulworthia medusa (Ellis &

Bverbart) Cribb & Cribb, L. opaca (Linder) Cribb & Cribb, Ceriosporapsis

balima Linder, Halosphaeria mediosetigera Cribb & Cribb, Peritrichospora

integra Linder, and Leptosphaeria crae-maris Linder are common marine

species, and Pleospora hérbarum (Fries) Rabenhorst is a common

terrestrial species. Amphisphaeria verruculosa is described as a

nev species,
The eleven épecies of imperfect fungl discussed include seven

' specles of terrestrial fungi, Botryotrichum piluliferum Saccardo &

Marchal emend. Downing, Stachybotrys atra cérda, S. subsimplex Cocke,

Pusarium solani (Mart.) Appel & Wollenweber emend. Snyder & Hansen,

Alternaria tenuis Nees emend. Neergaard, A. radicina Meler, Drechsler,

& Eddy, and Acrospeira levis Wiltshire. Mernoniella HShnel is placed
in synonomy with Stachybotrys Corda. One specles of imperfect fungus,

Clavariopsis bulbosa Masﬁsiou, which was described from the Salton

Sea, is reported from the Salt Lake, Oahu, Hawaii, and from marine and
estuarine habitats. A new genus, Contortospira, based on C. varia

sp. nov., and a new species, Periconia prolifica, are described.

Scopulariopsis sp. , growing on bark, could not be assigned to a known
species.
' \
A single species belonging to the Mycelia Sterilia is described,

Papulaspora halima sp. nov.




The aquatic adaptations among Salton Sea fungi and marine run_gi
in general are usually expressed in spore form and appendages. Vermi-
form, appendaged, sheat!{ed, teﬁfarad.iate, and helicoid spores are
aquatic spore forms produced by salt water fungi. The production of

" spores embedded in wood and released when the surface fibers are

vashed away, is reported for Acrospeira levis and Contortospira varia.

The affinities of the ascomycetes from the Salton Sea, as & group,
appear to be with marine ascomycetes of temperate waters; those of the
imperfect fungi, on the other band, appear to be with marine specles

of the tropics. »



INTRODUCTION

Study of fungi from salt water habitats is a relatively‘veu-
established branch of mycolégy. 7 The recent reviews of Johnson &
Sparrow (1961) and Wilson (1960) deal with fungl from marine and
estuarine habitate. The lﬁresent study, on the other hand, is a con-
tribution to the knowledge of the fungi of salt lakes, and there seems
to be only one previous paper (Anastasiou, 1961) concerning them. The

single species described by Anéstasiou, Clavariopsis bulbosa, is &

relatively common lignicolous fungus in the Salton Sea.

This study is restricted to the Ascomycetes and Fungi Imperfecti |
living on wood submerged in the Salton Sea, a salt lake comparable in
physical characteristics to ihe Caspian Sea and well sulted for the
study of lignicolous r\:\ngi. Across the soutbern end of the lake,
thousands of trees and shrubs, killed by flooding, are presex;tly stand-
ing in up to fifteen feet of water. This material prdvides ample sub-
strata for the‘ growth of fungi capable of withstanding the physical
conditions of this aquatic environment. I have attempted to collect
and study these fungl both on the ﬁriginal substrate and in pure

culture.



MATERIALS AND METHODS

In order to study the fungi, small pleces of wood were cut from
‘trees or s_hrub; submerged in the lake, placed in plastic bags, and taken
to the laboratory in an ice chést. Because of the extremely dry heat
of the summer months, the latter precaution was necessary to help main-
tain viability of the fungi during transport to the laboratory. &Speci-
mens wére transferred to sterile chambers consisting of petri dishes
containing 4-5 sheets of filter paper moistened with Salton Sea water.
These were examined as soon as possible {within 24 hours) after transfer
and then allowed to incubate at room bemperﬁture for a period of from
four days to a month.

' Sandwich panels constructed of various hardwoods also were used
in the investigation. The panels were 2 in. x 2 in. x 1/ in. in size.
Each was drilled in the center and seven or eight of them were placed
on & galvanized bolt with adjacent panels separated from éach other by
1/8 in. wooden spacers. The panels were submerged in the Salton Sea
and left for a period of three months. These were then treated as
described above. )

Cultures normally vere maintained on Salton Sea water agar (SSwa)
{Anastasiou, 1961) at room temperature. Pure cultures were cbtained
by picking single spores or small groups of spores from the surface of
the substratum or from fruiting structures by means of extremely fine
peedles mounted in wooden match-sticks. The needle is flamed briefly
and cooled in agar immediately before use. Using this technique, I
succeeded in isolating and culturing several organisms which previously

had resisted culture because of difficulty with bacterial contamination.



To test their ability to grow on fresh water media, organisms
were transferred to YpSs, MeYe, FDA (Benjamin, 1959), and agar made ﬁy‘
substituting distilled water for Salton Sea water in SSwa (this will
be referred to as Fwa).° Most organisms.also vere transferred to sea
water agar (Meyers, 1957) to determine their ability to grow in the
presence of sea water. .

Unless otherwise specified, all collection numbers cited are

those of the author.



THE SALTON SEA

History and Characteristics

The Salton Sea is a lake, lacking outlets, located in southern
Riverside and northern Imperial counties, California. It comprises
about 340 square miles and covers the floor of the Salton Basin which
is 273 feet below sea level at its lowest point (Carpelan, 1958). All
of m& collections are from the southern end of the lake in Imperial
County.

The Salton Sea occurs in the bed of an ancient lake, Lake
Cahuilla, which occupied over 2,000 square miles and had its upper
level 31 feet above sea level (Carpelan, 196la). Lake Cahuille was a
fresh water lake which received the entire flow of the Colorado River
 and emptied into the Gulf of California. When the bed of the Colorado
River shifted, so thai it emptied directly into the Gulf of Californ.{a,
the lake gradually evaporated. During the millions of years since the
original lake disappeared, it has been reformed many times when the
bed of the Colorado River has shifted. The Salton Seﬁ -- a result of
the most recent flooding -- was formed between 1904 and 1907 following
the accidental diversion of the Colorado River imto irrigation canals
built to provide water for the agricultural lands of the Imperial
Valley., With the final rediversion of the river into its original bed,
the level of the Salton Sea dropped from -195 feet in 1907 to the =250
foot level in 1925 because evaporation exceeded inflow. As mﬁre water
was brought into the Imperial Valley after 1925, the level began to

rise slowly until the present level of -234 feet was reached (Carpelan,

196la)., It has been estimated that the lake will continue to rise to-



the <220 foot level where stabilization will be reached (Carpelan,
1961a).

Chemicsl Composition

The chemical coeposition of the Salton Sea approximates that of
nﬁrml sea water; it bas a lower concentration of Mg", K‘, and C1°, a
higher concentration of S0,%, Ca**,#03”, and CO3=, and approximately
the same concentration of sodium ifon (see Table I).

Salinity

8alt concentration of the Salton Sea ﬁsplays an annual cycle.
The highest concentration, in the summer, corrésponds to the lowest
surtaée elevation - due to evaporation exceeding inflow -- and the ’
lowest concentration, in the winter, corresponds to the highest surface
level -- due to inflow exceéd.ing evaporation (Carpelan, 1961b). The
salinity range, as reported by Carpelan (1961b), is from 31.k to
33 "/ot);:L Salinity of the Salt;m Sea is slightly below the salinity

of normal sea water, which is 35 ©/oo.

Temperature

Temperature is one of the most critical factors in the Salton Sea.
As shown in fig. 1, the water temperature range of the Salton Sea ex-
ceeds that of the coabined variation of marine locations in California
_ and Hawaii. Unlike the oceans, the water temperatu}e of the Saltan Sea

1o/oo « parts per thousand.



TABIE I

10

A Comparison of the Joulc Concentration of

Balton Sea Water with that of Kormal Sea Water

(adapted from Carpelan, 1961b)

Normal Sea

8alton Sea Salton Sea Normal Sea
Water Water Water Water
o/oo 4 of total ions 9/oa 4 of total ions

ca*t 0.764 2.27 0.413 1.20
wgtt 0.951 2.82 1.27 3.68
¥a* 9.938 29.951 10.55 30.60
| 0.2k 0.67 0.38 1.02
(:03== 0.021 Q.06 ceae ——
’o3” 0.159 0.47 0.014 0.04
soy~ 6.806 20.2F 2.649 - 7.68
c1- 14422 12,82 19.15 55.53
Analysed ' 33.290 - 98.83 .22 9.75
Total 33.68 " 100.00 34,148 100.00




' Fig., 1. Water temperature variation in the Salton Sea compared with
Kaneohe Bay, Oahu, Hawaii, and Alamitos Bay, California, during 1955.
(Data from the Salton Sea adapted from Carpelan (1961b); data from
Kaneohe Bay adapted from M. Oguri (Pers. Corx=.); data from Alamitos
Bay adapted from records of State of California, Dept. of Fish and

_ Game (Pers. Comm.).
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corresponds closely to that of the air above it. Air temperatures are
slightly higher than water temperatures in the spring and surmer. In
the fall and winter, the water temperatures remain slightly higher than
the air temperature (Carpelan, 1961b). The effect of water temperature
on the distribution of salt mte:; fungl is discussed in the final

section of this papér

Puture of the Salton Sea
If the Salton Sea is stabilized at -220 feet, the salinity on
] stabilization in 1970 to 1980 will be approximately 25' °/oo. It would
take about twenty years beyond the time of stabilization to reach
40 °/co, the probable limit of salinity tolerance for marine organisms
(Carpelan, 1961b). It appears then, that the Salton Sea will remain '
vithin the range of tolerance of marine organisms for at least the

next thirty years.
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TAXONOMY AND DISTRIBUTION

By

The Ascoizwi:etes and Fungi Imperfecti found in the Salton Sea
represent verﬂyvdiverse groups, In the tbllowing treatxrént , they are

- *
arranged alphabetically within the classical spore groupings outlined

in Saccardo's Sylloge Fungorum.

Ascomycetes .

LULWORTHIA Sutherland
Trans. Brit. Mycol. Soc. 5: 259. 1916.
Nonstromatic; perithecia innate;, erumpent,. or superficial,
usually black, gregarious, membranous to carbonaceous; paraphyses
absent; asci fusiform, cylindrical or clavate, deliquescent, 4-8-spored,
coiled in the venter of the perithecium; ascospores hyaline filj.form, )
functionally one-celled, bearing a hyaline, short, conical, apiculaté

or rounded appendage-like cell at each end.

The genus Lulworthia was proposed by Sutherland (1916) on the

basis of L. fucicola Sutherland (1916), a species found parasitizing

Fucus vesiculosus. In 194k, Linder (1944) established the genus
b;lgghiobolﬁs , apparently ﬁot aware of the existence of Lulvorthia.
Cribb and Cribb {1955) transferred Linder's seven species to Lulworthia
and described an additional one. Petrak (1952) transferred three

species of fHalophiobolus to Linocarpon, but, as is pointed out by

Johnson & Sparrow (1961), the transfer is not warranted since

Linocarpon is comprised of fungi in which the ascocarp bas a



pseudoclypeus, a structure not found in Lulworthia.

There are three theories concerniné the pature of the terminal
hyalixie structureron Lulvorthia spores. Gen;zrally, it is régard.ed as
a gelatihous appendage. As evidence for this idea, when the asci of
L. cpaca break down, the spores often stick together where their
appendages touch. Kohimeygr (1960) considers them to be cell-_like
end-chagbers £illed with a cytoplasm-like fluid. Under some ‘conditions
the appendages of L. floridana collected in Alamitos Bay, Caliromjra,
will exude a fluid from what is apparently a poré at the apex. Meyers
(1957) illustrated a similar phencmenon in this specles. A collection
of L. medusa from Hawail included spores which had germipated through
the end-cells., The walls of the end-cells.vere broken at the apices
and could be seen to be extensions of the walls of the central cells.
Under any circumstance, it appears that Petrak's suggestion (1952)
that the a-.ppendage is simplja thickening of the epispore wall is not
tenable., It is my opinion, that the structure is a cell at the e;xd'. of
the spore whicﬁ encloses & viscous fluid and gelatinization of the.
epispore wall of the end cell ac;oﬁnts fof its adhesive qualities.

This interpretation means, as Johnson & Sparrow (1961) pointed out,

that the ascospores of Lulworthia are three-celled with a single elongate
cell functioning as the spore propér , and two dead end cells which
apparently function in the adhesion of the spores to the subétratun{ and
possibly also in flotation. '

Key to the species treated.
A. Ascospores mostly longer than 300 u...L. medusa

AA. Ascospores mostly shorter than 300 p..L. opaca
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LULWORTHIA MEDUSA (Ellis & ﬁverhart) Cribb & Cribh
Papers Univ. Queensland Dept. Botany 3: 80. 1955.
Perithecia embedded, erumpent or superficial; perit.hécia globose
to pyriform or elipsoid, dark brown to black, sometimes with a hyaline
base, 157-500 x 275-670 1 innate perithecia often with long nmecks;
superficial périt.h‘ec;v'aﬂ with necks short or absent; asci cylindrical,
up to 550 x712-1&6. p; ascospores 320-510 x 1.7-4.0 u, the appendage-

1ike end-cells, conical, occasionally slightly swollen, L-9 n long.

Specimens examined: CALIFORNIA: on wood of Tamarix aphylie sub-

merged in the Salton Sea, March 12, 1961, S27; June 2k, 1961, S63; )

December 20, 1961, S105, S106.

Lulvorthia medusa has been collected on wood from marine stations
in Hawaii (on submerged mangrove twigs at Kaaawa, Oahu, August 26,
1961, H1k4) and North Carolina (Gold, 1959). It ocecurs on the culms of
various marine and brackish water ahgiosperms such as Spartina

cynosuroides (L.) Roth. (E1lis and Everhart, 1885), Zostera marina

L. (Mounce and Diehl, 1934), Andropogon puricatis Retz (Ellis and

Bverhart, 1892), Spartina townsendii J. & C. Groves (Lloyd, 1958),

Spartina alterniflora Loisel (Johnson, 1956b), and Avicennia marina var.

resinifera (Farst.) Bakh. (Cribb & Cribb, 1955).

In the Salton Sea. f.he perithecia of L. medusa occurred superficially
or embedded in the wood of Tamarix aphylla and were typically black,
occasionally with a hyaline base, and with or without long necks. The
necks, when present, ranged from 126-314 x 15 JT-31.k u (x = 205 x.21.6 n}e
The perithecia ranged from 157-283 x 275-448 . Superficial perithecia o

developed abundantlj on wood incubated at room temperature for & period



17

of 3-5 veeks. Depending on the specimen, supei-ficial perithecia bore

" - elongate necks or short, more or less papillate ostioles.

The asci, bearing a bundle of eight filiform ascospores, &re coiled
i.n the pez;ithecium venter prior to deliquescenf:e. After deliquescence
the ascospores are released one at a time through the ostiole. Asci
‘ are long cylindrical and range from 400 to 550 n longA. Imnature asco=- V
" spores bear numerous vacuoles which disappear with maturation. The
conical, hyaline end-cells range from 4.4-7.8 p long (% = 5.7 n). The
spores, inclusive of the end cells, range from 350-510 n long
(2 » W47 u). ‘

LULNORTHIA OPACA (Linder) Cribb & Cribbd
Papers Univ. Queensland Dept. Botany 3(10): 9. 1955.
Perithecia erbedded or superficial, globose to elil;soidal or
occasionally elongate; fuscous to black; 180-200 R d.iém.; posii:ion and
length of neck variablé, asci clavate to cylindrical, 149-185 x
10.4-16.5 n; ascospores 141-20% x 1.5-4.8 p, the appendage-like end-
‘ cells, 7-13 m long. . -

Specimens examined: CALIFORNIA: on wood of Tamarix ap_t&lla sub=-

thvarged in the Salton Sea, March 12, 1961, S12, 516, 523; July 20, 1961,
" Lulworthia opaca is & common mari-ne fungus with a world wide
distribution and has been reported on wood from Washington (Koh].meyef »
1960), California (Kohlmeyer, 1960; on oak panel submerged 10 weeks in '
Alamitos Bay, Jume 4, 1961, C78), the Atlantic coast (I.:Luder, 194k;
Johnson, 1956b, 1958a; Gold, 1959), Great Britain (Wilson 1951, 195k,

1956), Germany (EShnk, 1955, 1956}, Sweden (Gustafsson and Fries, 1956).
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This species generally occurs on fine twigs of small shrubs submerged
in the shallows of the Salton Sea. .me perithecia are embedded if
developed before removal from the vater, and usually superficial if
developed in the moist chambers. Perithecia are gemerally 180-200 n in
dfapeter, dark brown or black, and erbedded with a léng neck protruding
through the slime layer covering the wvood.

The asci, observed in §98, were cylindrical rather than clavate as
reported by Johnson & Sparrow (1961), and ranged from 149-185 x 10.4-
16.5 1 (® L77 x 13.2 n). Prior to deuquescencé of the asci the spores
are vacuolate. The end cells are usually not ditterentiéted into
hyali;ne caps until shortly before ascus deliquescence.- The spores in
598 ranged from 141-20 x 2.2-4.8 n (% = 176 x 3.5 p) and in 523 they
ranged from 149-188 x 1.7-3.% u (£ = 171 x 2.7 p)- The end cells were
hyaline, conical, exceedingly adhesive and in S98 ranged from 7-13.1 u

(x = 9.0 n) in length.

CERIOSPOROPSIS Linder
Farlowia 1l: %08, 1544,

Stromatic(?); perithecia innate or superficial, light brown or
reddish brown to black, ususlly gregarious, collapsing on drying;
paraphyses Aabsent; ascl clavate, 8-spored, multiseriaie deliquescent;
' ascospores hyaline, 2-celled, with deliquescent, terminal gelatinous

appendages.

ISome of the ascospores were longer théuﬁ the longest ascus ceasured.
In this case it is probably due to the small sacple of asci measured but
it may also be due to eleongation of the ascospores after deligquescence of
the asci.
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CERIOSPOROPSIS HALIMA Linder
Farlowia 1: L0g. 19Lk.
Perithecia usually innate, occasionally superficial, reddish brown
to black, globose to subglobose or océasiqnally elongate, membranous,
160-500 u diam.; neck long, sometimeé branched; asci clavate to elipsoidal,.
bitunicate, 56-90 x l4-26 n; ascospores 1k.5-40.0 x 6.8-1L4.0 u; constricted
at the median septum, elipsoidal to oval, at least one large guttule in

each cell; hyaline appendages of variable length and diameter.

Specimens examined: CALTFORNIA: on Tamarix aphylla wood submerged

in the Salton Sea, March 12, 1961, Sl4, 519, S31, S37.

Ceriosporopsis balima is one of the most common fungi found in

marine habimts , and it has been collected in waters of the United States,
Canada, Australia, Denmerk, Germany, Great Britain, Italy, and Sicily ‘
(Johnson & Sparrovw 1961). In the Salton Sea, C. halima was collected
only during March. 'rhough many wood samples were conected during

supmer and winter, this organism did not appear. It is possible that
high summer temperatures of the Salton Sea bhave an adverse effect on

this organism.

The perithecia (fig. 2a) of the Salton Sea material were reddish
brown, gregarious, and in most cases partially innate. They were, with-
o{rt exception, globose, ranging from 172 to 259 u in diameter. The peri-
thecia were easily recognizé&. under the di;s'ecting microscope because of
their color and thin membranous wall, Asci (fig. 28) were eliptical,
clavate or occasi‘onally subcylindrical, 56-89 x 14-22 m. The ectoascus
appeared to have broken down irregularly in éeveral cases, and the spores

were contained in the endoascus. After deliquescence of the asci, the
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spores may be observed passing rapidly out of the ostiole into the sur=
rounding salt vater. The spores appear to pass through the ostiocle one
a£ a time and tend to move to the surface of the water and float, unless
caught by currents.

As repc;rted by Johnson (1958b), ascospores of C. halima are surrounded
by a sheath of protoplasm (fig. 2c) from the ascus immedi&tely after re-
lease from the ascus. This sheath appears to dissolve after a time and
is not present in spores found about an older perithecium (fig. 2d,-e).

In the Salton Sea material, the sheath covers nof only the spore but in-
cludes about half of the appendage so that the wall of the spore appears
to continue beyond the spore and 1nc;lude the appendage.

Two distinct sizes of spores were found in the Salton Sea, small
spores (Slb, 537) which measured 14.5-23.5 x 5.2-8.3 p (X = 20.3 x 6.8 p),
and normal-sized spores (S19, S31), measuring 16.9-33.8 x 7.1-10.T p
(X = 25.8 x 8.7 u). The smaller spores are considerably smaller than
those reported for C. M_ from marine habitats. The appendages of
the small spores are 4.k-14.8 x 1.7-3.5 u (fig. 2d), *hose of the larger
spores are less distinct but shorter and broader, 4.0-10.4 x 3.5-5.1 n
and taper slightly. All spbres bear a distinct of.l droplet in each cell.

Linder (19L44) reported Helicoma salinum Linder as the imperfect
stage of C. halima. In numerous attempts to obtain the perfect stage
from the imperfect stage, or to obtain the imperfect stage from the
perréct stage, I, like other mveétigators (Meyers 1957, Kohlmeyer,
1960), have been unsuccessful. Johnson & Sparrow (1961}, who accept
the relationship, base their opinion on cultural chax:acteristics other
than spore production. Although C. halima is fairly common in the Salton
Sea during the spring, H. salinum has not been collected there, as would

have been expected if it were in fact the imperfect stage of C. halima.



Pig. 2. Ceriosporopsis balima Linder. a. Mature ruptured perithecium.
X 145. b, Ascus just prior to deliquescence. X 1000. c. Appendaged .
“spore ensheathed in slime. X 1000. d. Appendaged ascospores (short-
“spored form). X 1000. e. Ascospore of long-spored form. X 1000.
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PERITRICHOSPORA Linder

- Farlowia 1l: 4lb, 19k,

Konstromatic; perithecia imnate to superficial, shiny black,
solitary or, more usually, gregarious, globose, carbonacecus to sub-
carbonaceous; paraphyses abéent; asci broadly fusiform, occasionally .
fusiform or clavate, S-spored, deliquescent; ascospores hyaline, 1-5-
3ep£ate,_ fusoid-elipsoldal; te;-minal appendages hyaline, rigid or
rarely flexuous, _siugle or in tufts; lateral appendages bristle-like,

pumerous, attached at or near the median septum.

FERTTRICHOSPORA INTEGRA Linder
Parlowia 1:bll, 194k,

Perithecfia usually superficial or partially innate, black, carbone
aceous, rarely sub-carbonaceous, 200-400 p diam., base flat and flared;
neck papilliform, rarely long cylindrical, ceniric; paraphyses absent;
asci broadly fusoid, usually apiculate , deliquescent; ascospores fusoid
tb elipsoidal, l-septate, constricted at the septum, l-seversl gut:tules
per cell, 21-53 x 6-12 u (excluding appendages), terminal appendages
single, rigid or rarely flexuous, 1‘_0-11& x 1-1.5 p3 laterai appendages

attached on either side of the median septum.

Specimens examined: CALIFORNIA: on Tamarix aphylla wood subzerged

in the Salton Sea, March 12, 1961, 526, §29.

Peritrichospora integra is one of the most common and widespread

of all fungi in the oceans. It is found in both tropical and northern
wvaters. Records include Bawaii (on driftwood inside the reef at Kaaawa,

Oehu, August 26, 1961, H26, on driftwood in surf at Moloaa, Kaual, Sep-

tember 1, 1961, H3L.), the west coast of the United States (Kohlmeyer,
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1960, also on Pseudotsuga menziezii panel subrerged in Alamitos Bay,

California, February 26, 1961, CST), the Atlantic coast of the United
" States (Johnson; 1956b), Germany (EShnk, 1954a,b), Great Britain (wilson,
1951, 1956; Jones, 1962) and Sicily (Kéhlmeyer, 1958a,b).

In the Salton Sea material, perithecia of P. integra develop on
'ramarix‘vood after incubation for a periocd of two to three weeks. m'
perithecia develop superficially on shells of barnmacles and in the
laboratory on walls of the glass moist chambers. Additional fruiting
bodies develop on the wood and project through the surface slime. Other
investigators have reported it fruiting on variocus calcareous materials
such as teredo burrow linings and Bryozoan exoskeletons as well as sand

grains (HBhnk, 195%; Meyers, 195T; Kohlme,;,'er, 1960). .

Mature perithecia have not been produced in test-tube ctﬂ.iure in
those isolates I have studied, but when they are transferred to petri
Qishes prolific fruiting occurs on the glass walls and on the surface
of the medium after three to five weeks of incubation. »

’ The perithecia {fig. 3a-b) of the Saltan Sea material are globose
and carbonaceous, bave papilliform necks, and are 157-362 x 141-291 n
(average 2"{’{ x 242 p). The elongate or branched necks reported by
Meyers (1957) vefe not observed. Hembranous‘ vails of perithecia also
reported by Meyers did not occur in mature fructifications.

Peritrichospora integra tends to frult on wood in association with

'othgr fungi. In collections from California and British Columbia marine

stations the perithecia often have been— encountered developing among

those of Lulworthia floridana or L. opaca. In the Salton Sea the peri-

thecia often develop among the pseudothecia of Leptosphaeria orae-maris

Linder. Within the scope of my observations, it is unusual for the



25

perithecia of two species of salt water fungl ‘to develop intermingled.

Unlike other marine Pyremocycetes, the perithecia of P. integra
becoue shiny black long before they reach full size. An apparently
mature Ascocar:p may not have begun to produce ascus initials.

Asci. begin development at the base and toward the sides of the
young ascocarp. They are, at first, clavate and become fusoid with a
distirct apiculus (fig. 3c-d). At maturity they are broadly fusiform
and, in the Salton Sea material, the apiculus appears to be present
until deliquescence. »

Ascospore development is as described by Johnson & Sparrow {1961).
The ascospores are usually elipsoidal at ascus deliquescence and appesr
to elongate and become fusoid. Pseudosepta, as described by Linder
(19%&) are visible in older spores. The wall of the spore is often
slightly constricted at the pseudoseptum. The ascospores (fig. 3e) of
the Salton Sea specimens are 21.8-30.k x 7.0-9.6 u (X = 26.3 x 8.1 p).
The terminal appendages are usually stife » 8.0-23.1 x 0.9-1.3 p
(% = 12.5 x 1.1 p). Lateral appendages are hair-like, flexuous or
rigid, 5.2-15.7 p.

In culture, the aerial vegetative mycelium of P. integra is light
grey in mass. The mycelium developing in the agar varies from dark grey
to black depending on the isolate and the medium used. Peritrichospora
integra grows well on SSwa, YpSs, MeYe, and PDA. The vegetative 7
* mycelium develops in rope-like gtrands or fans of parallel hyphae {fig.
3f) as well as in an irregular branching manner. The irregular hyphae
often become divided into short cells which swell and produce guttulate
chlamydospores which become darkened in age. Among t".-h’e vegetative

hyphae nurerous perithecial initials are produced. In test;-tube culture,
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Fis. 3. Peritrichospora integra Linder. a. Perithecium showing
b 4 ed base. X 145. b. perithecium showing papillate ostiolum.
X 145. c-d. Asci at various stages of development. X 620. e. Mature
pore. X 1000. f. Portion of mycelial mat from culture. X 620.
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these do not attain the stage where asci are produced, although a well

developed membranous perithecial wall may be formed. -

HALOGPHAERIA Linder
Parlowia 1: h12. 1g9k2.

Nonstroratic(?1); peritheéia innate or superficial, gregarious,
black, usually ovoid, membranous, neck variable; paraphyseé absent,
paraphysoids rare; asci clavate to irregularly fusiform; usually 8-spored,
occasionally 2~ or lb-s;péred, deliquescent; ascospores hyaline 2-h-celled,
vall constricted, at least at the 'med.tan septum, éupsoid to fusiform,
each cell with at least one large vacuole, apices with a gelatinous cap

or appendage, lateral appendages are attached at the median septum.

- BALOSPHAERIA MEDIOSETIGERA Cribb & Cribb .
Papers Univ. Queensland Dept. Botany 3 (12): lxoo. 1956.
Perithecia globose to elipsoidal, usually dark brown or black,
240-850 x 140-623 p; paraphysoids absent; asci clavate to fusiform,
unitunicate, deliquescent, 62.3-161 x 20-48 p; ascospores usually fusl-
form, 2-k-celled, apices with hyaline caps, 18;1&5 x 7-21 p; equatorial
- appendages lunate, attached laterally, up to 33 x 1 p, occasionally

bristle-like and singly inserted at the septum.

Specimens examined: CALIFORNIA: on Tamarix aphylla wood submerged

in the Salton Sea, March 12, 1961, $20, S21, S32, S35; June 24, 1961, sho.

Balosphaeria mediosetigera has been reported from marine locations

in Australia, California, North Carolina, Virginia, and the Black Sea

(Johnson & Sparrow, 1961)., In the Salton Sea it grows on Tagarix wood
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which is heavily encrusted with barnacles (Balanus amphitrite Darwin)..

Pructifications are commonly found under the shells and may orien be
observed after the heavy encx;ﬁstation is removed. This specles appar-
ently does not have high oxygén requireménts because of its occurrence
under barnacles and in wood wl;ich is deeply submerged.

The peri{:hecia observed on removal from the Salton Sea weres always
embedded in the wood and their large size often prevented removal in
mfactv condition. Perithecia (fig. la) are capable of developing super=-
ficially in molst chambers and it is probable that they. alsp occur
luperﬁcially' at times in nature. When théy develop superficially or
in slime the venter is usually globose with a neck about one half the
diametei' of the venter. The dlamete;: of the venter in supe'rficial
peritﬁecia ranges from 228-432 p. .

When perit'heci,a which develop under barnacle shglls are allowed to
incubate in moist chambers they ortén are able to break through the base
of the shell for release of spores. This phenomenon has also been ob-

served in Antennospora quadricornuta (Cribb & Cribb) Jobnson & Sparrow

(1961) and Didymosamarospora euryhalima Johnson & Gold (1957) iﬁ collections
from Hawail. |

The asci of H. mediosetigera deliquesce very soon after the spores
are formed, before many of the spores have laid down a median septum.
When young, the ascl are broadly and irregularly clavate and the ascus
wall is closely adherent to the enclosed ascospores. " Just px;ior to
deliquescence the asci enlarge and become very ﬁhin walled (fig. Ub-c).
They appear to be stalked and apiculate. The wall of the apiculhs is
slightly thicker than the wall bounding the rest of the ascus. At t-his

stage the six to eight spores are loosely arranged in the ascus ina
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Pig. 4, Halosphaeria mediosetigera Cribb & Cribb. a Perithecium

shich vas produced superficially in culture. X 82. b-c. Asci Just
prior to deliquescence. X 620, d. Mature ascospore. X 1000. e.
Ascospore with inverted hyaline cap. X 2330.
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bi- or multi-serriate fashion. The few asci observed ranged fronm
62,3-69.6 x 21.8-23.1 ju, which is very much smaller than the measure-
ments reported by Johnson & Sparrow (1961) <= 106-181 x 20-48 p.
Kohlmeyer (1960) reported asci §2-108 x 24-30 p. At deliguescence
the ascus wall breaxs down irregularly and releases the spores.

" The ascospores (fig. kd) are non-septate or l-septate when re-
leased from the asci. When they become l-septate a distinct constric-
tion at the median septum is observed. As the spores continue to
elongate, the constriction very often disappears and it is d.if_ﬁcult
to find a spore with constrictions in an older perithecium. The spore
.appendage's of the Salton Sea organism are always lunate in strﬁcture
and. attached laterally. None of the singly inser:l:éd. appendages re-
ported bi Johnson (1958a) were cbserved. Apical gelatinous caps
(fig. le), in many cases inverted, were observed in water mounts and

stained preparations, clearly confirming Kohlmeyer's observations (1960).

A¥PHISPHAERIA Cesati & de Notaris
Comment. Soc. Cryptoéam. Ital; L(4): k9. 1863.
Nonstromatic; ascocarp superficial or partially innate, black,
globose, carbonacecus; neck conical, wart-like; conoidal, of ovoid;
paraphyses present; asci cylindrical to clavate, 8-spored persistent or
absent; ascospores dark, ovoid, elipsoidal to oblong, ends rounded or

acuninate,

Aophisphaeria verruculosa sp. nov.
Pungus pseudotheciis superficialibus vel subinnatis, conoideis,

globosis, vel ovoideis, 110-197 x 86-1kl m; collo nullo vel breve et
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variabile; pseudo-paraphysiris simplicibus vel ramosis, brevi ten:porer
deliquescentibus; ascis cylindricis, bitunicatis, 67.3-115.7 x
6.2-10.7 (% = 89.3 x 8,0); ascosporiis stramineis, 2-cellatis, ad septum
leviter constrictis, verrunculosis, elipsoidalis vel oblongo-
ellipsoidalis, saepe leviter flectis, extremis rotundatis, 7.8-14.% x 3.7-
8.3 nu (X = 11.3 x 5.7 1),

Pseudothecia superficial or partially innate, conical or globose
to ovoid, 110-197' x‘ 86~141 p; neck absent or short and variable, pseudo-
paraphyses simplé or branched, early deliguescent; asci cylindrica],;
bitunicate, 67.3-115.7 x 6.2-10.7 n (X = 89.3 x 8.0 #); ascéspores
yéllaw-brovn, 2-celled, slightly constricted at ‘the septuh, verruculose,
elipsoidsl to oblong-elipsoidal, often slightly curved, ends rounded,

7.8-1h.4 x 3.7-8.3 u (X = 11.3 x 5.7 n).

Holotype: CALIFORNIA: on wood of Tamarix aphylla submerged in the
Salton Sea, June 2U,,1961, RSA 26. Traasfers of this holotype are

deposited at RSA, ATCC, CMI, and CES.

Arphisphaeria verruculosa and A, maritima Linder (19’#&) both have
bitunicate asci and are therefore only tentatively retained in

Amphisphaeria. Kohlmeyer (1960) transferred A. maritima to Microthelia,

a genus of lichen fungi, on the basis of similarities in ascocarp and
asci. Johnson & Sparrow (1961), however, argue that transfer of a non-
lichen fungus into a lichen genus is unwarranted' until a thorough study
of the relationships is undertaken. I agree thaf. , for the present, A.
mparitima and A. verruculosa should probably be retained in Amphisphaeria.
Acphisphaeria verruculosa has been studied on the matural substrate

and in pure culture where it fruits abundantljr.
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The pseudothecia of A. verruculosa develop superficially or in the
softened surface fibres of submerged Tamarix wood. They are mostly
vithout necks, conical, and profusely cover the wood. nghisghaeria
 yerruculosa also fruits prolifically on SSwa, Swa, YpSs, and PDA, but
not on MeYe,

In culture, the pseudothecia formed near the margins are sparse,
vith globose ventex‘sAand often a well-formed centric neck (ti_g. Sf;
fig. 6b). In the older rcgions of the colony they are produced in
clusters which eventually fuse and present & solid mass. These pseudo-
thecia usually lack necks (fig. 66) , and when necks are present they
are either aborted or eccentric.

Pseudothecia appear to be initiated when the short cells of a
filament swell up, divide, and send out numerous branches (tig. Se).
Whether or not this is preceded by hyphal fusions is not known. HyphalA
fusions are, however, exceedingly common in the vegetative mycelium,

At one end of the complex of cells and branches a small knot of cells
begins as a lateral branch and surrounds the maiix hypha (fig. Se); this

resesbles the pseudothecial initial in Sporomia bipartis Cane (Page,

1939). Further developmezit of the pseudoparenchymatous ball of cells
eventually envelops the perithecial initials and developsl into the
mature perithecium. »

Pseudoparaphyses are present only in immature ascocarps (rig. 5g;
fig. 6¢c) and soon deliquesce, The innAmture‘asci are at first clavate
vith granular cytoplasm (fig. S5h; fig. 6c) then they become cylindrical
and have an extremely thick wall (fig. 5i; fig. 6d) characteristic of
young bitunicate asci.‘ As _the asci mature, the centrai cavity becomes

enlarged and causes the ascus to become more club-shaped (fig. 5j-1;
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“Fig. 5. Amphisphaeria verruculosa sp. NoOv. a-d. Stages in production
of chlamydospores froc vegetative mycelium. €. Pseudothecial initial.
_L. ¥ature pseudothecium from culture. g. Pseudoparaphyses. h-1l. Stages
_Jf maturation of asci. m. Mature ascus in which the ectoascus has

‘fn;ptured and the endoascus has extended. n. Mature ascospores. -
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a. Immature pseudothecium

Fig. 6. hisphaeria verruculosa sp. Dov.
Tacking a neck. X 310. D. Mature perithecium. X 310. ¢. Pseudoparaphyses

_and young asci with granular cytoplasm and a thin wall. X 1000. 4.
_Imature ascus which has developed & thick wall. X 1000.







Mg. 7. hisphaeria verruculosa sp. nov. a, Thick-walled immature
ascus. X 100Q. b. Slightly immature ascus. X 1000, c¢. Ascus with
extended endoascus. X 620. 4. Ruptured ectoascus with central thickened
cytoplasmic strand. X 2330. e-f. Mature ascospores. X 2330. g. Surface
warkings of ascospores. X 2330. h. Chlamydospore chain. X 2330. -
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fig. Ta-b). At m‘f;u.rity the spores are usually biseriate (fig. Sk-m;
£ig. Tc), occasionally uniseriate (rig. Tb), and are joined to one
another and to the base and apex of the ascus by a thick strand of
cytoplasam (fig. 5m; fig. Tc-d). Thé ectoascus splits circumscissilely
about tvo-thirdé the distance up the ascus and the endoascus elongates
slowly or rapidly depepding on whether or not the ascus is completely
mature (fig. Sm; fig. Tc-d). The ectoascus of immature asci will rupture
wvhen the pseudothecium is broken open in distilled water and the endoascus
elongates glowly. The ectoascus cap remains on the tip of the endoascus
and begins to deliquesce or may be forced off with the equnéion of the
endoascus. The basal portion of the ectoascus usually constric_ts fhe
endoascus which tends to bulge above it. The ectoascus appears to
deliquesce gfter three to four minutes in water. The apex of the endo-~
ascus deliquesces and the spores are I:eleased through the opening formed,

The yellow-brown ascospores are usually 2-celled (tig. 5n; rig. Te-t),
l;mt occasionally l-celled. The spores are covered with fine warts,
generally vlsibie only under oil immersion (fig. 7g). Aberrant épores
vith large warts over the surface of the unequally enlarged cells are
occasionally produced. '

In culture the vegetative mycelium is composed of relatively straight
branching Vhy-pbae. In age the mycelium s converted into hyaline chains
of chlamydospores which eventually become fuscous and guttulate {fig. Sa<d; 7
£ig. Th).

LEPTOSPHAERIA Cesati & de Notaris emend. Saccardo
Sylloge Fugorum 2: 13, 1883.
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" Stromatic; pseudothecia innate, sometimes superficial, usually |
ophseriéal, coriaceous té carbonaceous or membranous, deck papiniform
or lacking; paraphyses present, asci variably cylind.rica.l to saccate,
four or eight spored, persistent, ascospores pigmented yellow, olivaceous

to brown, 2--several-celled,

I.BPNSPHABRIA ORAE-MARIS Linder
Farlowia 1: 113, 19151&
Pseudothecia innate or sometimes superficial, usually gregarious,
‘broadly ovoid or sub-globose, carbonaceous, 100-395 u dian.; paraphyses
- hyaline, simple, occasionally branched, the apex usually clavate, slightly
exceeding the height of the asci, 1-2 n diam.; asci usually clavate,
rarely cylindrical, bitunicate, 58-120 x 6,2-12 n; ascospores brown,
l-septate, distal cell longer than proximal cell, tardily 3-septate,
conspicuously constricted at the median septum, wall verruculose, 15.1-

32.0 x 3.9-0 M.

Specimens examined: CALIFORNIA: on Tamarix agglla submerged in

the Salton Sea, Decenmber 26, 1960, S1; March 12, 1961, 815, 817, _g,
528, s_22, §33; June 24, 1961, sus, 59, s61, S72, July 20, 1961, s81.

WASHINGTON: on driftwood in False Bay, San Juan Island, December 5,

1959, Kohlmeyer 176.

Leptoéphaeria orae-maris has been reported from various marine

locations in North America and Europe, including Haéhington, Texas,
Florida, Rorth Carolina, Belgium, Sicily (Johnson & Sparrow, 1961),
and Great Britain (Jones, 1962). It is the most common pyrenomycete
in the Salton Sea and occurs as masses of black pseudothecia covering

the exposed wood of flooded trees near the surface of the water., The
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oxygen requirement of this organism apparently is rather high since it
is rarely found on wood submerged more than one foot. In this habitat,
1ts pseudothecia range from 200-350 u (% = 285 ) in diameter.

‘This 1s laréer than reported in Linder's original description
{Barghoorn and Linder, 1944) but comparable with pseudothecial sizes
reported by Jones {1962). Pseudothecia are often superficial on wood,
but this may be due to the erosion of the surrounding fibérs.

Young asci have an extremely thick wall (fig. 8a) and at maturity
(£1g. 8b) appear to be bitunicate; however, a distinct double wall was
not observed. Mature asci are clm@te, bear eight distichous or uni-
seriate spores, and range from $0-100 x 6.2-8.9 p. Occasional foure-
spored ascl were oﬁserved. Paraphyses are abundant and persistent
(tig. 8c). Ascospores are ususlly two-celled (fig. 84) and a rich brown.
Pour-celled ascospores (fig. 8e,h) are rarely observed inside asci, but
the condition is often noted in released spores, particularly in cirri
produced in moist chambers. Occasional unicellular ascosp;res (£ig. 8f)
are produced, These spores are globose to eliptical gnd appear darker
in color than other ascospores. Normal ascbspores éré 15-22.6 x 3.9-5.2 n»
(% = 17.7 x 4.6 p). These measurements are coﬁsiderably less than re-
ported for this organism from marine locations (Jones, 1962). However,

comparison of L. orae-maris from the Salton Sea with Kohlmeyer 176,
which has larger spores (Kohlmeyer, 1960), indicates that it is the

same organism. The walls of ali spores observed were ‘covered with very
fine warts (fig. 8g). This condition is especially noticeable in the
immature spores and readily serves to separate the two-celled ascospores

of this organism from the smooth ones of Amphisphaeria maritima. The

spores of L. orae-maris adhere tenaciously to objects around the fructi-

fications, such as the walls of hyphae (fig. 8h). Observation in



Pig. 8. leptosphaeria orae-maris Linder. a. Young ascus with thick
wall, X 620. b. Mature ascus. X 620. ¢. Ascus centrum with asci and
paraphyses. X 320. d. Two-celled ascospore. X 2330. e. Four-celled

ascospore, X 2330. f. One-celled ascospores. X 2330. g. Surface
mrkings of ascospores. X 2330. h. Four-celled spore which has adhered
to a byphal strand. X 320.
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India ink mounts indicates that the spores are surrounded by a thin

gelatinous sheath.

PLEGSPORA Rabenhorst
Berb. Mycol., Ed. 2., p. ShT. 1857.

Stromatic; pseudothecium innate or erurpent, globose, elipsoid,
or pyriform, wembranocus, glabrous or tomentose, thin to thick walled;
péeudoparaphyses persistent; asci parrowly to broadly clavate 61'
cylindrical bitunicate, persist;ent; spores yellow-brown to red-brown,

muriform..

PLEOSPORA HERGARUM (Fries) Rabemhorst
» Herb. Mycol., Bd. 2., p. S47. 1857.

Psend.otheciﬁ variable, 100-500 n in diameter, globose, pyriform
or hemispherical, innate, often erurpent, glabrous or siightly
tomentose, neck papillate; ascl biseriate, T0-250 x 20-50 n, 'broad:Ly
clavate or cylindrical, the base claw-shaped; ascospores oblohg to
fusoid, elipsoidal or clavate, T-septate at maturity, more often sym-
metrical than gsymetrical , yellow-brown, 16-50 x 10-20 n, constricted at

the central septum, ends broadly rounded.

Specimen examined: CALIFORNIA: on wood of Tamsrix aphylla sube-
merged in the Saltcn Sea, March 12, 1961, §18.

Pleospora herbarun is a terrestrial specles of world wide distri-

bution which is usually found on leaves and herbaceous or small woody

stems. It bas not been reported as such from a salt water environment,

but Wehmeyer (1951) considers that the descriptions and figures of both
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Pleospora larinariana Suth. (1916) and P. pelvetiae Suth, (1915) repre-

sent forms of P. herbarum. The types of both of Sutherlaﬁ_d's species
apparently have been lost (J .“G. Manners, pers. comm.). Johnson {(1956a)
considered his Pleospora pelagica to belong in the P. herbarum series,
but Webmeyer (1961), on the basis of Johnson's figures, felt that the
species is closer to P. heleocharidis Karst.
_ The specimen cbtained from the Salton Sea was examined within
twenty-four hours and mature fruiting bodies were found; this discounts
. the péssibility of secondary contamination. On.ly a few fruiting bodies
were examined because the organism failed to develop further in the .
‘moist chamber. The ;;seudothecia were globose or slightly flattened,
carbonaceous, superficial (probably by irashing away of surrounding
fibres) or innate, 393-432 x LOO-4TL p. The asci were T1-13% x 20;39.)1
(% = 96 x 27 n), oblong when immature (fig. 9a), cylindrical at ‘ﬁtuity,
and bore four to eight spores in a biseriate fashion (fig. gb-c). The
spores (fig. 9b,e) were 16.0-33.8 x 10.7-15.1 p (X = 26.3 x 12.9 p),
with five to seven transverse septa. In many asci-the spores were

sborted though the asci appeared normal in all other respects (fig. od).



Fig. 9. Pleospora herbarum (Fries) Rabenhorst. a. Immature ascus.
X 620. b. Mature ascus with eight spores. X 620. c¢. Slightly
immature ascus with four spores, X 620, d. Ascus with aborted
ascospores. X 620, e, Mature ascospore. X 1000, -
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Fungl Imperfecti

BOTRYOTRICEUM Sacc. & March. emend. Downing
Kycologla 45: 937. 1953. .

Vegetative mycelium hyaline, decumbent, usually producing unbranched,
septate, upx"ight, gray to brown sterile hairs; aleuriophores hyal;ne ) v
branched, usually short, producing a cluster of aleuriospores; aleurio-
spores hyaline, l-cei].ed,} globose, Phialides short, hyaline, producing

l-celled phialospores in chains,

BOTRYOTRICHUM PILULIFERUM Sacc. & March. erend. Downing
Mycologia 45: 937. 1953 )
Sterile hairs borne on decumbent aerial hyphae, rough, 180-240 x
2.8-3.9 p; aleuriophores 4.6 x 12-30 u; aleuriospores 10-21 B in diam.,
A walls 1-3.5 u thick, surrounded by a hyaline merbrane which ruptures
to glve the spore a roughened appearance; phialides 20-22 x 2.8-3.3 p;
phialospores 2.8-4.2 x 1.4-2.8 p, sometimes forming a head due to the

production of slime.

Specimen examined: CALIFORRIA: on Tamarix aphylls wood submerged

in the Salton Sea, June 24, 1961, §53.

An unusual isotate of Botryotrichum piluliferum, characterized by

the absence of sterile hairs and phialospores, was obtaiped from &
branch of Tamarix wood submerged in the Salton Sea. The fertile hyphae
are often highly branched, 4-6 u in diampeter (fig. 10g,h), and produce

only aleuriospores when the organism is grows on YpSs, MeYe, SSwa, or

PDA. Aleuriospores are 5.9-20.2 u (% = 13.9 p) in diameter (fig. 101).



Pig. 10. Sc:gulariogsis sp. a-d. Development of synnemata, e. Conidia.
£. Development of conidia. Botryotrichum piluliferum Saccardo and
Marchal emend. Downing. g. Conidiophore with immature aleuriospores.

h. Conidiophore with mature aleuriospore. 1i-J. Mature aleuriospores.
Papulaspora halima sp. nov. k. Bulbil privordium. l-m. Hypbal fusioms.
n. Clamp connections.
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Thickness of the vall varies according to the medium on which the organism
is grown. On SSwa the walls are up to 4 u thick, but on YpSs they are
re].atﬁeh, thin, usually about 1 p thick. The fungus grew well on all
ned.ﬁ tested. It is white on all media except YpSs where a tinge of
buff is detectable. '

According to Dowvning (1953) the absence of sterile bairs 1s not
mﬁsml in culture, but she éia.tes that they are invariably found on
the natural substrate. In this case they were not. The absence of
phialospores appears to be a more sérious deviation, but the fact that
they were not observed by Saccardo and Marchal (1885) might suggest
that they are not found in all isolates. In spite of the lack of sterile
bairs and phialospores in this isolate, coﬁzpa.riaon of its aleuriospores
and aleuriophores with those of a typical isolate of Botryotrichum
piluliferum indicates that it simply 1s an a-typicel fornm.

SCOPULARIOPSIS Bainier
Bull. Soc. Mycol. France 23: 98. 1907.

Vegetative mycelium, hyaline, decumbent; fertile hyphae brancheci,
producing a terminal cluster of anne).lophores in a penicillate fashion; i
conidia produced by proliferation through the scar of the previous
'npore, each conidium leaving a scar in successidn; conidia hyaline,

cue-celled, produced in chains; colonies not green.

Scopulariopsis sp.
An unusual species of Scopulariopsis has been isolated from two

samples of Tamarix bark taken from the Salton Sea. The organism produces

abundant synnemata in moist chambers and has been isolated on SSwa.



Fig. 1. Scowiogsis sp. a. Young synnema from original bark sub-
strate. X . Rhizoidal hyphae growing down from synnema. X 1000.

c. Mature conidia. X 2330. d. Annellophores with annellations bearing
conidia. X 2330.
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The complex synnemata developed on the bark are produced from an
enlarged intercalary or terminal cell (fig. 10a,b) of a hypha growing
on the surface of the substratum. This cell produces a single annello-
phore which produces spores terminally. Additional annellophores and
cells subtending them are produced in a penicillate manner from the
enlarged basal cell. Cells produced from the basal cell elongate,
become septate and branch secondarily, in a penicillate fashion, until
8 fairly complex structure is formed (fig. 10c; fig. 11a). Some of
these cells produce branches which grow toward the substratum (rig. l.liw),
penetrate it, and serve to support tue developing structure., Additionsl
branches corticate the synnema in a spiral fashion (£ig. 10d) and
completg the development. The production of conidia is continuous dure
ing the development of the synneuma.

Conidia of this species, like those of other species of Scopulari-
opsis (Hug}ies » 1953), are produced by proliferation thrm;gh the scar
resulting from the release of an anteceé.ent conidium, After the re-
lease of each conidium, an 1rregﬁlar ring-like séar ; termed an annella-
tion, is left behind (fig. 10f). As annellations sre ad@ed, the
annellophore increases in length and becomes roughened (fig. 11d).
Buccessive ‘spores are produced aerially and form dry chains.

The spores (fig. 10e; fig. llc) are hyaline, become slightly
fuscous in age, and are cylindrical to ovate or oval, 3.9-7.1 x
2.6-b.h n (X = 6.1 x 3.3 u). A scar resulting from the release of the
spore is apparent at the proximal énd and occasionally an additional
scar is found at the distal end (fig. 10e; fig. llc).

Scopulariopsis sp. grows well on sSwa, Swa, MeYe, PDA, and CM,

but best growth has been cbtained on YpSs. On Czapeks agar about 0.5cm.
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of growth was produced after incubation for A week, Spoi'u.l.ation was
good on all media tested except Czapekg on which it was extremely
npsrsé.

H.hen the organism was grown in culture, synnemats of the type
described were mot produced, Instead; annellophores were produced in
a penicillate fashion from a stalk consisting of a single hypha. Ho‘w-
ever, the cell producing this stalk was usually an enlarged cell.

Specimens examined: CALIFORNIA: on the bark of Tamarix aphylla

in the Salton Sea, Jume 2k, 1961, $55, S67.

CLAVARIOPSIS De wilde.. emend. Anastasiou
Mycologia 53: 11l. 1961.
Vegetative- hyphae hyaline, decumbent; aleuriophores hyaline,
erect, bra;xchéd or unbranched; aleuriospores byali‘ﬁe, darkening witﬁ
age, provided vith one to four divergent arms with septa at the points

of attachment; basal arm l-septate.

CLAVARIOPSIS BULBOSA Anastasiou
Mycologia 53: 1l. 1961.

Submerged aquétic fungus with branched melium; aleuriophores
septate, bra.nchin.; or unbranched, 10-300 X 3.5 m; aleuriospores
usually with four arms; proximal cell of basal arm bulbous, 10. 5-20.0 x
6.2-10.0 p; distal cell 6.5-10.k x 6.6-13.2 u; divergent arms 1-7
septate, 4-70 x 3.8-8.4 M; catenulate chlamydospores deep olivaceous,
black in age, 2—20 spores forming a rarely branched chain; basal spore

usually long and thin 9-18 x 4-10 u; the others slightly longer than

broad, 10-18.2 x 7-1% u,
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8pecimens examined: CMOMM: on Tamarix aphylla wood submerged
in the Salton Sea, December 26 1960 RSA #19 (holotype); July 20,
1961, 88Y4; December 20, 1961, 5128, HAWAII: on wood submerged in the

Salt Lake, Oahu, August 25, 1961, H6, HY; on waterlogged driftwood in
the surf at Kapaa, Kauai, E43. NORTH CAROLINA: on yellow pine panel
in Neuse River estuary, July 15, 1959, G. C. Hughes III 1178/2/kb,

'CIavarioBsis bulbosa was first isolated from Tamarix wood sube

- merged in the Salton Sea, where it appears to be fairly common. It
 has also been isolated from Salt Lake, Oahu, Hawaii., The salinity of
the surface water in which the specimens were found was 2 °/oo. The
isolates (H6 and H9) vary considerably compared with those from the
S8alton Sea.. Although some of the aleuriospores, produced on wood re-
moved from the lake, bore normal divergent s:;ms (tig. 12b), most of
them consisted of a single arm arising from t;.he bulbous basal cell
(fig. 12a). In some of these spores it is evident that the spore con-
sists of a normal two-celled basal arm with a single "divergent arm"
arising from it (fig. 12g). Every aleuriospore examined bore the dig-
tinctive bulbous basal cell with the characteristic peg where it Qas
attached to the aleuriophore. The spores also differ from the type in
baving deeper constrictions at the septa of the divergent arms (fig. 12a.-b)
In culture, 1solate HS is characterized by the prolific production
of aleuricspores in the older regions of the colonies. The spores con=
sist of a single arm arising out of the basal arm as described above,
The spores, bowever, usually lack constrictions at the septa of the
divergent arms (fig. 12c) Many of the spores produce a single divergent
arm laterally from the distal cell of tl;e basal arm (fig. 12g). Normal

chlamydospores also are produced by this isolate in older regions of the
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culture. The gross appear&nce is essentially the same as the type
(Anastasiou, 1961)
Isolate H9 produces relati‘ve_}.y few aleuriospores in culture, and
"most of those which ha&e been observed are aborted. Many consist of a
~ bulbous basal cell subtending a second, more swollen, cell (fig. 12r).
Chlamydospores are rarely produced in the manner described for the type
isclate (Anastasio.u, 1961). In-H9 they are mainly intercalary in origin
and arise from swollen cells of the vegetative mycelium (fig. l3a)_. The
chlamydospore chains are formed as swol;eﬁ adjacent hyaline celis become
thick-valled and dark in color (£ig. 13b-c). Occastonally, normal chains
are produced mteraiu from swollen intercalary initials. A strikingly

aim.ilar production of chlamydnspores is reported for Cordana pauciseptata

Preuss (Bughes, 1955). - R -

An additional 1solate of C bulbosa, H43, was cbtained from a log
immersed in the surf on the 1sland of Kauai, Hawaii., This is believed
to be the first record of the species from a marine envi_ronx;zént. The
aleuriospores, taken from the original specimen, normally h_ad't.he usual
four arms, but a significant number bore additional arms. The additional
arms resulted, mainly, from the production of arms or primordia from the
bulbous cell of the basal arm (fig. l2d-e). ' The spore in fig. 12e, 1s ‘
remarkably similar in structure to that of Orbiuvces spectabilis Linder
(1944).

In culture, the aleuriospores of H43 are produced abundantly in

the older parts of the colony. They are similar to those produced by
H6, except that strong constrictions often occur at the septa of the
divergent arm (fig. 12h). However, when the culture is partially

 immersed in seawater, normal aleuriosi)ores are produced in abundance.



'!':l.g. 12. . Clevariogsis bulbosa Anastasiou. &-b. Aleuzjiqspdres produced

on moist wood. . "¢, £-h. Abnormal aleuriospores produced in
culture. X 620, d-e. Multi-armed aleuriospores produced on wmoist wood.

. 4, X 620; e, X 310. .
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ig. 13. Clavariopsis bulbosa Anastasiou. a. Bulbous vegetative -
yphae. X B20. b-c. Intercalary chlamydospore chains. X 620.

. Terminal chlamydospore chain from Neuse River material, X 620.
. Aleuriospore from Neuse River materiasl. X 620.
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Catenulate chlamydospores are rare in this isclate, but have been ob-
served. In age, the mycelium becowes ;iark in color but does not appear
to be converted into chlamydospore units deécribed for other isoclates

listed above. )
Clavariopsis bulbosa bas also been collected in the tidal estuary

of the Neuse River, North Carolinpa, at 'a stat_ion where the salinity
varies from O to 15 /oo (G. C. Hughes III, personal communication).

The material available indicates that relstively normal catenulate
chlamydospore chains are produced (fig. 13d), along with aleuriospores
consisting of 3 to 5 arms (fig. 13e). The aleuriospores examined exhibit
the dark pigment often observed in old spores in culture, This dark
pigment has not been observed in aleuriospores produced on the natural
subastrate in other specimens. ‘

The above data indicates that C. bulbosa is variable ﬂth respect
to the nunber of divergent arms on the aleuriospores andithe production
of chlamydospore chains. The characteristic bulbous basal cell attached
to the aleuriophore by a peg-like projection appears to be constant in
all isolates so far examined,

An unsuccessful attempt has been made to obtain the perfect stage
of C. bulbosa by mating isolate§ which were obtained from Hawaii and

the Salton Sea.

FUSARIUM Link N
Diss. II. Mag. d. Ges. naturf. Freund 7: 25, 1809,
Vegef.ative myceliux hyaline or in mass ‘tinged with yellow, pink or

purple; conidiophores hyaline, branched, grouped into sporodochia or



65

single; conidia hyaline, variable, often of two types; macroconidia
several-celled, cross walls distinct, sickle-shaped; microconidia
’ imicellulér,' ovoid to subcylindrical or oblqng, usually produced singly

but voccasionally in chains.

FUSARIUM SOLANI (Mart.) App. & Woll, emend. Snyder & Hansen
Am. J. Botany 28: ThO, 19h1.
’Conidia. thick-walled, O-5-septate, truncate or round at the ends,
- often w.ith a short terminal projection, cream to tan,. or yellow to
» dark green or blﬁz in mss, 8.5-44,5 x 4.2-6.2 pn; chlamydospores ter-
minal or intercalary, hyaline, becoming brown in age, globose to sub-
~ globose or pyriform, 8-16 x 6-10 p.

Specimen examined: CALIFORNIA: on Tamarix aphylla wood submerged
in the Salton Sea, March 11, 1961, S3l.

‘Pusarium solanl appeared as several bluish-green sporodochia in

" . the bacterial slime covering Tamerix wood twigs in a moist chamber two

to three days after they were removed from the Salton Sea.

When cultured on SSwa the organism produces large numbers of
conidia over the surface of the mycelium. In age, bluish-green
sporodochia are prod.uced in the region of inoculatio;x and on bthe agar
adjacent to the wall of the test tube. The spores are 23.1-43.1 n x
3.9-5.2 p (2 = 36 n x 4.5 p) which comes well within the range for the
species. The number of septa ranges from one to five with most orvthe
spores lU-septate, ~

Fusarium solani is a widespread fungus (Gilman, 195T) capable of
living in the soil saprophytically or parasitizing plants, It is re-

ported to have parasitized potatoes (Goss, 1940) and is occasionally
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found on cereal seed (Gordon, 1952). With such wide physiological

capabilities it is not surprising to find this organism able to utilize
the org#n:l.e material available in the Salton ‘Sea. Since it thrives on
88w, there is no question regarding its ability to withstand the high

salt concentration.

STACHYBOTRYS Corda
ZIcones Fungorum husque cognitorum I: 21. 1837.
Memnoniella Hthnel. Centraibl. Bact. II, 60: 16. 1923.
Vegetative hyphae hyaline or darkened in age, decumbent, septate,
branched; phialophores hyaline to dark inm color, erect, septate, bearing
a crown of phialides; phialospores hyaline to brightiy colored or dark,

one-celled, with or without slime.

Memnoniella and Stachybotrys are separated by & single character,

the presence or absence of slime on the spares. Zuck (1946) showed

that isolates of Memnoniella echinata were capable of producing some

spore heads with slime and some spore heads without slime, even from
the same vegetative hypha. As Bisby and Ellis {1949) pointed out, this

distinction between Memnoniella and Stachybotrys is doubtful, and I

therefore considér them to bé synonomous .
Key to the species treated.
A. Phialophores not branching conspicuously....... S. subsimplex

'AA. Phialophores branching conspicucusl¥..essesssss _S_ . atra
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STACHYBQTRYS SUBSIMPLEX Cooke
Grevn.).ea 12: 33. 1883. -
mncphores simple; phialides light brown to black, 6-12 x 4-6 n;
phialospores globose to eliptical, 3-10 x 3-9 p, dark brown to black,

smooth or verrucose,

Speciren examined: CALIFORNIA: on Tamarix aphylla wood submerged
In the Salton Sea, March 12, 1961, s17. '

,ﬁua Man compares raworahly. with Bisby's description of the
, species’ (Bisby, 1943). The measurements of S17 are as follows:

Phialophores: 26.7-62.3 x 2.6-3.5 B (X = 4.8 x 3.1 p) subhyaline,
tapering slightly at the base of the phialides; wall roughened toward
the apex; unbtanched ’

Phin]_ides 8.7-13.5 x 3.5-5.9 n. (X = 10.9 x b. 5 u). Ovate, dark
tovard the apex, in clusters of 4 to 6._ Phialides are generally longer
and thinner than 1s usually found in this specj;es. .

Phialospores: 6.8-9.3 x 3.9-6.5 n (X = 8.3 x 4.8 p) eliptical,
smooth-walled .at first, then rough, dark brown to black.

This orga.nism may be a non-branching form of S. atra since the
lea.surements ot phialides and spores of this isolate agree remarkably

well with those of isolates of Stachybotrys atra from the Salton Sea.
The matn difference between them is the branching habit of the
phialophores in j.solates otber than S17. Howéver, £he measurements of
various stmtms in S1T7 agree more closely with thé description of

8. subsirplex than with S. stra,



STACHYPOTRYS ATRA Corda
Icones Fungorum husque cognitorum I: 21..1837. '
Phialophores branched; p‘t;inl.tdes dark browﬁ, 10-16 x 5-7 ;;;
pt.aialospores 8-12 x 4-9 n, dark olivaceous, brown to black, smooth;
mbéylindriéal to oval when produced by fresh growth, rough, oval to

subglobose when produced by older growth.

Specimens examined: CALIFORNIA: on Tamarix aphylla wood submerged
in the Salton Sea, December 26, 1960, S1, March 12, 1961, S15, 518, 523,

s3.

The measurements of these isclates compare more closely with
those of 8. subsimplex than with S. atra but the highly branching
babit of the phialophores places them in S. atra. The following
measurenents are taken from s1. .

Phialophores: 59-187 x 2.3-3.6 p (% = 103 x 3.1 ). Tapering
slightly, hyaline below, dark toward the apex.. Roughened toward the
apex of the_ older phialophores. Many phialophores branched several
times.

Phialides: 9.6-13.0 x 3.3-5.2 p (X = 11.0 x 4.k p). oOvate, dark
in age, grouped in clusters of 5-8. Phialides are generally shorter
and thinner than is usually found in this species. . .

Bhialospores: 6.1-10.4 x 5.2-f.9 p (X = 8.6 x6.1 p). Sub-
cylindrical and roughened when young, becoming eliptical and eventually.
subglobose and highly roughened in age. . '

Stachybotrys is one of the mofe common salt water rungl-, not only
in salt lakes,v but in marine‘ locations, 'especially from warm water areas-.

It has been encountered regularly in collections from the California

coast and Hawaii,



PERICONIA Tode emend. Mason & Ellis
Mycol. ifa_pers 56: 60. 1953, -
Vegetative mycelium hyaline ox" dark, decumbent; conidiophores light
or dark, usually differentiated into a broad stipe; conidia dark, one-
.celled, globose, smooth or warted, lacking an obvious bilum, produced

in chains acropetally, maturing basipetally or occasionally produced

singly.

Pericoﬁia prolifica sp. nov,

Fungus aquaticus submersus, saprophyticus; mycelio in ligno
immerso, septato, hyalino; cellulis 8.7-26.1 X 1.3-k.% p; conidiophoris
5-200 x 2.5 p, hyalinis, ramosis vel simplicibus, saepe in pustulas
aggregatis; cellulis sporogenis ovatis, hyalinis, levibus, acroéene
productis; conidiis 6.1-20.0 diam., atro-brunneis, levibus, catenulatis.

Bubmerged aquatic fungus, saprophytic, vegetative u;ycelium in
wood, septate, hyaline; cells 8."{-_26;1 x 1.3-k.4 p; conidiophores'
5=200 x 2.5 p; hyaline, branched or unbranched, oftem in pustules;
sporogenous cells ovoid, hyaline, smooth, produced acrogenously;

conidia 6.1-20.0 p diam. (X = 11.5 p), dark brown, smooth, catenulate.

Holotype: CALIFORNIA: on Tararix aphylla wood submerged in the
Salton Sea, December 20, 1961, RSA 3L. Transfers of this holotype

have been deposited at ATCC, CBS, and CMI.

Other specimens examined: HAWAII: on acacia wood submerged in the
8alt Lake, Oahu, August 25, 1961, ES, ﬂ, H8; on driftwood submerged in
the surf, Anini, Kauai, September 1, 1961, H3]; seme, Kapaa, Kauai,
September 1, 1961, Bu3.



In addition to the above, many specimens of P. prolifica were

collected and studied from th»eA Salton Sea where it was the most common
- fungus encountered d.uring this study. Examination of slime from the
surface of immersed material invariably reveals its spores.

The spores usually are produced in dense clusters which often form
mounds on the surface of the substratum. The hyphae at tﬁe base of the
pustules often soften the wood so that the pustules, in time, are
pertially buried in the wood. These pustules enlarée and spread over
the surface of the wood so that the entire wood specimen may be covered
by a mass of brown spores. Chains or clusters or spores may also be
produced from short lateral conidiophores on aerial hyphae (fig. 1l4n).

The spores usually are produced by & hyaline branched conidiophore
which arises from the vegetative mycelium (fig. 1hf; fig. 15e). Conido-
phores often are distinctly swollen and in many cases appear to produce
the sporogenohs cells ‘basipetally (fig. 14 l-m), or only a single spore
may be produced (fig. lig-k). In most cases, however, the sporogenous
cells arise acrogenously, and then miure basipetally and form conidia
(rig. lhg-e; fig. 15a-d). At maturity the conidia are smooth, deep
brown, and each contains a large irregular guttule, As they are dis-
semipated, the chains usually break ﬁp into single spores, but
occasionally a short chain is observed (fig. 15f). Single spores
usually are almost perfect spheres (fig. lhs-v) although varying shapes
also occur (fig. lbo-r).

Periconia prolifica is most similar to P. cambrensis Mason & Ellis

(1953), a terrestrial fungus which grows on dead wood and bark of various
trees, but is distinctly differentiated from it in several ;:héracteristics

aside frowm its habitat:
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~ 1. The conidiophores of P. prolifica are all hyaline and
micrbnemtous; in P, cambrensis the conidiophores ave bro§n and
may be ‘micronemtous or macronematous.
2. Conidial size in P. prolifica is 6-20 u in diam. compared
to 5-8 p in P, cabrensis.
3. The conidiophores of P. prolifica often are produced in
A ,dense pustules or effusely; those of P. cambrensis are always
‘ produced effusely. '
Periéonia prolifica was isolated from several collections and grew

very slowly on SSwa. Slow growth also occurs on YpBs, Meie, PDA, and

. 8wva, The colonies attained about l.2cm.diameter after incubation at
room temperature for two weeks. Good sporulation occurred on all media
tested, A few isolates produced a brown pigment.

The cultures were characterized by a very sparse aerial mycelium
on which conidiophores occurred but were not as abundant as on the
mycelium embedded in the agar. The mass of coﬁidia produced in the
agaf causes the culture to be very dark brown and opaque. Also, the

sparse aerisl mycelium turns light brown in age.

Periconia prolifica has been collected from the Salt Lake on the
island of Oshu, Hawaii, and from ma..rine locations on the island of
Kaual, Bawaii. The specimens from Kauai were taken from waterlogged
driftwood which had become partially embedded in the sand with the
exposed wood pounded by the surf about 30 m. from shore. The specimens
from the Salt Lake were taken in water of 2 ®/oo salinity, The speci-

mens from Hawall agree in detail with the type.
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Pig. 14. Periconia prolifica sp. nov. a-c. Acropetal development of
sporogenous cells. d-e. Basipetal production of conidia. f. Short,
branched conidiophore producing sporogenous cells. g-k. Terminal
production of a single conidium. l-m. Basipetal production of sporo-
genous cells and conidia. a. Aerial branched conidiophore bearing
mature spores, o-r, Atypical conidia. s-v, Typical globose spores.
a-f, scale A; g-v, scale B.







Fig. 15. Periconia prolifica sp. nov. a-b. Acropetal production of
sporogenous cells. X 2330. c-d. Basipetal production of conidia,

X 2330. e. Micropematous-branched conidiophore with sporogenous cells
‘and conidia at various stages of development. X 640. £. Chain of
conidia released from the conidiophore. X 2330.
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ACROSFEIRA Berk. & Broome
Ann. Mag. Nat. Hist. Ser. III, 6: Lk9, 1861.

Vegetative mycelium hyaline or darkening with age; aleuriophores
hyaline or sometimes dark, unbranched; aleuriospores dark, apical,
composed of 1-6 cells, produced from a hooked or coiled initial;
phialophores hyaline, producing one-celled hyaline phialospores in

chains,

In 1861, Berkeley and Broome described Acrospeira mirabilis as &
monotypic genus characterized by a spirhl, éeptate spore primordium in
vhich a single cell eﬁlarges and becomés the functional spore. Wilt-
shire (1938) described an additional species, A. levis, and trgnsférred

Stemphyllium macrosporoidea Berk. and 8. asg_e_.rosmra Cooke & Massee
into Acrospeira. Although A. macrosporoidea Qnd A. asperospora are

similar to A. levis, their spore primordia and mature spores bear little -
resemblance to those of A. mirabilis. Acrospeira levis and A. mirabilis

are gimilar in the shape of their spore primordia, their method of spore ’
mturation and in their phialospores. Although Wiltshire was hesitant

about placing A. macrosporoidea and A. asperospora with A. mirabilis,

be did so on the basis of their respective simflarity to A, levis.

Later, Hughes proposed the genus Monodictys (1958) for a group of dark-
spored imperfect fungl having solitary or clustered conidiophores which
produce dictyospores singly at the apex. In this assemblage he included
A. levis and A. macrosporoidea but, for some unknown reason, did not
pention A. asperospora. Almost simultaneouély with Hughes® publication
of Monodictys, Moore (1958) emended the genus Piricauda on the basis of
his studies of the type species, P. paraguayense (Speg.) Moore (P. uleana

(sacc. & Syd.) Bubik), and shortly thereafter (Moore, 1959) placed
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Monodictys in synonymy with w&@_&;. In 1960, however, Hughes showed
that the long attenuate structure Aattached to the conidium of P.
paraguayense {s an appendage rather than the conidiophore, as was believed
by Moore (1959) and earlier by Bubak (191k4). Viewed in this light ,- it
appears more reasonable to regard P. paraguayense as the sole member of

a genus differentiated from Stemphyllium by' its long appgndage.

Monodictys, on the other hand, does not appear to be clearly distinguished
from other dictyosporous genera, being constituted on such a broad basis

as possibly to include even sporédochial forms. In view of the similarities
between A. levis and A. mirsbilis, therefore, I prefer for the present,

to accept Wiltshire's original disposition of A. levis, retaining it in

Acrospeira.

ERGPEIBA LEVIS Wiltshire
Trans. Brit. H&col. Soc. 2l: 236. 1938.
Vegetativernwcelium hyaline, 3 u diam.; aleurioéhorés short, simple,
or branched; aleuriospores usually globose; divided into 2-6 globose,
smooth-valled cells, provided with an obconical inferior cell, 12-25 x

10-19 p, dark at maturity.

Specimens examined: NETHERLANDS: culture obtained from the

Centraalbureau voor Schimmelcultures, Baarn, 1938, S. P. Wiltshire
(cMx, nolotype); Same, 1962, C. J. Anastasiou (CBS "meel®). CANADA:

on vood of Thuja occidentalis in La Fleche Cave , Point Gatineau, J. K.

Shields (DAOM 64050). CALIFORNIA: on Tamarix aphylla wood submerged
in the Salton Sea, December 26, 1960, Sh; March 12, 1961, S35; December

20, 1961, 5126.
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An organism having many of the characteristics of EC_“’ME levis
has been collected several times from the Salton Sea., As in A. levis,
tbe pores between the cells of the spore are prominent. At least some
of the spores have germination pores in the outer walls., This char-
acter seems to be variable in other isolates of A. levis. Por example,
in DAGM 6L0SO germ pores are found on & very small percentage of the
spores compared with the type. In add.ition to these characters, spore=
cell size and spore size are comparable though +he Salton Sea fungus
tends to form more elongate spores (see Table II). »

Spore development in the Salton Sea isolates is very similar to
that described for the type. As shown in fig. 16a-d, the 'pi-imrdim
may be hook;stnped to begin with and, by septation and enlargement or_
thé d.tstai cells, produce spores guite characteristic of A. levis. On
the other band, the most common type of development is fllustrated 1n
tig. 16e-j. Here a more simple type of development occurs in which
additional lateral cells are produced by longitudinal division of young
spore cells. This gives rise to typical dictyospores (fig. 16 1,h,q;
fig. 17e) or more often to three-célled spores (fig. 16m; fig. l;fb,c).
Three-celled spores 'resulting from & hooked primordium appear aé in
fig. 160.

The conidiophores of both the_ Salton Sea organisms and A. levis
remain attached to the spores after these are reléased. \

The fungus from the Salton Sea differs from the typ’e"isolate by
producing dictyospores which have the cells very strongly constricted
at the septum (fig. 16k-p; fig. 1Ta-e). The spores of all observed
isclates of A. levis are very ‘compa.ct at maturity and are very uniform

in appearance. The spores of the Salton Sea oi-ganism are extremely



Pig. 16. Acrospeira levis Wiltshire. a-d. Development of conidia
from a hook-sbaped primordium, e-j. Normal conidial development.
k-q. Typical conidia, .






Pig. 17. Acrospeira levis Wiltshire. a. Elongate conidia on
conidiophores and subiending hyphae. X 1000, b-d. Caonidia
produced aerially on wood in a moist chamber. X 2330. e.
Conidia produced embedded in submerged woed. X 10QQ.






TABLE II

A Comparison of Spore-cell Size and Spore Size

of Acrospeira levis from the Salton Sea

and Three Terrestrial Strains

-
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—
Spore Size (u) T ﬁﬁz‘;

Range Average Range Average
Type (CMI) 12.5-20.5 15.1(dtam.)  8.9-12.5 10.%
DAOM 64050 12.5-22.3 17.1(diam.) 7,7-16.6 13.9

CBS ("peel") 14.2-24.0 19.4(diam.)  8.9-20.5 13.2
835 12.2-35.7 x 8.7-17.4 17.8 x 12.0  T7.0-11.3 9,1
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variable vhen produced on aerial mycelium, very. often forming chains

of cells five to six or more cells in length (fig. 17a,d). Onm the

other hand, many of the spores consist of one or two cells (fig. 164,3).

In addition to these differences, S35 did not produce phialospores.
When produced on immersed wood, the spores are embedded (tig. 17e)

_ {as in Contortospira varia) and are disseminated as the softened surface

fibres are washed away. Spores produced between the fibres and in the
lumens of wood cells are almost always three- or four-celled (tig. 1Te)

and appear to have been produced from hooked primordia.

ALTERNARTA Nees emend. Wiltshire
. " trans. Brit. Mycol. Soc. 18: 135. 1933.

. Vegetative mycelium hyaline or dark, decumbent; i:onid.i.ophores
dark, e;_'ect, simple or branched, single or in groups, septate, producing
conidia terminally and proliferating laterally to the conidial scar;
conidia dark, muriform, smooth or warty, typicaily obclavate; spore
body oval or irregularly oval witi) rounded base and often a beaked
apex; at least some of the conidia borne in chains.

Key to the species treated.
A. Conidia 25-T3 X 14-36 Peucecaccecsceccccessesvess A, radicina

AR, Conidia 10-50 X S-1¥ Jueeeeeecesssensecnsesseesss Au tenuls”

ALTERNARIA RADICINA Meler, Drechsler, & Eddy
Phytopath. 12: 164, 1922,
Vegetative mycelium dark, 2.5-7.0 u diam.; conidiophores dark

brown; conidia produced in long chains, smooth, 25-73 x 1436 p,
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3-8 transverse septa and a single longitud;ml septun dividing some
or all of the cells, beak well or poorly developed,

Specimen examined: CALIFORNTIA: On Tamarix aphylla wood submerged
in the Salton Sea, June 2k, 1961, si6.

The only large-spored species of Alterparia encountered 1:} the
Salton Sea was A. radjicina., & common geed-borpe soil fungus, Its
spore size, 26.7-71.2 x 1k.2.35 6 Nn(R=sl1y 4 25.6 p) coupares well
vith measurements reported by Groves and Skolke {1944),

Alternaria radicina grows well on 55va and Swa, The isolate

abundant aerial mycelium,

 ALTERNARIA TRNUIS Nees emend. Neergaard
In Danish Species aof Alternaria and Steaphyllium, p, 134, 1945,
Vegetative mycelium @k; conidiophores brown, short, septate,
olivaceous, 3-6 B dism,; comdia in short.- or 1ong‘cba1ns, smooth or
varty, 3.5 cross walls, olive brown to dark brown, obclavate, with
or without short beaks, 10-50 x 5-14 p,

Specimens examined: CALIFORNIA: on Tamarix aphylla wood submerged
in the Salton Sea, December 26, 1960, s1, 82, 512; March 12, 1961, 518,

=1, sp.

Alternaria tenuis, como_nly develo_ped on wood removed from the
Salton §ea, produces the long chaing of spores characteristic of the
species as circumscribed by Neergaard (191¢5). It also has been

reported from marine ang estuarine locationg by Siepmann (1959a,b)

and Siepmann apg Johnson (1960),



Some variation in spore size among the specimens examined was

noted:
Isolate Bpore size (u) »
82 o 14.2-40.9 x 8.9-19.2 (& = 2b.9 x 13.1)
818 10.7;35.6 x 5.3-14.2 (x = 21.1 x 11.0)
831 14.2-32.0 x 7.1-13.9 (X = 21.1 x 10.4)

Alternaria tenuis grows well on SSwa and produces a variety of

_colony types depending on the isolate and sporulation. Weakly or
non-sporulating colonies are grayish with lush growth of aerial
‘mycelium. Vigorously sporulating colonies are black with a more or
less irregular argin. ‘

dontort.ospim gen. nov. ‘

Mus imperfectus, saprophyticus; mycelio hyalino, septé’co,
ramoso; conidiophoris hyalinis, simblicibus, septatis, per occasionem
nullis; filamentis conidialis in planis tres vel 1naequalite glomeratis, A
per occasionem ra.mosis vel conidium alium subtentis.
’ Imperfect fungus, saprophytic, mycelium hyaline, septate, branched;
conidiophores hyaline, simple, septate, occasionally absent; conidial
filament coiied in three planes or irreguiatly and forming a tangled
knot or ball of cells; conidial filaments sometimes branched and

occasionally subtending an additional conidium.

An imperfect fungus normally producing helicospores was collected
several times embedded in wood submerged in the Salton Sea. The organism

cannot be placed in any known genus, but is related to both Helicoen and

Hobsonia.
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The genus Contortospira is similar to Helicoon but differs from
it by producing spores with an irregular spiral in three dimensions.
Contortospira, a.. dematiaceous genus, differs from Bobsonia; a member

of the Tuberculariaceae, which also has spores with irregular spirals.

Contortospira varia sp. nov. )

Fungus aquaticus submersus; conidiophoris ad 30 x 3-7 u; conidiis
in substrato immersis vel in mycelio effuso positis, fuscis, in massam
atris, 15.0-65.2 x 13.5~55.8 p (% = 38.6 x 30.0 u); cellulis conidialis
5.4-13.1 x 4,7-10.% p (% = 8.9 x 7.3 p). ' '

Submerged aquatic fungus; conidiophores up to 30 u x 3-7 u}
conidia embedded ‘in the substratum or on an effuse mycelium, brown to
dark brown, black in mass, 15-65.2 x 13.5-55.8 p (X = 38.6 x 30 p);
conidial cells 5.4-13.1 x 4.7-10.4b p (X = 8.9 x 7.3 p).

Holotm: CALIFORNIA: on Tamarix aphylla wood submerged in the
Salton Sea, December 20, 1961, RSA 22. Transfers of this holotype '
bave been deposited at RSA, ATCC, CBS, CMI. '

A@ditional specimens examined: Same data as the type, Marcfx 11,

1961, 833, S36; December 20, 1961, S116.

Contortospira varia is characterized by extremely variable spores

ranging trom simple Helicoma-like étructurgs {tig. 18a) to very large,
multiceliuiar spores typically found embedded in the softened surface
of the wood (fig. 18k). The organis-m is easily detected with a hand
lens or may even be visible to the naked eye. The wood chip character-
istically has a black speckled appearance, with th.e specks slightly

below the surface of the wood. When the surface is scraped away, 'addl-

tional spores are visible below the more superficisl ones. The embedded
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spares are normally produced between softened fibres (fig. 19e-r) and _
occasionally in their lumina. Such embedded spores often reach a very
large size and may be composéd of several hundred cells. Careful examina-
tion of the spore reveals its basic helicoid stmcture‘ in spite of its
often bizarre shape {fig. 18j,k).

The spores of Contortospira varia usually develop on conidiophores,

~ which may be septate (fig. 18f; fig. 19d; fig. 20b) or non-septate

(tig. 18d,e). The conidia may, however, be sessile (fig. 18a-c). The

conidial initials are coiled, nyaline structures in which the cells

swell up and become darkened as the spores mature. Even in some of the
s;nplér spores (fig. 18d-1) their coiled nature often is obscured be-

» cause of the irregular manner in which the spore filaments twist and

accasionally branch (fig. 18d). '

When C. varia is allowed to incubate an moist filter paper in &
petri dish, abundant aerial spores are produced. These spores (fig. 18f,
g; rig. 195-(:) are basically helicoid but the spiral is very loose and
the spores often break into shoft Helicoma-like fragments. Some of the
spaores fail to coil and are simply long, many celled strands. 7

' Branching of spores often cccurs, both when tizey are produced
aerially and vhen they are ecbedded in the wood. In a large embedded
spore, severa_.l brancbeé way be produced which c'oil about and between
one another adding to the complexit& of the spore. The filagents of
the aerisl spores rarely branch more than once. )

' The production of spores between softeneci wood fibres {fig. 1Qe-f) -
probsbly represents an adaptation for aquatic dissemination. As the
wood is eroded, successive layers of spores are presumably exposed and

carried away still attached to wood fibres. This would seem to proldng



Pig. 18. Contortospira varia gen. nov., Sp. nov. 8&=C. Sessile conidia.
d-1. Aeriael conidia produced in a moist chacber. J-k. Spores produced

ezbedded in subperged wood.






Pig. 19. Contortospira varia gen. nov., sp. nov. a-d. Conidia
produced aerially on wood in a moist chamber. X 620. e-f. Conidia
produced embedded in submerged wood. X 1000,







‘Fi.g. 20. Contortospira varis geén. nov., Sp. nov. a. Spore-like
structure from culture. X 2330. b. Aerial spore with an elongate
cellular conidiophore. X 1000. ’
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the period of suspension of such large and complex spores. This type

of spore production also has been encountered in Acrospeira levis where
spores corposed of 2-5 cells are produced embedded in the surface layers.
-Besides dissemination, protection of the developing spores is probably
:meortant in both species producing spores in this manner.

Contortospira varia grows very slowly on SSwa, producmg a colony

w 1 co. in diameter after ipcubation for 5 weeks at rooa temperature.
Comparably slow growth also takes place on Swa, !pSs » MeYe, and PDA.

On SSwa the mycelium forms very dark, contorted, spore-like structures

on thé surface of the medium and embedded sligh’ciy in the agar (fig. 2Ca).
~ These structures form a crust over the oidef part of the colox# and when
mounted for examination tend to break into s-egnents in a zAanner similar

to that.l observed for aerial spores from the wood substrate.
Mycelia Sterilia

PAPUI.ASPORA Preuss
In Sturm's Deutschlands Flora, Abt. III, 30: 89 1851.
Vegetative mycelium hyaline, occasionally dark, producing compact
masses of small cells developed from a multicellular ﬁrimrdixm; asexual

spores lacking.

In the coursé of examining fungi from the Saltoi; Sea, an organism
was encountered vhich I also have isolated several times from panels

submerged in Alamitos Bay, Los Angeles County, California. Because
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the fruiting structures aré complex balls of rounded cells, loosely
or densely compacted, and derived from multicelled primordia, they
can best be described as bulbils. The organisk is therefore placed
1n the genus Papulaspora.

The genus Papulaspora was established by Preuss (1851) and revised
and monographed by Hotson (1912, 1917) to include (Hotson, 1917) all
those fungi without known perfect stages or conidia which produce
"reproductive bodies of more or less definite farm, composed of &
compact mass of homgenequs cells which may be fev or many in mumber,
but which are usually developed from primordia of more than one cell."
The gepus ciré\mscribes an extramely heteroéenbus group of organisms
including some basidiomycetes. Hotson (1912) describes three t&pea
of primordi.. resulting in the production of bulbils. In the sirplest
type, the bulbil develops from a group of intercalary cells; in a
wmore coqplex fom it deve_lops from a primary spiral; and in the most
complex .form it develops from cne or more perpendicular branches of
a hypha. The species of Papulaspora described below is of the third

type.

Papulospora halima sp. nov.

Pungus myceliis sterilis; mycelio rambsa, septato, hyalino,
pigmentum brunneum faciente; septa ad mfginein circ_ulo crasso
retractivo—radiosuin; bulbilis deinde hyalinis vel atris » 35{500 B
diam., ex cellulis globosis constatis, 7.0-15.7 x 6.1-12.2 p
(x = 11.6 x 9.8 p), ex cellulis primordialis ramosis aut mycelio
aetherio aut in agaro submersis oriendi.

Mycelium branched, septate, hyaline, producing a brown pigment;

gepta with a refractive, thickened, peripheral ring; bulbils hyaline



to black in age, 35-500 p diam., of spherical cells 7.0-15.7 x ‘
6.1-12.2 u (X = 11.6 x 9.8 M. Bulbils foowed from branching prirordia

in the aerial mycelium and submerged in the agar.

Holotype: CALIFORNIA: oa Tamarix aphylla wood submerged in the
southern marshes of the Saltoa Sea, July 20, 1961, RSA 23. Transfers

of this holotype have been deposited at RSA, ATCC, CBS, CMI.

Other specimens examined: CALIFORNIA: on waterlogged dfiftvood

from the bottom of ithe Salton Sea, July 20, 1961, 599, __S_].Qg; on hemlock
panel submerged 12 weeks in Alamitos Bay, Los Angeles County, February

26, 1961, £53; same, on spruce panel submerged 10 weeks, June 4, 1961,

€109; same, on oak panei submerged 10 veeks, June 4, 1961, CT5.

Papulaspora halima is characterized, in culture, by the production

of an Argus brown (R:Ldgway, 1912), water soluble pignent. This pigment
was produced in SSwa » Swa, YpSs, and MeYe media, but was not produced
when the fungus was grown on 2DA. The sepﬁ of the vegetative hyphae
bear refractive rings which cause the walls to bulge (fig. Zie; rig.
22b-c). The refraci;ive rings are particularly conspicuous in rehﬁvely
young hyphae. Hyphal fusions are very common in culture (fig. 10 1;
fig. 22b-d). The wall is thickened and slightly roughcned where hyphae
fuse together (fig. 22c-d). In many cases branches from adjacent cells
undergo fusion (fig. lOﬁr rig. 22b) Rarely, structures appearing to
be clamp connections have been found on the hyphae; only three (fig. 10n)
were discovered during the course of the investigation,

m development of bulbils Seginé when 8 single vegetative hypba

forms a series of short swollen cells, which give rise to branches that

at first are very fine, and often coiled and twisted (tig. 10k). These
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brapches also become septate and form short swollen cells (fig. 10k;
£ig. 2la), which may in turn branch and form & complex bulbil primordium
(fig. 21b). Eventually the cell mass becomes dark stained and at
maturity the bulbil is opaque. Most bulbils are relatively small
(fig. 21c) but some reach a fairly large size (fig. 21d) and are
conspicuous to the naked eye on the wood substrate or in culture,
When formed submerged in agar, the b'ulbils consist of cells that vary '
greatly in size (fig. 22a).

Papulaspcra halima grows well on SSwa, Swa, and YpSs; and may

cover the agar surface in a petri dish culture in a period of two to
three weeks. On PDA and MeYe only 1 cm. of growth occurred after
three weeks of mcﬁbatim at room temperature. No growth was visible
after three Heeiss of incubation on Fwa at room iemperature.

Papulaspora halima appears to resemble most closely 'g. aurantiaca

Botson, from which it is separated by the manner of bulbil production.
In P. surantiaca the bulbil priﬁordia are spiral, but in. P, halima

a complex branching primordium occurs {fig. 10k; fig. 2la-b). In

P. balima fine coils may occur toward the ends of newly formed branches,
but these appear to uncoil as the cells enlarge acropetally and they
bear little similarity to the sturdy coils of P. aurantiaca. Prolific
coiling of the aerial mycelium occurs early in the development of

k. &IE. on the wood substrate (fig. 22e), but this does not seem to be
- relnted to bulbil formation. This phenomenon has not been observed in

culture. Papu_lzspora halima also differs from P. aurantisca by the

conspicuously swollen septal rings and the consistent production of a

brown pigment.



Fig. 21. Papulaspora halima sp. nov. a-b. Bulbil primordia produced
on moist wood in & moist cbamber. X 310. c¢. Mature bulbil produced
on moist wood. X 145. d. Large, sclerotium~like bulbil produced on

moist wood. X 145, e. Thickened, refractive septal ring in vegetative
hypha. X 2330.
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Fig. 22, Parulaspora halima sp. nov. a, Bulbil produced submerged
in culture, X 310. b-d, Hyphal fusions in vegetative mycelium.
X 2330. e. Coiling of aerial mycelium in wood substrate., X 620,

:
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&2 Etations

1‘he fungi of the Salton Sea are mainly of two types, those which
are principally adapted ror a terrestrial existence but are capabdle
‘ot t’lourishing under the conditions found in th!s lake, and those
vhich m specifically adapted for survival under agquatic cauntions.
Among the latter ascomycetes and imperfect fungl certain adaptations
I. »&VQ been a‘electec_l for under salt water conditions. These adaptations
@inly fall into two categories;

1, Those which bring about sus'pension.ot the reproductive
structure in the water for a longer period of time than would
oceur in the absence of the adaptation.

2. Those which aid the attachment of the reproductive
ltructure to a favorable substratum.
A m reproductive structures where these adaptations occur they
‘uAsually form the distinctive characteristics and, dependinz on the
form they take, detemine the spore type. Because of the fact tha.t
evolution toward these adaptations has taken place in several different
. Ways, & number of aquaf,ic spore types may be recognized, each of which
. bears an ex.pression of one or both of the abgve types of adaptations.
The Vermif:om Spore

) The vermiform or filiform spore type is common among aquatic
fungi » especially among fresh water hyphomycetes, e.g. o ra
Aand Flagellospora, and ascomycetes, e.g. Apostemidium (Ingold, 1953).
" The pollen of somg aquatic angiosperzs also takes this form as in

the marine eelgrasses B thllosEdix and Zostera.
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Among the fungl of the Salton Sea, vemifcﬁ spores are produced
by Lulworthia medusa and L. m. These two pyrenomycetes produce a
long filiform spore with an appendage-like cell at each énd. The long
filiform spore acts as a parachute as it falls through the water and
the appendage-like end cell serves for attachment.

When a perithecium or i.ulworthia opaca releases spores in Salton
8ea water, the spores leave the perithecium through the ostiolum, one
mer another, with a slow spiral motion. As one spore siowly falls
back to the ,substratgm, the succeeding spore often catches it and
Torces it further up into the water., While the spores rewmain suspended
above the perithecium they are carried Away by the slightest current,

The spores of Lulwvorthia medusa, which are twice as' long as
those of L. opaca, tend to coil or bend as they spiral out of the
perithecium into the wSter. Under laboratory condiiions > Athese spores
usually become entangled about the p.erithecium after release, Under
fleld conditions, they probably are carried away q;u.ckly.

The appendage-like end cells of Lulworthia have a gelatiﬁous
epispore wall which is extremel;y sticky in water, and the spore
appendages of L. Spaca often adhere as the spores pass out of a
ruptured perithecium in a water mount., The spores of a single ascus
may form an ac;:ordion-like chain of eight sbores attached to one
another by the'ir appendage-like end cells. As reported by Barghoorn
and Linder (1544), the appendage-like end cells adhere tenaciously

to glass slides or pipette.s.



‘The Appendaged Spore _

One of the most cocmon spore types found among salt water asco-
mycetes {s the élipsoid or fusiform two-, 'or occasicnally, mny-ge].led
spore bearing gelatinous appe;dages. It 1s also occasionally found
among fresh water fores such as Ceriospora caudame-suis Ingold (1953)

vhich bear a long, coiled appendage at each end of the ascospore.v
These appendages apparently function both in sﬁspension and attachrment,

The appendage of Lorazyces fucicola Weston (1929) does not serve for
attachment directly since the spore ‘ralls f.hrough the water with fhe
appendage trailing and is firmly attached to the substratum by a
gelatinous sheath around the head of the spore,

Among marine Lsca:aycetes » hya.line appendages are almost uniformly
present on the spores of hyaline-spored species. As far as I know,
of the dark-spored species, only Didymosphaeria spartinae Grove (1933)

bears appendages of this type. Several representatives of the marine -
Pyrenomycetes with appendaged spores are found in the Salton Sea, V

Ceriosarogsis halica, Halosphaeria mediosetigera, and Peritrichosmra
Antegra,

As suggested by Linder (Barghoorn and Linder, 191+1+), these

appendages appear to slow the descent of the spore through the water
and to facilitate its attachment to favorable substrata. There are
two distinct types of gelatinous appendages: (;) rigid or setose ’
represented by the lateral appendages of H. med.losetigefa and the
terminal appendages of E. integra; and (2) flexuous, represented by
the hteral appendages of P. integra and the terminal caps of H. medio-
setgera as wvell as the appendages of Ceriosporopsis halima, Both

P. integra and EH. osetigera bear both types of appendages.
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The flexuous appendages probably are most effective as organs of attach-
went and tﬁe rigid ones most effective in resisting sedimentation. As
observed by Linder (Barghoorn and Linder, 194hk) and Kohlmeyer (1959)
bot;.h types of appendages serve“to attach the spores ,t.ovglasvsA alides
and other substrata so that they are not easily dislodged, This phen-
omenon is readily observed when attempts to pipette spores of ‘this type
are made. '
The Sheathed Spore

Several species of marine fungi produce spores which are sheathed
in a layer of gelatiﬁous material, notably Guignardia ulvae Reed (1902),
Rosellinia laminariana sdtherlaﬁd (1916}, and‘Massariena maritima

Johnson (1956). An addition to this group is Leptosphaeria orae-maris
Linder as it occurs in the Salton Sea., When examined in an India ink
mount, a8 spore of L. orae-maris Has a thin bhalo _about_ it which probably
represents a sheath of slime. As mentioned previously, freshly released
spores of L. orae-maris become >rirm1y attached to structﬁ.res about the
perithecium, apparently by means of their ge]_.atinous sheaths.
m Tetraradiate Spore

Many aquatic plants produce tetraz'-adiate> reproductivé structures.

They are most common among the- fresh water aquatic hyphomycefes where

such genera as Alatospora, Articulospora, Clavariopsis, Heliscus,

Lemonniera, Tetrachaetum, and Tetracladium produce four-armed spores.

The tetraradiate condition apparentljr is of special significance in
the aquatic. environment since, as Ingold (1953) points out, it has
evolved in many different ways among fresh water imperfect fungi and

is also yf.ound in the propagules of some brown algae, i.e. species of

Sphacelaria.
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In 1959, Webster carried out a study of the sedimentation and
impaction of tetraradiate fresh water aquatic hyphomycetes., As a
result of his comparison of tetraradiate sl;o}es vith spores of other
shapes, be found that there is no appreciable difference in the sedi-
mentation rates. Ee did not;, however, com;pletely eliminate the problem
of convection currents » vh.ich would have a d.rastic effect on sedimenta-
tia:.r As Webster pointed out, the eftect of spore structure on
sedimentation would be negligible in fast mqving streams since the
spores would be carried far before settling out r;gardless of their
llnpe. Ocean currents, however, generally are not as rapid as those
of 8 rushing stream and small differences in spore sed:.mentation rates
may be more critical in this environment, A

Frou his stulies on impaction, Webster (1959) found that tetra-
radiate spores definitely are more effectively retained by traps set
up in an experimental stream of water, He attributes this to the fact
that such spores always contact the surface of an obstruction by three
of thelr four divergent arms and thus form a stable tripod.

Among salt water fungi, Nia vibrissa Moore and Meyers (1959), ,

Orbimyces spectabilis, and Clavariopsis bulbosa have tetraradiate

spores, Among these fungi, however, the number of arms is not constantly
fovur; ranging frow one to seven in c. bulbosa and even more in
Egtabilis. Of these three only C. bulbosa has been reported from
the Salton Sea.
Experiments with certain strains of C. bulbosa have shown that the
production of tetraradiate spores may be stimulated b;,v" growth in irmersed
cultures. When grown in agar culture or on damp wood in a ‘moist chamber,

most cf the spores of these isolates bear only a single arm, However,

vhen placed in water, the spores produced are predominately L-armed,
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. Observations of C. Sulbosa indicate that the tetraradiate spore
“is mx;e easily retained by the surface tension membrane than spores
~ without arms. When spores submerged in water are stirred, the tetra-
rﬁdiate ones tend to be caught by the surface tension membrane. On;:e
caught, they tend to _,tloat‘ indefinitely. 'It is because of this that
80 many spores are found in froth which accumulates in streams. In the
oc.eans, a ;pore thus caught may be transported a very long distance,
Clavariopsis bulbosa will usually fi:uit aerially if the ‘colony is
gréwing vithin a few centimeters of the surface of the water, When
the sbor;:l are released, they drop onto the water and form a dense
layer over the surface which soon develops into a thin mycelial mat.
It is not known whether such immediate germination occurs in nature,
| The Helicoid Spore
Another aquatic spore type, though not restricted to this habitat;
is the belicéid spore, The most common aquatic fungi bearing spores

of this type are Helicodendron, Relicoon, Helicoma, and Helicomyces.

Glen-Bott (1951) and van Beverwifk (1954) descrived species which
develop on leaves .submerged in streams and appefently sporulawve when
the leaves are exposed after the streams dry up or subside., If the
colony is refsubmerged, the spores bob to the surface aﬁd float,

aided by the helical structure vhicﬁ enmeshes a bubble of air which

is not read.ily displaced (Ingold 1953). Where the spore helix consists
of only one or two turns it is doubtful that this mechaﬁism is as
effective as in more coﬁplex spores of this type.

A Two genera of helicosporous fungi have been reported from

marine babitats, Helicoma, represented by H. paritimum Linder (194L)

and H. Salinum Linder (1944}, and Cirrenslia, represented
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by C. macrocephala (Kbhlmeyér) Meyers and Moore (1960). The Spores
of H. maritimum are formed of a filament which 15 coiled ope and one

quarter turns, vhereas those of H. salinum usually are cofled ope and

~ In the Salton Sea the helicoid sp<.>re is characteristic of
Contortosgira Yaria which will sporulate abundantly when the colony
18 removed from the water. In the water, the Spores normally are
Produced embedded in and between the wood fibres. It ig Dprobable
that many of the aerial spores would be effectifely disseminated whep
the colony is re-submerged in water, When an aerially sporulating

conidiophores, After the thirg submersion most of the bubbles of
trapped air hag been displaced, ang after five éubmersions‘ no air
bubbles could be detecteq in any of the Spores examined. 1t is doubtrul

that these Spores would bob to the surface when released from their

conidiophores. Under conditions at the Salton Sea it is likely that

many colonies of this fungus becope €xposed to tie atmosphere and
gporulate aerially when the lake subsides in summer, Suchk colonies
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The Embedded Spore
Tvo specles of fungi from the Saltom Sea, Contortospira varia and

AcrcsEira % , produce spoi'és embeddéd in the fiders of submerged
wood. This appears to be the only way spores of c. Yaria are produced
vwhen the colonies are continuously subzerged. In cne specimen of A. L".li
all the spores observed were embedded in the fibers but in other colonies
both surface and embedded spores were produced. Bxamination of the sure
face of a fresh collection of ContortosEra varia on 11':5 natural sube
stratun reveals that when the apores e.re loosened and exposed by the
action of water, they often are attached to fine bits of wood fibers,
It is likely that the fine bits of fibers cause the spores tqQ remain
suspended a longer period of time because of the increased surface area,

Besides this possible aid to disserination, protection of the spores
during their development may alsov be important.

" The Bulbil ,
Although bulbil pfoduction by Papulaspora halima was not studied

under aquatic conditions ; the manner in vhich such structures are formed
would seem to ra.vor aquatic dissemination. When the bulbils are first
observed developing on wood panels, they appear as networks of byaline
cells easily uislodged from the parent rycelium. These networks,
1llustrated in fig. 2la-b exhibit structural characteristics which would
l;eault not 6nly in a low sedimentatién rate, due to parachute action of
the open mesh, but also in a tendgncy to be easily retained by any
irregularity of a substratunm with thcb they may come in contact,
Other Aquatic Adaptations
Ascus deliquescence 1s almost unlversal among hyaline spored

lignicolous matine ascomycetes, The exceptions generally are amwong

bitunicate forms such as Paraliomyces lestiferus Kohlmeyer (1959).
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Deliquescence is rare among phaeosporous ascomycetes, especially those
vith bitunicate asci which apparently function rwore effectively under
aquatic conditions. » )

As Linder (Barghoorn and Linder, 1944) pointed out, it is to be
expected that aquatic ascomycetes would have evolved an alternative
method of spore discharge from the forceful discharge of ascospores
occurring in terrestrial forms. - -

At spore maturation or Just prior to it, the asci deliquesce and
“ppear to Increase the volure of fluid inside the perithecium, thus
forcing the spores out through the ostiolum. When this occurs in moist
chambers, the spores asccumulate at the tip of the ostiolur in a globular
mass. When discharged upder wvater, tke spores float avay.

In spit.e of the widespread ‘occurrence of ascus deliguescence in
marine fungi, asci, especially bitunicate forms > 8ppear to function very
well under water. If, in A_mph.isphaeria verruculosa, a sligh..]y irpature

peritheciun is injured, the asci elongate through the break in the wall
and release their spores in a manner similar to that observed in
terrestrial ascomycetes, When the ascospores are ejected, they emergé
fram the ascus with a Jerking wotlon, then float away with the water
currents and settle. In a petri dish culture a majority of the spores
remains about the ostiolum and at the base of the peritheciun,

An additional characteristic of many marine fu:ngi especial.ly those
which bear appendages or gelatinous sheaths, is the presence of large

oil droplets within the spores. In such species as Cerfosporopsis halima
and Balosphaeria zediosetigera the guttules are 50 large that the remain-
ing cytoplasm of each cell occupies only an extremely thin peripheral

layer. The presence of large quantities of oil ig the spore, aside from
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1ts food stox;age function, may serve to lighten 1t and thus slow its
sedimentation rate,
Affinities of the Salton Sea Fungus Flora .
The fungi of the Salton Sea are not restricted to this lake, but are
found in oceans, estuaries » and other salt lakes. Such species as Lul-

worthia opaca, L. pedusa, Peritrichospora integra, Ceriosporopsis halira,

and HaloéEeria mediosetigéra are common marine fungi which have been
or vill probably be found all over the world, wherever temperature and ’

salinity conditions permit. Botryotrichum Plluliferum, Stachybotrys atra,

S§. subsimplex, Pusarium solani > Alternaria radicina, and A. tenuis are

common terrestrial fungi capable of thriving under ocean and salt lake

conditions. Speciés such as Acrospeira levis s Periconia prolifica, and

Chvari@j S bulbosa do not appear to be as common 1n the oceans but all

have been found there, Contortospira varia and Mhisghaena verruculosa
bave thus far been reported only from salt lakes.

The two factors which most lLikely determine the organisms found in
the Salton Sea are salinity and temperafure fluctuation.

The salinity of the Salton Sea is closely comparable to that of the
oceans, ‘the pain difference being in the concentrations of the various
ions and this is very slight (see Table 1), Salinity is probably not a
liniting factor in view of the broad salinity tolerances of such maripe
fungi as Piricauda pelagica Johnson (Gold, 1959} and Helicoma maritinum

I.ihder, not known in the Salton Sea but common Just a hundred air miles
west of it in tbe Pacific, Indeed, H. maritimum grows well on SSwa.
The distribution of many marine fungi seems to be affected By water

temperature. For example, such a species as Cirrenalia macrocephala

(Kohlmeyer) Meyers & Moore (1960) is restricted to relatively temperate
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vaters, whereas such species as Antennospora guadricornuta (Cribb & Cribb)

Johnson & Sparrow have cleari,y‘ tropical distributions. The marine asco=-
mycetes which occur in the Salton Sea are mainly cormon species of

temperate waters: Leptosphaeria orae-maris » Halosphaeria mediosetigera,

Lulworthia opaca, Peritrichospora intggra, and Ceriosporopsis halira.

Of these, P. integra and L. opaca have been shown experinéntally to
tolerate temperatures as high‘as 30°C and yet. grow well at much lower
temperatures (Barghoorn & Linder, 194k), ‘

It must be borne in mind that while some of these fungi undoubtedly
have wide tolerances and are capable of surviving under videly varying
conditions, the existence of r'aces adapted to specific environments is
to be expected.

- Among the imperfect tu.ngi, discounting Stachybotrys atra and Alter-

paria tenuis, which seem to be ubiquitous, Acrosggira levis CIavarioEsi
bulbosa, and Periconia prolifica have only been reported from warm water
or tropical marine locations. Table III compares fungi known in the
Salton Sea with those I have collected in Hawaii and those known from
the temperate waters of the Pacific coast of North America. Of the
eight ascomycetes, three are known from both areas, two from neither,
and the remaining three have been collected in temperate North America
but not Hawaii; of the eleven fungi imperfecti » two have been found in
both areas, six in neither, and four in Hawaii » Bot in temperate Pacific
Forth America. These tendencies are all the more impressive since many
of the marine species are abundant in their areas of distribution. of

the 1mperrect fungi, Contortosnira varia has been collected oanly in

salt lakes, Salt Lake on Oahu and the Salton Sea. Tt may, in all likii-

hood, be collected in the oceans in the future. .
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A Comparison of Temperate Pacific North Americaxn

and HBawaiian Collections of Fungi -
Reported from the Salton Sea

Salton Sea Records

Temperate Pacific
N. A. Records

Hawaii Records

Asconycetes
Ceriosporopsis balima

Halosphaeria mediosetigera:

Leptosphaeria orae-maris
Peritrichospora integra
Lulworthia opaca
nﬂw})rthia pedusa
Pleospora herbarum
Amphisphaeria verruculosa .

Pungi Imperfecti

Acrospeira levis
Clavariopsis bulbosa

Periconia prolifica
Btacg!botgg atra
Stachybotrys subsimplex
Alternaria tenuis
Alterparia radicina
Botryotrichum piluliferum
Fusarium solani
Contértospira varia

&mriogis sp.

Mycelia Sterilia

Papulaspora balima

K X K X X K

K K X M
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8porés of fhe very common temperate marine imperfect fungi, such as

Cirrenalia macr;)cephaié, Helicora maritimum, Piricauda pelagica, end

Dictyosporium pelagicum (Linder) Hughes ex Johnson & Sparrow (1961) --

and tropical marine ascomycetes -- such as Antennospora guadricornuta,

Torpedospora radiata Meyers (1957), and Metasphaeria australiensis Cribb

& Cribb (1955) must r’eg_ulai'ly be brought into tlie Salton Sea by the sea
birds which fly in from the Gulf of Mexico and the Pacific. Since these
organisms are absent or at least rare in the Salton Sea, they are presun-
ably unable (:o tolerate some aspect of the physical environment in this
salt lake,
It is possible that some organisms are seasonally introduced into

the Salton Se;1, depending ou the migration stream, and then die out with
re-introduction following during the mext favorable sesson. A possible

candidate for this is Ceriosporopsis halima, collected énly in March.

. This species has, however, been collected in the warm waters of Hawail,
though it is rare in this babitat,

The temperature of the Salton Sea ranges from 10-35°C -- an annual
fluctuation of 25°, much greater than the extrepes at marine stations
such as Alamitos Bay, California, and @eohe Bay, ﬁhu, Hawaii (see
£ig. 1). A comparable fluctuation was reported in the estuary of the
Newport River, North Carolina (Gold, 1959). It is possible that warm
water ascomycetes cannot tolerate the low winter teoperatures of the
Salton Sea and that fungi of temperate waters cannot tolerate the éx~
tended periods of high temperatures during the summer months, If this
were 50, however, it would be difficult to explain why the temperate
warine ascomycetes can withstand the high surmer temperatures and tropi-

cal marine imperfect fungi the low winter temperatures, So few
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organisms are 1nv;:>1ved, that the distributional relationships discussed
above may be largely a matter of coincident individusl tolerances. It

. would be relatively simple, however, to test temberature tolerances for
a vide variety of these organisms, thereby probably allowing furtaer

deductions to be made about their patterns of distribution.
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