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ABSTRACT

Studies were nade of the effects of tcmpsrature and nutrient level on
salinity optima for growth and sporulation of Chactomium globosum (I) and two

mrine Pyrenomycetes, Torpedogpora radiats (II) and - Halosphaeriopsis sp. (III)e

¥othods of culture and evaluation of sporulation were also investigated.
Ascocarps of (II1) developed in artificial sea water containing chelated
trace metals, MH)NO3, MY HpPO), biotin, thismin, cellulose, and tris (hydroxy-
nethyl) amino methans buffer. Tris satisfactorily buffered fungus cultures,
but inhibited sporulation, particularly if glucose was the primary carbon sourcee
Precisa evaluation of sporulation was accamplished by counting spores in ten
fields of each of three 0,03 il slide preparations dsrived fram suspensions of
spores, which were prepared by washing agar from tube cultures with hot water
and grinding mycelia with 2 ml of water in a Corning 7725 tissue homogenizers
8alinities favoring sporulation of (IIIL) dscreased as temperature or yeast
axtract content of media increased, Salinity favoring fruotification and growth
of (II), and growth of (I), increased with temperature (the "Fhoma pattern" of
growth) and thiamin-biotin lewvel, indicating the dependence of oamo-regulation
upon respiration, Fruiting of (I) decrcased as salinity increasad, regardless
of temperaturs or vitamin levele Exploratory studies suggested that the axygen
content and specific gravity of sea water, not salinity or pH, may excluds (I)
from marine envirorments. Mineral mitrition studies indiecatsd that the Phoma
pattern of (IT), more than that of (I), -émrolvas 8alt antagonism and sodium ione
Discussion focused on ecological implisations of data, in particular, on
the probable survival value to a marine-fit fungus of a M pattern mechanism
-énvolving vepgetative and reproductive phasese As the seasons progress, the region
where concentrations and proportions of salts are most favorable remains similar

to that where vitamin requirements are least and biotic factors are most favowgbleo
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INTRODUCT ION

Intengive investigations of the physiclogy and scology of marine
fungi have originated only within the past six years, although Barghoorn
and Linder in 19L) initiated such studies. Among several topics that
have received attention are nutritional requlrements and determinants
of the distribution of estuarire isolates, principally lignieolous
Pyrenomycetes and Deuteromycetes.

A relationship between temperature and salinity optima was discovered
by Ritchie (1957) in Phama herbarum West. and in a species of Pestalotia,

both of which wers isolated from Limon Bay, Panama, The fungl were
cultured at several temperatures on graded seriss of sea-water agar
contaiming 0,1% yaast extract and 0.5% glucose, and radial growth rates
were determined, Salinity optima were affected by temperature, but
conversely, témperature optima were not affected by sallnity. Growth

at all salinities was best at 25 Co Sub-optimal temperature increases
caused salinity requirements to increase slightly, and increases in
tamperature above 25 C caused salinity requirements to increase markedly.
Thus, temperature increases resulted in progressively greater salinity
requirements until temperature became linmiting, The mechanismg of this
phenanenon were not investigated beyond the computation of temperature
coefficients, but Ritchie states, "the rise in temperature causes in the
system an imbalance which is compersated for by a shift in the reaction
of the organism to salinity....Growth at low temperature proceeds fasteat
vhen galinity is low, or at high temperature when salinity is high.®
Ritehle indicated an apparent similarity of this shift to pressure~
temperature-volume phenomena in gases and to preasure-témperature-

growth relations in bacteria studics by ZoBell and Johnson (1949 ).



Ritchie (1959) similarly cultured five marine and terrestrial isolates
fram tropical and temperate olimates secking to indicate whether this
temporature-salinity phenomenon, which he termed the "Phoma patterm,” is a
charactaristic of most fungi, of marine fungi, or only of isolated cases.

Only a apecies of Curvularia isolated from Dslaware Bay grew in what Ritohie
interpreted as a Phoma pattern,s Salinity requirements increased with
temperature, though not progressively. This pattern of growth was displayed
in more highly nmodified form by a terrestrial fungus and by another marine
isolate, Fungi collected from marine habitats varied in their propensities
for sea water, but only a terrestrial Mucor was inhibited by these salts at
all temperatures, PFungi collected from mild climates had temperature optima
higher than those of northern isclates. Ritchie suggested that growth patterns
so obtained may offer a possible clue to the ecological adapltation, soasonal
and geographic distribution of some fungi,

Gold (1959), working independently of Ritchie, countsd reproductive
structures of fungi occurring on wooden panel traps framn salinity gradient
stations in the Newport River, North Carolina over a 36 weeks period,
Throughout the investigatlon several specles were found exclusively in
fresh water portions of the estuary, others apparently were restricted to
sea water, and a few were isolated from fresh, brackish, and sea water portions,
Five species were distributed in a manner highly suggestive of a Phama pattern,

and of these, the pattern of a Trichocladium sp. was the most striking. At

I C this fungus was found only in frash water. The salinities at whieh the
species could be detected rose with rising temperature, and at 28 C it was
found only at salinities appraximately 3L o/oo,

As Ritchie (1957, 1959) and Gold (1959) worked with different species,
certain assumptions must be made to correlate their findings., Discrepancies



in the laboratory and field data should be mentioned. Barghoorn and Linder
(194ls) and Ritehie (1957, 1959) have demonstrated that the temperature optima
of marine lignicolous fungi are generally 25-30 C. It can rcadily be assumed
that ths temperature optima of Gold!s five species lie somowhere nsar or
within this range. However, Gold graphically indicated that his possible
Phoma pattern fungi were detected only in sea-mater portions of the estuary
when water temperatures were 25-30 C. The rangs of salinity tolsrance of
Ritchle's specics was greatest at these temperatures. Meyers and Reynolds
(19594 Yindicated that in nature the same conditions of mutrition may favor
both wvegetative and reproductive phases of marine Pyrenomycetas, but it has
not been demonstrated that both of these phases are favored by the same
conditions of temperature and salinity. Neither has it been determined to
what extent Gold's fungi responded to factors othar than the dual stress of
temperature and salinity. There is evidence that this estuarine distribution
may have, at least in part, manifested a temperature-affected distribution

of nutrients essential for sporulatiocn.

TeStrake (1959) studied the seasonal distribution of saprolegniaceous
fungi in the Neuse River, orth Carolina, and determinsd their saline
tolerance at several temperatures on nutrient media in the laboratory. The
highest salinity at which the water molds occurred in the estuary was 2.8 o/oo,
but colonies developed on hypersaline corn meal agar at temperatures 20=30 C,.
Misg TeStrake concludsd that mutrient level, which was higher under laboratory
conditions than in the field, i3 an essential dsterminant of the estvarine
distribution of some fungl. dJohnson (1960) proposed from’the forementionsd

evidence and from his own work with the halophilie Lagenidium chthamalephilum,

that salinity tolerance of some fungi is a partial function of water temperature
and nutrient level., Neither TeStrake nor Johnson stated specifically which

mtrients may be involved in salinity tolerance mechanisns of fungi.



Barghoorn and Linder (194L) observed that in nature marine fungi
commonly become established on materials which, upon dscompositlon,
furnish a supply of organic nitrogen. Gustaféson and Fries (1956) studied
mitritional requirements of eight lignicolous Pyrenomycetes in low salinity
mineral salts media and reported five of these fungl to be at least partially
thiamin heterotrophic. lumerous papers advocale the use of yeast extract,
a sutstance of high organic nitrogern and B-vitamin content, for the propagation
of marine fungi. Special attention is called to the work of leyers and
Reynolds (1959a)gwhich shows that all stages of the life cycles of several
marine lignicolous Pyrencmycetes are supported by wood and wood products
in sea water fortificd with yeast extract. These authors also reported
that good vegetative growth, but not fructificaticn, was supported by glucose
and either yeast extract or a thiamin=biotin-nitrcge: mixiture in the ASPé
syathetic sea water of Provas§1i et ale (1957)e Johnson et ale. (1759)
surveyed nutritiunal requirements of 21 marine liralcolous Pyrencrycetes and
Deuteromycetese Peplone was almost invariably the preferrcd aitrcgen source
on a vitamin-free gynthetic sca=-sater agar hase, thoush nitrogen contents of
substitutions as nitrate and ammenium were in som2 cases greater, and all
fungi appeared to utilize these inorganic sources.

On the whole, these nutriticnal data suggest that deficicencies for
thiazin and bilotin may be common among marine lignicolous fungi, As most
of the nutritional studies cited were carried out abt 20-25 € on high (approximately’
3L o/o0) salinity media, one possible reagon for some vitamin deficiencies
ias suggested by the work of Robbinsg and Xavanaugh (1533). These investigators

reported Pyihium butleri to Le thiamin deficient in a medium containing

16.h gfliter mineral 3aits, pubt thiamin autotrophic when mineral salts were
reduced to 1.6l gfliter. Instances in which the demand, in culture, for

thiamin and several other vitamins has been affected by conditions of



temperature and salt concentration are cited by Lilly and Barnett (1951), and
Cochrane (1958)., These texts also point out that some organic nitrogen
compounds are vitamin-sparing,

The literature which has been reviewed suggosts that saline tolerance
of several marine and non-marine fungi is a partial function of temperature
and the level of vitamins or their equivalents. One purpose of this thesis
is to present experimental evidence which supporis that hypothesis. Marine
. mycology, however, is a young field, and much baslc data must bs accumulsated
bafore effective investigations can be mads of the many physiological and
ecological problema. Of the problems that have been recognized many are not
clearly defined. Because of the nature of marine fungi, and of their
environments, new methods of iadlation, culture, and examination mugt be
devised. Therefore, the greater intended purpose of this thesls is to meet
some of these needs. Experiments have been conducted which shéd light on
several problems suggested by the literature. All of these can bhe relsted to
technical and theoretical aspeéts of the broader problem of determinants of
occurrance and distribution of fungi in marine environments. Topics that have
been considered are as follows: effects of temperature and nitrogen-vitamin
level on salinity optima for vegetative, asexual, and sexual phages of
terrestrial and marine Pyrenomycetess precise technics for evaluation of
sexual and asexual gporulationg development of reproducegble gynthetic media
which gupport maturs ascocarps of marine Pyrenomycetess natural sca-water
media for physiological, ecological, and developmental studiss; the utility
of tris (hydroxymethyd amino methane as a buffer in fungus culturesy habitat
designations and physiologlcal criteria for dilimiting the marine mycotaj
mechanisms, prevalence, and functions of the Phoms patterni possible
interrelations of the above as they apply to academic problems of the

1 definition of marine lignicolous fungi.



MATERTALS AND LETHGODS

Ao Ceneral Methods

Torpedogpora radiata Meyers F-187 and Halosphaoriopsis sp. F-l15

were furnished by Dr. Samuel P. Meyers of the University of Hiami Marine
Laboratories. The former was isolatcd from yellow pine submerged in
Biscayne Bay, Florida, salinity about 30-32 o/co, temperature 18-25 C.
The latter was isolated from basswood submerged at St. Andrews, New Brunswick
for 176 days (July 29, 1957 to January 21, 1958)e Vator temperature
during submergence at the Biological Station wharf was 12-2,5 C and
salinity 31-32 o/oo (Meyers and Reynolds, 19%es HMeyers, 1961), Chactomium
globosum was obtained from the American Type Culture Collection, rnumber
62053 this is a vitanin autotrophic, lignicolous fungus. Stocks subcultured
from the above were maintained in 18/150 mm screw~capped tubes of salinity
3l o/oo media NS-1 and NS-7, to be described.
Inocula for all experinments were of one of four types, which will be
described and subsequently referred to by Roman Numerals
I, Suspensions éf conidia and ascospores (F-115) or ascospores (F-137 and
6205) from stock subcultures in 0.05 cc delivery medicine dropper
bottles of strength 1/k artificial sea water AS-l. AS~l was altsred
in constitution as necessarye It 1s to be assumed that liquid inocula
contained none of the variables to be tested in mutritional studies,
8e8e potassium in potassium studies, or vitaming in vitamin studies,
Spores, however, were neither washed nor gsubcultured free of the
variables to be considered. Spores were taken directly from stoek
subcul turesy

II. Similarly prepared and dispensed suspensions of F-187 chlamydospores



derived from colonies on strength 1/4 AS-1l agar which had been incubated

at 30 C for two weeks or mores Subculture to AS-1l agar was from

original stock subcultures in screw-capped tubess
17T, Small pisces (less than one cubic mm, generally) of colonies on 1/2
gtrength NS«l1 agar incubated ten days or more at 30 C. Inocula for

NS-1 agar were derived directly from stock subculturessg
IV, Similarly-sized pieces of colonies on strength 1/2 AS-1 agar incubated

ten days or more at 30 C. Inocula for AS-l were from stock subcultures.

Sea water used in all natural sea water media was obtained (17.5 o/oo)
in larpe quantity from Gloucester Point, Virginia, aged one month, filtered
through Pyrex wool, and enough evaporated in enamel pans to make 20 gallons
of salinity 68 o/oo, as determined hydrometrically and by AgCl gravimetric
mothods. This 20 gallons of stock was stored in the dark at about 25 C, in
cotton-plugged carboys. Dilution of thisg stock for the preparation of medla
was accomplished with graduates and single~distilled water.

For brevity and, in the case of several experiments, much greater
clarity, the marine saltis content of both natural and artificlal sea waters
will be designated by the term "strength™, rather than by salinity in grams
per kilogram. Strengths 2, 1%, 1, 3/4, 1/2, 1/4, 1/16, and 0 refer to the
salts content of mediz, and correspond to salinities approximately 68, 51,
3k, 26, 17, 8.5, 2 ofoo, and distilled water media, respectively. A graded
series of AS-l, NS-7, or NS-l1 arars, strengths 1/h through 2, refers to
salinities approximately from one-quarter to twice those of "normal®
(salinity 3L.5 o/oo)sea water. These gtrength desipnations do not refer
to levels of added nmutrients, which were held constant for all salinities,
or strengths, of sea water base., Dilution series contained a gradient
only of those muitrients present in rotted natural sea water., Salinities

of natural and artificial sea water media of the same strength did not



corregpond beyond the nearest gram per kilogram, but this was consldered
close enough for the types of comparative studies which were conducted.

The three most commonly used culture media will now be described,
and subsequently referred to by letter-nunmber designations.

NS-1 was an aged natural sea water base (strerrths L/L to 2) contain~
ing BBL yeast extract 0,1 %, glucose 0.5 %, and Difco Bacto agar 1.8 %.

NS-7 was as My=1, but a 6/25 mm (approximately) strip of Whatman No, 1
chromatography paper was substituted for glucosee.

Strength O NS-1 or NS-7 refers to distilled water~yeast extract-glucosge
or cellulose media, respectively. Glucose was autoclaved with other
ingredients of media., With one exception, all ingredients of all madia
used in this entire investigation were autoclaved together. Autoslaved
chromatography paper was added aseptically to slants of NS=7 sca-waterw
yeast extract base.

AS-~l mas an artificial sea water devised for this investipation
largely from information in Sverdrup et al. (1942), Lilly and Barnett
(1951), Provasoli et al. (1957), and Johnson et al, (1959). All reagents
uged in this medium were C.P. grade, with the exceptions of disodium
ethylenedinitrilo tetraacetate, to be designated NaZEDTA, and 2-amino-
2-(hydroxymethyl }-1,3-propanediol, to be desigrated tris, Tris and
N32EDTA were Eastman Practical grade. The basal medium econsisted of
salts in the proportions they occur in sca water, of a chelated metals
mixture, and of tris buffer. Two ten gallon lois of this base, salinity
approximately 68 ofoo, were separately prepared, with double Pyrex-distilled
water, and stored in carboys in the dark at 4<10 C. One lot of this base

was used for the first run of an experiment, and base for repcats of that

experiment was taken from the second lot. AS-) media were prepared by



single~distilled water dilutions of these salinity 68 o/oo salts-metals-
buffer solutions, and the addition of carbon, nitrogen, phogphorus, vitanins,
and agar as desired. In some ingtances the pH gradient resulting from
dilution of tris was undesirable, and after dilution of the stock to desired
strengths, enough buffer was added to all dilutions to make it constant for
all strengths. In Experiments 13, 1, and 16, new AS-l base was praepared
with the appropriate deletiong, which will be desoribed in these respactive
sections,
In Appendixeg IV, V¥, and VI, are data, in tabular form, which were
used for manipulation of the constitution of AS-1l. While presentation of
these data was not considered necessary for adequate description of methods
and interpretation of results, they will be of value to any investigator who
wishes to use AS~l or a similar medium for mineral mnutrition or other
physiological studies, or who wishes to scrutinize aspects of the results
which were not thoroughly enough treated by the authore
Presented below are the five "systems" of AS-l ingredients, as conceived

by this investigator. Weights of ingredients are based on one liter of
strength 1 medium, chlorinity about 19.1 o/oo, salinity 3L.5 o/o0. Syatams
A, By, and C comprise the basal medium. Contents of systems C and D closely
approximate the concentrations and proportions of those salts in normal
sea water, as presented by Sverdrup et al. (1942). The carbontnitrogens
phogphorus ratio of the entire medium was 1002711, with 2 g carbon, 140 mg
nitrogen, and 20 mg phosphorus per liter, Agar was added in 1,8 % concentration
as desired. The pH of the medium, after autoclaving, was 3.2 to 8,6,
A. Buffer system: Tris 1 g
Be Metals and chelator systems

Fe 34 ag chloride 1 ng

Zn 24 as chloride 0.3 mg



C.

D.

E,.

Mn 24 as chloride
Co 24 as chlorids
Cu 24 as ehloride
Mo as Nazuboh.ZHzo
Na,EOTA

Major invariable salts system (abbreviated "major®)

NaCl
HgClp« 6K,0
a0
CaCl,2H,0
KCL

Minor invariable salts system (abbreviated “minor")

SrCly «6Hy0

HqB0g

Na,51044 9H0

Nabr

MaF
CsMNsPsVitaming system
glucose (dextrose)
NHhHO3

NE) Hp POy,

thiamin HC)
biotin (free acid)
inositol
pyridoxine HCL

nicotinic acid

0.5
0.0L
0.02
0.01
30

23054
10.63
3.92
1ola?
0.73

L0
26
20
83

0.37h
0.07h
100

Lo
100

| R’ R R W g £ og g g

= & & & & &

£E &§ & § § @ ™
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Vessels used in this investigation for cultures, and in the preparation
of media and reagents, were washed in hot tap water and Alconax dstergent
with an electric rotary brush set, rinsed in running hot and cold tap water,
rinsed once in single~distilled water, inverted until air dried, and finglily
heated in an oven at 180250 C from four to six hours., Pipottes wero goalksd
in chromic acid cleaning solution, washed several times in tap water ard
twice in single-distilled water, and air dried. Sterilization of pipetties
and Petri dishes was effected by stacking them 1n cans in the hot air owven
mentioned above,.

Liquid media were dispensed into 125 or 200ml Rrlammeyer flasks in 25
ml amounts with a 25 ml volumetric pipette, the tip of which was filed for
rapid delivery., Volumes of liquid media were therefore constant, All flasks
were capped with dust covers formed from aluminum feil. No cotton plugs
were used in any flasks. Solid media for slants were dispensed hot, after
agar had been boiled into solution, with a rapid delivery 10 ml pipette.
Thus, slants contained fairly uniform volumes of media., Lips of tubes were
in all cases alanted 6 mm above the horizontal. Slants were plugged with
abgorbent cotton., All media were sterilized in an elecirlc autoclave at
15 1bs (121 C) for 15 minutes, ledia for Petri dishes were preparcd in
1 liter boiling flasks, in volumes ranging from 200 to 600 mle Thase were
capped with aluminum foil and autoelawved. Flasks were cooled in 55 C in
a water bath, and plates poured. No special effort was made to maintain
a constant volume of medium in platesj that is, beyond the accuracy normally
expected of a technician experienced in pouring plates. It was eatimated
that volunes ranged between 15 and 20 ml per plate. The f£inal few ml, which
contained heavy precipitates if salinity was greater than 8.5 o/oo, were

not used. Due to the large number of replicates and repeats (runs), it is

1L



not likely these differences in plate agar volums constituted much source of errore,
Colonics of the marine species were grown one to three psr plate, as colonies
were relatively small and readings never made after 15 days of growth, Plates
were stacked three high in incubators, but stacks only contained replicates
of the same condition. As will be evidenced later, even this amount of
stacking influenced results gt higher temperatures,

Pailure to maintain constant incubator temperatures was probably the
greatest source of error in all experiments, A temperaturs of 20 C refers
to incubation in a darkroom in which temperature fluctuated between 17 and
21 C during the course of this investigation. 25 C refers to the mean
temperature in dust-free cabinets in a room where tempsrature fluctuated
between 23,5 and 26,5 C, The 30 C incubator fluctuated between 29 and 31 C.
The 35 C incubator, in constant use by other inveatigators, varied from
33 to 38 C, though the calculated mean was 35 C for any two weeks period.
As it was feared experiments would not be roproducible due to these temperature
fluctuations, repeats of an original run were set up at one day intervals,,
incubated with the original run, and results were gathered at one day intervals
after equal incubation times, Experiments which re§uired the use of these
incubators did not require extremely constant temperatures. Absolute valucs
were not sought, but only trends at lowm, high,and intermediate temperatures.

Colonies of T, radiata and Halosphagriopsis on agar media were surprisingly

circular, so the average of two perpendicular diameters was recorded as the
indsx of growth of these speciea. Diameter of the inoculum was not subtracted
unless there was no growth, but diameters of inocula seldom excesdsd 1 mm,
Colonies of C. globosum on agar media varied from regular to quite irregular,
30 recorded diameters are the average of from two to six diameters, dspending

upon the apparent symmetry of the colony. Awverages reported for experiments



13

which were run in triplicate are based upon average diamecters of from six
to nine colonies; that is, three repcats of three replicates each, less
contaminants, Contamination was no problem in tubed media or flask media.
The growth of cultures in liquid media was measured in terms of dry
weight of mycelium. Por this purpose 28/28 mm aluminum culture tube caps
were cut into shallow weighing cups of 3.5£ grams each. These cups were
polished with emery cloth, washed, and heated at 100 G until constant
weight was obtained, Cultures were poured onto a closely woven circle
of cotton fabric in a buchner funnel, toth washed with hot tap water and
pressed four times, and harvested into weighing cups with probes, policemen,
and fingers.e When 1t was estimated that the total amount of harvest from
all replicates of a given condition would be less than 2 mgy, the contents
of all replicates were pooled for a single harvest. Flasks estimated to
contain more than this amount of mycelium were harvested individually,
Losses through the fabric constituted little source of error execept in
harvests which averaged less than 2 mg per flask. However, as inocula
were neither washed nor subcultured free of the variable ingredients of
AS-1 to be tested, little faith was placed in legs-than-milligram averagese.
Weighing cups containing harvests were heated at 100 C for from four
to six hours and weighed immediately upon cooling on a magnetically-dampered
chainomatic calibrated to 0.l mg. Gain in weight due to absorption of
atmospheric moisture was not observed to exceed 2 mg per hour per 50 mg
of dry harvest. A desiccator was not used, Cups were soaked in distilled
water for a few hours, cleaned with a policeman, rinsed in distilled water,
and drieds After the first three harvests each cup was reweighed empty,
but as weights never varied more than 0.3 mg, only spot checks were taken

subsequently,



Determinations of pH were made with a H-20 Hydrion set., Readinga obtained
using Hydrion papers varied between 0.0 and O.4 units from pH obtained using
a Coleman model 3 D pH electrometer. The greatest discrepancies were in the
ranges above pH 6.8. Whenever pH readings were made, these were taken from
each of several replicates of the same condition, and a pH range was recordsd.
In the results section a range was not reported, for the sake of bresvity
in tables, but it will be understocd that plus or mimg 0.2 units of the
recorded figure would usually include that range.

Microscopic examinations were performed with a Spencer three-~objective
monocular, diamster of HPF 0,35 mm. A Spencer wide fisld 10X-40X binocular
was used to count ascocarps of the marine species, and a Quebec counter

those of _(_I_. Elobosum.
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B. Experiments Psrformed and Special Technics

For the sake of organization, experiments have been numbered 1 - 22,
Actually, morethan 22 discrete exporiments were conducted, but different
approaches to a common problem, and similar experiments using differcont
organisms, have been placed under the same number. Experiment numbers
do not indicate the sequence in which experiments were performed. Experiment
22 was one of the first to be sget up, and several expsriments were run
concurrently,

Experiment 1

The general methods of Ritchis (1957) were followed, uasing NS-1 in
strengths O to 2 at 20, 25, 30, and 35 C, Three replicates were run in
triplicate for each species. Diameters of C. globosum wers taken at six
days, and the plates re~incubated for ascocarp counts at 12 days. An
estimate of all distinguishable perithecia was mads without regard for

maturity. Colonies of T, radiata and Halosphaeriopsis were measured at
12 days, and those of the first run also at 15 days. Initial pH readings
wore made. Inoculation was by method III, Typieal colony morphology was
observed for comparison with Experiment 2, but no detailed record of these
findings was kept.

Experinent 2

This was a repeat of Experiment 1, essentially, but using AS.l, with
full mutrients, in strengths 1/16 through 2, at four temperatures. Initial
pH readings were taken. Inoculation was by method IV. Typlcal colony
morphology was recorded and a few microscoplo examinations made at 15 days
growthe As C. globosum colonies were irregularly shaped on many dilutions
of AS-l, the average for.nine replicates was recorded rather than the

individual three-replicate averages.



Experiment 3
This was similar to Experiment 2, bul vitamins were not added to AS~l,.

Intended as a screening test, only four replicates of each condition were
made, and the experiment not repeated. Various microscopic and macroscopic
descriptions were recorded and compared with those of Experiment 2. Readings
of C. globosum were made at six and 12 days, and those of the marine species
at 12 and 15 days. Initial pH readings were taken. Inoculation was by
method IV, No apecial effort was mads to keep the size of inocula unifoxm,

Experiment L
Four rcplicates each were made of AS-1 strengths 1/l and 3/l containings

1. complete AS-1 vitamin mixture;
2. no pyridoxinsg
3. no nicotinic acids
hie no inositols
S« no thiaming
6. no bioting
7. no vitamins.
Four sets of plates, each containing four replicates of each condition,
were prepared, two sets for each of the marine species. These were incubated
for 13 days, one set at 20 C and the other set at 30 C. lMedia 1 and 7 served
- as controls, and also as a partial repeat of Experiments 2 and 3, respectively.
- Inoculation was by maethod IV, Colony descriptions were racorded.
Experiment 5
Haloaphaeriopsis was plated in four replicates on AS-l, strencths 1/l

and 3/, which containeds
le thiamin and bioting

2o thiamin onlysg

16
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3. complete AS-~l vitamin mixtureg

Lo no vitaminsg

5. biotin onlyg

6. inositol only;

7. nicotinic acid onlys

8. pyridoxine onlys

9« AS-~l vitamin mixture less thiaming

10, AS-l vitamin mixture less thiamin and biotin,

Torpedospora radiata was plated in four replicates on strengths 1/L4 and 3/L

AS-) containing vitamin mixes corresponding to 1 and 3 above, All plates
were incubated 13 days at 30 C. (Qolony dascriptions were recorded.
Inoculation was by method IV, , '

Experiment 6

The periphery of a colony of T, radiata which had developed on vitamin-
free strength 1/h AS-1, at 20 C, was used as a source of inoculum for ones
plate each of vitamin-free and vitamin-complete strength 1/k AS-1, and
thage subcultures were incubated at 20 C, In like manner, inocula from
peripheries of colonies which had developed at 25, 30, and 35 C on strength
1/ AS-1 plates, were subcultured to vitamin~free and vitamin-complete
strength 1/l AS~1 plates, which were then incubated at the temperatures at
which inocula had developed. This cross-inoculation was repeated, using
as inocula colonies from vitamin-free 3/h AS-l, vitamin-containing 1/, and
3/ AS-1, which had been incubated at 20, 25, 30,and 35 C. Thus, svery
combination of temperature (20, 25, 30, and 35 C), of salinity (1/h and
3/l atrength media), and vitamin content (with and without vitamins), was
subcultured to onc plate each of a vitamin-free and vitamin-complete medium
of the strength upon which the inoculum developed, and was incubated at

the temperature at which the inoculum had developed,



This was run in three replicates, as three colonies on one plats,
‘and was not repeated. Diamsters and colony densities were noted at 13

days. The procedure was repeated identically using Halosphaeriopsis.

Experiment 7

Torpedospora radiata was placed, by inoculation method IV, into 12

200 ml flasks each of 1/ and 3/l AS-1 containing: -

Tl. no vitamins;

2. thiamin 100 ug/liter and biotin 5 ug/ liters

‘3. blotin 5 ug/liters

Lo thiamin 100 ug/liter;

These were incubated at 30 C, and harvests made at 15, 26, and 42 days.

| Each harvest resulted in weights for at least three, and most often four,
replicates of each conditicn of salinity and vitamin content, Four replicates
of each cohdition were set up, in anticipation of contamination, which was
rare. Due to contamination, however, somec averages recorded are for three
replicates, and others for four. Initial pH was taken. Cultures were not
agitated during the incubation periods. Vhen harvests were made, culture,
filtrates were collected prior to washing the mycelium, and a cold iodoform
test was run, as followss 3 % iodine in 6 % potassium iodide was mixed
‘one to ten with the filtrate; this was made stronpgly alkaline with 20 %
'NaOH; yellow precipitate and iodoform odor were noted. No melting point
was taken of the suspected iodoform. This experiment, as described above,
was repeated at 20 C.

A similar experiment was run using Halosphacriopsis in 1/h and 3/L

AS~1l containings
1. thiamj.n;
2. pyridoxine;

3. no vitamins,

18



This was run at 20 and 30 C, and harvests made at 26, 36, and LL days.
Experiment 8

In this three part experiment, the tris content of all strengths of
AS-1 was held constant at 0,1 %, Initial and final pH of media was determined.
Still-cultures were grown in 125 ml flasks, and harvests in all cases were

~at 20 days. Torpedosvora was inoculated by method IV, and Halosphaeriopsis

by method I. There were five replicates of each condition in each of two
runge Cold lodoform tests were run on filtrates, as desecribed in Experiment

Te
'a. Torpedospora was cultured in strengths 1/L, 1/2, and 1 AS-1, with thiamin

constant at 100 ug/liter. Biotin was varied in all salinities as 5, 0.5,
0,05, 0.005, and 0.000, in ug/liter.

be Torpedospora was cultured in these three strengths af AS-1l, with biotin

constant at § ug/liter, Thiamin was varied as 10G, 10, 1, Qol, and
0.0, in ug/liter, the greatcst quantity serving as the repeat of the
highest biotin level in part a, as these were identical mediao

¢e Halosphaeriopsis was cultured as T. radiata above, at three salinities

and constant pH, but no biotin was added to the mediume The only vitanin
added was thiamin, which varied 100, 10, 1, 0.1, and 0.0, in ug/liter,

. E¥periment 9

Strength 1/l AS-1 containing no tris buffer was used in 125 ml flasks for
sti11 cultures at 2Y C, A neasurcd amount of C.Pe CaCO3 was placed into
each flask prior to autoclaving. Initial and final pH determinations were
rade, Six replicates of each condition were set up, and harvests vere all
at 21 days., The experiment was not repeated. Before harvesting, 10 % of
concentrated HCl, reagent grade, was placed into each flask in sufficient

quantity to put all calcium into solution. After this was accomplished,
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harvesting proceeded in the usual manner., No iodoform tests were run.
Tnoculation was as in Experiment 8. There were three parts to this
experiments

é. Torpedospora was cultured with thiamin constant at 100 ug/liter, and

biotin was varied 5, 0.5, 0,05, 0,005, and 0,000 in ug/liter;

b. Torpedospora was cultured with biotin constant at 5 ug/ liter and thiamin
varied 100, 10, 1, 0,1, and 0.0 in ug/liter, the highest concentration
serving as a partial repeat of part a of this experiments

c. Halosphaeriopsis was cultured with thiamin as the only vitamin added.

Thiamin varied 100, 10, 1, 0.1, and 0.0 in ug/liter.

Experiment 10

Still cultures in 125 ml flasks were grown at 25 C for 21 days. AS=-l
was used in strengtis 1/h, 1/2, and 1, but pH was constant for all flasks
(tris 0.1 #). Initial and final pH determinations were made. Vitamin

level was constant, and high, as biotin 5 ug/liter aad thiamin 100 ug/litere
Glucose was constant as 5 g/liter, but added nitrogen and pnosphorus, per

litor basis, varied as follouss

AS-l, nodified Lalog IiH) Ho POy, (1H),)oAPQ),  Total N Total P
1, L ng 0.37 mg nons 0.7 mg 001 mg

2. 0.054 mg none 0,00l ng 10 ug 1 ug

3. (control) 1one none none none added none added

These media, therefore, contained inorganic nitrogen and phosphorus in
amounts comparable to thiose in the sea (Sverdrup, 1942)j both maximum and
rinirum levels, plus a controle It will also bs noted that, as is
characteristic of the sea, *the NH) 3NO3 ratio increased as total nitrogen
decreased. These fungi are reported to utilize either source (Joannson

et al, 1959), and an attempt was made to better simulate natural ¢conditions.
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Inoculation was by method IV, Five replicates of each condition were run
in duplicate. Mycelia were examined microscopically for conidia.

Experiment 11

AS-1 strength 1 was used with glucose 5 g/liter, thiamin 100 ug/liter,
and the AS-1l lewvel of phosphorus was added as KZHP°h° Biotin was varied
0.5, 0,05, 0.005, and 0.000, in ug/liter. On the basis of the AS-1 0.1L0 g/liter
‘of nitrogen, this element was added as followss
1. all NaNO3j
2. half as NaNO, and half (by nitrogen content) as aspartic acid;

3
3. half as NaNO, and half (by nitrogen content) as casein hydrolysate

3
prepared by boiling Pfanstiehl vitamin free casein in 6N reagen grade
HC1l for six hours and neutralizing with C.P, NaOH and outside indicators
No ammonium nitrogen was used. Flasks containlng 25 ul of nedia were
inoculated by method II, and tnen incubated for 19 days at 25 C. Five
replicates of each condition were duplicated, including preparation of the
hydrolysate.

Experiment 12

AS-1 strength 1 only was used in 13/150 rm screw cap tubas, which
were incubated at 25 C in a slanting position., Nitrogen and phosphorus
content of all media was standard for AS-1, but 20 different combinations
of carbon source and vitamin content were set up., Carbon sources tested
for vitaming were as foliowss
ae. 3/16 by approximatsly 2 inch balsa stick;

b. approximately 1/8 by 2 inch Puritan pine applicator stickj
Ce two 5/25 mm strips of Whatman No. 1 chromatography papers;
d. 2 small measure of Whatman No. 1 cellulosej

e. C.P, glucose, 0.5 %.

Thege carbon sources were placed into tubes of AS-1l and autoclaved along



with other ingredients. Each of these five carbon sources contained, in
addition, each of four vitamin mixes: biotin 0.5 ug/liter and thiamin
10 ug/litery biotin 0.5 ug/liter; thiamin 10 ug/liters no vitamins added,
Five replicates of sach of these 20 combinations was inoculated by method
IT with T, radiata, and five replicates each of ten combinations not

containing biotin were inoculated by method I with Halosphaeriopsis. Care

was taken to prevent liquid from coming into contact with washers of the
screw caps, lest these furnish vitaming to the media. Tubés containing
glusose served as a control for such chemical contamination. Rselative
growth was recorded at 20 days, and tubes discarded. When this entire
experiment was repeated, homever, it was decided to hold tubes longer than
20 days to observe fructification. Photographs were taken of several of
these tubes,
Experiment 13

Several variations of the basic AS-1l formila were prepared, but the

CtN:Psvitamins system was held constant. To 1/L strength AS-1l, enough
metals and chelator, minor, and major systems were added to make the
medium strength 1/2 with respect to all systems but the buffer, which
remained at 1/l strength., To more 1/l AS-1l, all systems but the buffer
were built up to strength 1. This was also done, keeping in turn motals
and chelator, minor, and major at 1/4 strength while all other systems
were built up to 1/2 and 1, To determine the exact amounts of each substance
present in the eight media which were prepared in this manner, refersnce
can be made to Appendixes V and VI, For the purposes of this survey test,
however, it was considered nacessary to know only the relative proportions
of ingredients present. The proportions of ingredients in each medium are
given in Table 13-A.

22



23

Fifteen replicates of each of these eight conditions, plus fifteen
replicates each of 1/, 1/2, and 1 AS-1 comparison plates were inoculated
by method IV with T. radiata, Five replicates of each of those 11 conditions
were incubated at 20 C, five at 30 C, and five at 35 C. This experinent

was repeated for Halosphaeriopsis and C. globosum. Diaueters of the marins

species were taken at 12 days, and those of C. globosum at six days.

Experiment 1l

Various ingredients of the major system, and another monovalent cation,
1ithium, were added to 1/4 AS-1 in the following manners

¥edium No. 1 — Strength 1/l AS-1 comparison platess

Medium No., 2 -~ Strength 1 AS-1 comparison plates;

Yedium No. 3 - Enough of the entire major system (Na, K, Mg, Ca, SOy» and
Cl ions) was added to 1/ AS-1 to build up only the strength

» of the major system to 1. Buffer, metals, and minor systems
remained at 1/} strength; .

Medium No. L - All ingredients of AS-l except NaCl remained at 1/l strength.
Enough NaCl was added to make the medium gtrength 1 in that
salt, and to furnish a sodium-ion molar equivalent of the
other major system catlions which were not added, Dissoclation
and lonic strength were not conslidersd;

Yedium No, 5 - Strength 1/L; AS-1 was made strength 1 in major system
ingredients only, but molar equivalents of LiCl and Lisoh
roplaced all NaCl and NaSOh in the medium but that furnished
by the 1/} strength base;

Medium No. 6 — Strength 1/ AS-1 was made strength 1 in Ca, Mg, and K only;
all were added as chlorides.

In Table 14-A media 1-6 are referred to as additives 1=-6., Ton replicates

of each of these six media were inoculated by method IV with T. radiata,



Pive replicates of each of these six media were inoubated at 20 G, and

five of each at 35 C. This experiment was repeated for Halosphaeriopsis

and C, globosum, Diameters of the marine species were taken after 12 days
of growth, and those of C. globosum after six days.

Experiment 15
ao NS<l agar, strengths O through 2, was pipetted into clean deep-well

slides, which were placed into Petri dishes and autoclaved. The deep~
well contents were allowed to solidify, and then were inoculated with

C. globosum ascospores. Coverslips were placed aseptically over deep-
wells, and obaservations of the progress of ascospores germination were
made at 2, k, 8, 24, and 48 hours, Incubation was at 25 C, in subdued
daylight. Five replicates of each salinity were madse,

b. Natural sea water (salinity 26 o/oo) media of three different nutrient
constitutions, each containing seven different coneentrations of tris,
were inoculated by method III with C. globosum, Media A-l through A-7
wers NS~} plus varying amounts of tris. Media B-l through B-7 were
NS-7 plug varying amounts of trisg a circle of sterile filter paper was
placed aseptically on the surface of each plate of solidified yeast
extract-sea-water agar. Medla C-l through C-7 contained a circle of
filter paper, as B media, above, but 0.157 g/liter of NH)NO, and 0.037
g/liter of NHhHéPoh was substituted for yeast extract} NiP content of
this medium was one-~half that of AS-l. Hedia A, B, and C, 1-7 contained
tris 0,000, 0.07, 0.125, 0.25, 0.50, 1.0 and 2,0 g/liter, respectively.
Five replicates of each of these 21 combinations of pH and mitrients
were incubated at 25 C, in the dark, for four weeks. Perithecia were
then counted, and some from each plate crushed under coverslips and
examined for ascospores. The initial pH of all 21 combinations was

taken, and the final pH of plates containing 0.2 % tris.
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¢. The contimial-flow sea water apparatus of Johnson and Gold (1958) was
used, with slight modifications in ths original design. An outlet was
ingerted between the reservoir and the first culture chamber. An air
line was passed through the Sigmamotor pump, through a cotton air- filter
cartridge, and terminated in the reservoir as a piece of perforated tygon
tubing which was plupged with a short glass rod. A good head of air was
maintained through this perforated tubing throughout the period of

circulation, the Sigmamotor functioning both as alr pump and water pump.

Pure cultures of Halosphaeriopsis and C. globosum were started on

sycamore and balsa, respectively, in salinity 20 o/oo sea water containing
0,01 g/liter yeast extract. Other wooden blocks were autoclaved in their
respective culture chambers. The reservoir and circulation tubing was
sterilized with 70 % isopropyl alcohol, and the alcohol was washad out

of the system with sterile tap water. The four cnlture chambers were
ingerted into the system and, in order with the direction of flow, containsed:
Chamber 1 - pine, sycamors, yellow poplarj

Chamber 2 - basswood, cork, maplej

Chazber 3 - balsa containing 500£ mature perithecia of C. pglobogsumg
Chamber i - sycamore containing vegetative hyphae and ascocarps of

Halosphaeriopsiss only about ten ascoecarps appearzd to

be near maturity.

Into the reservoir was placed approximately ten liters of fresh,
unsterilized, unfiltered, brackish water, (salinity 18 o/co), which
had been collected by submerging a sterile carboy at Gloucester Point,
Virginia. A sterile solution containing 10 g of tris and 0.1l g of
yeast extract was added to the fluid, and circulation was begune
Initial pH was taken, and periodic observations were recorded. After
one month of sonstant circulation, 500 ml of this fluid.w;s placed into

a flask, 9 g of agar added, and bolled into solution. This sea-water
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agar was autoclaved. Several plates were poured, and sterile filter

paper was placed on the surface of half of these, Halosphacriopsis,

C. globosum, and the raw circulation fluid were planted, individually,
on each of these two media., These plates wers examined for growth and
ascocarp production. Chaetomium ascospores that developed on the filter
paper-ssa-water agar medium were examined for ascospores. The final pH
of the fluid was taken at the end of the month of circulation. The
chambers were drained by clamping off the tubing between the rseservolr
and the first chamber, opening the outlet which was inserted in that
position, and contimiing to operate the pump. All fluid in the chambers
* was returned to the reservolr. The added outlaet was plugged with cotton
and sterdile air was pumped through the chambera for an additional month,
The blocks were then examined for aascocarps of the two known gpecies
and for other organiasms. The balsa block that had originally contained
C. globosum was used as inoculum for malt extract agar plates.
Experiment 16

Potassium requirements in media with and without tris were determined,
and also potassium requirements at high and low salinity. Strength 1/L
AS~1 1liquid was modified to contain 1000, 100, 10, 1, and 0.0 mg/liter
potassium, as chloride. The normal amount for 1/i AS-l is approximately
100 mg/1liter. Calcium carbonate was used as a buffer in one set of these
200 ml flasks of modified A3-l, and both CaCO3 and 0.1 & tris were used
in the other set. Strength 1 AS-1 was modified to contain 400, 100, and
10 mg/liter potassium (as chloride), LOO mg/iiter being the normal amount.
These latter media contained only CaCO3 as a buffero, Initial and final
pH was determined for all media. Five replicates of each of these 16

conditions were inoculated by method I with C. globosum, and likewise



27

with Halosphaeriopsis. Still cultures were incubated at 25 C. Chastomium

was harvested at 15 days, and Halospheeriopsis at 20 days, CaCO3 being put

into solution with HCl prior to harvesting.

Experiment 17

This was a determination of salinity optima for fructification of
T. radiata at 20, 25, 30, and 35 C, NS=7 aiar in 3.3 ml amounts was uged
in 12/100 mm cotton-plugged tubas. Whatman paper slips were 6/25 mn, and
slants were made by resting the lips of tubes 6 mm above the horizontal.
Ton tubes of sach of seven stirengths of kS-7, O~2, were made for each of
the four temperatures, for a total of 280 tubes. An additional 280 tubes
of HS-7 containing 0.1 # tris ware made. All tubes were inoculated by
mathod IT and incubtated in the dark for 30 days. Ascocarp produnction was
then evaluated as follows. All tubes were given a preliminary examination
under 20X megnification, and a bank of eight standards was selected. Theas
standards were considered representative of various degrees of fruiting,
from none to the most lwxuriant,

Standard.ﬁgo Descrigtion

0 no ascocarps observed

1 trace of immature ascocarps

2 few immature ascocarps

3 several immature, but no mature ascocarps

l few mature and few immatuare ascocarps, but mature rather small

5 few mature and many immature ascocarps, but mature rather small
6 nmany mature and many immature ascocarps, but mature rather small
7 wany mature and many irmature ascocarps, and mature large

8 luxuriant production of large, mature ascocarps

Each tube was compared to the bank of standards under 20X magnification, and



a whole mumber or decimal fraction between O and 8 was assigned to each
tube. The average of these numbers for each set of ten replicates of a
given condition was recorded as the relative degree of frulting for that
condition. Therefore, both numbers, and maturity of ascocarps as estimated
from their sigze and color, were used as criteria for estimating optima, but
maturity was considered a better criterion than numbers,

At the termination of this evaluation, papers were removed from tubes,
Vperithecia were picked from them and replaced into their respective tubes,
and papers were discarded. These tubes were then prepared according to the
method described in Experiment 18, and mature ascospores per HPF were
determined, Ascospores in 30 HFF were counted for each tube, and the average
per HFF was recorded,

Experiment 18

This was designsd to determine the optimum salinities for sexual and

agsexual reproduction of Halosphaeriopsis at 20, 25, 30, and 35 C. NS-l

was used in 3.3 ml amounts in 12/100 mn cotton-plugged tubes. Ten tubes

of each of seven strengths, O through 2, were prepared for each temparature,
for a total of 280 tubes. This entire operation was repeated using NSl
containing 0.1 % tris, for a grand total of 560 tubes, half with tris and
half without. These were autoclaved and glanted, the lip 6 mm above the
horizontal. All tubos:were inoculated by method I and incubated in the dark
for 42 days. Initial and final pH was determined. After the incubation

reriod, contaminated tubes were discarded, and six tubes were selected at

random from each set of replicates of a given condition. This was accomplished

by scrambling the tubes of a set and selecting six without looking at the
pille. The remaining tubes were used for pH determinations, and were held
in reserve in case others were broken during centrifugation, or were otherwise

lost in the process of evaluating sporulation.
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After the sets of six replicates were selected, all tubes were placed
in racks in a 100 C water bath, the lavel of water approximately even with
the tops of the slants. Cotton plugs were discarded, and 5 ml of boiling
tap water from the bath was added to esach tube. Slants were loossened with
a probe, and the tubes were heated in the water bath until all agar was in
solution., A set of gix replicates was removed from the water bath and
centrifuged at approximately 2,000 rpm for about three minutes, and the
supernatant was then poured out. The entire mycelium remainsd together in
the bottom of the tube. Bolling did not disrupt the perithecia, so ascospores
were not lost in the washing process. Microscopic examination of this and
sﬁbaequent wash waters revealed no conidia or mature ascospores, but only a
rare bit of vegetative hypha or an immature ascus. Drownish soluble pigment
was present in the first wash water. An additional 9 ml of hot water from
the bath was pipetted into each tube of the set, and the six tubes replaced
into the bath. All other sets were treated similarly. Each set was washed
and centrifuged four times, after which the concentration of agar in each
tube was not sufficient to gel upon cooling. After the final centrifugation,
2 ml of hot water was added to each tube with a 5 ml pipette. Mycelium and
the 2 ml of water from a single tube at a time were added to a 13/100 mm Pyrex
tissue homogeniger, Corning No. 7725, and the mycelium was ground manually
until no sigeable particles were observed, Clearance between the ground
mortar tube and the pestle is maintained between 0,004 and 0,006 inches,
which was sufficient to rupture perithecia and homogenize mycelia, but not
sufficient to destroy spores, of the specles tested.

After continued useage the clearance became too great for efficient
homogenigation. 1In the entire course of this investigation, in which

over 500 mycelia were homogenized, only two homogenizers were used, and



only one of these became so worn that it was no longer efficient. This
hamogeniger may be electrically driven with a slip clutch, but such equip-
ment was not available for trial. From one to three minutes of manual
grinding was suffloient to homogenise most mycelia. Suspensions were
reaplaced into their respective culturs tubes, and set aside until 211
;t,ubes had been so treated. The mortar and pestle were washed with tap
;vat.er between treatments of individual tubes.

A tube of 2 ml of suspension was sealed with the thumb and vigorously
shaken, With a 0,5 ml serological pipette, 0.5 ml of the suspension was
quickly removed before the contents could settle appreciably, and 0,03 ml
was placed on the left end of a one inch by three inches slide. The
remaining O.l47 ml was replaced into the tube, and the tube was shaken
again. This sampling process was repeated twice, so that three 0.03 ml
samples were placed on the slide, ons at each end and one in the middle.
Glass coverslips (18 mm square), were carefully placed over each 0,03 ml

sample, so that there wers few alr bubbles, and the suspengion was
distributed beneath the entire arca of the coverslip.

A1l spores observed in ten high power fields per coverslip were
counted. Thus,spores in 30 HPF were counted per tube, and six replicates
of each conditlon resulted in averages based upon the spores observed in
180 HPF, Spores were counted in the same general areas of each coverslip,
but random selsction of fields was accomplished by not looking into the
microscope until the mechanical stage was moved into position. Qeneral
areas counted were: lower left, lower middle, lower right; middle left,
center, and middle right; upper left, upper middle, and upper right;
appraximate center again. In each HFF gselected in this random manner,

all spores that were observed were counted, even if clumps were present,



Clumps were rare, howsver, even when counts were high. The only condition
that caused a’fiald to be rejected and another in the same general area
randomly selected, was the presence of an air bubble.

Several immature ascospores and immature asci were observed, but these
were not counted. All refractile bodies appearing as mature ascospores
ﬁere counted. The word "mature” ascospores has been used, but this is
not abgolutely descriptive in many cases. Even though internsl development
of ascospores was not advanced, or appendages not distinct (boiling tended
to make appendages poorly defined), a spore was counted if it appoared
hyaline, fusiform, and constricted at the midseptum. Ascospores not
§ounted were also hyaline, but were spherical to oblong, apparently
aseptate, not constricted, and smaller than "mature" ascospores. Occasionally
a group of ascoaspores was found clinging together, making the gensral outline
of the destroyed ascus wall. In this case, each apore which met the standards
of "maturity" previously described was counted,

Defining conidia ﬁaa a greater problem than defining a mature ascospore,
but due to the enormous mumbers in which they are produced, it is doubtful
that grave errors in counting occurred. Maturity of conidia was not considered.
All cells recognized as conidia were counted, Whsn a chaln remained intact,
each csll was counted individually, and the basal cell was not counted.

Counts of ascospores and conidia were made simultaneously, Conidia
were counted with a hand tally while scanning the field, and ascospores
were then counted., The total of each type of spore observed was recorded
before proceeding to the next field. If a cell was distinguishable as a
sexual or asexual spore, it was counted even if more than one<half of it lay
out of the field, Focusing on two levels was occasionally nacessary to count
all spores,

One tube was seclected from those several which had not been examinsd.



This was homogenigzed to the same degree as the others, Spores were counted

in ten HFF of each of three 0.03 ml samples, and the average per HIF of

thege thirty flelds was recorded., This was repeated, using the same suspension,
until ten such averages had been recordsd. These averages were then compared,
for a rough index of the thoroughness of homogenigation and precision of the
sampling technic.

Experiment 19

Three media similar to NS-1 were prepared. Glucose and agar content
were as for NS-1, but yeast extract was varied 100, 10, and 0.0 mg/liter.
Ten tubes of each of these three nutrient levels were made in each of four
strengthsy 1/4, 1/2, 3/, and 1. Tube size, time of incubation, method of
inoculation, and method of spore evaluation was as in Experiment 18. No
tubes contained tris., Initial and final pH determinations were made. All tubes
were grown at 25 C, in the dark.
Experiment 20

Tubes of strengths 1/k, 1/2, 3/h4, and 1 NS-7 were prepared, with and

without 0.1 ¥ tris. These were inoculated by methed I with Halosphaceriopsis,

and grown in ten replicates of each condition at 20 C and 25 C for LO days.
Six tubes of each type were randomly selected fram each set of ten tubes,
Papers were easily removed, and perithecia on the paper and in the tube
were counted. Mature perithecia were picked fram papers and replaced into
their respective tubes, Papers were digcarded. Spores were then evaluated
as in Experiment 18.

Attempts werc also made to evaluate gpores in the antire contents of
the remaining tubes, ag well as those in some few tubes of T. radiata that
wore gsaved from Experiment 17. With papera still in the tubes, agar was

romoved as in Experiment 18, and Schweitzer's reagent added, The papers



and fungi were allowed to stand in the reagent overnight. Attempts were
then made to grind the entire contents of tubes in the tissue homogenizer,
and suspensions were examined microgcopically as in Experiment 18,

Experiment 21

Torpedospora and Halosphaeriopsis were grown in Petrl plates of each

of seven btrengths of NS-1 containing 0.1 # tris, at 20, 25, and 30 C,
Initial pH was taken. Colony diametors were rscorded after 12 days.
Expariment 22

Torpedogpora radiata and Halosphaeriopsls were each planted, by method I,

on twenty replicates of each of saveral natural sea water (salinity 3L o/oo)
media, Ten of each type were incubated in the dark, and ten in natural
alternating daylight and darkness, all at about 25 C. Media numbered 1 through
8 were slants containing 1.8 # agar, dispensed in 3.3 ml amounts in 12/100 mm
cotton-plugged tubes. Media mumbered 9 through 16 were liquids, containing
either balsa 6r pine sticks, dispensed in 7 ml amounts in 15/150 mm screw cap
tubes. 0dd numbered liquid media (9, 11, 13, 15) were incubated in a slanting
position. Even numbered liquid media (10, 12, 1ll;, 16) were incubated in a
slanting position for only one weekj the liquid contents of these tubes were
then poured out, and the wet stick incubated in an upright position until it
was examined., Media 2, L, 6, 8, 11, 12, 15, and 16 contained tris 0.1 %,

Three different mutrient bases were used, but carbon source substitutions,
tris content, and conditions of incubation were the same for all medlia which
were similarly mumbered. Nutritive bases for NS medla, J media, and K media
are listed below.

Yedium J-1 (after Terry W. Johnson, Jr.i original formula)
Based on one liter of aged sea water

Bacto-peptone Odl g

K,HPO, 0.05 g
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Perric citrate 0.0l g

agar 18 g
glucose ‘ lg
¥odium K-1

Based on one liter of aged sea water

Bacto-peptone 0s2 g
Fe( NOy )39320 0.0072 g
NHEHZPOH 0.0185 g
gsodium succinate 0.01 g
agar 18 ¢
glucoge 2¢
Madium NS-1

Bésed on one liter of aged ses water

BBL yeast extract lg
agar 18 g
glucose 5g

To make NS, J, or K media 2-16, glucose and agar were varied,

J, K, or NS No. Description

as presented on preceding page

as No. 1, plus tris

as No. 1, Whatman No. 1 cellulose substituted for glucose
as No. 3, plus tris

as No. 3, plus 0.01 % glucose

as No. 5, plus tris

-~ O N oW

as No. 1, but slip of Whatman Ne. 1 chromatography paper
subatituted for glucose.

as No, 7, plus tris

9 1iquid mediumj no agar or glucosey Puritan pine applicator
stick in liqulid nutritive base.

Co
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10 as No, 9, but liquid poured out after one week incubation

1 as No. 9, plus tris

12 as No. 10, plus tris

13 as No. 9, but 1/16 inch square balsa stick substituted for
pine stick

1l as No. 10, but balsa stick substituted for pine stick

15 . as Noe. 11, but balsa stick substituted for pine stick

16 as No. 12, but balsa stick substituted for pine stick

Thus, all media of the same number were similar in physical state, tris
content, carbon source, and method of incubation. NS, J, and K media differed
in that they contained respectively, a high, low, and intermediate nutrient
level base.

After the lncubation period, several sticks of the stick-liquid media
gupported ascocarps., Liquid was poured from the tubes of some of these,

and the tubes containing sticks of ascocarps were filled with the following

preservative:

glacial acétic acid 30 ml
glycerine 200 m1
formalin 50 ml
artificial sea water (AS-1 base), 34.5 ofoo 720 ml

After four months, sticks were removed and a few observations were made of
the morphology of the fungi.

Several sticks of Halosphasriopsis ascocarps from media NS and K

numbers 9, 10, and 13, were placed into a fresh water aquarium, and the
feeding activities of fishes were observed,

A semisynthetic medium was also devised and tested.
Yedium AS-2E

To one liter of 3/l strength AS-1 basal medium were added 100 ug of thiamin,



5 ug of biotin, and 1 ml of the following stock mutrient solution,

Sodium succinate
ammonium acetate
ammonium citrate
L-glutamic acid
l-asparagine
L~tyrogine
L-leucine
glycine

inulin
celloblose
xylose

glucose

KNOB

NH) Ha PO),

distilled water

0.0l g
0.0l g
0.01 g
0.01 g
0.01 g
0.01 g
0.01 g
0.0l g
0.05 g
0.02 g
0.05 g
0.l g
0425 g
0.07 g

100 ml

To this solution was added 18 g Bacto-agar, and 7 ml slants were mads in

cotton-plugged tubes. Whatman chromatography paper slips (6/25 rm) were

added aseptically to one-half of these slants. Inoculation of these slants

with Haloaphaeriopsis and T, radiata was by method IV. Tubes were incubated

at 25 C in the dark, except for periodic examination, for four months.
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RESULTS

Tables and Figures have been placed in a separate section, and in the
text of the Results, those will be referred to by mumber, The mumber of a
Table or Figure corresponds with the Experiment of the same number in the

Materials and Methods and Results sectlions.

Experiment 1

Vogetative Phama pattern affinities of the three species were sought,
and the salinity optima for fructification of C. globosum, using a high
nutrient level natural sea water modium,

On NS-1 a salinity approximately one~quarter that of "normal” sea
water was optimum for the vegetative growth of C. globosum in the temperature
range 20-30 C, (Table 1-A, Figure 1-A), At 35 C the optimum salinity lay
between strengths 3/ and 1, or at approximately 30 o/oo, 'Fructification
decreased as salinity increased, regardless of temperature, and at 35 C no
fruiting occurred, (Table 1-C, Figure 1-C)., The optimum temperature for
fructification was 25 C, and for vegetative growth was 30 C, Colonies on
25 C strength 1% and 2 were quite regular, puffy, and white, but colonies
on NS-1 were generally flat, spreading, yellom to white, and irregular.

The 20 C salinity optimm of T. radiata was approximately 17 o/oo.

At 25 C (Table 1-D, Figure 1-D) this optimum did not shift, as determined
by the awverage of 12 day diameters, but the range of salinity tolerance
was extended. Fifteen day diameters of one run (Table 1-E, Figure 1-E)
indicated that the 25 C salinity optimum is 51 o/00o. The density of all
25 C colonies, as determined visually, was similar for most salinities,

but the 51 o/oo colonies were apparently less dense than those from lower
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salinity plates. Furthermore, in the lower sallnity range more energy may
have been devoted to the development of reproductive structures, though
the fungus did not fruit in the absence of csllulose. The salinity optimum
shifted to strength 3/ at 30 C, the optimum temperature for vegetative
growth. Colonies of T, radiata were desnse, white, and disk-shaped, with
few to no visible aerial hyphae. Some brown hyphae and orange pigment
developed in the centers of the larger colonies.

The optimum salinity for vegetative growth of Halosphaeriopsis,in the

20-30 C temperature range, was approximately one-quarter that of normal sea
water, and at 35 C approximately one-half. The range of salinity tolerance
was greatest at 25 C and 30 C, the latter being the optimum temperature for
vegetative growthe Colonies from different salinities and temperatures \
generally appeared to be of similar densities. Colonies were composed of
gray to gray-green aerial hyphae arising from a denss mat of dark green
to black hyphae. Many conidia were produced, and were most abundant in
the lower salinity'ranges.

Vhen replicate plates of C. globosum were stacked three high in the
35 C incubator, growth in the bottom plate of any given stack was almost
invariably less than that on the middle and top plates. The cause of this
phenomenoy was not determined. Data on growth in one such set of stacked
plates are recorded in Table 1-B, and calculations derived from those data
are presented here. Diameters of middle plate colonies were approximately
70 % of diameters on top plates, with the exception of diameters of strength
2 middle plates, which were 45 % of strength top plates. Diameters of bottom
plate colonies were 60-80 Z of those on middle plates, and approximately
50 € of those on top platess Strength 2 bottom plates were 27 % of top-
plate diameters. Surface areas of bottom~plate colonies were about 30 %

of top plates, except for strength 2, which was only 10 % of the top-plate



colony, Except for strength 2 and pessibly some strength 13 plates an
increase in salinity did not intensify the decrease in growth in bottom
plates., The salinity optimum at 35 C, as determined by diameters on
either the top, middle, or bottom plates, was 51 ofoo. Though decreases
in bottom plates were not as marked on vitamin-free AS-1. {Table 3~B), this
"stacking™ phenomenon was consistent on that medium.

Stacking influenced the growth of T. radiata to a lesser degres, and

did not influence the diameters of Halosphaeriopsis colonies. Torpedoapora

radiata 35 C plates of run number one, Table l=D, from top to bottom of
stacks weret strength 3/l - 13, 10, 63 strength 1 - 8, 7, 63 strength
1% - 5 by 3¢

The reaction of NS-1 was in the slightly acidic to neutral range.
The initial pi of strenpgth O was 6.1-6.8, and of other strengths was
667224
Experiment, 2

The objectives of this were .the-same as those in Experiment 1, but
AS<} artificial sea water was used instead of NS-1,

The temperature optimum of 30 C, the form of colonies, and the amount
of vegetative growth and fructification of C. globosum on AS-1 (Tables
2-A and 2-B, Figure 2-A) was similar to that on NS-1, Salinity optima,
however, shifted more in response to temperature increases. The 20 C
optimum was between strengths 1/l and 1/2, the 25 C and 30 C optima between
1/2 and 3/L, and the 35 C optimum between 3/L and 1.

The amount of growth and form of colonies of the marine species on
AS-l was also similar to that on NS-1. The salinity optima of T. radiata
(Tables 2-C & 2-D, Figure 2-C), were strength 1/2 at 20 C, between 1/2 and
3/ at 25 C, 3/l at 30 C and betwsen 3/ and 1 at 35 C.



The greatest diameters of Halosphaerlopsis (Tables 2-E, 2-F, Figure 2-E)

in the 20 C to 30 C range were betwesn strengths 1/2 and 3/4. At 35C

diameters of Halosphaeriopsis colonies were greatest between 3/l and 13

at strength 1/2 there was a marked decrease in growth, and another increase
at 1/, The dip in the 35 C curve was consistent in AS-1, but absent in
Ns-1 (Figure 1-F).

A pH gradient, as well as a salinity gradient, existed in the AS-1
dilution series. AS-1 strength 1/16 had a pH of 6.2-6.h3 1/Li, 6.6-7.03
1/2, 7.4~7.83 and 8.,0-8.L in other strengths.

Experiment 3

This was a screening test to indicate whether any of the three
species is vitamin deficient, and to determine in a general way what
effect temperature and salinity have on those deficiencies, and what
effect vitamin level has on salinity optima,

Removal of vitamins from AS-1 (Table 3-A, Figure 3-A) depressed
growth of C, globosum and caused salinity optima to shift to the left.
Though the fungus is not normally vitamin deficient, growth was poor in
salinities greater than that in strength 1/ if temperatures wers below
25 C. Growth and salinity optima at 30 C and 35 C were more nearly com-
parable to those on vitamin complete AS-l, but were still depressed and
shifted somewhat to the left. After 12 days the amount of growth was
nearly that after six days on vitamnin media, but salinity optima were
still to the left in the less saline range. Colonies were generally
similar in appearance to those of vitamin-complete AS~l, but the 20 C

strength 1% and 2 colonies were quite sparse. Fructification (Table 3-C)

was less than that on AS-1 with vitaming, and dscreased as salinity increased.

All T, radiata colonies on AS~1 less vitamins were white and growth

ko



was sparse. The only appreciable growth occurred at 20 C on strengths
1/16, 1/, and 1/2. As growth at other temperatures was so sparse, little
faith is placed in those diameters as an index of growth. It did appear,
however that the 25 C salinity optimum was at 1/h, and that the 30 C and
35 C optima were at 1}. From these data it was concluded that T. radiata
is deficient for one or more vitamins, and that lower concentrations of
these vitamins are required at a low salinity, if temperature is also low,

Diameters of Halosphasriopsis on AS-l less vitamins (Table 3-E, Figure 3-E)

were comparable to those on AS-1 vitamin media, but growth was sparse.
Salinity optima were shifted to the left at 20 C-30 C, but not at 35 C,
The strength 1/2 dip was present in the 35 C curve.

Colony and microscopic morphology of T. radiata and Halosphaeriopsis

on AS-l, with and without vitamins, is recorded in Tables 3-F and 3-G.
Drawings of T. radiata are presented in Figure 3-F. AS-l plus vitamins
supported colonies similar in appearance to thogs on NS-l. In the absence

of vitamins colonies were lighter in color and growth was sparse. Production

of chlamydospores of T, radiata, and of conidia by Halosphaeriopsis decreased
as galinity increaseds The initial pH of vitamin-free media was the same
as that of vitamin-containing media,

Experiment l
This was the first of three screening tests (Experiments ki, 5, and 6)

run to determine specifically for which vitamins T. radiata and Halogphaeriopsis
are deficient, and to indicate the influence of temperature and salinity on
these deficiencies,

From Table 4-A and Figure L-A it appears that T. radiata is totally
deficient for biotin and partially deficient for thiamin, Growth in the

absence of biotin was as poor as that in the absence of all vitamins. In



the absence of biotin growth was best at a low salinity and temperature.
Colony diameters on strength 1/l and 3/4 less thiamin, at 20, 25, and 30 C
were comparable to those on vitamin-complete media of the same strengths,
but growth was sparse. The fungus did not appear to be deficient for
vitaming other than biotin and thiamin,

In the absence of thiamin, diameters of Halosphaeriopsis on strength

1/L were comparable to thoss on vitamin-complete media incubated at the
same temperatures. The 1/l medium, less thiamin, supported diameters
smaller than those on 3/h media with thiamin. Growth was sparse in the
absence of thiamin, In the absence of all vitamins, diameters on both
l/h and 3/h were less than those on vitamin media of the same strengths,

and growth was sparse. It appeared that Halosphaeriopsis is deficient only

for thiamin, and that the presence of other vitamins and a low salinity
decreases thiamin requirements.
Experiment 5

This was the second screening test to determine the specific vitamin

requirements of the marine species under various conditions of salinity
and temperature., In particular it was a search for vitamins which increase

the efficiency of thiamin for Halosphaeriopsis.

Colonies of T. radiata on AS-1 plus only thiamin and biotin were
identical in form and dismeter to those on media containing the entire
AS-) mixture of five vitamins. This fungus apparently was not inhibited

by the presencs of vitamins which it could synthecize.

Hal osphaeriopsis colonies which developed on AS-l plug thiamin only,
were similar in appearance to those on media containing the complete
vitamin mixture. In the absence of thiamin, growth was increased slightly

by the presence of several other vitamins, added singly or in combinations



(Table S-A). In the absence of thiamin, the addition of biotin resulted
in greater increase in diameter than other single additions, but this
growth was umsually sparse. Judging from both diameter and density, the
addition of pyridoxine appeared to result in the greatest increase of
growth in the absence of thiamin,

FExperiment 6

This was the third and final vitamin screening test, and essentially
was a crogs-inoculation test to determine whether diameters recorded in
Experiments 3, L4, and 5 were due to residual vitamin content of method IV
inoculum,

Tnis test proved that the growth of T. radiata on vitamin-free AS-1
in previous experiments was made possible by the presence of vitamins in
the inoculum. Inocula from vitamin-free plates did not grow when suboultured
to other vitamin~-free plates, but small colonies developed from inocula
derived from vitamin-containing plates (Table 6-4).

Halosphaeriopsis inocula derived from vitamin free plates did not

grow as well on vitamin-free plates as did inocula from vitamin-containing
plates, but some growth did occur (Table 6~B)s The reasomsfor this small
amount of growth were not apparent, but there are several possible explanations.

Halosphaeriopsis may concentrate thiamin, or thiamin may be present in

4AS-1 reagents in trace amounts, or this fungus may be only partially
deficient under conditions of low salinity and low or optimum temperaturee.
Experiment 7

This is the first of more preclise studies of vitamin deficiencies in

the marine apecles, The experimeni was primarily designed to study the

ability of T. radiata to gynthesize thiamin and biotin, and of Halosphaeriopsis

to synthesize thiamin, in a six weeks period under various oconditions of
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salinity, temperature, and pH.

In the absence of biotin, even though thiamin was present, T. radiata
did not grow after six weeks at any temperature or salinity tested (Table 7-A).
It was concluded that this fungus is totally deficlent for blotin. Growth
was not appreciable when biotin was the only vitamin present, but dry
woights were sufficiently larpe to indicate a partial rather than a total
deficiency for thiamin., In the absence of thiamin growth was poorest in
strength 3/ at 30 C. Because the concentration of buffer was low in all
strength 1/ media, little could be concluded regarding the influence of
temperature and salinity on thiamin demand. Early in the incubation period,
pH must have become limiting in strenpgth 1/ flasks, Filtrates from several
flasks gave a slightly positive iodoform test, but this teat was grossly |
positive in flasks containing only biotin.

After geven weeks Halosphaeriopsis had not grown appreciably in the

absence of thiamin even though pyridoxine was present (Table 7-B). This
suggests a total thiamin deficiency. The data from solid media in
previous experiments suggested either a partial thiamin daficiency or
traces of thiamin in AS-1 reapents such as agar. In the presence of
thiamin, growth was poorest in strength 3/L at 20 C. Weights from various
salinities and temperatures were not comparable, due to the early limiting
pH in strength 1/ flasks. The iodoform test was slightly positive for
filtrates of media that contained no thiamin,

Experiment 8

This was designed to determine the quantity of thiamin and biotin

necessary for maximum growth of T. radiata, and of thiamin for Halosphaeriopsis,

at 25 C and salinities approximately 8.5, 17, and 3L o/oo.
The 25 C salinity optimum of T. radiata was 17 o/oo in AS-1l containing
100 ug/liter of thiamin and either 5 or 0.5 ug/liter of biotin (Table 8-A,



Figure 8-A). Growth was best in strength 1/l media when the concentration
of biotin was reduced to 0.05 or 0,005 ug/liter. The final pH of strength
1/Li cultures containing these lower concentrations of biotin was alao
slightly lower than that of corresponding strength 1/2 and 1 cultures. The
fungus did not grow in the absence of biotin. The lodoform test was most
positive on filtrates of cultures containing 0.05 ug of biotin.

¥hen biotin was held constant at S ug/liter, and thiamin was reduced
to 10 orl ug/liter, growth was best in strength 1/4 media (Table 8~-B, Figure
8-B). Little growth occurred in media containing 0.1 ugfliter or no thiamin,
At these lowest levels, growth was best in strength 1 media, but many
chlamydospores were produced in strength 1/ flasks, and these were not
recovered in the harvests. Also the final pH of 1/ cultures was lower
than that of cultures in strencth 1. The iodoform test was strongly positive
for filtrates of sewveral flasks, but most strongly positive for those con-
taining 1 ug/liter of thiamin.

Contrary to what was previously indicated by colony diameters on AS~l
agar, growth in the strength 1/ medium containing 100 ug/liter of thiamin
(Table 8-C, Fipure B-C) was much greater than that in strength 1/2 and l.

As the concentration of thiémin was reduced to 100 or 1 ug/iiter, growth

at all three salinities was comparable. No appreciable growth occurred in the
abgence of thiamin, or at a 0.1 ug/liter level. The lodoform test appeared

to be most positive for filtrates of cnltures conteining 1 ug/liter of thiamin.
Conidia developed in these media, and some harvest was lost as a result,
Though it does appear that the data on solid media give a false lmpression

of the effect of salinity on thiamin demand, the results on solid and liquid
media so drastically contrast that further investipgation seems warranted.

This experiment should be redesigned, perhaps using inoculation method IV,

a lower initial pH, and other nitrogen sources.



Experiment 9
As tris has not often been used as a buffer in mitritional studies

of fungl (see Provasoli et al., 1957), this experiment was asst up to
determine whether results of Experiment 8 would be much differsnt had
a more conventional buffer been usgsed.,

Growth of the marine species in high vitamin level AS-l with CaCO3
buffer (Table 9-A) was comparable to growth in similar media with tris
buffer (Tables 8-A, 8-B, & 8-C), As vitanin level was reduced, homever,
growth in CaCO3 media was generally greater than that in tris media, and
the partial thiamin deficiency of T. radiata was more obvious. Judging
from final pH readings, one cause of this discrepancy may hawe been an
early limiting pH in tris media.

Experiment 10
This was to determine what effects inorganic nitrogen and phosphorus

levels have on salinity optima of T. radiata,

The fungus grew better in strength 1/2 AS-1 than in strengths 1/4 or
1 when nitrogen~phosphorus levels were 0.7:0.1 mg/liter or 10:1 ug/liter.
In media to which no nitrogen or phosphorus had been added, growth was
best in strength 1. This was probably due to nitrogen and phosphorus
furnished by the reagents of AS-1 base. Growth in strength 1 was in all
cases better than that in strength 1/4. In AS-l containing 140 ug/liter
of nitrogen as ammonium nitrate, gromth in the strength 1/l medium was

greater than that in 1{Fxperiment 8).
Mycelia which developed in these predominantly nitrate-nitrogen

msdia were darker than those from ammonium-nitrate media, but microscoplc

exanmination rewvealed no conidia.
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Experiment 11

The biotin-sparing effects of three nitrogen sources were investigateda
Tone the thres nitropen sources tested replaced biotin completely (Table
11-A). Aspartic acid did replace this vitamin to a slight extent, and casein
hydrolysate replaced it to a considerable extent. Because inoculation was
by method II, a comparison of growth on these nitrogen sources to that on
ammonium nitrate (Experiment 8) cannot be made. Method II probably results
in much greater growth than method IV, Ifycelia were darker on these nitrogen
sources than on ammonium nitrate, but microscoplc examination revealed no conidia.

Experiment 12

This was to determine whether thiamin and biotin are supplied by
purified celluloase, filter paper, balsa wood, and pine wood in sufficient
quantity to support marine fungi which are deficient for these vitamins,
Data are presented in Table 12-A and Figures 12-A, B, C, D, E, and F,

The marine species grew poorly or not at all in AS-1l with glucose,
filter paper, or cellulose, unless essential vitamins were also added to

these media. Torpedospora radiata produced sparse white mycelis on these

carton sources if only biotin was added, but papers were highly degraded
by the fungus. Vepetativo growth was excellent in glucose media with added
vitamina. Absence of growth in controls indiecated that screw caps did not
furnish biotin or thiamin to the media.

Growth on balsa was poorer than that on pine, but growth on these woods
without added vitamins was as good and often better, than that on wood media
with added vitamins. The woods contained substances which satisfied the
vitamin requirements of the fungi tested, but it cannot be szaid from this
evidence that these substances were actually thiamin and biotin. Essential

vitamers and other organic compounds could produce similar results.
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No asexual spores of T. radiata were observed in these media, but
after one month mature ascocarps were supported by the following, in
order from the most abundant: filter paper plus biotin and thiaminj
pine plus biotinj cellulose plus thiamin and biotin; balsa plus biotinj;
pine with no added vitamins; pine plus thiamin and biotinj balsa plus
thiamin. Ascocarp counts were made from five replicate tubes of each
condition, and mature ascospores were observed. As this experiment
was terminated after LO days of growth, the abilities of other media
used, to support ascocarps of T. radiata, were not fairly tested. This
fungus apparently does not fruit 4if glucose i1s the sole carbon source,
but does fruit on cellulose of high purity.

Halosphaeriopsis produced conidia in all media in which it grew,

but gparsely in the glucose-thiamin medium. Numerous mature ascocarps
(ascospores observed) were produced on pine without thiamin, and
fructification was nearly as good on pine with thiamin, A few ascocarps
were produced on balsa plus thiamin, Ascoecarps cortaining immature asci
had begun to develop on paper and cellulose media containing thiamin, but
mature ascospores had not developed in these at the time this experiment

was terminated (LO days). Ascospores of Halosphacriopsis which had been

introduced into media as inoculum were observed to have undergone bipolar
germination and growth into mycelia. Only ascospores that had undergons
unipolar germination were observed to remain for considerable periods of
time in the so0lid media of Experiments 18, 19, 20, and 22, though no
special effort was made to study the methods of ascospore germination of
this species.

Experiment 13
From Experiment 2, it was obvious that requirements of the three

species for certain constituents of AS-]l are temperature-affected.



Experiment 13 was a survey mineral nutrition study of the requirements
of these fungi for constituents of AS-1 when temperatures are supra-
optimal, optirmum, and sub-optimal, Results of this experiment are
presented in Table 13-A, and in the nine parts of Figure 13-d.

At 20 C strength 1/2 media containing 1/4 major salts supported

colonies of C. globosum which averaged 10 mm less in diameter than those
on 1/2 AS-1 controls (Part 1), Strength 1 with 1/k major salts grew
colonies 9 mm greater in diameter than those on strength 1 controls.
It appeared that this fungus, at 20 C, was inhibited by a high concentration
of major salts, but stimulated by a lower concentration of these. At
30 C diameters on strength 1/2 with 1/; major salts wers comparable to
those on strength 1/2 controls, but diameters on strength 1 with 1/}
major salts averaged 8 mm less than those on strength 1 AS-1 controls
(Part 2), Holding the buffer at 1/L strength while other systems were
raised to 1/2 or 1 resulted in diameters 10 mm less than those of 1/2
and 1 AS-1 controls., Holding the minor salts constant at 1/l while other
systems were raised to 1/2 or 1 did not greatly effect colony diameters.
At 30 C it appeared that a high concentration of major salts favored
growth if the concentration of other AS-1 gystems was high, and that a
high pH was favorable. At 35 C a high.ooncentration of major salts was
essential to growth when the concentration of other AS-l ingredients was
high, and a high pH favored growth (Part 3).

As colony diameters of C. globosum probably offer an inaccurate
index of the growth of that aspeclesy only generalizations can be made.
Holding AS-l ingredients other than major salts constant at strength 1/l
did not result in curves which could be superimposed over control curves,

but all curves were nearly parallel. Lines which connected the diameters
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on strength 1/2 and 1 containing constant major salts, and incubated at

20 C and 35 C, bisected those other lines. At the optimum 30 C temperature,
as would be expected, it appsared that the organism's tolerance of any
variations in the medium was greatest.

It was obvious that concentration of the buffer noticeably affected
gronth, but this and other ingredients of AS-l, did not influence the
diameter of C. globosum as drastically as did those of the major system.
The requirement for major salts, however, appearedto be a function both
of temperature and of the concentration of other AS-l ingredients. If an
increase in the concentration of systems other than the major to pgreater

than 1/l; strength produced little effect on growth, diameters on all media
containing a constant l/h major system would be expected Lo approximate
those of strength 1/li controls more closely than was the case. When the
concentration of the major system was 1/l and that of other systems 1,
at 20 C and 30 C diameters were similar to those of the 1/L controls, but
at 35 C diameters on this medium were much less than those on the 1/L
AS-1 control plates.

The opposite was true of strength 1/2 media containing 1/h major
salts. At 35 C, diameters on this medium approximated those of the 1/L
control plates, but diameters at 20 C averaged approximately 10 mn less,
and at 30 C 10 mm more, than those on 1/h AS<1 35 C control plates.

Thus, C. globosum responded favorably to an increased salt concentration
as temperature was increased, but the pressnce of a high concentration of
major salts was vital at 35 C only if the concentration of other AS-1
ingredients was strangth l.

Torpedogpora radiata grew too slowly in the 20 C incubator to make

conclusions possible (Part L))o The temperature of the darkroom averaged



approximately 18 C during the 12-day growth period of this portion of
Experiment 13. At 30 C diameters of colonies on strength 1/2 and 1
media containing 1/k major salts were li mn less than those of the
strength 1/2 and 1 AS-1 controls (Part 5). The buffer concentration
had some influence on growth, but the concentration of this and other
AS-1 systems had leas effect on growth than did the concentration of
major salts, At 35 C only the buffer and major salts lines deviated from
the control lineas (Part 6). Apparently, a high pH was favorable at a
high salinity, and a lower pH at a lower salinity. The constant 1/4
major salts line daviated drastically from the control'line, indicating
the requirement for a high concentration of major salts at this temperature.
As temperature was increased, T. radiata responded favorably to a high
major salt concentration.

At 35 C diameters of T. radiata colonies on strength 1 containing
1/h major salts were the same as those on strength 1/} controls. Diamoters
on strength 1/2 with 1/L major salts were somewhat greater than those on
1/4 controls. Therefore, concentrations above 1/l of systems other than
the major had some effect on growth, but less effect than the major system
concentration,

Altering the concentration of gystems other than the major had no

effect on Halosphaeriopsis diameters at 20 C (Part 7). Diameters on

strength 1/} major salts media were slightly greater than those on controls,
which indicated that a high concentration of salts was unfavorable at this
temperature., At 30 C the conecentration of metals and minor salts had
1little effect on colony diamsters (Part 8). A high pH appeared to be
favorable in strength 1/2 media., Diameters of colonies on strength 1

redia containing 1/k major salts were comparable to those on strength

1 AS-1 control plates, but the former colonies were much darker, with



fewar aerial hyphae than those on controls. At 35 C reduction of the
concentration of buffer, metals, or major salts to 1/4 in strength 1/2
media removed the characteristic strength 1/2 dip from the curve (Part 9).
The dip persisted in strength 1/2 media containing 1/4 minor salts.
Apparently a lower pH and a lower concentration of metals, but a fairly
high concentration of major salts, were favorable at 35 C.

Experiment 14
It having been discovered from Experiment 13 that the major system,

more than other systems of AS-l, is required in greater concentration as
temperature increases, this experiment was designed to determine whether
NaCl alone would satisfy this requirement, '

All data for Experiment lly are in Table li-A. At 20 C the diamecters
of C. globosum colonies on streagth 1/l and 1 controls vere comparable,
but strength 1 colonies appeared to be the thinner. At 35 U growth on
control plates was better at the hirhest salt concentration, Increasing
the major salts or the NaCl content of 1/l AS-1 decreased diameters at
20 C, but increased them at 35 C. Lithium was obviously toxic. Increasing
the g, Ca, and K salts concentration of 1/l AS~l (additive number 6)
affected diameters differently fram additives 3 and L« At 20 C, diameters
on plates of additive number 6 media werc greater than those on either the
strength 1/} or 1 controls. At 35 C, diameters on this mediun wore sreater
than those on the 1/ controls, but less than those on the strength 1 controls.
At either 20 C or 35 C a greater-than—strength-l/h concentration of lig, Ca, or
K, or some combination of those, was favorable. A hignh concentration of
NaCl was favorable only if accompanied by a high temperature. At 20 C the
advantage of a greater concentration of !'g, Ca, and X salts was apparently

mllified if accompanied by a high concentration of NaCl, but at 35 C a



high concentration of NaCl increased colony diamster nsarly as much as a
high concentration of the entire major system,

Some of these remarks on C. globosum are partially true for T. radiata.
Lithium was less toxic at 35 C than at 20 C. This monovalent cation
appeared to replace sodium partially at the higher temperature. The
addition of Xg, Ca, and K salts to 1/4 AS-1 resulted, as for Q. globosum,
in a slight increase in diameter over that of the 1/L control at 20 C,

but at 35 C T. radiata diameters on this medium were equivalent to those

on the 1/ controls. Addition of these salts, therefors, did not decrsase
diameter at 35 C, but neither did this addition increase growth, as it did

for C., globosum. This was the most notable difference in the response of '
these two fungi to salts. The diameters of T. radiata ecolonies, as thoss

of Co globosum,were increased by a high concentration of either NaCl or

the major systen at 35 C, but decreased by a high concentration of these

at 20 C, The advantage of increased lig, Ca, and XK at 20 C was nullified

if accompanied by an increased NaCl concentration, and at 35 C a high
concentration of NaCl increased diameter nearly as much as a high concentration
of the entire major system.

Diameters of Halosphaeriopsis colonies on all media at 20 C were so

similar that differences wers not discernible. It did appear that a high
concentration of major salts decreased growth, and a high coancentration of
igy Ca, and K galts increased growth at this temperature. Lithium was less

toxic for Halosphaeriopsis than for the other species tested, and a high

concentration of this cation was more favorable at a high than at a low
temperature., At 35 C, diameters on the lithium medium averaged 3 mm
greater than those of the 1/4 control, and 3 mnm less than the Btrength 1

control, Addition of Mg, Ca, and K salts to 1/l AS-1 increased diameter



L mm, and addition of the major system or NaCl increased diameter 5 mm
at 35 C, It appearesd from colony diameters that temperature affected

the aalt requirements of Halosphaeriopsis in a manner similar to that

of the other species tested, but to a lesser degrea. It is believed
that dry weights would have furnished more reliable data on all three
species.

Experiment 15

This congisted of a series of tests and observations designed to
determine what factors of marine environments might extluds C. globosum.
The influence of salinity on ascospore germination, the infiuence of high
pH on fructification and ascospore development, and the abllity to
disseminate and compste in a simulated marine environment, were considered.
4e Ascospores of E. globosum had begun to germinate after two hours,
and on all ;trengths of NS-1 uged were observed eventually to develop into
yourg mycelia, It was estimated that germination and development were
most rapid on strengths 1/2 and 3/L.

b. Ascoecarps from all media listed in Table 15-A were examined
microscopically, and all except young peripheral perithecla eontainsd
typical lemon-shaped ascogpores. The final pH of media A, B, and C
numbser 7 was 7.9, 8.4, and 8.4 yespectively,.

ce After three days of circulation the liquid became cloudy, apparently
due to bacterial growth, and abundant vegetative growth of C. globosum
was observed to have dsveloped on the balsa blocke After six days the
liquid was again clear, but with a yellow tint that was not present
originally, and the vegetative growth of C. globosum was much reduced.
Apparently this fungus did not contimue to fruit in the circulation

fluid, and perithecia that had been introduced into the system becams



darkly colored during the first week of circulation, An additional
0.1 g of yeast extract was introduced after six days, but failed to
restore the initial cloudiness of the fluid, or to rejuvenate tha
vegetative growth of C. globogum.

Chaotomium globosum from pure culture (inoculation method III)

grew sparsely on plain sea-water apar prepared from the month-old
fluid, but growth of the fungus was better where filter paper was
added, Ascocarps developed slowly, but contained ascosporses.

Halosphaeriopsis from pure culture prew sparsely on the sea-erater agar,

Batter growth was obtained on the filter paper medium, but after two

months on this, Halosphaeriopsis produced no ascocarps. No organisms

other than bacteria ware isolated from the month-old fluld,

Examination of the wooden blocks and cork revealed only remnants
of C. globosum perithecia on the balsa upon which this species was
introduced into the system, and no trace of the fungus on other blocks,
Subcultures to malt extract agar fram the surface and from deep within
the balsa failed to isolate C. globosurm. The balsa and other blocks
were overgrown with an unidentified phycomycete and a free-living
nematode, These organisms were numerous on the balsa block, and the
end of the maples block in contact with the cork had been converted into

a paste containing nematodes and their egps. Halosphaeriopsis fruited

luxuriantly on the sycamore block upon which it was introduced into the

system, and on the sycamore in the first culture chamber. The phycomycete

and nenatode were also growing on these gycamore blocks. The grouth of
all species wag poorest on the pline block in the first culture chamber.

Final pY of the circulation fluid was 8.1l.
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Experiment 16

Chastomium globosum will fruit on NS-1 plus 0.1 % tris (Table 15-A),

but Halosphaeriopsis will not (Table 15-B)e Before it was discovered

that the marine species will fruit on cellulose with tris (Table 20-4),
this experiment was set up to explore the possibility that failure to
fruit on glusose (NS-1) media was dus to potassium antagonism. Should
a marine species be one that requires, for fructification, a delicately
balanced K£sX ratio, it was supposed, tris might be a valuable tool for
delimiting the marine mycota.

The data in Table 16-A do not sugrest that potassium is antagonized
by trise. As results were quite the opposite of what would be expected
were tris antagonistic, this experiment should be redesigned. A comparison
series containing only tris buffer would have ylelded more information
concerning the effects on growth of gsoluble calcium and the relatively
inert CaCO3 substratum. The potassium requirements of C. globosum
were between L0 and 100 mg/liter in AS-1 strength 1/l and 1. TFructification
of this species was best in media containing 100 mg of potassium per liter,
and did not occur in flasks containing 1 mg/liter or no potassium added.

it was again noted that the growth of Halosphaeriopsis in strength 1/}

media was better by far than that in strength 1, further evidence(that
colony diameters of this species mirht be misleading. The final pH of
CaCO3 nedia was 6.4-6.6, and that of tris - Ca.CO3 media 8.0-8.4.

Experiment 17

As T. radiata did not fruit after several months in NS-1 stock
cultures, NS-7, which supports luxuriant fructification of this apecieg,
was used to determine salinity optima for development of ascocarps., Data

for this experiment are in Table 17-A and Figure 17-A.
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Salinity optima for fructification on the cellulose medium wers less
than optima for vegetative growth on the glucose medium (Figure 1-D).
Homever, optima for both types growth increased with temperature.
Congidering desiccation of medium NS-7, thd/salinity optima for sexual
reproduction are probably closer to those for vegetative growth than data
indicate. Desiccation procceded more rapidly at hiph than at low temperatures.
Eecause salinity increased with desiccation, all 35 C tubes were ungatisfactory.
It is probable that the reported 20 C optimum is nearly correct, the 25 C
optimum slightly higher, and the 30 C optimum at least 8.5 o/oo higher than
that reported.

The numbers in Table 17-A represent averages of the relative desree
of fructification in eight to ten tubes. At 20 C, strength 1/l tubes wore
given minimum values of 0 and maximum values of 6, and strength 1/2 tubes
values of 3 and 6, but the averapge of 1/l tubes was preater than that of
the 1/2 set, The 25 C strenpgth 1/ and 1/2 sets each had minimum and
maximun values of k4 and 7, and the 30 C 1/L and 1/2 sots 4.5-8 and 5-8,
respectively., It is irteresting that T. radiata produced mature ascocarps
(ascospores observed) in yeast extract-paper media without sea water at
25 C and 30 C,

Spores per HFF corresponded to the standards selected, as is

avidenced below.

Standard lio. ‘ Lature ascospores per HHPF
0, 1, 2, and 3 0,0
ly and 5 0.5
6 0.7
7 1.9

8 346



Thus, production of large carbonaceous ascocarps of T. radiata was a
good index of its ascospore prodhction. However, countsof ascocarps,
without rerard for maturity, wermenot a good index. The total number of
ascocarps in some tubes of NS-7 decreased as thease ascocarps became more
maturs.

On high pH media, mature ascosgpores developed only at 25 C'in
strensth 3/l media (maximum value 5)s The addition of 0.1 % tris to
lS-7, therefore, decreased fructification in nearly every caso, but
most drastically in the lower salinity range. Salinity optima were to
the right of thosc recorded from gtandard liS-7 media, but this was
obviously due to greater inhibitory effects of the high pH at low
salinities rather than a favorable response to the higher pH at high
salinities.

Exporiments 18, 19, and 20

Halosphaeriopsis demongtrates some of the reasons for the genoral

lack of precise methods for evaluation of sporulation in the mycological
literature. The mycelium of this fungus is carbonaceous, and perithecia,
imbedded in the agar, are difficult to detect and emimerate. Sclerotial
structures morpholopically similar to perithecia are produced by several
of the marine Pyrenomycetes. Sterile ascocarps arc produced along with
fertile ones, and fertile ascocarps vary in size and degree of maturity.
As was indicated by Experiment 17, the mumber and maturity of ascocarps
may not always be positively correlated. Evaluation of conidia by
inspection is certainly not a precise practice.

A rethod of evaluating the production of conidia and mature ascospores
was developed in this laboratory and applied to problems involving

Halosthaeriopsigs. Experiment 18 was to determine the effects of temperature
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and of tris buffer on salinity optima for asexual and sexual reproductione

Experimant 19 dsalt with the effects of organic nitrogen-vitamin level, as
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yeast extract, on these optima. Experiment 20 was an abbreviation of Experiment

18, using cellulose as a carbon source rather than glucogse. As all of these

experiments were designed to furnish data on the sporulation of Haloaphaeriopsis,

and all employed the new technic for evaluation of sporulation desecribed
in Experiment 18 of the Naterials and Methods, the results of all three
will be considered together. Data pertaining to the present discussion
are located in Tables 18-4, 18-B, 19-A, 20-A, and 20-B, and Figures 18-4,
18-B, and 18-C,
a, Factors Affocting Sporulation

The final pH of NS-l media containing 0.1 % or 0,01 % yeast extract and
no tris was 6.8-7.2, The final pH of NS-1 with 0,001 % yoast extract was
6.0-6.64 Tris IS-1 media had a final pH of 7.9-8.3. NS=-T with tris had
a final reaction of 800-8.k4, and HS-7 without tris 6.8-7.4. In all cases
the lowest final pH readings were taken from strength O tubes.

On NS-]l with tris Halosphaeriopsis did not fruit, and produced few

conidia (Table 18-B). On lS-7 fructification was reduced by the addition
of 0.1 % tris, but fruiting did occur, as well as asexual reproduction
(Table 20-A), Salinity optima for sporulation were greater on media with
tris than on lower pH media. As with T. radiata in Experiment 17, this

was obviously due to inhibition by tris at lower salinities rather than a

favorable rasponse to tris at high salinities. This fact prompted Expariment 16,

through which it was hoped to indicate whether this inhibition was due to the
high pH of tris media, or to potassium antagonism.
On KS-1 without tris the salinity optima for fructification of

Halosphaeriopsis shifted slightly to the right as temperature or mitrient




level dscreased (Tables 18-A, 19-A, Figure 18-A). If this was not due

to more rapid desiccation at hipher temperatures, then Halosphaeriopsis

responds to salinity in a manner quite the opposite of what would be
expected of a Phoma pattern fungus, However, due to more rapid desiccation
of media at high than at low temperatures, salinity optima for ascospore
production may lie progressively farther to the right than data have indicated.
Many immature ascospores were observed in éuspensions from tubes of strengths
0 to 1 in Experiments 18, 19, and 20.

Production of conidia on 1S~1 without tris (Tables 18-A and 19-A, and
18-C) decreased as salinity increased at 20 C and 30 C. Except for a
slipht increase in the number of conidia per HFF observed from 25 C strength
1/2 tubes, at this temperature asexual reproduction also diminished as
salinity increased. A dip in the 25 C asexual reproduction curve occurred
at 1/h, the optimum strength for sexual reproduction, As the level of yeast
extract was decrsased to 100 mg/litar, asexual reproduction was rather constant
through the strength 1/ to 1 range. In media containing 10 mg/liter of
yeast extract, asexual reproduction was not great, and was rather conatant
on strengths 1/h, 1/2, and 3/Lh at 25 C, Production of conidia increased
markedly, however, in strength 1 tubes, and was greater than that on strength 1
media containing 1 g/liter yeast extract.

Low nutrient-level,glucose-sca-mater agar tubes, served mainly as a
control to indicate the extent to which sexual and asexual reproduction
in Experiments 18, 19, and 20 were affected by the dilution rradient of
natural sea-water organics. The data in Table 19-A indicate that the organic
nutrient level of all strengths of natural sea water media used can be
considered constant, providing at least 10 mg/liter of yeast extract is

added to all strengths. Om glucose-sea-water arar, no sexual and little
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asexual reproduction occurred. Conidia from this medium were long, thin,
sligntly rranular, and hyaline to light brown.
Depending upon stare of development and conditions of growth, conidia
from higher nutrient level media were characteristically cylindrical,
sausage -shaped, ellipsoidal, or spherical., Color and internal development
were dependent upon maturity. Luxuriant production of conidia was generally
accompanied by darker, more clearly defined, and internally differentiated
conidia. These were decp brown with one or more central, greenish, slightly
refractile bodies, though Immature conidia near the basal cell sometimes
were similar in appearance to those from the glucose-sea-water agar. (Figgre 18-C)
No correlation between solinity optima for the production of conidia
and the length of econidial chains was recognized. The maximum chain length
obgerved (22 cells) was most common in strengths 1/} and 1/2 NS-1 containing
100 mg/liter yeast extract. ‘aximum chain lenpth observed in 1S-1 containing
the standard 1 g/liter yeast extract was 15 cells. In lower salinities
other asexual cells were also produced., Some of thase were chlamydospores
and others appeared as thin-walled, collapsing, darkly-colored, oil-
contairing cells. A few of these could have besn mistaken for coenidia,
but the distinction was usually sufficient for differentiation.

From Table 20-A it is evidant that counts of Halosphaeriopais

carbonous perithecia on NS-7 and ascospores per HFF from media incubated
at 25 C are positively correlated. After a sufficient incubation period,
it seems likely that either ascospore or perithecia counts would offer an

accurate index of fructification. The mycelia of Halosphaeriopsis on NS~7

wera less abundant and less carbonaceaous than those on NS-1, and perithecia
oould be counted easily. On NS~7 with tris, Whatman papers viere most moist,

and perhaps more degraded than those on liS-7 without tris. On the tris



medium all perithecia developed on the agar beneath the paper, while on
the lower pH medium perithecia dswveloped on and beneath the paper.

Though production of asexual and asexnal spores on NS-7 was less than
production on liS=1, it was noted that the trend of sporulation in response
to salinity was similar on both media. The decrease in asexual reproduction
with increase in salinity, and the similar salinity optima for fructification
on both media prompted computation of the ratios in Table 20-B. The number
of conidia or ascospores per HPf or the number of carbonaceous perithecia
per tube from strength 1/l of a given medium was divided by numbers of theae
from strength 1/2 of the same medium., Strength 1/2 values were divided by
those from 3/L, and finally 3/L by strongth 1 values. Ratios from NS-1 media
containing 1 g/liter yeast extract were compared with those from NS-7 media
of the same yeast extra;t content.

The ratios of conidia per HPF of strength 1/L to 1/2 for NS-1 at 20 C
and NS=7 at 20 C and 25 C were 1ok, 1.3, and 1.5, respectively, Strength
1/2: 3/L conidia per HPF ratios for these same media and temperatures were

all 1.1, Strength 1/Li: 1/2 ascospores per HFF ratios for NS-1 and KNS-7

at 25 C were 1.1 and 1.2, respectively, and the 1S~7 1/Ls 1/2 25 C carbonaceous

perithecia ratio was 1.2. From elther curves or ratios it is obvious
that asexual reproduction decreased as salinity increased in 0.1 % yoast
extract media, whether glucose or cellulose was used as a carbon source.
These ratios demonstrate that the homogenization and counting technics
used in this series of experiments could find application in investigations
requiring a precise method of analysis. However, data have also demonstrated
the need for refinement of the basic technic,
b. Technic for Evaluation of Sporulation

When counts of ascospores in adjacent strengths of the pgraded series

ware low, results were not comparable dus to sampling error. A tube in
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which one ascospore was found per thirty HFF was re-sampled, and three
ascospores were found per thiry HPF, Percentare-wise, this 1s a preat
amount of error. However, resampling of low count tubes never produced
high counts. The function of the technic in these experiments was to
determine optima, at which ascospore production was markedly greater than
in adjacert strenpgths. The magnitude of crror in sanpling was much less
at optima, where counts were hiph. This was demonstrated by repeating
ten times the sampling of a suspension and counting of conidia in 30 HFF.

The similarity of 30 HPFF counts was strikings

Trial No. Conidia per 30 HPF
1 L2
2 L37
3 436
L L2y
5 h39
6 L6
7 431
8 LhS
9 L2k
10 431

Ho other tube was aso thoroughly examined, but agsuming homogenization of
other tubes was as complete, these data are reason enough to assume that
a count of conidia in 30 HFF was representative of the nurmber of conldia
in any 30 UPF of the same suspension.
Clumping of ascospores was more serious than clumping of conidia in
a field, as counts of the former were comparatively low. A drop of Tergitol

No. 7 ®as added to omm tube of a susponsion in which clumps of a3zcospores
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appeared to be common, and samples were withdrawn and examined micro-
scopically to determine whether this made homopernization more complete.
Apparently it did, but only a few observations were made. This use of
detergents and wetting aponts should be more thoroughly investigated,

If cellulose i3 used as a carbon source, as it must be for some
marine Pyrencmycetes until more is known of their nutritional require-
ments (see Experiment 17), some growth will be loat due to the necessity
of removing papers from growth to be homogenized. Neither ascospores of

T. radiata, nor ascospores and conidia of Halosvhaeriopsis were distorted

beyond recognition by Schweitzer's reagent, if at all, but neither were
papers completely degraded, so this technic was not investigated further,
Though 0.03 ml samples were withdrawn from spore suspengions, it
is believed that a lesser volume, perhaps 0,02 ml, may be preferable.
Using 0,03 ml there was some run-out from the edges of many coverslips,
and spores tendsd to concontrate somswhat in such areas. If sufficient
spores for high counts were not present in a 0.02 ml sample, the volume
of water used in the preparation of spore suspensions could be decreased,
thus increasing the concentration of spores. A few attempts were made
to count spores in a haamocytometer, but the size of spores and accompanying
hyphal debris made this impractiecal. However, this technic was designed
to permit reproduce%bility, not to determine the absolute nmumber of apores
gupported per unit volume of medium., Data indicated that neither the
counting technic nor the method of preparing spore suspensions were
great deterents to precision.
One purpose of Experiments 18, 19, and 20 was to explore this new
technie, Not until certain of the sugrested refinements have been

considered, it is believed, would statistical analysis of data be worthwhile.



For that reason, and for the saks of brevity in Tables pertaining to

more theoretical problems, the HFF tallys and replicate averages upon

which Table averages were based have been placed in Appendixes I, II,

and ITI, Data in these Appendixes need not be scrutinized for it to

be obvious that the greatest source of error in this technic was the

method of culture. While samples from the same suspension yieldad

similar results, counts of spores in replicate suspensions of the same
condition varied considerably. The minimum tube value for six replicates

of a glven strength often overlaps the maximum tube value for six replicates
of the pext lower strenpth. This variation within replicates was attribnted
to soveral factorss slight differsnces in tube diameter, volume of medium;
or angle of slantj stimulating or antaponizing substances not homogensously
dispersed in natural sea water; difforences in exposure to licht; slipht
temperature differences; most significant of all, different ratos of
deaiccaﬁion. In this exploratery initial consideration of this techniec,

no more than ordinary precautions were taken to keep these factors constant.
_ Certainly these sources of error would be reduced to a minimum by using

a greater volume of medium in screw cap tubes, but such tubes were not
available in sufficient numbers for this investigation. The use of media
other than NS-1 and NS-7 agars should also be considered (see Experiment 22).

Expariment 21

This was to determine the influence of constant high pH on salinity
optima of the marine gspecies at different temperatures,

The salinity optima for vegetative rrowth of T. radiata on NS-1 plus
tris, as determined by colony diameters, were the same as salinity optima
for fructification reported from NS-7 plus tris (Table 21-A), The salinity

optima for vepetative growth of Halosphaeriopsis,as determined by colony




diameters, were the same as salinity optima for fructification reported
fram NS-7 plus tris (Table 21-A)s The salinity optima for vegetative

grovth of Halosphaeriopsis, as determined by colony diameters wers

strength 3/8 at 20 C and 3/L at 25 C and 30 C (Table 21-4), Salinity
optima for asexual raproduction on LS~l plus tris were strength 3/Y
and 20 C and strength 1 at 25 C and 30 G, but no gsexual reproduction
took place (Table 18-B), On lS~7 plus tris the optimum for sexual
reproduction was strength 1/2 at 20 € and 25 C (Tablo 20-A). Tris
inhibits several activities of both of these fungi, but less at high
salinities than at low.

Experiment 22

This was to consider the utility of various culture media for
physiological, developmental, and other studies of marine fungi.

Neither To radiata nor Halosphaeriopsis grew appreclably on AS-2E

without Whatman paper. On AS-2E with paper T. radiata prodiced small,
mature perithecia (ascospores observed) in the apar around the periphery

of the paper. Haloscvhaeriopsis grew well, but did not fruit on this modium.

fructification of the marine species on natural gsea water agars was
generally better in the dark than in alternating light and darkness, but
fructification on liquld media with sticks was better in alternating light
and darkness. 30lid media in the licht desiccated more rapidly than tubes
of the same media incubated in darkness, and desiccation, rather than
radiation, caused the light-darkness tubes to support fewer perithecia,

Both the initial and final pH readings on sollid media without tris
wiare in the range 6.6-7.2, and 7.3-8.4 for those with tris. The initial

pil of liquid media with sticks was as followa:
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Rurber B A X

9-10 6.2 6.2 6.0
11-12 7.6 3.4 8okt
13-1h 6.l 6aly 6ol
15-16 3.1 8ol 8okt

Final pH readings taken on sticks and liqulds were similar to initial
readings as a rule, though slightly lower.in some tubtes without tris,
The lowest pH reading made was 5.5, at which no ascocarps were produced,
Fructification was abundant in some tubes with a final pH of 6.2,

0f 211 liquid media containing sticks, only ¥-16 from alternating
light and darkress supported mature ascocarps of T. radiata after two
months, at which time this axperiment was terminated. Ascocarps of this
spacles on K-16 wero superficial, carbonaceous,with a short neck, and were
growing in clusters on the sticks, witnin 15 mm of the slurry in the bottoms
of tnbes, The greatest number of perithacia counted on any stick was 27,
and a few of the K-15 sticks supported no ascocarps.

Fructification of T. radiata on solid media was much better than
that on sticks, but still leas than that on NS-7 strenrth 1/ or 1/2 from
Experiment 17. After one month fruiting bodics wera produced, (in order
from the most abundant), on the following medias K5-7 dark; NS~3 darkg
NS-7 and 1i8-8 dark, and alternating light ard dark; X and J numbers 7
and 8 dark, and from light and darke. A very few perithecia were produced
on J-6, K-6, N5-5, and 115-6, l'o fruiting occurred on media without cellulose.

Fructification of :lalosrchaeriopsis at the end of one month was better

on most media than that of T. radiata on [i5-7, strength 1, at the end of
two months, Of the solid media, IS were superior to X, and X superior to

J of the same pE and carbon source. &Ko sexual, and little asexual



reproduction of Halosphaeriopsis took place on NS-2, X-2, or J-2, which

contained tris and glucose. Of the agar media, NS~7, K-7,and NS-1

supported the greatest numbers of Halosphaeriopsis conidia and ascocarpse.

Sporulation was also fair on K-5, and perithecia could easily be counted
due to the light backeround and lack of dark vegetative hyphas. The final
pH of K-5 was T.2.

Before examining Halogphaeriopsis on stick-liquid media it was

necessary to remove sticks from tubes and allom them to dry for a few
minutes on paper toweling. Otherwise an abundance of vegetative growth
on NS medium sticks masked perithecia and made counting difficult. This
was less of a problem on K media, and no problem on J media. Perithecia
on all stick-liquid media were superficial, carbonaceous when mature, and
neck lensth varied with maturity and the medium,

A1l numbers of J media supported fewer peritheccia and less venetatiQa

growth of Halosphaeriopsis than did corresponding numbers of NS and K media.

Of the J media, number 9 appeared to be the best, and then 10, 11, and 12,
in that order. Larger, more carbonaceous and mature perithecia, and greater
numbers of aacocarps were produced on NS than on K media as a rule, and
large numbers of uniformly mature ascocarps were produced more rapidly on

NS 1k, 16, and 10 than en any other media upon which the species was grown.
Homever, fructification on K-9 was comparable to that on the best NS media,
and provided the organism developed typically, K-9 may be superior to NS
media for developmental studies. Ascocarps were less masked by vegetative
growth on this medium, and more stages of perithecial development were
observed than on NS media, Media K-l and K-16 supported fewer perithecia

than did -9, and on most of these sticks structures resembling small
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rhizomorphs were observed (Figure 22-A)., Many sticks in other media were
sheathed with vecetative growth, but K-l and X-16 supported well defined,
more highly organized structures, which branched and often contained

perithecia. It was not determined whether these structures were trus

rhizomorphs, but repectition of this experiment with microacopic examinations

may prove Iinterssting.
All structures of the fungi that were placed in the preservative
described in Experiment 22 of the Materials and Methods were well preserved

by that solution, and remained attached to sticks. A similar technic may

be useful in taxonomic and developmental studies, in which it is desirable

to pregerve material,

Fresh sticks of Halosphaeriopsis were placed in a marine aquarium

primarily to consider their utility in ecological studies, in particular,
studies of the role of animals in the (feoal) dissemination of marine
funpus ascospores. O0f the four fishes in the aquarium, a juvenile

Rhinichthys atratulus was most voracious, and stripped pine sticks of

agscocarps in preference to vegetative hyphas. Semotilis atromaculatus

Juveniles were also very active, but ate both ascocarps and vegetative

hyphae from a balsa stick at the surface of the water. Hybopsis

leptocephalus juveniles fed more on vepetative hyphae than on ascocarps.

Young loxostoma rhotheaca were not obgerved to feed,

These fishes were quite hungry, being fed only occasionally on dog
food, which they would eat in preference to fungl when both were present.
However, it is significant that after three weeks of feeding tn the fungus
nons of these fishes showed any outward signs of poisoning or disease, and
continmied to eat ravenously whensver the fungus was supplied.

Disadvantages of this technie are the residual peptone and the
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superficial location of ascocarps on sticks which might make morine fungl

more available to fishes than they are in nature.
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DISCUSSION

While aspocts of the Phoma pattern have been the central theme of
this investipation, a greater understanding of that phenomenon has not
been its sole objective, The experiments conducted have resulted in an
accunulation of basic technical and physiological data much needed in
several areas of marine mycological research. While some investigations
were thorouphy, many werc exploratory. Data are in some respects
intentionally diversified, Homever, integration of these data offers
support to discussions of tris buffer, nutrition and culture of marine
fungi, their morphology, determinants of their distribution, and means
for distinguishing which marine isolates are indigenoug, Consequently
the following discusgsion is under these topic headingse
Tris and pH

This was added in a 0.1 % concentration to one-half of the units
of media in geveral experiments to consider its utility as a buffer in
fungal cultures, and to study the effects of pH on activities of
Pyrenomycetess

Vhen provided the proper nutrients and salinity, all three species
conmpleted their 1lifec cyecles in trig-buffered media. Dry weights of
myeslia, a gonerally reliable index of growth, gave no indiecation that
tris inhibits vegetative funpal growth through its antagonistic effects
on potassium. TFruiting took place on tris-buffered distilled water-0,1 %
yeast extract-cellulose media in which potassivm concentration is low,
showing that reproductive activities are not seriously affected by
antagonistic action of the buffer, Growth of the marine specles on

distilled water media also disprowved a hypothesis that marine fungi
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misht be delirmited by the requirement for fructification of a delicatoly
balanced Kfsmetal ratio.

The failure of Halosphaeriopsis to fruit and produce abundant conidia

on tris-glucose-yeast extract-soa-water may bo duc to plle But why pH 8.l
is tolerated on cellulose media ard not on glucose was not apparent. The

requirement by T. radiata and Hal osphaeriopsis for cellulose suggoests

that cellobiogse may be utiliged during fructification.

It is perhaps fortunate that the marine species did not fruit in
artificial sea water-glucoso-tris media. Nutritional and blochemical
data gathered from sporulating cultures are often different from thoge
obtained fron vegetative rmyceliz, and are less reproducible. If several
marine fungi will rrow only vepetatively under these condltions, such
nedia will be useful in physiological and blochamlical studiose.

Yany advantages of tris buffer may be ecited: it does not form
precipitates when autoclaved; it doea not provide a substratum, as do
insoluble buffers, for the accumulation of gubstances which influence growthg
it does not require special treatment prior to the harvest of mycelia,
as does CaCO33 apparently it is not utilized as a nutrient,abd may, therefore,
be considered an inert component of mediag:it does not intorfere with
vitamin gynthesis, except through its effect on pH; it can be obtainsd in
high purity. As a buffer for funpus cultures in 1liquid media, O.1 % tris
was comparable to an excess of CaCOB, provided harvests were made after
two to three weeks of growth. After longer periods of incubation, pi in
many tris-buffered cultures became limiting. This was especially true of
low vitamin level cultures in which various products accumulated due to
the blockage of metabolic pathwayse.

The high initial pH of 0.1 % tris media may be a disadvantage in
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studies of some spocies, but C. plobosum, which is usually cultured in
neutral to alightly acid modia, grow woll and completed its life cycle
in liquid and solid media containing.this concentration of the buffor.
Some mature ascocarps developed even in a 0.2 % concontraticn, Initial
pH was lowored by using 0.075 % tris, and approximately 100 mg of dry
T, radiata mycelium was obtained from somc flasks containing this
concentration before pli and other factors became limiting. The high initial
pi of 8.4 and the early limiting pi of some tris-buffered liquid modia
could be alleviated by using a 0.075 % concentration initially, and
aseptically adding more buffer after a period of incubation. Hipghly
concentrated golutions of tris can be prepared, but whether thesec can
be autoclaved without appreciable chenical change was not investigated,
In solid media a less=than-C.l { concentration of tris can be usecd
successfully, as acids diffuse through arar,

Because of its apparent inertness, with respect to fungus nutrition,
tris buffer may help resolve some of the problemsg of salts of organic
acids in ammonium nitrogen culturcs, (see Lilly & Barnett, 1951). For
salinity tolerance studies, it may in some eases be advantagcous to use
a substance which possesses the other merits of trils, but which buffers
in a slightly lower pHi range, perhaps 7e4 to 7.8.

A pl gradient exists between some rivers and the sca, and species
would be expected to vary in their response to guch a gradient. Even
from this preliminary study, it is evident that the optirum pH for growth
of some fungl is not the same under varying conditions of galinity and
temperature. The extreme lom pH of river water is 6.6, and the axtreme

high plii of most sea water is 8.6. An intermediate pH of 7.6 may not be

optimm in either hish or low salinity wiater, but nay be more nearly
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optirum for a great range of salinities and temporatwros than would

gither of the extrames cited. Using colony diarccters as an index of

growth on artificlal sea water—glucosec~-nitrate-vitamin nedia, a survey

should be condicted to doternmine the hydrogen-ion requiremonts of gseveral

species at three or more salinities and temperatires. Data on the individual

gpecies would be pertirent to several problems, but tho discovery of trends,

and the determination of a "general purpose™ pH for studies of marine

lignicolous Pyrenomycetes and Deuteromycotes, would be of greater theoretical

and technical valuec. A similar survey of trace metals requirements would

also be a contribution toward the develomment of a gencral purpose synthetlc

goa water medium for thesc organisnse. tHowevor, until such surveoys are

completed, it is believed that 0.1 % tris and the strength 1 AS-1 chelated

netals nixture are adequate for studies of gome marine lignicolons spccles.
Fortunately, thoe growth response of T. radiata and C. globogum to

salt concentration was measurably greater than response to pd and trace

metals concentration, but because the latter do affect growth, they

should be held counstant in salinity tolerance studiese. If the optimum

pil at 35 C and a salinity between 26 ofoo and 34 ofoo is higher than the

p-i optimum at lower temporaturss and salinitics, response to a pH gradient

mizht be falsely interpreted as a Pioma pattern response to a salt gradient.

Also, a pH gradicnt might so nodify growth response to salt concentration

that a Egggg pattern mould olther go undetectod, or be pgreatly accentuated.

The concentration of trace metals availavle to fungl, through water and

food nmaterials, may be nearly the sams in fresh, brackish, and sea water,

In the future, the basal synthetic sca water medium, for Phoma pattern

detection and other purposes, should contain only major and minor salls.

This base should be diluted to the dessired strengilis, and the most generally
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favorable concentrations of buffer and chelated trace metals added to each
dilution of the base, rather than diluting all four systems proportionally.

The high pl afforded bty 0.1 % tris was not reaquired by the fungi
cultured in stick~liguid and other natural sea-water media. However,

a pH higher than that of autoclawed, fortified natural sea water may
favor sexual reproduction of some mafinc fungi, and antoclaving cortain
woods and wood products in liguid media lowers pH considerably (lieyors
& Reymolds, 1959a)e In this study, pHd was lowered more by pine than by
balsa. Experiment 22 demonstrated that 0.1 % tris may be a suitable
buffer for natural sea water cultures of marine fungi, when a buffer 1s
needed.

The use of tris in culture media 4s discussed by Provasoli et al. (1957)e
Fungi were cultured in the ASP, medium of Provasoli by Ritchie (1957) and by
Meyers and Reynolds (195%a)e From these, and the present investigation,
it appears that the only marked affects of 0.1 % tris on the growth and
reproduction of several lignicolous Pyrenomycetes and Deunter.m cetes
results from the compound's buffaring actione |

Mutritional Requirements and Svnthetic ledia

This investigation demonstrated that T. radiata is less fastidious
than may be inferred from the mork of Yeyers and Reynolds (1959a) or
Yoore and Yeyers (1959)e Substitution of cellilose for glucose in ASP,
may well support ascocarps of the fungus. Perithecia of either T. radiata

or Halosphaeriopsis should develop on pine in ASP2 with added nitrate,

but Halosphaeriopsis is probably the more fastidious of the two. Longer

incubation or additicn of more buffer to AS~1l plus cellulose may have
enabled ascogpores of this fungvs to mature, but it is very doubtful

that perithecia would have been as typical on the synthetic medium as



were those of 2, radiata.

While the full nutritional requiroments of Halogsphasriopsis wore

not detormined, data do conclusively demonstrate that neither of the
marine species studied require marine salts in sea-water proportions or
exotie maring growth factors for fructification. Thus, a graded serles
of natural sea water, supplemented with 10 mg to 1 g per liter of cammon
laboratory dipests or extracts, provides satisfactory media for studying
the salinity optima for fructification of euryhaline lignicolous speciles.
Though euryhaline, T. radiata and Halosphaeripsis are obviously

halophiliec, true marine species. Thorefore, strength 1 AS-l may be an
adequate base for studies of the nutritional requircments for sexual
reproduction of gseveral euryhaline and stonohaline Pyronougycotese.
Judging from this investipation, and thoso of Johnson et al. (1959) and
Layers and Reynolds (1959a), the full nutritional requirenents of many
marina lignicolous specles irncluding saprophytlic Lulworthia specioes,
should be satisfied by thianin, biotin, phosphate, nitrate or ammonium
nitroren, and cellulose, in a gynthetic sca water base contalning tris
buffer and a chelated metals mixture. The dsvelopment of perithocia free
from wood, in the slurry of somo stick-liquid tubes of Fxperiment 22,
suggests that provigion of a subgtratum by cellulose is not a vital
function of the polysaccharide, and that it may bLe replaced by glucoge,
xylose, or cellobiosc, or mixturcs of these and othar sugars.
Fructification of some species may be favored by, or dependent upon,
organic nitrogsen and non-cellulosic polymers of plant materials. It is
doubted, however, that morphologically adapted, and particularly stenchaline
lignicolous Pyrenomycetes require lignin of phanerogamic origin for completion

of the life cycle, White-rotters are most commonly Basidiomycetes and though
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gome Ascomycetes utilize this substance efficiently after dsgredation

ig advanced, they do not commonly require it. Also, though wood is
cammonly used to detect and isolate fungi from marine environments,

this substance of terrestrial origin is not present in the oceans in
sufficient quantities to support the great populations of so-tsrmed

lignicolous Pyronarycotes present. Marine saprophytic fungi undoubtedly
perform tasks similar to those of torrestrial wood rotters but the
"litter" of sea-mator is largely of animals,Monocotyledons, and
Cryptogans,

Before procecding further with the development of a general-
purpose synthetic mediwm whict. will gsupport perfect stages of marine
Pyrenorycetes, the inhibition of sporulation by 0.1 % tris should be
more thoroughly investigateds If sexual arnd asexual reproduction of

Halosthacriopsis were also inhibited on inorganically~buffered glucose

redia of pH 8.0-8.li, it could be assumed that tris functions as a buffer,
and little else, in funpus cultures. The AS-l vitamin mixture should
suffice for amy of the marine liruicolous Pyrenomycetes and Deuteromycetes.
It is likely that these fungi are deficient only for biotin, thiamin, and
pyridoxine, but few spoecies should be inhibited by the presence in media
of vitamins for which they are autotrophic. The gromth and gporulation
of most species studied in enlture has Leen accomplished on 0.1 % ysast
extract, For sexual reproduction, a rsduced level of vitamins may be
favorable in some eases.

If AS-]1 proved adequate for the task, a comparative study of the
nutritional requirements, for fructification of euryhaline and stenohallne,
free-living and parasitic species, would provide information of general

value to marine microbiologists and ecologists, For the initial mineral-



nutrition studies of marine lignicolous fungi it is also believed that
a medium such as AS-1 would be preferable to one of reduced salinity and
altered proportions of major marine salts, as it has been dsmonstrated
(Experiment 1) that requirements for some ions may be dependent upon
the concantrations of other ions. lfineral nutrition studies so conducted
would reveal ion antagonisms, and would greatly contribute to the develop=-
ment of a medium better suited for blochemical studieg than is AS<l,
ASP, is a medium of low salinity, with a Ca/ig ratio different from
that of natural assa water. DBecause of a low concentration of salts which
form ingoluble phosphates and carbonates, ASPZ has a high degree of
reproducibility. AS=l of strength 1/2 or greater forms abundant pro-
cipitates upon autoclaving. The phosphate concentration of this medium
is higher than is necessary, but aven if this were reduced, or glycero-
- phosphate used, as in ASP,, the concentrations of Ca, lg, and Sr would
still be a source of precipitates. Exporiments indicated that for
euryhaline specles, the concentrations of Ca, lig, and probably K ions,
nay be held to between 1/l and 1/2 the concentration of these in sea
water, and salinity built up with NaCl. Sodium partially replaces
potassium for some species (Lilly and Barnett, 1951)s The lg/Ca ratio

is also alterable, as indicated by growth on strength O NS-1 and strength
0 NS-7, A less-than-gtrength 1 concentration of minor salts may be
adequate for fructification, if required at alls Cobalt may be unnecessary,
but the addition of other trace metals, should be investigated.

| Specieg which require a high salinity probably evolved from euryhaline
fungl, Therefore, Experiments 13 and 1l suggest that AS-1, so modified,
might also support ascocarps of stenchaline sea-mater Fyrenomycetes,

providing NaCl concentration of the medium is high enough. Properly
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fortified, the ASP, or ASPg of Provasoll (1957) might also be suffielent
for several Lulworthia spp.

In any event, the development of synthetic modia which support the
perfact stages of marine Pyrenomycetes will probably Le less of a problem
than that of obtaining morphologieally typical ascocarps undor other than
natural conditions,

Uorphology

One purpose of Experiment 22, and indiroctly Experiments 17 through
20, was to consider what types of media might be suitable for morphological
and taxonomic studics. Several atick-liquid media of Experiment 22 favored

sexual reproduction of Halosphaeriopsis more than did agar media. Examination

and preservation of variously matured ascocarps on sticks is convenient,
and in many respects well-adapted to developuental studiss. This study is
not complete, however, until the morphology of specios grown on sticks is
canpared with that of fungi isolated from natural conditiong. It is not
knewn whether ascocarps which developed superficially on sticks or free
in slurry are as suitable for morphological studies as those imbedded in
woode The morpnhology of ascocarps which doveloped on the various media
used in this investigation was not carefully considered. The ncck length,
color, position on substrata, number of nocks, and fertility of ascocarps
were noted. Examinations were thorough enough to strongly support Meyers
(1957) evidence that the morphology of ascospores is consistent, and is a
better taxonomic character than the structure of the perithecium. When

Halosphaeriopsis was grown under different conditions of pH, light

intensity, mutrient constitution, and physical state of the medium,
ascospores were morpnologically indistinguishable from one condition to

the nexty, Perithecia in which these ascospores occurred varied greatly



as to size, neck length, and number of necks on the venter. The dark
color of mature perithecia was their most consistent characteristic.

It is reasonable that these variations would occur in nature. Perithecia
of T. radiata which developed on liS-7 were quite different in appearance
from those on AS-2E, the latter being minuts, brownish rather than
carbonaceous, and without a praminent neck 1ln all casos. Ascogporos

from these two redia, however, were identical in appearance. Varlations
in tempcrature and salinity in media of the same nutrient sonstitution
did not produce as great chanres in the strmcture of perithecia as did
variations in nutrients at a constant salinity. Bolling perithecia caused
ascospore appendages to be indistinet, but thesc were present on the
mature ascospores from all salinities and temperaturss in which theac
occurred. Ascospores from the various combinations of temperaturc and
galinity were morphologlcally indistinguishible., One conclusion drawn
from thess obsérVations is that ascospore appendages mipght better be
termad adaptations to an aquatie, rather than &0 a marine enviromxant.,
Therc is no evidence that these processes developed only in marine
envirommaonts, nor that their function in fresh water is rot the sare as
that in sea water. Evidences indicate that stick-liquid media may be
suitable for taxonawie and morphological studies which place more cmphasis
on spore morphology than on perithecium structure. Both marine species,
as they appeared on sticks, were casily keyed to genus by the key of
Yayers (1957),

Coridia of Halosphaeriopsis generally arose basipetally, but the

possibility of othsr methods was not excluded by thiz study. In low

salinities this species produced conidia, chlamydospores, and oil-containing

colls, as well as filamentous hyphae.

30
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Torpedogpora radiata produced many chlarmydospores in low-salinity

artificial ssa water. A great diversity of undetermined forms was also
produced on this mediume Under conditions of low salinity and nearly
optimum temperature, the mycelium apparently fragmentcd, or failed to
produce filamentous hyphae. A mass of chlamydospores, and budding cells
suggestive of yeasts, were present, Conidia have not been reported., for
this species, and some effort was made to detoct these asexual spores in
soveral natural and artificlal soa water nmodia. Only a few structures
sugpestive of microconidia were observed (Figure 3-F). No asexual spores
of any kind were obgsorved in the T. radiata cultures of Experiment 22,

Detarminants of Diatribution

Of the three Pyrenomycetes studied, only T. radiata possessed a
Phoma pattern involving vogetative and reproductive phases. From this
avidencas, one wonld expect that the fungus has a Phoma pattern distributed
in an estuary. Gold (1959), however, found ascocarps of thig species in
fresh, brackish, and sca water portions of the Newport River in warm and
in cold seasons,

Sexual. reproduction curves of T. radiata did not peak at 25 C and
30 C (Figure 17-A), At these temperatures, the range of salinities at
which fructification occurred was greatest, It is not understood, therefore,
why perithecia of supposed Phoma pattern fungi collected by Gold did not
occur over a great range of salinities when water temperature was 25-30 C,
Certainly nutritional factors, as well as temperature, affected the salinity
optima of these species, but these factors should also have affected the
distribution of blotin-thiamin heterotrophic T. radiata. There 1s no
evidence that the species studied oy Gold are so fastidlous that they

must follom peaks of the production of specific organies. More likely,



the Phoma pattern mechanism in these fungi 1is more highly developed than
that in T, radiata, if the North Carolina T. radiala possesees:such a
mechanisnm at all.

It i3 possible thnat the North Carolina T. radiata is physiologically
distinct from the Florida isolate uscd in this investigation. While
Johnson {1958 ) did report some morphological differencos, nutritional
requirements of these were shown to be similar (Johnson et al. ,1959).

A comparative study of the growth pattern in culture and the seasgonal
distribution of T, radiata in Florida and lNorth Carolina waters may
reveal a scasonal shift in population density, though not necessarily

a Phora pattern like that of Trichocladium sp. (Gold, 1959), Such a

pattern, if it dbes existy should result from the combined action of
water temperature and the level of biotin and thiamine. Other factors
should algo be considered as influences of distribution.

A conparison of salinity optima on LS~1 and AS-<1 gives some cluo
to the nature of the other determinants of distribution. The HNaCl
concentrations of these two media were the samae. No assay of the
BBEL yeast extract used in NS-1 wags available, but it is reasonable that
the thiamin, biotin, nitrogen ,and phosphorus levels of these media wore
adequate, Yet, salinity optima viere highor, and the degrce of Phoma
pattern éxpression was greater, on AS-l than on KS-l. Experiment 13
indicated that thig discrepancy is only in part due to the pH and trace
metals pradient in a secries of AS5-1 agars, It was demonsatrated in
Experiment 10 that nitrogen-pnosphorus lcwvel has no effect upon the
salinity optirum of T, radiata, but Experiment 11 and others suggest
that the forms in which nitrogen is available might have a great effect.

By partial replacement of biotin, organic nitrogen increases the salinity
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tolerance of T. radiata in biotin-free media, but the effects of nitrogen
gources on gsalinity optima in high-vitamin level media should also be
investicated. Dry weights of mycelia from three salinities and three
temperatures, in the presence of NHh’ NO3 or orianic nitrogen, may reveal
a heretofore unsuspoctod determinant of estuarine distribution.
Concentrations of inorsanie subatances other than NaCl also affect

salinity optirma. Requirenents for trace metals, calcium, and sulfiur

wore probably satisfied by 0.1 % yeast axtract, but not by strength 1/16,
and porhaps rot by stronsth 1/} A5-1. Regardless of temperature, maximum

prowth of T. radiata, C. plobosum, and Halosphasriopsis could not be

attained on AS-1 until the salinity was inecreased to strength 1/2, and
with it the concentrations of Ca, g, soh, and trace metals, These
mtritional requirements caused salinity optima on AS-1 to lie farther
to the right than those on NS-1. At 20 and 35 C, C. globosum and

Halosphaeriopsis responded favorably to a greater-than atrength 1/l

concentration of a mixture of Ca, ifr, and K chlorides in sea wator
proportions, This indicates a mutritional or an osmotic function of these

saltsy Torpedospora radiata responded favorably to an increased concentration

of Ca, lg, and X salts at 20 C, but unfavorably at 35 C. Thus, response
to this mixture of galts was t he opposite of response to liaCl concentration.
Though the biochemical mechaniams of the Phoms pattern are not undorstood,
Experinment 1l suggests that in T. radiata it is principally an lonie
vhenomenon.

Data on T, radiata suggest salt antagonism. The effects of sodium
and potassium ions on the permeatility of cells are opposed by the sffects
of calcium and magnesium ions, In this preliminary survey, Ca, g, and

K concentrations of media were increased or docreased simultaneously,
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thourh, above a certain concentration,the monovalant and the bivalent
cations may affect growth differently. Doespite this, some inferences
can be drawn from Experiment 1, Procisely, not only the hipher ealeium
level, but also the greater Ca/lla ratio of 0.1 ¥ yeast extract media may
have caused salinity optima of T, radiata to lie farthor to the loft on
IS<1 than or AS.1 at sub-optimal temperatures, Dilution of AS-1 lowered
calcium lovel, but the Ca/Na ratio romainod the same for all strengths
of the medium. In an estuary, increcases in the Ca/la ratio, brought
about by calcium=-rich river water, might favor the growth of Phoma
pattern fungi in low salinity repions durlnpg winter months,

Additioral mireral nutrition studies, using dry weights of nycelia
as an index of growth, are needed to dotermine the best approach to
the Phora pattern mechanism, but flane photoggggﬁ}, respirometry, and
other tools of biocheristry will probably be necessary to reasolve this
problem,

The present mitritional studies have indicated that the osmoresulatory
devices of T. radiata and C. globosum are dependent upon enerpy furnished
by aerobic respiration. Sodium-ion tolerance inercagsed with temporature
and thizmin<biotin level, and pyrnvate probably accumilated in absence of
sufficient amounts of these vitamins, This suggests active transport, but
does not rla out a diffusion mechanisme The prescnce of thiamin
prrophogphate provides rapid entry into the kreba cycle. As temperature
inereases so does respiration. It is poseible that the rreater wator
of respiration produced at high temperatures rust be accompanicd either
by a more rapid entry of salts or a more rapid loss of water. The concentration
gradient and Ca/Na ratio of sea-mater would enhance diffusion, and the

rnaintenance of the proper tinieity and viscosity of the protoplasm.



For a Phoma pattern mecharism to be functional in an estuary,
those conditions of temperature and salinity which favor wepgetative
groath must also favor sporulation and the developmont of adequate
neans of dissemination. Fungus populations will not bocome established
anywhere in an estuary that spore production, dispecrsal, and attachment
are ineffective. It is, therefore, concelvable that a Thoma pattern
could be expressed by T. radiata, and be of definite survival value.

In winter months, when organiec production is low in sea wator, a low
salinity and hipgh Ca/ Na ratio favor growth and reproduction. Yhen
terperature ig low, vitanin requirements arc lesa and nmutrient level
greater at low than at high salinity. ¥hen tenperature is high, high
salinity favors growth and rerroduction. The Phoma pattern fungus is
establishted in a region where orgaric nutrients are abundant, and the
appendagced ascosrore has a decided advantarce. Seasonally adventitious
nen~-marine fungi therefore are less sucessful than those having such
aquatic adaptations.

During warm secasons tlhie level of dissolved vitaming need not be
high for T. radiatc to invade the oceans, as the level of organic
nitrcger is highs MNitrate, arnonium, ard orecanic ritrogen are utilized,
The latter also increases salinity tolerance by partially replacing biotin,
Cellulase is actively produced, cven in absence of thiamin. Thugs, entrance
could be gaired into wood cells and other plant materials, and biotin~
thiamin requirements more fully satisfied.

It is difficult to eveluate resudts of the experiments to determine
the effects of temperature and nitrogen~vitamin level on salinity optima

for vegetative and reproductive activities of Halosphaeriopsis. This is

due to discrecpencies in data obltaired from solid and liquid media, to
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dasiccation of tube media, and to high C/N ratios of some tube modia of
Experiment 19, Thus, only generalizations can bte made. Reoproductive
activities followed a pattern somemhat the opposite of that which might
be expected of a Phoma pattern fungus. Reduction of temperaturs or
vitamin level caused salinity optima for sporulation to increase, rather
than decrease, as was the case with T. radiata.

Thege data are of ecological significance in that they indicate
determinants of the distribution of this fungus. Howevor, it is difficult

to surmise, from these data, how Halosphaeriopsis is distributed in various

marine habitats throughout the seasongs This is partly duc to 1ack of
knowledge,of the level of nutrients that are available to this fungusg.
Data generally indicate that a masohaline range of salinitles would

favor most activities of this species regardless of season or olimate.
Sporvlation may be favored by salinities less than 17 o/oo in tropical
egstuaries, or in south temperate estuaries during summer monthss In
north temperate estuaries or in winter months in south temperate estuarics
a salinity greater than 17 o/oo may favor sporulation., Though tho
temperature optima for activities of this fungus lie between 25 C and 30 C,
this species is a common representative of the northern marine mycota
(Meyers and Reynolds, 19596).

Distribution can be determined with certainty only by distributional
studies, The function of laboratory studios should not be so much to
predict, as to explain the distribution o fungi. llore conclusive results
would have been obtained had fungl been used which displayed the Paoma
pattern under natural conditions. !uch mors distributional data is ncdded,
and in the light of present data, field studies of T. radiata and

Halosphaeriquis may be of value.
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For prediction or explanation media more closely simulating natural
conditions might be propared, and field and laboratory findings more
c¢losely corrslateds Some of the stick-liquid media of Exporiment 22
ray be useful in this respect. Also, on these media perithecia could
be counted easily even if wvegetative hyphae werc carbonaceous. It has

becn demonstrated with T. radiata and Halosphaeriopsis that a count of

carbonaceous perithecia ig an accurate index of ascospore productione.
The myeelium, which grows predominantly on the surface of stacks and in
the liquid, could be harvested with 1little loss, and either dry weipghts
of mycelia or conidia per HPF, could be dstermined.

The ecological significance of a Phoma pattern in C. globosum iz not
apparent. It is very doubtful that C. globosum invades even oligohalins
sectors of estuariea, aexcopt tamporarily on floating debris or structures
above water levol. Data indicated that oxygen content and spocific gravity
of sea water, not salinity and pi,oxclude C. globosum from marinoe environments
(Experiment 15 and Table 1-B), However, tho offects of vitamin level and
temperature an salinity tolerance of this organism are undoubtedly exemplary
of several othor non-marine fungi which are more marine-fit than this
Pyrenomycete. This is evidenced by the invasion of estuaries, espcecially
during surmer months, of a hoard of varionsly designated fungi.

Delimiting the Marine Mycota

The number of presumably non-marine spocies that can survive in
marine environments is so great that some have reasonably questioned the
use of habitat designations such as "terrestrial® and "fresh water"
fungus as opposed to "marine" fungus (Ritchic, 195h; TeStrake, 19593
Siepmann and Johnson, 19603 Wolf, 1960), It is conceded that "lignicolous"

does not allude to the actual and potential rutrient sources of many fungi



as inclusively as would"hyllytic", (Gr. hylos - wood, mattery lysos - to
dissolve). Also, criteria for delimiting marine specles may be particularly
difficult to recognize,if there is ary distinction at all, in the caso 6f
some yeasts (Fell et al. 1960) and Deuterorycetes (Leyors and Reynolds,
1955b; leyers and Moore, 1960). Howaver, despite forms that apparently
are pre-adapted or adaped to the extent that ubiquity is possible, in
the majority of cades it seems wnnecessary to revert to calling a furgus
a Pungus.

The definition of a marine fimpus is a problem in biolopy and scmanticse
The biological problenm is that of determining whether a particular marine
isolate is: (1) actually marine, (2) an opportunist which could lepitimately
be designated "terrestrial® or "fresh-mator,” (3) a transitional form which
requires both marine and non-marine habitats, or (L) a pereralized funpus
whose genetically identical representatives are adapted to both marine and
non-marine environments, though not despendent upon both for completion of
the 1ife cycle, Same features of marine Pyrenomycetes were sct forth by
Yeyers, (1957) "(1) the continuous and regular occurrence of these fungl
in oceanic areas; (2) their association with marine algao and higher plante,
sozetimes as parasites; (3) morphological adaptation and verious growth
responses in cultura.* To this list ore may add,thelr avsence from
environments other than oceanic and estuarines The following definition
is now proposed in an effort to restrict the meaning of the term "marine
fungus", ("Thalassiomycete?" see !‘oors and Yeyers, 1959) and thereby make
that designation more meaningfule

A marine fungus is a morphologically ard physiclogically distinct
species, variety, or forma of fungus %o which the most favorable natural

conditions for perpetuation are provided by brackish and sea-water habitats,
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to which it is restricted except under conditions favorable for
facultative invasion of adjacent fresh-water and shore habitats.
Opportunists may be distinguished by poor or poriodic representation
in marine environments, greater representation in low than in high
salinity regions, greater representation in non-izarine environments,
and by lack of morphological and physiological featuros of potontial
marine survival value. These ganeral features, of course, are difficult
to evaluate., Some charactoristics are unloubtedly of greater survival
value than others, but no one of these would be held in common by all
fungi which are indigenous to the seca, yot abgent from all other fungi,
The oéeans and estuaries provide a mumber of environmental situations,
all of which must be sonsidered marins, but none of which are optimum
in all respects for any particular fungus gpecies. Several spocles
must be either marine-fit or unfit to comparable degreos, but for
different reasonsy Some non-marine fungl may be fit for survival in
certain marine situations from which they are geographically isolated.
This study has indicated that neither the dsmonstration of saline-
tolerant vegetative mycelia nor of vegetative growth in a Phoma pattern
in culture are necessarily indicative of marine fitnessp. It is predicted
that future exploration will fail to isolate C. globogum from natural
marine situmtions, and that pure cultures, started on sterile wood panel
traps and submerged in estuaries, would either porish or fail to become
established on other panels placed in the immediate viecinity of the
initially pure culture panels. Some dogrec of in vitro vegetative Phoma
pattern expression is apparently a characteristic of several fungi from
different habitats. Affinities to this pattern have been demonstrated

in three of five marine isolates, and in orne of two terrestrial isolates
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by Ritehie (1957, 1959), and in two marine and one terrestrial species
used in this invegtigation, A1l of these fungi were selected at random .
Terminology might be rsvised, however, to indicate the distinction
between the vepsetative Phoma patterns of undetermined function in fungl
such as C. globosum, and the Phoma patterns of marine-fit fungi, which
involve both vegetative and reproductive phases. The present stugdy
indicates that salinity optima for fructification may be a reliable indem
of marine-fitness, For the purpose of assigning descriptive habitat
desipgnations to fungi, saline tolerance data are most useful if obtained
through field studies. Cultures in graded series of nutrient soa water
media determine barriers created solely by salinity, and are measures of
salinity tolerance under a particular, (usually favorable), sst of conditions.
. Field studies reveal actual boundaries which are merely defined in terms
of salinity. Survival and dissemination tests, using continual-flow, or
using panel trap cultures in estuaries, might provide a practical index
of marine-fitness. -

Transitional forms, if they exist at all, may be of two types. Ons
may be a species extremely sensitive to tempsrature change, which can be
compensgated for only by a shift in the organism's roaction to salinily.
This would be a gggggvpattern fangus which, in temperats climates can only
exist in fresh-water during winter months, and can only exist in ssa water
during the summer months, The only evidence that such & fungus oxists
was found by Gold (1959), "the absence of reproductive structures wndsr
certain conditions does not indicate that specific fungi were absent but
rather that they may have failed to reach reproductive maturitg...” The
other type of transitional form may require that physical conditions,

chemical constituents, or hosts from sea water for one stage of its life



cycle, and from fresh water for the other stages. However, tﬁe extensive
works of Hbhrk (1939, 1952a and b, 1953a and b, 1955, 1956) have not indicated
that such a condition exists in the Phyeomycetes, in which it would be

most likely to occur.

The term, "terraquatic", might be applied to those fungi which are
permanent inhabitants of marine and mcn-marine habitats, though are not
transitional forms., Same fungi have been found to oceur in geveral
habitats, and the marine and non-marine isolates appear morphologically
to be the same species (Fell et al, 19603 Meyers and Reynolds, 1955b;
Siepmann, 1959a and b; Siepmann and Johnson, 1960)s In gome cases,
legitimate speciss or lower taxa may have been distinguishable by
features other than the morphology of mature reproductive structurss.
Developmental morphology will likely be a profitable approach to this
problem in some groups of fungl, Howsver, in this investigation, efforts
have beencdirected more toward the discovery of physiological eriteria
for delimiting the marine mycota, To distinguish between two differant,
but morphologically similar fungi, one a marine isolate and the other not,
and to indicate whether a marine igolate might be indigenous to that
thvironment, the following ermperimental approaches are suggesteds
(1) determinations of the specifie gravities, and the amounts and types
of o0il in conidia; (2) salinity optima for asexual reproduction on
low~thiamin level media; (3) study of nutrition on a reproducible
artificial sea water; (L) determinations of cellulolytic activity, as
suggested by Meyers and Reynolds (1959d); (5) evaluation of the abilitics
of species to disseminate in nature or in simulated natural conditionsg
(6) respiromstric studies. On congideration of the last approach the

following observations were made. Crowth of Halosphasriopsis, but not




Co globosumy in the continual flow device of Experiment 15, the Mstacicing"
phenomenon of C. globosum, and the shift to the right of salinity optima

for some activities of Halosphaeriopsis on low-thiamin level medis, all

gsuggest that the fermentative abilities and oxygen requirements of marine
fungl are differsnt from thoge of fungl which camot bte indigenous to

marine énvironments. The aerobic, and particularly anacrobic respiration

of filamentous fungl has never been thoroughly investigated, but respiromstry

may well become a valuable 100l in several areas of marine mycology.



SUMLARY

Terrestrial Chastomium globosum and two marine Pyrenomyceotos,

Torpedospora radlata and a spescies of Halogphaeriopsis, were subjects

of extensive iaboratory investigationg. Topics congidered weres
mutrition and culture of fruiting marine Pyrenonycetesy technics for
precise evaluation of sporulationg utility of tris (hydrognmethyl)
amino methane as a buffer for fungus culturess effects of temparature
and levels of nitrogen and vitamina on salinity optima for growth and
gporulation; temperature-affected mineral salts requirements which
result in a Phoma pattern (Ritehie, 1957 and 1959); charactoristics

of Chaetomium globosum which make it unfit for marine environments.

1, Yhen cultured on graded series of sea-water agars at four temperatures,

Phoma pattern affinities were displayed by Torpedospora and Chactomium,

and were weakly indicated in Halosphaoriopsis.

2. At 35 C Torpedospora required Na, and was inhibited by a high

concentration of a mixture of Ca, Mg, and Ko At 35 C the othor
species respondsd favorably to Na or to the mixture. At 20 C all
apecies werse inhibited by a high concentration of ra, and stimulated
by the mixture. This suggests involvement of salt antagonism in the
Phoma pattern of Torpedospora.

3. Chaetomium grew poorly on vitamin free media if salinity was high and

temperature low. Torpedospora was deficient for thianin and wiotin.

Casein hydrolysate partially replaced biotin. Vitamin requirements were
least when temperature and salinity were low., Inorganie nitrogens

phosphorus level did not affect salinity optima. Halogphaeriopais

was thiamin deficient, High thiamin level favored growth in low



galinity, as determined by dry weights of mycelia,.
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Chaetomiun fruited on sea-water agar, but not in a marine aquarium.
This, and buoyancy of mycelia in sea water, indicated that oxygen
content and specific gravity of sea water, not salinity and alkalinity,
exclude Chastomium from marine environments., This demonstrated that

a vegetative Fhoma pattern is not a reliable index of marine-fitnesse

Growth and fructification of Torpedospora were favored by similar

conditions of temperature, salinity, and nutrient level. This fungus
fruited in artificial sea water containing chelated trace metals,
ammonium nitrate and phosphate, biotin and thiamin, cellulose, and

tris buffer, In this artificial ssa water Halosphasriopsls required

‘wood for sexual reproduction.

Tris satisfactorily buffered fungus cultures, but inhibited gporulation

if glucose was the sole carbon source. Torpedogpora required cellulose

whether the buffer was present or not,

A potentially precise technic for evaluation of sporulation was devised.
Agar was removed from tube cultures with boilingwashwaters and
centrifugation, ¥Mycelia were ground in 2 ml of water in a Corning

7725 tissus homogenizer. Three 0.03 ml samples were taken from

each spore suspension so prepared, and three coverslip preparations
were mades. Counts of spores in ten HFF of each of three samples

were averaged, and "spores per HFF"™ were reported. Reproducible

spore counts proved the effectiveness of the method.,

Asexual reproduction of Halosphaeriopsis decreased as salinity’ increased

on 1 gfliter yeast extract, but increased with salinity on 10 mg/litero.
In 100 mg/liter asexual reproducation was similar in all salinities 8.5

to 3l o/oo. Salinity optima for fructification apparently increased



G

slightly as temperature and nutrient level decreased. As salinity
tolerance of the other two species was a function of respiration
rate, in turn dependent upon temperaturc and thiamin pyrophosphate,

it was suggested that Halosgphaeriopsis may have preater fermentative

powers.

Operating in an estuary, a Phoma pattern would function to establish
a fungus in regions where vitamin efficiency and organic produstion
were greatest; that is, in low salinity in winter, and high salinity

in summer.
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Table 1-A
~ Colony diameters (mm) of C. globosun after six days on seven strengths of

NS-1 at four temperatures; averages for each of three runs, and average

of three runs,

Zemperature (C)

Strength MS-1 20 23 20 32
(avg) (avg) (avg) (ave)

0 294226 32 505448 50 505648 51 3 0 7 3
/4 495048 49 707067 69 7878 78 5 4 8 6
1/2 475046 A7 607058 62 707065 69 111211 11
34 M A6 43 44 566851 58 646858 63 223012 21
1 3842 36 38 515346 50 515348 51 173512 2)
W 283025 28 374238 39 424238 4 1224 U 17
181819 18 313229 31 323230 33 910 6 8

Table 1-B

Colony diameters (mm) of C. globosum; individual replicates of 35 C run

nmumber three of Table 1-A,

Plates were stacked three high,

Strength X1 T te Middle Plate  Bottom Plate
0 9 6 5
1/4 1 7 6
1/2 14 11 8
3/4 16 11 9
1 15 1 8
% 19 73 9
2 1 5 3



Table 1-C

Relative abundance of C. globosum perithecia after 12 days on seven

strengths of NS-1 at four temperatures; average of three runs,

Sirength RS-1

Colony dismeters of T, radiasta after 12 days on seven strengths of NS=1

at four temperatures; averages for each of three runs, and average of

three runs,

Strength NS-1
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20
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Table 1-B
Torpedospora radiata colony diameters (mm); first run of Table 1-D after

14 days growth,
Tenpersture {(C

Strength KS5-1 20 23 20 33
0 5 11 10 0
1/4 8 12 12 2
1/2 10 13 25 8
3/4 6 13 26 12
1 5 13 pIA 9
1% 3 1 20 4
2 2 5 9 1
Table 1.F

Halosphaeriopsis colony diameters (mm) after 12 days on seven strengths
of NS5-1 at four temperatures; averages for each of three runs, and

average of three runs,

at C

Strength NS-1 20 25 30 35

(avg) (avg) (avg) (avg)
0 7 78 7 131510 13 141311 13 9 3 6 ¢
/4 101010 11 151814 26 22 2417 2} 9 4 6 6
1/2 910 7 9 151815 16 202220 21 1210 9 10
3/, 1010 8 9 11,1815 16 182019 29 8 6 4 ¢
1 6 9 5 7 111313 12 141317 15 72 3 4
1 L 7 4L 5 78 9 8 7 610 8 2 21 2
2 2 2 4 3 L 2 5 4 335 4 110 3



Colony diameters (mm) of C, globosum after six days on seven strengths

of AS-1 at four temperatures; average of three runs,

Temperature ‘C[

Strength AS-1
1/16

1/4
1/2
3/4

Relative abundance of C. globosum perithecia after 12 days on seven

45
38
22
17

Table 2-A

25
40
57
60
60
51
38
30

Table 2~B

30
{2
60
70
70
65
43
31

10
23
30

49
35
21

strengths of AS-1 at four temperatures; average of three runs,

Temperature §02

23

6
5
3
2
1
0
0

18

O O O = = N w

o o o Ob':

o
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Table 2-C

Colony diameters (mm) of T. padiata after 12 days on seven strengths of

AS-]1 at four temperatures; averages for each of three runs, and average

of three runs,

Strength AS.1 Base 20

1/16
1/4
1/2
3/4
1
1%

2

(avg)
2 3 3 3
6 8 9 8
10112 1
11 910 10
96 6 7
4 5 3 4
101 1

Temperature (C)

22

(avg)
L 4L 3 4 4 5 4
111212 12 111
17 18 16 17 20 16 18
18 17 15 17 24 22 23
14 1413 14 2020 16
8 78 8 11 9
3 4 4 4 4 55

Table 2.D

30
(avg)

4
12

18
23
42

10
2

Torpedosporg radiats colony diameters (mm); third run

14 days,

Strength AS-1 Base 20

1/16
1/4
1/2
3/4
S
1%

2

Temperaturs (C)

23

4
12
20
21
17
10

4

32

(ave)
2 30 2
7 4 2 4
8 74 &
RrRL2NL B
14 12 10 12

4 4 3
3 2 2

w o |

of Table 2-0 after
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Table 2-B
Colony diameters (mm) of sphae g after 12 days on seven strengths
of AS-1 at four temperatures; averages for each of three runs, and average
of three runs,

Temperature (C)

Strength AS-1 20 25 30 35

(avg) (avg) (avg) {(avg)
1/16 556 4L 566 6 966 7T 54 3 4
1/4 811 9 10 101310 11 113X 12 9 6 8 8
1/2 91310 11 171717 17 211816 18 6 2 3 4
3/4 111210 11 16181 15 182019 19 15 812 12
1 710 ¢ 8 16113 W 1311, W 171313 1
1% 5 5 6 5 10 & 8 9 81211 10 10 6 9 8
2 3 22 2 &6 5 5 5 5 5 6 5§ 312 2

Table 2-F

Halosphaeriopsis colony diameters (mm); third run of Table 2-E after 14

days,
Temperature (C)

Strength AS-1 20 25 3e 35
1/16 5 7 7 A
1/4 10 11 12 10
1/2 1 19 21 4
3/4 14 22 20 15
1 12 20 19 15
1k g 12 11 9
2 5 6 6 2



Table 3-A
Colony diameters (mm) of C, globosum after six and 12 days on seven
strengths of AS-1l, less all vitamins, at four temperatures; average of

four replicates,

Tem a_ (C
Strength AS. 29 25 30 35
£ 1 & & 12 &
1/16 17 30 24 38 24 45 12 14
1/4 19 36 31 53 39 61 17 21
1/2 9 13 15 45 49 170 35 38
3/4 9 15 15 33 34 54 35 39
1 6 18 15 30 32 49 25 33
13 2 15 15 35 2 39 20 33
2 0 6 3 25 16 28 11 14
Table 3-B

Stacking phenomenon in €. globosums 35 C plates of Table 3-A, after 12

days,

St h AS- Top Plate Middle Flate Bottom Flate
1/16 17 1, 1

1/4 23 20 20

1/2 Al 40 34

3/4 43 40 35

1 ‘ 36 34 30

1} 36 34 28

R 20 1 9
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Table 3-C
Relative abundance of C, glgbosum perithecia after 12 days on seven
strengths of AS-1, less vitamins, at four temperatures; average of
four replicates,

Temperature (C)

Strength AS-1 20 32 20 2
1/16 2 5 3 0
1/4 ? 3 1 0
1/2 0 2 1 o
3/4 0 1 ? 0
1 0 0 0 0
1% 0 0 0 0
2 0 0 0 0
Table 3-D

Colony diameters (mm) of . radigts on seven strengths of AS-1, less
vitamins, at four temperatures; average of four replicates,

Temperature (C)

Strength AS-1 20 25 30 35
1/16 2 3 1 2
1/4 8 4 3 2
1/2 7 3 3 1
3/4 4 3 2 2
1 3 3 3 1
1% 2 2 4 2
2 0 0o 2 2



Table 3-E
Colony diameters (mm) of Halosphaeriopsis after 12 and 15 days on seven

strengths of AS-1, less vitamins, at four temperatures; average of four

replicates,
Tem ture (C

Strength AS-l 20 25 3Q : 35

2 13 2 15 2 15 & 12
1/16 5 6 6 8 9 11 3 3
1/4 10 12 13 20 17 20 7 10
1/2 8 10 12 16 % 19 0 ©
3/4 6 8 g 11 9 12 7 8
1 6 7 7 8 8 10 10 11
it 3 3 3 5 5 7 L 6
2 1 2 2 2 3 2 1 0



Table 3-F
Pescriptions of I, radiats from AS-1, at various strengths and tempera-
tures, with and without vitamins, after 15 days, Each description is

the record of at least three observations,

20 C, vitamins present

1/16 - dense white colony, somewhat ecrumbly and raised in the center.
The perimeter of the colony was composed primarily of thin
vegetative hyphae, and some of these were present toward the
center of the colony. The center of the colony was composed
largely of a mass of thin, as well as thick stubby vegetative
hyphae, and chlamydospores, See Figure 3-F (1),

1/, - white to cream disk-shaped colony with a tough raised center,
The periphery was composed of thin vegetative hyphae, and the
center of chlamydospores and white to light~brown parallel
vegetative hyphas,

1/2 - The periphery wes as above, in 1/4, but the center was more raised,
white, with a few dark flecks, In the center, parallel hyphae
and short, thicker hyphae were more abundant than in 1/16 and 1/4.

3/4, 1 and 1% - in the white, disk-shaped colony wae a dark, somewhat
raised center., Parallel hyphas in 3/4 and 1 were more abundant
than in 1/16 and 1/4. No spores wers observed,

2 -~ white colony with dark center, composed of fine vegetative hyphae,
none of which grew parallel,

20 C, vitamins absent

1/16 through 2 - all colonies white and very sparse; 1/4 was probably

the heaviest, and 1/16 the second heaviest colony. Only 1/16 and

1/, contained chlamydospores.
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Table 3-F (continued)

25 C, vitamins present

1/16 - cream colored colony, somewhat raised and irregular

/4 -

low, white, disk-shaped colony; dense

1/2 - as 1/4 25 C, above, but dark flecks were in the center of the

3/4" l’

colony,
and 1% - white disk, dense, and a dark-brown center comprised

1/2, 2/3, and 1/2 of the diameter of 3/4, 1, and 1} colonies, resp.

1/16 - raised, cream colored colony; second heaviest of the series,

1/4 =~ fairly dense cream center and sparse white periphery; heaviest

of this series,

1/2 through 2 - sparse, with occasional dark fleck in the center,

30 C, vitamins present

1/16 - white, irregular, and raised; composed of a mass of chlamydospores

1/, -

/2 -

and perhaps other asexual spores. Filamentous hyphae were rare
in some colonies and absent in others., The proportion of the
mycelium devoted to sporulation, or fragmentation was greatest
in this series, See Figure 3-F (3),

disk-shaped; dense white periphery and raised white center,
Some thin filamentous hyphae were in the center, and cells became
shorter and thicker toward the perivhery, Sporulation or
fragmentation was second greatest in this series, A masa of
chlamydospores was present, See Figure 3-F (4).

flat white colony with raised eenter; center composed of thin
filamentous hyphae, becoming somewhat shorter and thicker
toward the periphery; a few parallel hyphae and chlamydospores

were in the periphery. See Figure 3-F (5),



Table 3-F (continued)

3/4 through 2 - a white disk with dark-brown center comprising, resp.,
1/3, 1/2, 1/2, and 1/3 of the diameter of 3/4, 1, 14, and 2
colonies; 3/, contained the greatest number of parallel hyphae
in this series, These diminished in number in 1% and were not
present in 2,

0 C, vitamina absent

1/16 through 2 - sparse growth; somewhat orange in 1/4., Production of
chlamydospores was greatest in 1/16 and 1, Spores resembling
microconidia were present, See Figure 3-F (2).

35 C, vitamins absent
14 -~ apparently heaviest colony in this series; pink to peach, and

raised,

Table 3-G
Descriptions of Halosphaeriopsis on AS-l at various strengths and tem-
peratures, with and without vitamins, after 15 days growth, Each
deseription is the record of at least three observations.
20 C, vitamins present
1/16 through 2 - dark, dense colony with aerial hyphae most abundant in
the center; gray to white at the periphery and gray to black in
the center; abundance of conidia in 1/16 and 1/4; the mumber of
conidia decreased as salinity increased.
20 C, vitamins absent
1/16 - abundance of conidia in dark center of sparse colony; light
brown sparse periphery.

1/4 - a8 20 C 1/16 above, btut more sparse.



Table 3-G (continued)
20 C, vitamins absent (continued)
1/2 through 2 - very sparse, light brown to white
25 C, vitamins present
1/16 through 2 - dense, dark green in lower salinities, light green in
middle range, and dark gray at highest salinities; aerial hyphae
and conidia abundant; nmumber of conidia decreased as salinity 1
increased.
25 C, vitamins absent
1/16 - dark gray-green, somewhat raised; heaviest in this series,
1/4 through 2 - sparse, with brownish center and lighter periphery.
30 C, vitamins present
1/16 through 2 - dense, with many aerial hyphae; periphery light green
to dark green; center gray to blackj little to no green coloration
at higheat salinities; high salinity colonies were less dense,
almost black-centered, with gray to white periphery, Number of
spores decreased a8 salinity increased; 1/16 contained a mumber of
asexual cells: conidia, chlamydospores, and perhaps others,
3¢ C, vitamins absent
1/16 -~ dense black colony composed of dark vegetative hyphae and conidia,
1/4 - dark center; sparse periphery; fewer conidia than 1/16 above,
1/2 through 2 - number of conidia decreased as salinity increased; dark
center and sparse periphery,
35 C, vitamins present
1/16 through 2 - dark green to black center, and lighter periphery,

Conidia decreased as salinity increased,



Table 3-G (continued)

35 C, vitamins absent
1/16 ~ dense black coleny composed of short, dark hyphae and conidia.
1/4 - black center and sparse periphery; heaviest of this series,

1/2 through 2 - dark center and sparse periphery,

Table 4-A
Colony diameters (mm) of T. radiats after 13 days on AS-1 strengths 1//
and 3/4, at four temperatures; single vitamin deletions; averages of four

replicates; S denotes sparse growth,

1/4 AS-1 3[4 AS=1
Vitamin mixture 20C 25C 30C 35C 20C 25C 30C 35 €
complete 10 1 14 A 10 18 25 8
no pyridoxine 8 15 15 5 9 19 24 7
no nicotiniec acid 10 1 VA 3 9 18 24 6
no inositoel 9 1 13 4 9 18 24 7
no thiamin 11S 165 155 1S 55 158 248 28
no biotin 85 53 4S 2S 58 45 3S 2S
no vitamins 8s €s 45 1S 3S 25 38 1s

13



Table 4-B
Colony diameters (mm) of Hglosphaeriopsis after 13 days on AS-1 strengths
1/4 and 3/4 at four temperatures; single vitamin deletionsj averages

of four replicatess S denotes sparse growth,

1/4 AS-1 AS-1
Vitamin mixture 20C 25C 30C 35C 20C 25C 30C 35C
complete 12 1 14 10 13 19 20 13
no pyridoxine 11 13 13 9 12 18 20 13
no nicotinic acid 11 LV A 13 10 11 17 20 12
no inositol 12 1 13 8 11 19 22 13
no thiamin 128 US 168 g5 108 125 145 gs
no biotin 10 13 12 7 10 15 20 12
no vitamins 6S 105 10S 55 2S 3S 25 28
Table 5-A

Colony diameters (mm) of Halosphaeriopsis after 13 days on 1/4 and 3/4

AS-1 at 30 C; vitamin content variable; averages of four replicates.

Vitamins jn medium 1/4 AS-1 3/4 AS-)
thiamin, biotin 12 gray aerial, dark green beneath 20
thiamin 13 white to gray aerial, most abundant;

dark green beneath 19
complete 13 gray asrial; dark green beneath 20
no vitamins 138 7S
biotin 19 very sparse 14 very sparse
inositol 16S ' 6S
nicotinic acid 175 | 108
pyridoxine 20S 108
no thiamin 165 178

no thiamin or bioctin 208 16S



Tabls é-A
Torpedospora radiatg cross inoculation test; diameters (mm); S denotes

sparse growth,

Temperature Strength AS.1 Inoculum Medium

no vitamins vitamins po yitamins yitgminsg
20 1/4 X 8s 10
20 1/2 X 0 10
20 3/4 X 3s 1n
20 3/4 ) 4 0 1n
25 1/4 ) 4 7S 14
25 1/4 ) ¢ 0 13
25 3/4 X 2S 18
25 3/4 X 0 17
30 1/4 X A 12
30 1/4 X 0 1
30 3/4 X 45 25
30 3/4 X c 23
35 1/4 X 1S 4
35 1/4 X 0 3
35 3/4 X 25 11
35 3/4 X 0 10



Table 6-B
Halosphaeriopsis cross inoculation test; diameters (mm); S denotes
sparse growth,

Temperature Strength AS-1 Inoculum Medium
no vitaming vitamins no vitamins vitamins

20 1/4 X 8s 12
20 1/4 X 6S 12
20 3/4 X 4S 13
20 3/4 X 25 2
25 1/4 X 145 11
25 1/4, X 108 10
25 3/4, X S 15
25 3/4 4 15 12
30 1/4 X 18 VA
30 1/4 b ¢ 118 11.
30 3/4, x 8s 22
30 3/4 X 1S 20
35 1/4 X 58 10
35 1/4 X 3s 9
35 3/4 X 53 17

35 3/4 X 1S 15



Table 7-A
Dry weights (mg) of T. radiata from liquid AS-1, 1/4 and 3/, strengths,
vitamins variable, at 20 C and 30 C, after two, four, and six weeks;

averages of four replicates, (When present, biotin 5 ug, thiamin 100

ug/liter.

Vitaninp Miz 1/ 3/4 20C 30C  2uks  4yks  Guks
none X X 0.2 0,3 0.2
none X ) 4 0.5 0.3 0.3
none X X 0.8 0.2 0.3
none X X 0.1 ‘ 0.2 0.4
thiamin-biotin X X 4.6 9.7 7.8
thiamin-biotin X X L.l 7.2 7.1
thiamin-biotin X X 5,0 10,0 17.1
thiamin-biotin X X 23.8 88,3 85.5
biotin X X 2.7 3.2 2,0
biotin X X 3.0 2.7 1.0
biotin X X 3.2 3.5 1.3
biotin X X 1.8 1,2 0.8
thiamin X X 0.8 0.4 0.4
thiamin X X 0.4 0.3 0.5
thiamin X X 0.7 0.3 0.2

thiamin X X 0.4 0.5 0.7



Table 8-A
Dry weights (mg) of T, radiata after 20 days in three strengths of AS-1

with tris constant 0,1 %, thiamin constant 100 ug/liter, and biotin varied;

25 C, Initial pH 8.4~8,6, and final pH plus or minus 0,2 recorded by
weight, Averages of each of two runs, and average of two runs,
Biotin ug/liter Strength AS-1
¥/ L2

PH 1 2 avg pH 1 2 avy pH 1 2 awx
5 4.5 28,5 33,2 30,8 5,5 31.3 39.0 35.1 4.7 18.7 15.0 16,8
0.5 Le2 14,4 12,6 13,5 4.2 19,4 18,7 19.1 4.3 12,4 11,3 11.9
0,05 4.2 7.8 6,9 7.4 4.5 6,1 5.5 5.8 4.3 5.8 5.4 5.6
0.005 6.0 3.9 4.6 4.2 6,8 2,3 1.5 1.9 6.3 2.0 1.8 1.9
0,000 7.6 0.1 0,2 0,1 8.0 0,2 0,2 0,2 7.6 0.2 0,2 0.2

Table 8-B

As Table 8-A, but biotin constant (5 ug/liter) and thiamin varied,

Thiamin lite Strength AS.1
U 1z
Bl 2 sw pi 1 2 sy pi 1 2 aw
10 4.0 15,9 15,8 15,8 4.0 11.6 12.4 12.0 4.0 10,7 9.8 10.2
1.0 4.0 45 43 huh 4O 3.6 3uh 3.5 4.0 3.2 4.0 3.6
0.1 7.0 0.6 0.5 0.5 7.2 0.5 0.8 0.6 7.2 1.0 1.0 1.0
0.0 7.0 0,5 0.6 0.5 7.4 0.5 0.5 0.5 7.6 0.8 0.9 0.8



Table 8-C

Dry weights (mg) of Halosvheeriopsis after 20 days in three strengths of

AS-1, tris constant 0,1 %, thianin varied, st 25 C,

final pH plus or mimw 0,2 recorded.

average of two runs,

Thiamin ug/liter Strength AS-1
1/4 /2

pE 1 2 avg pH 1 2 gz pH 1 2 aug
100 6.0 32,0 23.0 27.0 5,0 16.6 18.4 17.0 5.0 15.0 17.9 16.0
10 6.2 9.6 11,0 10.3 6.2 11.6 10.1 10.8 6.2 10.9 9.4 10.1
1.0 7.5 1.7 2.0 1.8 7.5 1.5 1.9 1.7 7.5 1.2 1.5 1.3
.1 8.0 0.2 0,0 0,1 8.0 0.2 0,2 0.2 8,0 0.2 0.2 0.2
0.0 84 0.1 0.1 0,1 0.4 0.1 0.0 0.1 8.4 0.1 0,1 0,1

Initial pH 8,/-8.6,

Averages of each of two runs, and

Table 9-A

Dry weight (mg) of Halosphaeriopsis and T. radiata after 21 days in 1/4

AS-1, all tris replaced by CaCO3, vitamins varied, at 25 C; average of

gix replicstes,

Torpedospora radiastg

Halosphaeriopgis

Thiamin 100 ug/liter

Biotin 5 ug/liter

Eiotin yz/liter Wt. Thiamin ug/liter Wi, Thiamin ug/liter Wt.
5 34.9 100 3449 100 29,7
0.5 26,9 10 21.6 10 15.6
0,05 8,6 1 5.6 1 4o7
0,005 3,0 0.1 2.3 C.1 1.3
0.000 0.3 0.0 2,0 0.0 0.8



Table 10-A
Dry weights {mg) of T. radiata from three strengths of AS-1, tris constant
0.1 %, initial pH 8,4 to 8,6, after 20 days at 25 C, using three levels of
nitrogen and phosphorus; f£inal pH plus or minus 0.2 recorded; average of
each of two runs, and average of two runs,
NsP/liter added Strength AS-l
1/ 12 1

PH 1 2 aw pi 1 2 awg pH 1 2 an

7:1 mg 7.0 8.4 9.5 8.9 6.6 13,011,8 12,5 6,6 12,7 11,011,8

10‘1 U.g 7.1‘. 2¢8 2.4 2.6 7’1 5.9 6.5 6.2 7.1 3'6 2.5 300
none 7.6 1.2 1,7 1,5 7.3 2.0 1.8 1.9 7.3 2.2 2.4 2.3

Table 114
Dry weights (mg? of T. radiata from AS-1 strength 1, after 20 days at
25 C; thiamin and nitrogen levels constant at 100 ug and 140 mg per
liter, resp.; nitrogen sources and biotin level varied. Averages for

each of twe runs, and average of two runs,

Nitrogen Sources

all NOa NOq-aspartic  MNOz-casein hydrol.
Biotin ug/liter 1 2 avg 1 2  avg 1 2 avg
0.5 o6 4L,T 45,6 39.1 33.6 36.3 45.3 46,7 46,0
0.05 30.2 24,1 27.1 n.4A 7.2 9.3 17,0 19,3 18.1
0.005 3.9 3.2 3.5 3.6 3.8 3.7 6.2 5.1 5.6

0,000 0,0 0.1 0,1 0.5 0.3 0,4 3.9 3.0 3.4



Table 12-A
Relative amounts of growth of I. radigtg and Hplosphaeriopsis (im paren-
theses) in strength 1 AS-1 liquid after 20 days at 25 C, using various
vitamin contents and carbon sources; average of ten replicates from two

runs, S denotes sparse growth, N denotes no growth,

Carbon Source Biotin-thiamin Biotin Thiamin None

balsa 2 2 2 (2) 2 (2)
pine 3 3 3 (3) 3 (3)
Whatman paper 2 S s (3) N (8)
Whatman cellulose 2 S N (2) N (N)
glucose 5 g/liter 4 s N () ¥ (N)

Table 13-A

Diameters (mm) of three Pyrenomycetes on altered AS-1 base; AS-1 nutrients const,

Strength of Systen C, globosun T, radiata Halosphaeriopgis
Tris Metals Mincr Major 20030C 35 C 20C 30C 35 C 20C 30C35¢C

/4 Y4 1/h 14 49 61 23 5 12 3 9 1 6
1/2 Y2  1/2 12 50 69 30 6 18 6 10 16 4
1 1 1 1 2 66 49 4 16 15 8 1, 12
/4 1/2 1/2  1/2 A 59 24 5 16 9 10 14 12
/4 1 1 1 45 56 36 4 16 13 g8 1, 16
/2 14 1/2 1/2 471 67 35 5 18 6 10 16 12
1 1/4 1 1 L 68 A8 4 17 15 8 15 U
/2 1/2 /4L 1/2 54, 68 22 6 18 6 10 16 4
1 1 /4 1 9 60 48 5 15 15 8 15 10

/2 1/2  1/2  1/4 O 71 25 5 % "7 1 1 1
1 1 1 14 5. 58 4 5 12 3 10 15 10



Table 14-A

Diameters (mm) of three Pyrenomycetes on strength 1/4 AS-1 base made

strength 1 in major system ingredients only., See experiment 14,

Materials and Methods section, for key to additives 1-6,

itive

C, globosum

20C 35
6 22
45 47
36 49
38 45
9 10
52 36

I, radigts Halosphaeriopgds

200 35C 20 G 356
9 6 8 8
7 1 8 14
7 12 6 13
7 1 8 13
3 7 7 1

10 3 9 12
Table 15-A

Ascocarps of C. globgsum per plate on three natural sea water (salinity

26 o/oo) media containing seven concentrations of tris buffer, after

four weeks,

% tris

0,000
0,007
0,013
0.025
0.05
0.1

0.2

#

<N O W N e

A(NS-1) B (N5-7) C{inorg, NiPspaper)
pH aseocarps pH ascocarps pH ascocarps
5.9 245 72 1620 6.7 1188
6.3 221 7.7 1260 7.0 1224
6.4 270 7.8 1280 7¢5 1188
6.8 419 8.0 1080 7.7 1224
7.3 764, 8.2 1044 7.9 1264,

7.7 85 8.4 1080 8.3 1620
7.9 55 8.5 - 864 8,5 1224
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Table 16-A

Dry weights (mg) of . globosum and Halogphaeriopsis from strengths 1/4
and 1 AS-1, potassium variable; buffer CaCO3 or CaCO3 plus 0.1 % tris,

C, globosum Halosphaerigpsais
1/4 AS-1 1 AS-1 Kimg/liter CaCO3-tris CaC03 CaCO3-tris CaC03
X 1000 33.6 36.5 27,2 24,3
X 100 35.1 36.5 29.4 19.2
X 10 27.3 31.3 24,8 1.7
X 1 25,0 20,6 7.1 7.6
X 0 1.4 7.7 3.0 1.8
X 400 29.1 9.8

X 100 30.9 : 8.9

X 40 29,8 7.6

Table 17-A

Relative mumbers of T, radiats ascocarps on seven strengths of NS.7 at

three temperatures; pH 6.,6-7.2 and pH 8.2-8,4 (0.1 % tris),

pH 6.6 - 7,2 pH 8,2 ~- 8,4
Strength NS-7 20C 25¢C 30 C 20C 25€C 300
0 2.5 4,0 4,0 0.5 3.0 1,0
1/4 5,0 6,0 7,0 2,5 3.0 2.0
1/2 4.0 6,0 7,0 2,5 3.3 2.0
3/4 2.0 45 5.5 2.5 4,0 2.8
1 1.5 4.0 3.0 2,0 3.0 1,0
1% 0.0 2.3 2,5 0.0 0,0 0,0

2 0.0 0.0 0.0 0.0 0.0 0.0



Table 18-A
Halosphaeriopsis cenidia (enda) and ascospores {asco) per HIF from seven

strengths of NS-1 at three temperatures; average of & tubes,

Strength NS~1 20 C 25 C 30C¢C

enda as¢o cnda asco cnda asco
0 22,6 0.12 16.5 0.32 24.1 0,033
1/4 19.7 0,27 13.2 1.6 19.0 0,13
1/2 13.8 0,83 15.2 1.4 13.5 0,011
3/4 12,7 0,011 2.7 0.022 10.6 0.C
1 7.5 e.c 7.3 0.011 5.9 0.0
13 1.5 0,0 0.5 0.0 0.7 0.0
2 0.0 0.0 0.0 0.0 0.03 0.0

Table 18-B

Halosphaeriopsig conidia (no ascospores observed) per HFF from seven

strengths of MS-1 plus 0,1 % tris at three temperatures; average of six

tubes,

Strength NS-1 20 C 25 C 3006
0 0,07 0.0 0.0
1/4 0,17 0.0 0.0
1/2 0.22 0.0 0.0
3/4 1.0 0,9 0.41
1 0,77 1,5 0,70
1% C,13 1.1 0,35

2 0,0 0.0 0,01



Table 19-A
Halosphaeriopsis conidia (eonda) and ascospores (asco) per HFF from four
strengths of NS-1, modified to contain yeast extract 100, 10, and

0.0 mg/liter; glucose constant at 5 g/liter; averages of six tubes,

yeast, mg/liter  1/4 12 3/4 1
cnda asco epda  ageQ endg asco  cnda asco
100 14,3 0,16 13.6 0.33 4.3 0.12 13,4 0,05
10 €.3 0.0 5.9 0.0 5.7 0.0 1,2 0,0
0,0 0,68 0,0 1.4, 0.0 1,1 0,0 1.1 0.0
Table 20-A

Halosphaeriopsis conidia (cnda) and ascospores (asco) per HFF and
carbonous perithecia (prth) per tube from four strengths NS-7, with and
without 0,1 ¢ tris, at 20 C and 25 C; averages six tubes,
ﬁb tris 0,1 % tris

206 25 ¢ 20 ¢ 25¢
X7 cnda asco prth cndg aseo prth enda asco prth cnda asco prth
/4 18 006 61 .94 .34 88 .82 none 13 45 .05 27
1/2 61 011 49 .63 ,29 71 .61 none 18 .45 L,10 41
3/4L .57 none 37 .58 ,011 29 42 none 9 ,33 ,011 31
1 .24 nome 11 ,30 none 12 .01l none 1 .22 ,005 16
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Table 20-B
Comparison of NS-1 and NS-7 conidia (cnda), ascospore (asco), and

carbonous perithecia (prth) ratios,

20C 23 C
AB-l -7 NS=l 187
Ratio cnda/HIF 1/4:1/2 1.4 1.3 .87 1.5
1/2:3/4 1.1 1.1 1.7 1.1
3/4s 1 1.7 2.4 1.2 1.9
Ratio aseo/HFF 1/4:1/2 .33 .5 1,1 1.2
1/213/4 75 Large? 64, 26
3/4s 1 Large? - 2,0 Large?
(Larger?)
Ratio prth/tube 1/4:11/2 1.2 1.2
1/233/4, 1.3 A
3/4: 1 3.4 2.4
Table 21-A

Diameters (mm) T. radiats and Halgsvhaeriopsis (in parentheses) on seven

strengths NS-1 at three temperatures; tris constant 0.1 %,

Tem t C

Strength NS-1 20 25 30

0 3 (7 5 (8) 7 (9)
1/4 5 (8) g  (10) 1 (12)
1/2 5 (8) 12 (1) 18 (13)
3/4 5 7) 2 (13) 19 (14)
1 3 (5) 1 Q1) 18 (1)
1% 2 (2) 7 (8) 10 (9)
2 1 - 2 (4) 3 (@



Colony diamester (zm)

Relative fruotifiocatiom

Figure l-A
Colony diametera (mm) of C. globosum after six days on seven strengths

of ES-1 at four temperatures; average of three runs,
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Figure 1l«C

Relative abundance of C. globosum perithecia after 12 days on seven

strengths of KS»]1 at four temperatures; average of three runs,

2w

1 X X

_ 35% (nons N :

°“7‘""""WS 3 S g B *-
©o 14 1A 34 1 B 2

Strength of NS-1; strongth 1 equals salinity 34 o/oo



Figure 1<D
Colony diamsters (mm) of T. radinta after 12 days on seven strengths of

NS-1 at four temperatures; average of three runs,
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Colony diameter (zm)
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Figure 1«F

Halosphaeriopsis colony diameters (mm) after 12 days on seven strengths

of NS-l1 at four temperatures; average of three runs.
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Colony diameter (mm)
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Figure 2aA
Colony diameters (mm) of Ce globosum after six days on seven strengths
of AS-1 at four temperatures; average of three runs,
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Figure 2<C
Colony diameters of T. radiata (mm) after 12 days on seven strengths of
AS-1 et four temperatures; avorage of three runs.
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Figure 2-E

Colony diameters (mm) of Halosphaeriopsis after 12 days on seven strengths

of AS~=l-at four temperatures; average of three runs.
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Figure 3=i
Colony diameters (mm) of C. globosum after six days on seven strengths
of AS~1, less all vitamins, at four temperatures; average of four replicatese
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Figure 3-D-

]

Colony diameters {(mm) of T, yadiata on seven strenmths of AS-1, less

vitaninsg, at four temperat.res; average of four ronlicates after 12 dayse
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Figure 3-F
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Torpedospora radiata from various strengths of AS-l at 20 and 30 C, vitamins wveried
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Strength 1/16, vitamina present, 20 C
Strength 1/16, vitamins absent, 30 C
Strength 1/16, vitemins present, 30 C
Strength 1/4, vitamins present, 30 C

Strength 1/?, vitamins present, 30 C



Colony dismster (mm)

Figure L-A
Colony diamsters (mm) of I, radiata after 13 days on 1/4 and 3/l AS-1 at
four temperaturesj average of four replicates; T-bar denotes sparse growthe
Single vitamin deletions ares 1) complete, no deletiony 2) pyridaxines 3)
nicotinic acid; L) inositoly 5) thiaming 6) bioting 7) no vitamina added,

25w p
- yo &7
20-
- '1 **r
1c- y T T g
- 4 r
.
10=- ¢ ¢ v
- 4 r( ’
- iy YT s
- | r
- T f
S T r
. m I “l’
123,567 1234567 123u567 1234567 1234567 1234567 1234567 1234567

20°c 25°% 30°%  35% 20% 25% 30%¢  35%

Strength 1/l AS-1 Strencth 3/ AS-l

135



Colony diameter (mm)
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Figure 4-B

Colony dimmeters (mm) of Halosphaeriopsis after 13 days on 1/L and 3/k AS-1

at four temperatures; average of four replicates; T-bar denotes sparse growthe
Single vitamin deletions ares 1) camplete, no deletion32) pyridoxinej 3)
nicotinic acid; li) inositol; £) thiaming 6) biotin; 7) no vitamins added.

25~

- 4
20 R
- s
15~
- > 297 p ! T
- 4 p 281 [ 4 p
-t T { { T ] 1
-— rr ; |
10.. ' ! T - o "o
- . ; ‘ T
- - Al '
tm i - |
- I ? i
- | | z
- ; :
< I | |
1234567 23,56 Lo sli5o7 123567 1241567 . 23L567 1234567 1234567

20% 289  30°%  35% 20%  25% 3%  35°%C

Strength 1/l AS-1 Strength 3/} AS-l



Dry weight (mg)

Dry weight (mg)

Figure 8-A
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Dry woights (mg) of T. radiata from three strengths AS-1, biotin variable.
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Figure 8-B

Dry weights (mg) of T. radiata from three strengths AS-1, thiamin variable.
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Figure 8-C

weights (mg) of Halosohaeriopsis from three stren~ths AS~l, thiamin varieds
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Figure 10=A

Dry weights (mg) of T. radiata from three strengths 45=1, nitrogen=

phosphorus level variable,
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Figure. 13-A, Parts 1 - 3

Colony diameters (mm) of C. globosum after six days on altered AS-1 media
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Figure 13-A. Parts 4 = 6

Colony diameters (mm) of T. radiate after twelve days on altered AS-1 media.
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Figure 13-A, Explanation

This figuxe is a graphic representation, in nine parts, of the data in
Table 13-A. |

The ordinates of all points are colony diameters in millimetsrs, and the
horizontal scale of all graphs is in strengths of variable gystems of altered
AS<l, The long solid line connecting strengths 1/4, 1/2, and 1 points is the
conirol curve, The short solid line connects diameters of colonies which grew
in strengths 1/2 and 1 media with strength 1/l mojor salts constant., The dash
line connects diameters from media with a constant strength 1/L buffer. The
dot line comnects diameters from constant metals-chelator medla, and tha dash—dot-
dash line is that of the congtant minor salts media.

Parts 1~3 are for C. globosum at 20, 30, and 35 C, respectively. Parts
-6 and 7-9 are for T. Badiata and Halosphaeriopsis, respectively.




Figure 17-A-
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Fruetification of T. radiata on seven strengths NS=7 at threse temperatures,
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Figure 18-

Halosphaeriopsis escospores per HFF from soven strengths NS-1 at three

temneratures, and from four g+

Ascospores per HPF
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Conidia per HPF
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Figure 18« -

Halosphaeriopsis conidia per HFF from seven strengths NS-1 at three

temperaturesy and four strengths with reduced nutrient levels at 259%,
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Figure 18-B
Conidia of Halosphaeropsis

Figure 22-A

Rhizomorph-1ike Halosphzeriopsis onh balsa
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VITA

Paul W, Kirk, Jr. was born February 23, 1931, in Jacksonville, Florida.
He attended the College of William and Mary - V.PeI. in Norfolk, Virginia
for two years on scholarship, and there acquired an interest in biology and
~ chemistry. He transferred to the University of Richmond in September, 1951,
and there majored in chemistry and minored in biology. His undergraduate
education was interrupted by service in the U.3, Army in Verdun, France,
where he functioned as a medical laboratory technician, medical bacteriologist,
and veterinary bacteriologist. Upon honorable discharge from the armed
service he continued to pursue his Bachelor of Science Degree in Chemistry,
which he received from the University of Richmond in August, 1957.

Prior to 1957 he had worked several summers and after classes as a
public health bacterlologist, medieal laboratory technlcian, and bloodbank
technician for the Medical College of Virginia, and both Norfolk and Richmond,
Virginia City Public Health Laboratories. After receiving his Bachelor's
degree, he completed his major in biology and taught this, and other subjects,
in Thomas Jefferson High School of Richmond, Virginia,

He re-entered the University of Richmond in September, 1959, as an
A.D. Williams Fellow, to begin work on the Master of Science Degree in
Biology. From a course in general mycology taught by Dr, Wilton R, Tenney,
the author became interested in the physioclogy of fungi. He became interested
in the physiology and ecology of marine lignicolous fungi from the publications of
Dr. Terry W. Johnson, Jr., of the Duke University, and later those of Dr.
Samuel P. Meyers of the University of Miami and Dr. Don Ritchie of Barnard
Colleges Mre Kirk will enter Duke University in September, 1961, to begin
work on the Doctor of Philosophy Degree in Botany, with specialization in

marine mierobiology.
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APPENDIX I
HPF tabulations from which averages, Table 18-4, were derived; 20 C
cultures only; six tubes per salinity-~temperature combination; three
cover-glass preparations per tube; ten HPF per cover-glass for a total
of 180 HFF per recorded average,

S2alinity "O"
_Tube #31 ___Tube #2 Tube # 3 m_iuh_iﬂm&*~JM&£i.
15 29 1618 49 5 45 40 22 33-125-138 27 24 8
24 10 2725 50 48 23 34 31 &€ 11 17 21 18 9 19 23 15
3018 2719-141 19 22 13 20 28 21 10 29 15 21 18 19 3R
25 40 2113 36 17-121 21 21 43 24 9 29 36 17 151715
2025 3629 20 22 24 19 15 29 18 20-119 12 12 291816
821 1623 21 10 25 29 24 27 28 15-121 17 11 461518
26 25 18 30 34~1 31 30-122 38 3R 27-120 35 10 13-1 10 31 25-1
25 7 1318 30 45 15 20 11-127 10 24 27 15 19 111018
25 21-1 20 46 26 46 23 11-128 31 17 11 23 24-123 35201
2120 1840 41 10 30 28 25 10 15 15 23-725 21 212015
Tot avg Tot avg Tot avg Tot, avg Tot avg Tot avg
647 21,5 83 29,4 T34 2L.4 #11 20,3 609 20,3 601 20,0

Total Conidia « 408, Average - 22.6
Total ascospores -~ 21 Average - 0,12

Salinity 8,5
Tube # 1 Tube # 2 Inpg £ 3 Tube # 4 be # 5 Tube # 6
22 17 1728 20 15 19 1 15-1 14 15 18 23 17-1 42 36-1 28-1

1817 1729 618 25 14 19 20-1 14-3 15 23 19 11 13-1 31 18
3035 272840 8 17 18 2016 15-1 19-2 13 15 28 15 21 19-1
25 17 17353613 29 23 15 13-1 18215 17 21 25 13-1 26~1 20
2616 12221824 14 23 13 7 18 17 7-111 14 13 24 16
14 20 20212723 22 45 18 10«2 25 18 9 22 11 32 27 8
16 10-117 18 3021 18 14 21 182 21-1 10-3 31 21-121-1 29-2 21 18-1
15 20 16 18 7 31-127 18-130 15-1 15 21-2 13 31 18 25-1 2, 16
R4 40-2 8 27 16 20 20-115 23 15-1 19-1 19 18 21 21-1 10 17-1 23
1225 17252621 9 25 18 17-1 17-1 21-1 20 31 18 Rl 13 24
Tot avg Tot avg Tot avg Tot avg Tot avg Tot avg
£87 19,5 666 22,2 603 20,1 492 16.4 567 18,9 643 21.4

Total Conidia ~ 3558 Average - 19.7
Total ascospores 49  Average - 0,27



Salinity 17
Tube Z 1

10-1 19~1 15-1 10-1 11-3 18-1 12 17
10-1 12~7 7-2 19-1 14~1 10
b~4 6L1 U2 14-1 9
9-1 18-1 19-1 14
10-1 8-3 14 12-1 11 12225
18-1 16=2 14-1 12 124 25

7-1 14-2 10
19-1 152 9
20-1 6-1 9-1 8 23
10-1 102 8«2 16-1 8

13-1 11-1 8 8

10 9-1 10-1 17-1 12-2 §&-1 8

4L 12 12 12-3 8

5 15 15 1U4-2 12

9 7 10-1 7
Tot avg Tot
326 10,8 351

Tube # €

10-1 20 9

13-1 142 12

14-1 16 9-1

12 11-1 12

8 9 11

11-1 23-1 17-2

15 17 8

10-1 16 24

18 17 20

8 9-1 162
Tot avg
409 13,6

inity 26
Tube Tube # 2
L-1 25 7 17 20 13
12 1010 1817 11
9 2314 72319
19 2616 161919
15 21 18 9 914
18 1317 1 718
22 1814 1616 6
018 9 6 119 7

27 2012 14 26 10
27 1214 17 14 13
Tot avg Tot avg
486 16,2 427 14,2

112 7 18 11

Tube # 3

11
12 15

Total eonidia - 2297
Total ascospores - 2

—Tube # & Tube # 5
9 232 17-1 13

23-1 14 12 12
21-1 11 17 22
27-3 12-2 18
15-2 22

13-2 12 16-1 16 17-2 13-3 18-1 23-1
12 11-117 15 1521 16 22-1 16-1 17-4 19-
4L 10 18 7 19-3 19-1 21-1 19-1 18-1 14
12 13 10 10 11-121 9-1 10 16-1 17
avg Tot avg Tot avg Tot
11,7 38 12,7 503 16,7 534 17.8
Total conidia - 2505 Average -~ 13,8
Total ascospores « 150 Average -~ 0,83
Tube # 3 Tube # 4 Tube £#5 Tube £6
12 1214 181311 7 810 S 10 14
18 1413 23 3 3 111016 11 10 15
11 1116 614 4 12 611 151111
12 1212 14 41X 2 10 13 9 10 14
13 1923 1112 7 151513 12 9 9
21 918 91015 19 511 1015 13
18 15 12 61216 14 9 7 7 21 14
10 22 9 7 9 8 711 1 7 7
10 1315 13 611 15 12 14 8 9 8
10-11227 11 6 5 d13 9 9 18 10
Tot avg Tot avg Tot avg Tot avg
433 Yh.4 291 9,7 35 10,8 335 11,1

Average = 12,7
Average ~ 0,011

25=1 22«3 21
22«1 17-1
15-1 17
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APPENDIX II

Tube averages, conidia per HFF, ascospores per 30 HFF, 25 C and 30 C of

Table 18-A,

Salinity
0

8+5
17
26
34
51
68

Salinitx

8.5
17
26
34
51
68

1 2
21,7-19 18,9-1

13.8-70 14.,7-64
15.4-55 13.8-35

7.8«1 742
6.1 9.5~1
63 .63
0.0 0.0
1 2
29,7 23,6-1
16,2-6 19,0-5
16,4 7.8
12.2 9.8
8,0 6.5
1.0 o7
0.0 .0

25 ¢
Tube Numbepr
3 4 2 ) avg

16.7“8 11.3—15 ]j&o6"6 1509"9 1-605" 032
1106-57 15 02.40 1054’28 13 06"4-5 13 02"'1 06

15,9-59 13.9-31 17,9-34 l4o4~43 15.2-1.4

11.0-1 8.6 8.9-1 8,7-1 8.7~ Q2
8.3 8.0 5.2 6.7-1 7.3~ ,011
.36 .36 .63 .33 5=0
0,0 0.0 0,0 0.0 0.0
30 C
be Mumbe
3 4 2 & avg
18,8 1£.0-3 25,9 30,62 24,1-,033
21,6 24,9-12 16,6 15,9-2 19,0-,13
12.5 16,1 12.3-1 16,24 13.5-,011
1.9 10.9 7.1 1.8 10,6-0
4.9 4.8 5,2 6.3 5.9
.9 .8 o7 6 N
.03 0.0 0.0 0.0

0.0
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APPENDIX III

Tube averages, conidia (cnda) per HFF and ascospores (asco) per 30 HIF,

Table 19-A, ‘
Yeast Extract 100 mg/liter

Strength NS-1 1/4 1/2 3k 1
Tube # ¢ndg asco cnda 88co enda asco ¢nda asco
1 13,1 3 12,1 5 2.0 1 14,6 0
2 17.4 1 11,2 6 1.3 15 8.2 o]
3 11,5 2 11,5 7 15,8 1 15.3 8
4 12,7 1 13.8 16 - 15.8 l 14.8 1
5 13.9 1 21,5 18 15.9 1 14.3 0
6 16,9 10 1.2 8 15,2 3 13.3 0

(avg 14.3 - 0.1avgl3.6 - 0.33) Gvgls.3 ~ 0,12)(avgll., - 0,05)

Yeast Extract 10 mg/liter (no ascospores mature)

Strength NS-1 /4 12 34 1
Tube ﬁ snda ¢cndg ' cnda cnda
1 506 4—06 6.2 l
) éus 6.1 47 T
3 6.0 7.5 507 10.0
A 5.5 609 600 705
5 8.2 5.9 5.4 "'708
6 5.8 5.9 5.4 12.0
(avg 6.3) (avg5.9) (aveg 5.7) (avg 11.2)
No Yeast Rxtpact Added (no ascospores observed)
Strength ¥-1 /4 12 34 1
Tube # cnda gnda ¢nda g¢nda
1 0.83 0,96 0.7
: 1.4 1.7 1.6 %3
3 0.73 0.66 0.93 0.33
; 0.6 1.6 0.7 1.6
5 0.2 1'7 1-3 l'
6 0033 1'6 1.1 °3
(avg 0.68) (avg 1.4) (avg 1,1) (avg ii)



APPENDIX IV

Inorganic eonstituents of sea water, Gl 19,00 ofco, salinity 3L.325 o/oo,

total solids 3h.4816 ofoo, after Sverdrup et al (1942). Per kilogram basis.

Primary cations

sodium
magnesium
calcium
potassium

strontium

Otner
silicon
aluminum
lithium
iron
manganese
copper
zinc
molybdium

cobalt

nitrogen, inorge

phosphorus, inorg. 1wl00 ug

10.5561 g
1.,2720 g
04001 ¢
0.3800 ¢
0.0133 g

0.5

present

0eO1l0e7 mng

Primary anions
chloride 18.9799 ¢
sulphate 2.6486 ¢
bromide 0.06L6 g
flouride 0.,0013 g

boron as 0.260 g of boric acid

Inorganic nitrogen ass

nitrate 1-600 ug
ammonium 5-50 ug
nitrite 0.1-50 ug

Organic carbon (Friday Harbor)

dissolved 1.6=3.3 mg

total 107"5 mg
CtNtP ratio (by weight)

approx. 41:7.21
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APFENDIX V
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Composition of stock golutions of vitaming and trace metals for medium AS-1

A, Vitamins
Vitamin Quantity/liter AS-l g/300 ml stock
thiamin HCl 100 ug 0.03
biotin (free acid) 5 ug (5 ug/mi)
inositol S mg 1.5
pyridoxine HCL L0 ug 0,012
nicotinic acid 100 ug 0.03

Use 1 ml stock per liter AS;l

Be letalg and chelator

Cation mg/liter [liter Cl/1liter g/liter empd
(cation) m?cmpd stock (empd)
Fe 34 1 LoSh 2.00 I FeCl406H,0
Zn 24 003 04625 04325 0.625 ZnGl,
in 24 0e5 1.78 046 1,76 HnCly o H,0
Co 24 0,01 0.0L 0.015 0.0k CoC12.6H20
Mo,la free 64 0401 04017 - 0,017 (3, )gliog0), o LiH,0
Mo,Na cmpd 6£ 0.0L 0,025 - 0.025 NaZMoOh.ZHZO
Cu 24 0.02 0607 0402 0.07 ouc12.hH20

EDTA free acid, 26 mg/liter AS-1; 26 g/liter metals stock

Na,EDTA, 30 mg/liter AS-1; 30 g/liter stock; sodium L mg/liter AS-1

Metals and chelator stock, use 1 ml/liter strength 1 AS-l. C1/ml is 3 mg.



APPENDIX VI
Vajor and minor marine salts, for AS-1 mineral mutrition studiess strength 1

AS-1 per liter basis. Sodium and chloride totals.

Minor mg ion mg empd mg.Ma mg K mg C1 cupd

St 13.3 Bods - - 10,7 SrOL,.6H.0

B L6 255.0 - - - H3B0y

Si, as K 2 1 - 545 - K510,

Si, as Na 2 20.3 3.2 - - Na,S103.9H,0

Fy as K 1.3 | Ly - 2.7 2.5 equiv. KF

F, as Na 1.3 209 1.6 - 2.5 equiv,. NaF

Br, as K 6l146 9641 - 31,5  28.h equiv, KBr

ﬁr, as Na 6l 46 83.1 18,5 - 28.l equiv. NaBr

¥g,all as Cl 1272 1063l - - 3709 MgCly6H20

Mg,part as C1 602 5033 - - 1755 MgClp 6H,0

Mg,part as Soh 670 - 6791 - - - MgSOh.?HZO
50, as ¥ 2619 6791 - - - MgSO}, 4 7H,0

soh, as Na 26h9 3917 1269 - - Na,S0)

K, all C1 380 725 - 380 345 KC1

Ky as F 2.7 N - 2.7 2.5 equiv, KF

X, as Br 31.5 96,1 = 31l.5 28.5 equiv, KBr

Kypart as Cl 340.3 649 - 340.3 309 KCl

K, Si 5.5 11 - 5.5 - KS10,

Na, all as Cl 10556.1 26837 10556.1 - 16281 NaCl

Ca 00,1 1L67 - - 707 CaCl, 21,0
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Sodium, not all as Cl

mg Ma mg arion mg G}
1268 2699 -
18,5 6he6
1.6 1.3
3.2 - -
Ll 26 -
9260.7 - 14283.7

Chloride total, Na all as Cl

Chloride cmpd ng C1
HgClp o6H,y0 1755
XC1 309
SrCl,.6H,0 1047
CaCl,2H,0 707
LaCl 16281
Vito & Metals 3

19,0657 o/oo
Br’ eQUiVo .028}4

F, equivo 00025

Total Cl.‘.....'..'.l9.0966 O/oo

AB-1 C1 approxe 19,1 o/oc

AS~1l Salinity approxe 3he5 ofoco

) 280’4 equiv.

2 05 equiVo- :

mg; cupd cumpd
3917 Nazsoh
83.1 NaBr
2.9 NaF
20.3 Nap$104.9H,0
30 Na,EDTA
235hh.L NaCl

Chloride, Na not all as Cl

Chloride cmpd mg C1
Sr012.6H20 10,7
CaCly 24,0 707
llaCl 14283.7
MgC12.6H20 3709
KC1 345
Vite & fibtals 3

19.089 o/o0
Br’ ¥ GQUiVo 00309

Total Cleeeeooaesssssl?e089 ofco

Difference « 743 mg Cl
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