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The Sexuality of the Normal, Giant, and Dwarf
Spores of Pleurage anserina (Ces.), Kuntze.

BY

E. SILVER DOWDING, M.Sc. (Atberra).

'With Plate I and ten Figures in the Text.

I. Iwrno¡ucrroN.

'LEURAGE is a genus of the Pyreromycetes included in the copro-
philous order Fimetariales. The ascospores bear gelatinous hyaline

appendages (Text-figs. z and 3), a character which distilguishes pleu.rage
from related genera. The asci of the majority of the .p"ü". contain eight
spores, but there are several species i¡r which the asci contain only fãur
spores. In North America there are five four-spored species (z), among
which is P. anseri¡¿a (Pl. I, Fig. r).

Shear and Dodge in tgzT (B), B. O. Dodge, rgzT_3o (2, B, 4), and
Margaret wilcox in tgzg (g) have investigated the sexrai phenomena in
species or Neurospora from the experimentar point of view, aid Dodg. has
succeeded in obtaining fertiie hybrids from crosses between N. siioøl¿ita
and ull. tetrnslernta

N. sitopløila has eight spores in each ascus and N. retrøspenzza usually
four spores in each ascus. Dodge and his co-workers havè come to the
following conclusions in respect to sex in these two species :

(r) In N. sitoplzitø the eight spores in each 
"r.u. "r" uninucreate and

unisexual. when grown separately, a mycerium of monospor.ous origin
does not fruit. Fruit-bodies are produced only when monospårou, mycelia
are suitably mated. In each ascus four spores. are of one sex and four of
the opposite sex.

(z) In N. tetraslern¿athe four spores normaily present in each ascus
are binucleate and bisexual. When grown separately, a mycelium of
monosporous origin fruits readily. The spores, from the sexual point of
view, are all alike, in that they are bisexual.

(s) I" N. tetraspe,nø, occasionaily, an ascus contains one or more
spores oî. giatzt or dzaarlf size. A single giant spore replaces two or even
four normal spores and probabry contains more than two nuclei. curtural
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experiments indicate that giant spores are bisexual. Two dwarf 'spores

replace a single normal spore, and each dwarf spore contains only one
nucleus. Cultural experiments indicate that dwarf spores are all unisexual.

(4) Sexuality of the normal spores oî N, tetraspermø is due to the
presence of tr,vo nuclei of opposite sex in each spore. lVhen two dwarf
spores replace a normal spore these two nuclei are separated, and pre-
sumably the two spores in each dwarf pair are of opposite sex.

Shear and Dodge (8), when making their investigations on N. tetra-
sperma, did not extract a pair of dwarf spol'es from any ascus containing
them, and therefore were unable to determine : (r) whether or not the two
members of each pair of dwarf spores are of opposite sex ; and (z) whether
or not, if they are of opposite sex, the mycelia to which they give rise are
compatible with one another in that they can mate and produce fruit-
bodies.

\,Vith a view to throwing further light on sexual phenomena concerned
with normal, giant, and dwarf spores in Pyrenomycetes with four-spored
asci the writer undertook to investigate P. anserit¿a.

II. MernnrAr. AND Mprsoos.

P. atzserinø has black pyriform perithecia with a papilliform or slightly
cylindric beak which is usually curved. At Winnipeg the fungus com-
monly appears on horse-dung cultures in the laboratory, and many peri-
thecia can often be observed set close together at the surface of a single
horse-dung ball (Pl. I, Fig. r).

A spore-deposit of P. anseritaa can be readily obtained by placing a
glass slide about three-quarters of an inch above perithecia on horse-dung.
The spores are shot from the perithecia on to the under side of the slide,
to which they remain attached.

It was found, by observirrg with the microscope, that the spore-deposits
of P. ataserina an'e composed almost entirely of normal spores of rather
uniform .size (average zox4o ¡r), but that here and there in a deposit there
occur giant and dzuar¡f spores (Pl. I, Fig. 4) similar to those described by
Dodge lor N. tetrasþermø.

Giant spores of P. anserinø, in volume, are one and one-half times or

twice as large as normal spores (Text-fig. 5); and they are but rarely
produced, for only about one spore in a thousand is a giant.

Dwarf spores of P. anseri¡ta, in volume, are half as large as normal

spores (Text-fig. 5), and they are produced tnore frequently than giant

spores, for about one spore in every two hundred is a dwarf.
On examining intact asci, it was found that a giant spore may replace

two normal spores (cf. ø and ¿ in Text-fig. r), or that two giant spores

nray replace three normal spores (cf' a and d in Text-fig. i) ; and it lvas
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also found that the dwarf spores always occur in pairs, and that each pair
of drvarf spores replaces a single normal spore (cf. a and b in Text-fig. r).

In N. tetraspernaa, when the four spores are shot out from an ascus,

they sepalate from one another and so become widely scattered in the

Tnxt-r¡c. t. Plezrøge anserina. Diagram of asci containing different numbers gf,spores :
a, usual type of ascus rvith four normal spores f ú, frve-sporeil ascus containing three normal spores
and trvo drvarf spores which have replaced one no¡mal spore ; ¿, three.spored ascus containitrg two
normal spores nrd on. giant spore^which has replaced two nôrmal spores; and r/, three-sþored
ascus, containing one normal spore and trvo giant spores rvhich have replaced three normal spores.

spore-deposit. In P. tuaserina, on the other hand, when four spores are
shot out from an ascus, owing to their possessing mucilaginous appendages
they tend to cling together at the time ol, and after, their discharge, with
the result that they are usuaily deposited together in a mass or string on
any slide which receives them (Pl. I, Fig. 5, 6, and 7).

When a pair of dwarf spores is shot out from an ascus of. N. tetrø-
spennø, the two spores separate from one anotherand cannotberecognized
as a pair in the spore-deposit ; but, when a pair of dwarf spores is shot out

Dô
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from an ascus of P. anse¡.inr¿, the trvo spores usually cling together so that
they are found close together in the spore-deposit. Tirree normal spores
and a pair of dwarf spores shot out from one and the same ascus are shorvn
as they appeared in a dry spore-deposit i' Text-fig. 4. The appendages
were not clearly visible as the deposit had dried, and they therefore have
not been represented. Appendages can be seen best when the spore-
deposit is moist, but they are faintly visible in the dry spore-deposits
illnstrated in Pl. I, Figs. 5 and 7.

In order to obtain monosporous mycelia, spores rvere removed from
a spore-deposit singly on the point of a dry neeclle (5) and transferred to
a sterilized culture medium.

using the dry-needle method of picking up spores it is possible to
remove and sow in a culture medium all the four spores of an ascus (cf.
Text*fig. 3) in order, beginning rvith the uppermost and proceeding to the
lowest. The four spores of twenty normal asci were thus sown. of ascus
spore-deposits like that shown in Text-6g. 4 (three normal spol-es and two
dwarf spores) five were sown in a similar manner ; and there were also
sown a number of other pairs of dlvarf spores picked out of various general
spore-deposits.

When spores were sown on horse-dung agal., in most trials the spores
which germinated were only about 6 per cent. of the rvhole number, while
in other trials as many as so per cent. germinated. This relatively iorv
percentage of germination was unsatisfactory ror the needs ol the lvork.
Dodge (I) fou'd that heating the spores of certain Ascomycetes often
effectively increases their power to germinate. The spores of P, ønserina
were therefore slowly warmed up to e5", 3oo, 35", 4o", and 45' C. and then
cooled; but the percentage of germination was not increased. Dung agar
as a cuiture medium was then abandoned.

It was found that the spores germinate very weil : (r) in a hanging
drop of sterile water to which a ferv straws of sterile dung have been
added ; (z) in a hanging drop of dung-water made by stirring up horse-
dung and water and then sterilizing the decanted liquid ; and (3) on fresh
sterilized horse-dung (PI. I, Figs. r, z, and 3). When these methods were
employed, the number of spores which gernrinated was 7S-gS per cent.

There is no difficulty in obtaining perithecia on monosporous mycelia
derived from normal spores. The perithecia develop within two weeks
after the spores have been sown provided that the culture medium consists
of fresh sterilized horse-dung and that the culture medium is kept sufficiently
moist, is exposed to the light, and is maintained at room temperature
(about zz" C.).

Some experiments made to determine the effect of light and of high
temperature upon the fruiting of the mycelia of P. anserina will now be
recorded.
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Of four monosporous mycelia derived from normal spores and grorvn
on horse-dung (cf. Pl. I, Fig. r) two rvere set in the light and two rvere
kept in the dark. At the end of eight days, the illuminated cultures began
to develop perithecia; rvhereas, at the end of twenty days, the cultures
kept in the darl< showed no signs of fruiting. At the end of tu'enty days,
the c'ltures rvhich had been kept in the da.k were exposed to daylight
and, at the end of ten ciays after thus becoming illuminated, they began to
develop perithecia. From these experiments it appears that the mycelia
of P. anseritzø develop perithecia oniy when exposed to light.

Of four monosporous mycelia derived from normal spores and grown
on horse dung (cf. Pl. I, Fig. r) trvo were subjected to a high tempera-
ture, namely, 35" C., and the other two lvere kept at room temperature,
about za" C. At the end of seven days, the cultures kept at room
temperature began to develop perithecia; whereas the two cultures sub-
jected to a temperature of 35" C. showed no signs of fruiting. At the end
of nineteen days, the cultures which had been kept at 35" C. were set on a
table in a room at a temperature of about zzo C. and, at the end of nine
more days, they began to develop perithecia. From these experiments
we nlay conclude that the development of perithecia is preventecl by a
high temperature.

III. Tup Snxuer,rrv oF TrrE Nontr¡.r- Sponrs.
As a first step in an attempt to determine the sexuality of the nor.mal

spores of P. anserinø, single spores lvere planted in hanging clrops of dung
decoction, and those that germinated were transferred to horse-dung. By
this method eighteen monosporous mycelia were obtained.

Each spore, r,vithin three days of being sown, developed a vigorous
mycelium. The mycelía bore neither oidia nor any other kind of secondary
spore which might be a source of contamination of the cultures. special
care is necessary in cr,rlturing fungi with secondary spores. Thus Dodge,
when transferring the spores oî N. retuasperlftø, was obliged to take special
precautions against inclucling any conidia with them.

At the end of a week, the eighteen monosporolls cultures began to
fruit, and by the end of tu'o weeks all of them had fruited (pl. I, Fig. r).
Subsequently, nearly a hundred othe' normal spores wele separately
germinated, and the monosporolls mycelía which resulted all fruited when
they were kept under suitable conditions.

The observations just recorded indicate that the normal spores of
P. atzserina are bisexual.

IV. Tnn Snxu¡r,rry oF THE Graur SpoRps.

Monosporous cultures were made of six giant spores, each twice the
size of a normal spore. Three of these spores gernrinated and, after two
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TBxr-FIcs. z-ro. Plettrage atzserina. Camera-lucida drarvings of asci and ascospores-
Fig. z. Four spores, ¿, b, t, anð-d, rvithin the ascns. x 53. Fig. 3, Four sporesr ¿, b, c, and d,
shot out from the ascus, shorving the mrrcilaginous appendages on the spores. lhe arrangement
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rveeks, the three mycelia to which they had given rise produced numerous
perithecia. The giant spores are evidently bisexual.

Spore-deposits obtained from perithecia produced on mycelia derived
from giant spores are perfectly normal. They show no increase in giant
spores over the number found in spore-deposits from perithecia produced
on mycelia derived from normal spores.

V. TUB SBxuetmv oF THE Dlvan¡' Sponns.

Twenty-seven pairs of dwarf spores, each pair resembling that shown in
Text-fig. 4, were found in various spore-deposits ; and the trvo spores of
each pair were sown separately on stelilized horse-dung contained in small
wide-mouthed bottles plugged with cotton wool. Altogether, forty of the
fifty-four spores germinated : in thirteen pairs both spores gelminated,
while in the other fourteen pairs only one of each pair germinated.

The forty monosporous cultures derived from the forty dwarf spores
were kept in the light on a table in the iaboratory for upwards of two
months. At the end of this time, only one o[ the forty cultures had pro-
duced perithecia, while the other thirty-nine had remained completely
sterile. One of these sterile cultures is shown in Pl. I, Fig. z. It is
possible that the exceptional mycelium fruited parthenogenetically; but,
since the spores in its perithecia were of the normal size, it is also possible
that the spore from which it was derived was not a true drvarf but a normal
spore of small size which had been picked up by mistake. Shear and
Dodge (8) suggest the latter explanation to account for the fact that of
fifty-four mycelia of N. letraspermø, every one supposedly derived from a
single dwarf spore, five produced fruit bodies. In picking up dwarI spores
there is much less likelihood of making a mistake with P. anserinø than
with zll. tetrasþerfiz(¿, because in the Pleurage the dwarf spores lie in pairs,
whereas in the Neatrospora they are .scattered individually through the
spore-deposit.

In five separate ascus spore-deposits there were in line three normal
spores and two drvarf spores (cf. Text-fig. 4). The five spores of each of
these deposits rvere isolated in succession and sown separately on sterilized
horse-dung. Every one of the twenty-five spores germinated and produced
a mycelium. Of these twenty-ñve mycelia the fifteen derived from normal

and o¡ientation of the four spores are the same as rvhen they lvere rvithin the ascus. x 53. Fig. 4.
Five spores, a, ö, c, tl, and e, shot otrt from an ascus : a, b, and ¿ a¡e normal spores; d aucl ¿ are
drvarf spores. x 53. Fig. 5. Three types of spores : ø, a normal spore; ð, a dlvarf spore; r, a
giant spore. X 53. Fig.6. Young ascus containing afusion nucleus. x roo. I.'ig. 7. Young
ascus in rvhich the fnsion nuclens has divided to form two daughter nuclei rvhich are side by side
at the same level in the ascus. x loo. l'ig, L Young ascus rvith four young spores, trvo of
rvhich are side by sicle at the same level in the ascus. x roo, Fig. 9. A young stainecl ascus
ryhich shorvs the trvo nnclei in each of the four normal spores. x roo. Fig. ro. A young stained
ascus which contains 6ve spores, trvo of tl¡em a pair of drvarfs, and rvhich shorvs the nuclei in the
spores. The drva¡f spores ¿ and å each contain a single nucleus, ancl the norr¡al spores, r, d, and
¿, each contain t*'o nuclei, x roo.



8 Dozudirug,-'flze Serztalily of tlze Nortnal, Giant, and

spores fruited about eight days after the spores were sown, while the ten
derivecl from dq,arf spores, even after the lapse of two months, remained
sterile.

From about fifteen other separate ascus spore-cÌeposits, each containing
a pair of dwarf spores, one or more normal spores and one or two drvarf
spores were isolated and sown on horse-dung. Here, again, the mycelia
derived from the normal spores fruited readily, lvhile the mycelia derived
from the dwarf spores remained sterile.

Since, as shown by the experiments recorded above, mollosporous
mycelia derived fi'om dwarf spores do not fruit, rve may conclude that these
mycelia are either unisexual or non-sexual.

To determine whether or not the tlvo mycelia clerived from a single
pair of dwarf spores are of opposite sex, two separate sets of experiments
were made : (r) the two mycelia derived fi'om the two spores of each of
thirteen pairs were planted side by side on a single mass of sterilized
horse-dung in a small dish (Pl. I, Fig. 3); and (z) eight mycelia derived
from eight spores, making up four pairs, were mated in all possible com-
binations. The production or non-production of perithecia was taken as

a criterion of sex.
(r) The results of pairing the two mycelia of thethirteen pairs derived

from as many pairs of dwarf spores are embodied in Table I. The two
members of each pair have been designated empirically with the symbols
aand b. A (+) sign indicates that perithecia were produced, while a (-)
sign indicates that the myceiia remained stetile.

Tenrp I.
Pairùgs of ntjtceliafrorn t/'¿e metnlt,ers a ancl b oJ tlzirteøz pairs of clzuarf

s?ores.

TwrlvePqirs

ab
0"

b

OnøPoir

ab

iffi
It will be seen from a glance at Table I that twelve pairs of mycelia

yielded fruit-bodies, rvhile one paír of mycelia remained sterile.
The twelve fertile pairs of mycelia derived from trvelve pairs ol drvarf

spores fruited in the manner shown in Pl. I, Fig.S, i.e. each pairprocluced
a narro\¡/ band of fruit-bodies where the tlvo mycelia came into contact with
one another. Repeated pairings of the exceptional non-fruiting pair of
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mycelia ahvays yielded the same result: the combination remained per-
fectly sterile.

(z) The results of pairing in all possible rvays the eight mycelia derived
from four pairs of spores are embodied in Table IL Of the four pairs of
myceiia, three had been already found to fruit when pailed together on
horse-dung (Table I, left), rvhile the other pair was the exceptional one
(Table I, right), which when paired had remained sterile. The two mycelia
of the first pair are designated with the symbols ar and ¿1, those of the
second pair with the symbols ar-r and bil, and so forth. A (+) sign indi-
cates that perithecia r,vere produced within a month of pairing, while a
(-) sign indicates that the combination of mycelia remained sterile. The
mycelia which behaved alike have been placed together.

Ta¡rB II.

'4ll possi(tle pairings of the rrycelia¡from tlte tnetnbcrs a atzclb of tlze þairs
of tlzuarfs f, ff , IIf, at¿d IV.

From the results embodied in Table II it will be seen that the mycelia
fali into groups, those rvhich when paired yield fruit-bodies and those
lvhich when paired remain sterile. If we assume that the production of
fruit-bodies is a criterion of sexual reaction, we may conclude that the
mycelia dr, drl, orrr, ãIV, and l¡Ir are of one sex, and that the spores br, úÍI ,
and //tr are of opposite sex. As before, in the pairs I, II, and III, one

mycelium is of one sex and the othel mycelium of the opposite sex. So
far as the exceptional pair No. IV is concerned, it will be noticed that
both spores, nameìy arI'and /¡IVbehave alike, and that they are therefore
of one and the same sex.

From the above discussion we mav conclude that. so far as individual

6

e.z AE ú a,E óu 6, 6, &d
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t + +
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pairs of dwarf spores are concerned, the rule is that the two spores and the
mycelia which they produce are of opposite sex, and that the two mycelia
are compatible with one another in that they readily produce fruit-bodies
rvhere they meet; and we may also conclude that, very exceptionally, the
two spores of a single dwarf pair and the mycelia to which they give rise
are of one and the same sex.

Since the two spores in the exceptional pair of mycelia derived from
a pair of drvarf spores proved to have like sexual reactions and therefore to
be of one and the same sex, and since in each young ascus there al'e-as
we may suppose (aide infra)-four nuclei of one sex and four of the oppo-
site sex, it is likely that one ol the normal spores which was situated either
above or below the dwarf pair rvas unisexual and of a sex opposite to that
of the pair of dwarf spores. Ffowever, although upwards of one hundred
normal spores were germinated, they all gave rise to mycelia vvhich frLrited,
a fact which indicates that they rvere all bisexual.

Although the mycelia derived from dwarf spores can be caused to
fruit by appropriate pairings in the laboratory, under natural conditions
their union and fruiting must be a very rare event. There are no more
than one pair of dwarfs in every 5oo spores. As Professor Buller has pointed
out to me, the spores, after being shot from perithecia situated on dung in
fields, &c., settle on the surrounding herbage, to which they remain attached
until they are eaten with the herbage by a herbivorous animal, such as a
horse ; and the spores then pass down the alimentary canal of the animal
concerned, so that eventually they come to be embedded in the solid
excreta. It is therefore obvious that any pair of dwarf spores r,vhich has
been deposited on a grass blacle, &c., must have its members separated
from one another in the passage down the herbivorous anirnal's alimentary
canal, so that the chances that two dwarf spores will germinate close to
one another are very small indeed.

In the hope of obtaining a race o[ P. at¿seri.nø with asci containing
eight spores (all of them dwarfs) from the normal species with for-rr spores
in each ascus, a series of three successive generations of P. ør¿serit¿ø was
grown in which the origin of each generation was a pair of mycelia derived
from a pair of dwarf spores. The spore-deposits obtained from the peri-
thecia of the first, second, and third generations, so far as could be esti-
mated, contained no more dwarf spores than could be found in spore-
deposits of equal extent taken from wild fiLrit-bodies. An actual count
showed that a spore-deposit from wild perithecia contained rodwarf spores
in z,4oo, and that a spore-deposit from the second-generation perithecia
derived from the drvarf spores contained ó dwarf spores.in z,3oo.
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VI. THn Nuunnn or Nucr.n,r rN Non¡,rar, GTANT, eNo Dw¡rRp
Sronus.

The results of investigations on the number of nuclei in the spores of
Pleurage seem to fall in line with the findings from similar work reported
for the genus Neurospora.

Lervis (6) investigated the eight-spored species P. zlgosporø (Sp.g.)
Kuntze, and found that the young spores each contain one nucleus,
although the single nucleus subsequently divides several times. Wolf (10)
investigated the four-spored species P. anserina and found that the young
spores each contain lzao nuclei. Among his material he discovered one
abnormal ascus which contaíned three spores normal and two giant
spores (cf. Text-fig. rd). The normal spore contained two nuclei and
each of the giants three nuclei.

Paraffin sections of young perithecia ol P. anserina ñxed in chrom-
acetic alcohol were triple stained with saffranin, gentian violet, and orange
G. The nuclei of the young spores only could be made out, as in mature
spores the black spole-wails obscure the cell-contents. It was found that
the normal spores each contain two nuclei (Text-fig. 9), and thus Wolf's
statement has been confir.med.

As we have seen, there is only one giant spore in about one thousand
normal spores. On account of the rarity of giant spores, the writer was
unable to fincl even a single one in an ascus and young enough to show the
number of nuclei which it contained. It is probable that not only are
there giant spores containing three nuclei each (cf. Text-fig. r /), as Wolf
described, but that the larger giant spores observed in this investigation,
which evidently replace two normal spores (cf. Text-fig. r c), contain four
nuclei. Whether or not in P. anserinø there are still larger giant spores
which, like those found by Dodge for N. tetraspermø, replace three or even
all four normal spores, and which contain six or eight nuclei, remains to be
decided by further investigation.

Dwarf spores are not quite so rare as giant spores, as there is one
dwarf spore in two hundred to three hundred normal ones ; but, even so, it
requires patience to find an ascus containing a pair of dwarf spores, if the
spores are to be young enough to show their nuclei. In paraffin sections
no asci containing young dr,varf spores were found. The asci of young
living perithecia rvere then teased out in drops of water, with the result
that at length a single ascus containing three normal spores and a pair of
dwarf spores was discovered. This ascus was then stained in a lactic-acid
solution of cotton-blue. It could then be seen, as shown in Text-fig. ro,
that the three norm¿Ll spores (c, d, and e) each contained two nuclei, while
the two dwarf spores (ø and b) each contained a single nucleus.
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VII. SncnncaTroN or SBx rN TFrE Ascus.

Shear and Dodge (8), worl<ing with the less favourable species .A/.

letrøsperrua, did not succeed in obtaining both spores of apy single pair of
dwarf spores and then in testing the sexual reactions of the mycelia to
which they gave rise. As rve have seen, taking advantage of the fact that
in P. ar¿seritzt¿ ascus spore-deposits can be found in strings (cf. Text-figs.
3 and 4), it has been possible for me to demonstrate that, as a i.ule,in each
pair of drvarf spores one spore is of one sex and the other spore of the
opposite sex.

The fact that the two spores of a dwarf pair are of opposite sex and
that norrnal spores are bisexual indicates that, at the tíme o[ spore-
formation, the ascus contains four (+) and four (-) nuclei, if we may call
them so, arranged alterrzateþ.

Presuming that the four (*) and the four (-) nucleí in a young
ascus alternate 'lvith one another, one might at first suppose that segrega-
tion of the (+) and (-) factors takes place in the third nuclear division of
the ascus ; but another view is possible. It so happens that the ascus of
P. m¿serhza is so wide that there is opportunity for the nuclei and even for
the young spores (Text-fig. 8) to slip by each other. Six asci were
observed in rvhich the fusion nucleus hacl just completed its first division,
and in all of them the tlvo daughter nuclei lvere side by side at the same
level (Text-fiS. Z). IJnfortunately', the second and third nuclear divisions
have not yet been observed by me; but, presuming that they both take
place transversely or obliquely as described by Dodge for lY. tetraspennø
(e), there is ample opportunity, as in that species, for non-sister nuclei to
come together. If segregation of the sex factors '"vere to take place in the
first or the second or the third nuclear division, in every instance it would
be possible for segregation to result in (+) and (-) nuclei finally being
adjacent to one another, so that one (+) nucleus and one (-) nucleus
rvould be included in each spore.

VIIï. Suun¿ny.

t. P, anseri¡t¿ is one of the Pyrenomycetes which normally has four
spores in each ascus. In addition to normal spores, the asci occasionally
produce giant spores or drvarf spores.

a. Usually a giant spore repiaces two ltormal spores, but sometimes
two giant spores occur in the same ascus and replace three normal spores.
The dwarf spores occur in the asci only in pairs, and each pair replaces a
siugle normal spore.

3. The spores germinate freely and the mycelium grows vigorously
on sterilized horse-dung.
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4. A mycelium derived from a single normal spore fruits readily.
Normal spores are binucleate and bisexual.

j. A mycelium clerived from a single giant spore fruits readiiy. Giant
spores are bisexual. when a giant spore replaces trvo normal spores, it
probably contains four nuclei.

6. A mycelium derived from a single dwarf spore remains sterile.
7. Mating experiments have shown that the mycelia derived from

individual dr'varf spores fall into two groups r.vhich may be called ( * ) and
(-). When tr,vo (*) mycelia or two (-) mycelia are paired, no peri-
thecia are produced; but, rvhen a (+) mycelium and a (-) rnycerium are
paired, abundant perithecia are developed ín a band where the trvo mycelia
have come into contact. A dwarf spore is uninucleate and unisexuar.

8. When two monosporous mycelia, each derived from a member of
a pair of dlvarf spores, are paired, they fruit readily rvhen they come into
contact r,vith one another (one exception to this rule observed). Usually,
in each pair of dwarf spores one spore is of one sex, (+), and the other is
of the opposite sex, (-).

The investigation r'vas carried out in the Botanical Laboratory of the
university of Manitoba during my tenure or trre Hucrson's Bay Research
Fellowship. It givés me much pleasure to acknowredge my indebtedness
to P'ofessor A. H. Reginald Buller for his most generous assistance. His
continual suggestions and criticisms during the progress of the work have
been invaluable.
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EXPLANATION OF PLATE I.
Illustrating Miss E. Silver Dorvding's paper on the Sexuality of the Normal, Giant, and Drvarf

Spores of Phurage anserina (Ces.), I(untze.

All 6gures are those of Pleurage ansetina.

Fig. r, On the sterilized horse-dung in the dish is a mycelium rvhich originated from a single
tzortnal spore. The mycelium is about trvo rveeks oltl and has f¡uited abunilantty. 'fhe perithecia
are scattered over the surface of the medium, Natural size.

Fig. z. .4, similar culture, but here the mycelium originated from a single dzuarf sporc. Tbe
mycelium is more than a month old and is quite sterile. Natur¿l size.

Fig. 3. A similar culture, but here trvo mycelia, each derived from one of the same lair
of dutalif spores, rvere planted side by side. They came into contact, and rvhere they met they have
producecl a band of perithecia. The trvo mycelia are regarded as having been of opposite sex.
Natural size.

Fig.4. A photomicrograph of a spore-deposit in rvhich, lying among the normal spores, there
happened to be one giant spore (Ieft-top corner, an arrorv points to it) and orte dzuarf (nght-bottom
corner, an arrorv points to it), Magnification, about rz5.

Fig. 5. A photomicrograph ofa single ascus spore-deposit consisting of four normal spores.
The four spores rvere shot obliquely on to the surface of the glass slide. The mucilaginous
ap¡rendages of the spores can be faintly seen, Magnification, 6o.

Fig. 6. A photomicrograph of four separate ascus spore-tleposits. The sixteen spores are all of
normal size, Magniñcation, 6o.

Fig. 7, A photomicrograph of a tìenser spore-deposit, All the spores are normal in size. The
four spores on the left, eqnally separated from one another, rvere shot from one and the same ascus,
and they rve¡e connected by strings of mucilage derived f¡om their appendages. To the right, the
mucilaginous appendages of a nnmber of spores are just visible. Magnification, 6o.
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The Sexuality of Ascobolus stercorarius and the
Transportation of the Oidia by Mites and Flies.

BY

E. SILVER DOWDING, ps.D. (Manitoba).

'With Plate XIX and ten Figures in the Text,

i. IwrnonucrroN.

Z S COBOL US STERCORAIIITS (Buil.) Schröt. (: A. furfitracezß,
-d -8. Pers.) is a coplophilous Discomycete of common occurrence on
horse dung, cow dung, &c. It frequently appears on horse-clung cultures in
the laboratory at winnipeg and,on thisaccount, it was chosen as mater.ial
for an experirnental study of sex in one of the Ascomycetes.

In r9zo, Dodge (I0), as a result of an exper-imental inquiry into the
sexuality or A. nzagnfficus, found that in this species the ascospores and
the mycelia to which they give rise are unisexual and fall into trvo sexual
groups, (+) and (-): when two (*) mycelia or two (-) mycelia ale
paired, they remain sterile; but, when a (+) mycclium is r¡ated with a
(-) mycelium, fruit-bodies are produced. It r9z6, Betts (9) obtainecl
similar resnlts for A. cørõonarius.

In r94o, after the work recorded in this paper had been completed,
Ames (1) published a brief account o[the results of his study of sex in ten
species of chaetornium, one species of Fimetaría, five species of pleurage,
ancl one species of Ascobolus,A. stercorarius. He concluded that all these
species are honrothallic except the Ascobolus, rvhich he regards as hetero-
homothallic. He states that in A. srcrcorørius: ,single spore cultures of
this species gave rise to a ferv apotirecia. Iìy mating single spore cultures
it was found that approximately fifty per cent. of the matings stimulated
:r great abundance of apothecia along the line where the rnycelia of the two
strains met.'

In what follows evidence r,vill be adduced to show that A. stercorarius
is not hetero-homothallic as Ames has supposed, but is heterothallic.

In.the worl< about to be recorded an attempt has been'rade to deter-
mine not only (r) the scxual nature of the ascospores, but aiso (z) the sexual
nature and function of the oidia.

[.â.nnals of Eotany vol. XLV. No. 
"t""".;cj";er, 

rgsr.]
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In r9o5, Claussen (6) observed that, in A. stercorat-ius, great numbers
of oidia, in the form of chains, are produced on the mycelium derived from
an ascospore. He germinated these oidia and obtained from them a
mycelium which again produced oidia, and he succeeded in culturing the
fr-rngus in this rvay for one hundred snccessive generatior.rs ; but in none of
these generations did the mycelir-rm produce any apothecia. The non-
production of apothecia, as is indicated by experirnents to be recorded in
this paper, lvas doubtless ciue to the rnycelia having been unisexuai.

Professor A. H. Reginald Buller conceived the idea that thepycnidio-
spores of the Rust Fungi and the oidia o[ the Hymenomycetes, after
transfere¡rce from a liaploid mycelium of one sex to a haploid mycelium of
opposite sex, might germinate, and that the germ-tubes or nrycelia so
produced might unite rvith the haploíd mycelium to rvhich the pycnidio-
spores or oidia had been transferred and so bling about its diploidization.
This suggestion has been verified experimentally: in t9z7,by Craigie (7)
lor Puccìt¿ia granùruis and P. l¿eli¿¿¡¿thi; and, in r93r, by Brodie (A) for
Coprinats løgopus. It has been sholvn by these observers that the pycnidio-
spores or oidia become effective diploidizing agents aftertransference either
by hand or b¡r i¡seç¡s.

Flitherto,no experimental wolk compalable with thatof Craigieandof
Brodie has been done with the oidia of the Ascomycetes ; but, in lvhat
follorvs, it rvill be shown that in a typical Ascomycete, namely, Á. sterco-
rarizts, the oidia function in the same way as those of the Hyrnenomycetes.

II. Mernnr¡r, AND METr'roDS.

Fresh horse-dung balls lvere obtained from a stable and set in a iarge
glass dish. After three or four weeks fruit-bodies of A. stercorarùrc
appeared upon them. As soon as these fruit-bodies had attained maturity,
a glass slide rvas suspended above them. In tire course of a ferv minutes
a considerable number of spores were discharged from the asci and many
of them rvere shot on to the under side of the slide. Thus a spore-deposit
rvas procured. B)' *""tts of the dry-needle method (12) a numbel' ol the
spores vr'ere removed one by one from the spore-deposit and were sown
singly on the culture medium.

Trials were made rvith two kinds of culture media, horse-dung agar
and fi'esh horse dung. The spores gelminated equally weli in both media,
but the mycelium fruited better on the dung than on the dung agar.
Dung agar r.r'as employed in the eariy .stages of the wo1'h ancl dung ex-
clusively in the iater stages.

Dodge (8) found that rnany coprophilous species of the Ascobolaceae
can be made to gerrrinate by subjecting them to high temperatures, and
lre succeeded in germinating the spores of. A. slercorarius in soil agar' (to
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which some sodium calbonate had been added) when the inoculatecl soil-
agar plates had been heated in an oven for twenty minutes rvith the
temperature rising to 65o C.

Spores of the Winnipeg material were placecl in hanging drops of
horse-dtrng agar at room temperature. About 25 per cent. of them germi-
nated. Applying the method used by Dodge, an attempt was made to
increase the number of spores which rvould germinate. The spores, in the
form of a dry spore-deposit, rvete slorvly heated ¡-rnder the electric-light
bulb o[ a reading lamp untíi a thermometer placed beside them recorded
the desired temperature, and then they were allowed to cool. The tem-
peratures tried rvere 27.S", zgo,35o, 4o", 5oo, 7o", and 8oo C. It was found
that heat above room temperature stimulatecl the spores to getnrinate and
that the best result was obtained lvhen the temperatLrre \.vas 35'C. Tem-
peratures of 3oo, 32.5", SS", 57.So, and 4oo C. rvere then tr.ied, and the most
satisfactory temperature for inducing germination rvas found to be 37.5'C.
After the spores had been strbjected to this ternperature, 68 per cent. of
them gerrninated. Similar results r,vere obtained rvhen the spores to be
heated were fir-st sown in hanging drops of dung agar. Tlir.oughout the
course o[ the r,vorl< the spores requirecl for experiment were al] heated to
37.5" C. either before being sown or just afterwards.

In the ea.rly part of the r,l'ork, lhe spores \4'ere sown in hanging drops
of dung agar and then each of the yoLrng mycelia lvas transferred to dung
agar contained in a Petri dish. Later it lvas found better to sotv the spores
directly on the dung contained in small rvide-mouihed bottles plugged with
cotton wool.

The dung-agar plate method for cultivating the mycelia was abandoned
as soon as it was observed that the plates had become invadecì b)'mites
which had wandered to them ovel' the sr-rrface of the laboratory table from
an old unsterilized horse-dung culture. No mites ever obtained access to
the bottles plugged with cotton wool. As will be shown later, it is possible
for mites to carry oidia from one dung-agar plate to another in a pile of
plates under the same beil-jar and, thelefore, for accurate investigations on
sexual phenonrena in species of fungi-bearing oidía it is of the utmost im-
portance that mites shoulcl be excluded lrom the cultures.l

The spores oî A. nzagruif.cus, according to Doclge (9), are normally
rose-purple or violet, but ín certain of his cultures the apothecia pr.oduced
and ejected colourless spores only. Tn A. stercoraritts, as grown by the
writer in a moderately lighted room, neally all the ripe asci contain not

1 Thom ancì Chnrch (14), in their treatise on the Aspergilli, state that mites, rvhich in size a¡e
commonlvat the limit ofvisibility lor the unaicìecl eye, ¡have passed unnoticed for consider¿bìe
periods by persons *'ho are otherrvise good cnlture rvorkers. . . . To reach an attractive foocl snpply
a mite rvill frec¡rently go tlirongh a cotton plug as ordinarily matle and occasionally secms to get
through even a paraffined plug. As a factor in the mixing of strains in a laboratory coll.ection.
mites mnst not be ignored.'
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only normal spores which are brorvn, furrorvecl, ancl relatively large, but
also some abnormal spores which are colourless, srtrooth, ancl usr-raily of
smaller size (Fig. z), and in spore-deposits (Fig.3) the colourless spores

'Ir.xr..nrcs. r-3. Asci ¿nd ascospores o{ Ascoòolz¿s sl¿rcorarius. x 2'Ì5. r. Young ascns
ancl paraphysis, ascns containing immatrre sFores. z. Old ascus abont to clischarge its spoies. It
contains four larger brorvn spores and four smaller colou¡less spores. 3. A deposit of eight spcrres
which have been shot out of a single ascus on to a glass slide. There are five brorvn spores ancl
three small colourless spores. The normal coloured spores are attachecl to the glass by the mucilage,
z,rz, derived from the outer cell-rvall.

make up about 37 per cent. of the whole number. Colourless spores were
sorvn in dung agar, but none o[ them germinated.

Spores which have been sown on horse dung genninate within a few
hours ancì, in the course of two days, the mycelium derived fror¡thegerm-
tube becomes extensive and can be seen with the naked eye. At the end
of tr,vo days after a spore has been sorvn, the rnycelium begins to develop
aerial hyphae which project fronr the substratum and become divided up
into chains of oidia. These oidial hyphae appear macroscopically as

a deiícate white fluff.
The chains of oiclia, when requilecl for experiment, were removed íronr

the mycelia of monosporidial origin rvith the help of a needle. This was
drawu through the aeriai mycelium, which was pulled away like cobweb.
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III. Tsa Scxueurv oF TrrE Ascosponns.

To determine the sexualíty of the ascospores, two sets of experiments
were macle. In the 6rst set the mycelia rver-e paired on horse dung and in
the second set on horse-clung agar.

r¡¡ru L Ascobotzts 
"Jryl?;",l,ll.t"i=;tlåËl';'Jî:å:iTüI*tia 

each tìe¡ived rrorn

(r) Mycelia þaired on lzorse dung. Single ascospores were transferred
to hanging clrops of horse-dung agar and then heated to 37'5"C. The
first ten spores that germinated were used to inoculate as many small wide-
mouthed bottles of dung. The ten monosporous mycelia grew well and,
in a feri' days, were ready for use in mating experirnents. Pieces of each
mycelium, together rvitl-r scraps of the dung on rvhich they grew, were
removed from the ten bottles and r.vere paired in all possible combinations
on sterilized holse dung in a selies of othel botties.

The criteríon of sex employed lras been the productionornon-produc-
tion of fruit-bodies. In a combination of trvo monosporous mycelia, i[
fruit-bodies are produced, then the mycelia are regarded as being of
opposite sex, but iI the combination renrains sterile, then the mycelia are
regarded as being of one and the same sex.

The results of the pairings ol the ter monosporous mycelía are enr-
bodied in Table I. The ten mycelia were assigned the numbers r to Jo.
A (+) sign indicates that the combination concerned produced :rpothecia'
and a (-) sign that it remained sterile. The original table of results has

been re-arranged so as to bring like mycelia together.
A survey of Table I shows that the nrycelia Nos. r-ro fall into two

1
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+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +

+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
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sexually opposite gÍoups: Nos, Í,2,3,9, and ro are of one sex and'Nos.
4, 5, 6t 7, and 8 are of the other and opposite sex.

In each one of the fertile combinations, the apothecia were ìarge and

rn¡L¡ II' Ascot'o/'s 
":';íí'í"0::;.,rl::"1"ïlÌ1i,,Ë:':ïü,:l';ä#.t*tt^ 

eacrr clerived rrom

abundant and they appeared betrveen the fifth aód the eighth clay after the
combination had been made. On the otl.rer hand, each sterile combination
showed no sign of fruiting even after it had been kept for six rveeks.

Stock cultures of all the monosporous mycelia, Nos. t-to, were kept
moist in bottles for four montbs, )'et in none of them did any apothecia
appeal'. The steriiity of all these control cultures is in accordance '"vith
the view that a monosporous mycelium is strictly unisexual and that the
development of apothecia in a cornbination of two mycelia is due to a

sexual reaction between mycelia of opposite sex.
(z) MTcelia þairecl ota dung agar. Ten new monosporous mycelia,

Nos. l r-zo, were obtained by gerrninating as many spores, and then they
were transferred to ten Petri clishes containing clung agar. As soon as the
n.rycelia were large enough. pieces of each of them, together with the sub-
jacent agar, were removed from the clishes and rvere paired in all possible
combinations on sterilized clung agar.in Petri dishes.

The results of the pairings of the ten monosporous mycelia are

embodied in Table II. Again a (+) sign indicates that the cornbination
of two nrycelía produced apothecia, and a (-)sign that it remainedsterile.
As before, the original table of results was re-arranged so as to bring iike
mycelia together.

From an inspectíon of Table II, it wiil be seen that the mycelia Nos.
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rr-zo fail into tr,vo sexually opposite groups: Nos. rr, rq, tq, r/, r9, ancl
zo are ol one sex and Nos. r z, t5, 16,and r8 areof tbe other and opposite
sex.

In each of the fertile combinations, the apothecia, as corrpared rvith
those obtained in the fil'st series of experiments, r,vere very small, very few
in number, and much later in making their appearance. Whereas in the
first series of experiments the apothecia developecl from the 6Íth to the
eighth day, in the seconcl series the apothecia developed fi.om the tenth to
the seventeenth day. It is clear that horse dr-rng is a far more suitable
medium for experiments on sex with A. stercorariarc than dung agar.

Tire two series of experiments recorded above cleariy indicate that in
A. slercorarius the ascospores and mycelia of monosporous origin are
unisexual and that the production of fruit-bodies is dependent on the
co-operation of t'rvo mycelia of opposite sex. In other words, ,4. sterco-
rarizts is heterothallic.

IV. THn SexuAlrry oF TFrE Orore.

ft is l<norvn that oiclia occul in several species o( Ascobolus. Thus
those of A. demtdatas have been illustrated by Breleld (3) and those of L
ligzatilis by Falcl< (11).

Tn A. stercorarius oidia are constantly and abundantly produced by
all rnycelia of monosporous origin, and they continue to be produced by two
mycelia of opposite sex which have been mated.

A mycelium rvhicir is about to prodr-rce oidia gives rise to a number of
reJatívely slender aerial hyphae ¡vhich grolv out perpendicularly from the
surface of the culture medium (Text-fig. 5). Then each hypha. beginning
at its apex and proceeding downwards, breaks up into a series of short
cylinclrical cells which become the oidia (Text-fig. a). These oidia, when
fr-rlly formed, are looselyattached to one another and a chain of oidia may
be reaclily detached from the nrycelium by a puff of air blown from the
mouth. 'fhe oidia adhele to any object rvhicir is brought into contact
with them. Those shown in Plate XIX, F-ig. 4, adhered to a glass slide rvhich
was lorvered gently on to the surface ol a myceliunr.

The oidia oî A. slercorarius germinate readily in water, dung, dung
agar, or air saturated rvith water vapour. and in all these media germina-
tion begins within twelve hours after the oidia have been sown.

On germinating, an oidium first swells up to about eieht times its
original volume and, in so doing, becomes barrel-shaped and vacuolated
(Text-fig. 6). Then it ptrts out either one or two germ-tubes from its
sides or ends (Text-figs. ó-ro). In a nutrient solution the germ-tubes
soon develop into a branched and septate mycelium r,vhich, after grotving
for two or three days, gives rise to a new set ol aerial hyphae which break
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r"rp in their turn into oidia. Sometimes, as

germ-tube itself breal<s up into oidia.
The germ-tube of an oidium readily fuses
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T¡xr-rrcs. 4-ro, Ascoùolus stcrcot'arius. x i32. 4. Oiclia rvhich developed as a cltain,
norv detachecì from the ¡1.yçelinm, 5, A chain of oirìi¿ in course of formation from an aerial hyltba
projecting from a mycelium growing in clunr¡ agar (one oidinm shorvn detached). 6. Three stages
in the gerrninaticn of an oidinm, shorving swelling and vacuolization. 7, Parts of two chains
of oidiJ in rvhich the oitìia have germinatecl, The germ-hrbes are already much eì.ongatecl.
8. Trvo oidia have germinated and. tlte germ-tubes have lìtserì. 9. The edge of a hangirrg drop of
dung agar, ø, contaiiring a mycelium. Outsicìe the drop in a filnr of rvater, å, on the cover-glass is an
oidiumihich developed on the mycelium and l;ecame isolated from it. This oiclium has prodncecl
trvogerm-tubesoneófrvhichhasfusetìrviththeparentmycelium, to. Achainof sixoidiawhich
have swollen and are germinating. The end oidium on the right has developed trvo germ-tubes,
one of rvhich is breaking up into oidia.

rvhich it comes into contact (Text-ñg. 9). Thus such a germ-tube has

been observed to fuse with the germ-tube of another oidium of the same or
of opposite sex and with a h¡,pha of a mycelium dcrived from an ascospore

ol the sarne or of opposite sex.
The significance of hvphal fusions in the mycelia of the Higher Fungi

has recently been discussed at length by Buller (õ). Where trvo mycelia
derived from tu,o ascospores or two oidia of opposite sex fttse together,
sexual co-operation is made possible ; and where many m)¡celia del'ived

from ascospores or oidia of both sexes combine to fornr a compound
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mycelium, the individual mycelia making up the compound mycelium are

able to co-operate in the formation of an apothecium by supplying it rvith
the materials required for its grorvth.

Iq 6 B

Te¡r,a III. Ascoòolt¿s sl¿rut'at'itts. All possible pairings betrveen fonr masses of oidia,
each mass derived from a my'celinrn of ascosl>orous origin.

To cletermine the sexual nature of the oidia ol A. stercorarius,oidia
produced on four mycelia of ascosporous origin and knorvn sex were paired
in all possible ways on the culture medium. The four mycelia rvere Nos.

r, 6, 8, and g of Table I, Nos. r and g being of one sex and Nos. ó ancl 8

of the other and opposite sex. Each pair was establishcd in the first
instance by inoculating a hanging drop of dung agar ,,vith oicìia flom trvo

of the four mycelia. The two inocula were placed on opposite sicles of the
drop. Each inoculum consisted of a mass of oidia, and each mass was

obtainecl by drarving a sterilized needle througli the aelial clrains of oiclia

projecting above the sulface of the mycelium rvhich had procluced then-r.

The oidia rvhich had been touched acìhered to the surface of the needle.

When the needle lvas brought into contact with the hanging drop of dung
agar, the oidia u'ere transferrecl to the drop. As soon as the two inocula
had becn depo,sited in a hanging clrop, they r'vere examined microscopically,
rvhen it was found that they consisted of oidia only. This was to be

expecteci, as the aerial hyphae of tlie mycelium ol A. stercorarizts is made

up entirely of chains of oidia.
Two days after the oidia had been paired, it could be seen with the

microscope that in evely hanging drop of cìung agar the mycelia derived
from the two masses of oidia had nret and had fused so as to form a netted
compound myceliitm. Each conrpound mycelium lvas then transferred to
sterilized horse dung in a wide-mouthed bottle. These mycelia grew well.
Some produced fruit-bodies within a weel< of transference, rvhile others
did not and remained stel'iie for more than six weeks.

f'he results of pairing the oidia are embodied in Table III where, as

before, a (+) sign indicates that the combination produced apothecia and
a (-)sign that it did not. The original table of results was re-arranged
so as to bring like oidial mycelia together'.

1

q
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An inspection of Table III shorvs that the oidia Nos. r and 9 are of
one sex and the oidia Nos. 6 and 8 are of the other and opposite sex.

A comparison of Tables I and III shows that the oidia of the asco-
sporous mycelia Nos. r, ó,8, and g ale of the sanre sex as the mycelia
tupon rvhich they have been produced. We may conclude that all the oidia
borne on any one mycelium derived from an ascospore are of one and the
same sex, the sex of the ascospore.

V. Mrr¡s Âs AcENt-s rN TRANSFBRRTNG Orora.

It was by accident that my attention rvas fir,st dra,,vn to the possibility
of nrites being agents in the transference of the oidía of A. stercorarius.
Ten Petri dishes containing dung-agar, in each of lvþich rvas grorving
a mycelium derived from a single ascospore, rver.e placed in a pile one
above another on a giass plate, and the pile of dishes u'as covered rvith
a bell-jar. The plate and bell-jar had been swabbed with carbolic acicl
solution, and they and tlle dishes rvhich they enclosed were set on
a labolatory table and handied as little as possible, to prevent contamina-
tion: The ten mycelia lvere Nos. rr-ao of Table lI, ancl they lvere being
kept as stocl< cultures after the results embodied in Table II had been
obtained. It was expected that they would r.emain sterile indeûnitely.
Twenty-eight days after the Petri dishes had been inoculated and enclosed
under the bell-jar, it was observed that apothecia rvele developing in the
ciishes. The first dish to íluit was at the bottom of the pile, the second to
fruit the next highest, and so on trpward through the pile ; and, finally, all
the dishes fruited except the tenth ancl highest one.

An examination of the pile of ten Petri dishes which rvere fruiting in
succession revealed the fact that the dishes had become invaded by mites
(Acalineae).1 These had come flom an olcl unsterilized holse-dung culture
and had crarvled fit'.st over the table, then betrveen the bell-jar and the
plate on which the bell-jar stoocl, then through the space betrveen each
Petri dish and its cover and, finally, from one dísh to another.

There was strong reason to suppose that the fruiting of the dishes in
the pile of ten from belor,v upwards was due to the mites having transferrecl
oiclia from one dish to another. The mites naturally crarvled into the
lower Petri clishes first and progressively ascended the pile.

After the observation just recorded had been made, a series of experi-
ments was set r-rp witl-r a vierv to investigatiug under controlled conditions
the transference of oidia by mites and the effect of the oidia so transferred
on mycelia of opposite sex.

r Unfortunately, up to the present, it has not been possible to iclcntify the species rvith rvhich
rny investigations h¿yebeen concerned, .A mite knorvn æ þroglylltzts ljuullhdgtts, rvhich does
tìamage to cultivated mnshroorns, rvas described by N{egnin in I8i6. Possibly the Winnipeg spccies
is related to ir.
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At the tirne when the investigation on mites and oidia was begnn,
Brodie (a) in the same laboratory rvas completing his experimental inquiry
ínto tlre relation of flies rvith the oidia of Coprinus lagoþzrs, and it was

found convenient to make use of the apparatus that he hacì devised for his
olvn u'ork.

Tlventy-two glass tubes, each 4 in. long and r in. wide, rvere partially
filled with ho'rse dung, plugged lvith cotton wool, and sterilizeci. Eleven
of the tubes r,vere then inoculated rvith mycelinm No. 8 of Table I and the
other eleven tubes lvith mycelium No. 9 of Table I. These mycelia r,vere

knolvn to be of opposite sex. After a feu' days, when the mycelia had
spread sonrewhat over the surlace of the horse dung in each tr-rbe,a number
of mites, rvhich had been bred on horse dung, were introduced by means of
a capillary glass tr.rbe into seven tubes containing mycelium No. 8 and into
seven tubcs containing mycelium No. 9. Four tubes of mycelium No. fì

and fonr tubes of mycelium No. 9 were thus left without mites, and these
tubes served as controls. The eight control tubes rvere kept under con-
ditions ,,vhere mites could not possibly find access to them.

The seven tubes of rnycelium No. lJ containing mites and the seven
tubes ol mycelium No. 9 containing mites rvere then combined into seven
pairs. Each pair r,vas nrade by talcing one tube containing mycelium No. I
and one tube containing myceliLrrn No. 9, rernoving the plugs, and setting
the tubes mouth to mouth, as shown in Pl. XiX, F-ig. 5 (right). The two
tubes of each pair were attached to one another by winding adhesive paper
several times around their adjoined mouths, and then melted paraffin wax
lvas poured over the paper so as to fill up any possible crevices. The four
tubes of mycelium No. fÌ without mites and the four tubes o[ myceiium
No. 9 rvithout mites were simiiarly paired and bound together. Care u'as
taken to keep all the pairs of tubes frorn the first in a holizontal position,
and thus to prevent any oiclia from falling from one end of a pair of tubes
to the other end.

By the end of fourteen days after the seven experimental pairs of
tubes (with mites) and the four control pairs of tubes (without mites) had
been set up, it $'as observed that apothecia had appeared on the dung at
one end or at both ends of each of the seven experirnental pairs of tubes,
but that no apothecia had appeared on the dung in any of the four contlol
pairs of tubes.

fn none of the pairs of experimental tubes lvas it possible for the oidia
to fall from one encl to the other, and in none of them did the two mycelia
creep along the surface of the glass and so come into contact with one
another. The fact that apothecia were produced in all the experirnental
pairs of tubes and in none of the control pairs affords strong evidence
that: (i) the mites acted as carriers of oidia from one mycelium to the
other ; (z) that the oidia of one sex when deposited by the mites on or
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near a mycelium of opposite sex germinatecl ; and (q) that the oidial germ-
tube or mycelium so procluced fused with the mycelium to rvhich the oiclia
had been brought, and thus caused it to develop apothecia.

In two of the expcrimentai pairs of tubes (with mites) apothecia
appeared on botl-r of the mycelia, and in the other ñve on one mycelium
only. The non-production o[ apothecia by one of the two mycelia in
a pair ol tubes may have been dne to the failure of the mitbs to deposit
oiclia on oÍ near the mycelium under conditions oÍ moisture suitable for
germination. After an experímental pail of trrbes has been set up, thet.e
are only a ferv days in which the mites can transfer oidia from one
mycelíum to anothel so as to enable these mycelia to prodr,rce fruit-bodies ;

for, in less than a week after the establishment of a paír oÍ tube,s, the rnites
may have fed upon and injured each mycelium to such an extent that, by
this time, it has become hollorved out into a spongy mass or has been
cntirely destroyed.

Mites are very frequently associated rvith dung at Winnipeg, for they
often appear in the laboratory on old horse-dung cultures. It may rvell be
that, under natural conditions, they sometimes or often play a part in
tlansfelring oidia of Ascoboli and of other fungi from mycelia of one sex
to mycelia of the opposite sex, thus aiding reproduction in the fungi
concerned.

VI. TnB Ern¡cr oF SowrNG GBriulNerrNG OrDrA NEAI{ AN
Ascosponous I\{vcELruM oF Opposrrr Sux.

l,4ycelia Nos. I ancl 9 of Table I are of opposite sex. These two
mycelia, each derivecl from an ascospol'e, were grown on dung in bottles.
Two bottles contained mycelium No. 8 aud two No. 9. Two hanging
drops of dung agar rvere prepared. one o[ them rvas inoculated rvith oidia
of mycelium No. 8 and the other with oidia from mycelium No. 9. In the
course of a few hours the oidia in each of the drops began to germinate.
Tbe gern.rinating oidia of mycelium No. 8, together rvith the drop o[ dung
agar in rvhich they had been sown, rvere then transferred to one of the
botties containing myceliurn No. 9 and were set down beside the mycelium
on the dung. The other bottle, containing mycelium Nu. 9, was kept as
a control. Similally, the gerrninating oidia of mycelium No. 9 rvere trans-
ferred to one of the bottles containing rnycelium lrtro. s, and the other
bottie containing mycelium No. I r,vas kept as a control.

In the two experinrental bottles apothecia appeared on the myceria
r'vithin a r,veel< after these mycelia had been inoculated with oidia, rvhile in
the two control bottles no apothecia appeared within six ,,veeks. at the end
of which time the experirnent rvas discontinued.

one other exper-irnent of the kinct just descrìbed was made. Ger-
mi'ating oidia of rnyceli'm No. 6 of rable I (o[ one sex) were adcled at
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the pèriphery of mycelium No. r (of opposite sex), rvith the result that
apothecia rvere formed in the bottle rvithin a week, rvhile the mycelium
No. ¡ in the control bottle (no oidia added) remained steriie.

The resuits o[ the series of experiments just recorded sholv that
a myceliunr derivecl from an oidium of one sex can interact u'ith a rnycelium
derived from an ascospore of opposite sex, and thus can talce part in the
sexual process which culminates in the production of apothecia.

VIL FTTBs AS AGENl's rN TRANSFERRING Ornr¿.

The work of Brodie on the relation of flies and the oidia of C. lagopas
lras been referred to in the Introduction. A. slercorarizts, lilce 6. løgoþus,
is a coprophilous species, and it therefore see¡¡ed possible that flies might
clisperse its oidia. Experiments were therefore made to find out rvhether
or not flies might be : (r) agents for the dispersal of A. stercorørius by
transferring oidia from a mycelium to fresh dung ; and (z¡ agents for'

indirectly initiating the sexnal process by trans[erring oidia from a mycelium
of one sex to a l¡)/celium of opposite sex.

Q) The lrarus¡ference of oidia to dung. Some fruit flies, Drosoplùla
nzelanogaster, bred on banana pulp, rvere kept in a bottle without food for
twenty-four hours, arrd lvere then transferled to a Petri dish in r,vhich the
mycelium of A. slercorat'ius was gror'ving on horse dung. Plojecting from
the mycelium in tlre substratr¡m were numerous chains of oiclia, and to
some of these were attached drops of a clear iiquid which had been

excleted. The flies were obsel'vecl sucking up some of these drops,
although they dicl not seem to be especially attracted by them. On the
,,vhole, the flies appearecl to clislike walking among the projecting chains of
oidia, and they soon passed from the mycelium to the free sulface of
the dung where they vigorously rubbed their legs. Perhaps they were
attempting to free themselves fi'om the oidia rvhicb must have been sticlcing
to them.

After the flies had rvall<ed over tlìe mycelium in the Petri dish, they
were allor'ved to escape into other Petri dishes containing sterilized horse
dung. One fly wa-s imprisoned iu each of three such clishes- In each dish
the fly crarvled once or tlvice over the surface of the dung. As soon as

this had happened, the Petri dish ,,vas opened for a moment and the fly
rvas allo'"ved to escape.

Three or four days after the three flies had been removed from the
three Petri dishes a vigorous mycelium appeared orr the dung where the
flies had crawled. The rnycelium in each dish resembled that oî A. sterco-
rarius. On the assr"rmption that the ner'v mycelia had sprung from the
original mycelium through oidia borne and cleposited by the flies, some
oidia of a sex opposite to that of the original mycelium were added to the
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dung in one of the tirree Petri clishes containing the nerv mycelia. A few
days afterrvards, the mycelium to ivhich the oidia liad been added
developed apothecia, whereas the other two mycelia remained sterile. This
result is exactly what u'ould be expected on the assumption that the
three nerv mycelia had developed from oidia derived from the original
mycelium.

The experiments just recorded shorv that flies are able to carry oidia
from a mycelium to the surface ol fresh dung, and thus act as agents for
the dispersal of oidia.

(z) Tlte trørzs¡ference of oidia fronz ot¿e n¿Jtce litun to aruotl¿er of opposite
ser. Six glass tubes, 4 in. long ancl r. in. rvide (1ike those already used for
the experirnents rvith mites), were partially filled rvith horse dung, plugged
rvith cotton lvool, and stelilized.

The mycelia employed rvere Nos. r, 6, 8, and 9 of Table I. No. r and
No. 6 are of opposite sex ; ancl No. 8 and No. 9 ar.e of opposite sex.

f'Ìie six tubes of sterilized dung were inoculated as follorvs : two rvith
mycelium No. t, two lvith mycelium No. 6, one rvith mycelium No. 8, and
one rvith mycelium No. 9.

As soon as the mycelia had begun to g'ow well in the t.bes, trvo flies
were introduced into one of the No. r tubes, one of the No. ó tr.rbes, the
No. [ì tube, and the No. 9 tube. The other No. r t'be and the other ]tro. 6
tnbe rvere left uninoculatecl, so that they might be usecl as controls.

The four tubes containing flies were paired (after removal of their
plugs) mouth to mouth (PI. XIX, Fig. 5, left) as follows: No. r with No. 6,
and No. 8 with l{o.g. The trvo tubes without flies, No. r and No.6, were
also set mouth to mouth. The tu'o tubes of each pair were fastened
together by means of a cyli'der of cardboard slipped about their adjoined
mouths, and the space between the cardboard and the glass was filled
with cotton wool.

within a rveek after adding the flies to the tr-rbes and combining the
tubes mouth to mouth in pails, the experimentai tube-pairs Nos. r and ó and
Nos. [ì and 9 containins flies produced a large nunlber of apotrrecia (pr. xIX,
Fig. 5, left), while the control tube-pair Nos. r and 6, to which no flies had
been acìded, remained sterile. The sterility of the two mycelia in the con-
trol tube-pair continued for trvo weelcs, at the end of which time all the
cultures were cliscarded.

The series of experiments just described indicates: (r) that flies can
transport the oidia of A. stercorarìus from one mycelium to another of
opposite sex ; (ø) that the oidia can then germinate ; and (3) that the oidial
germ-tubes or mycelia can fuse wíth the mycelium to rvhich the oidia have
been brought, ancl so initiate the sexual process resulting in the production
of apothecia.
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VIII. WiND 
^.s 

A. F'.lcron rN Drspnnsrxc Ornr¡.
Three Petri dishes containing sterilized dung rvere inoculated lvith bits

of a nrycelium derived from an ascospore. Each ol the three nerv mycelia
thus obtained grerv well and soon produced an abundance of oidia. Fresh
dung ri'as placed in three more Pctri dishes, pressecl clor'vn tightly, and
sterilized. Next, the covers of all the six Petri dishes were removed, and
each Petri dish containing a mycelium was coverecl with an invertecl dish
containing sterilized dung only. An apparatus for giving a blast of air
rvas made by attaching a piece of rubber tubing to a glass tttbe drarvn oLrt

at the lree end until this ',vas about r mm. in dianreter. The upper mem-

ber ol each pair of dishes lvas then lifted slightly, and the end of the glass
tube rvas inserted into the opening of the chamber. The free end of the
rubber tubing u'as placed in the rnouth, ancl a blast of ail lvas then blown
at the mycelium on the clung in the lorver clish rvith a folce just sufficient
to cause the chains of oidia to bencl before it. The trvo dishes oI each pair
were then separated and covered rvith their original lids.

Three or four clays after the myceiia hacl been blorvn upon, a ricir
growth of myceliurn resembling that of .11. sl¿rcorarizts appearecl on the
dung of each dish rvhich had been used as a cover in the three pairs o[
dishes.

The results of the series of experiments just describecl seem to indicate
that oidia can be blown off the sttrface of a myceliurn into the air, that they
can settle on clung if they happen to conre into contact with it, and that
they can then gelminate.

If oidía of A. slercorørù¿s can be blolvn away from a mycelium in the
laboratory, it may lveli be that oidia of this species may be blorvn ar,vay

from a myceliurl growing on dung in pastures. Conceivably oidia carried

otr by the rvincl might settle on freshly deposited dung and germinate

there, ancl the mycelium so produced might fuse r,vith a mycelium of
opposite sex, and so initiate the development of apothecia'

IX. Suur.t¡nv.

t. ln A. stercorarhrc heating the spores to a temperature of 37'5" C.

increases the number of spores which germinate.

z. Horse dung is a much better culture medium than dung-agar for
the production of apothecia by mated mycelia.

3. The ascospores are unisexnal and tl¡e fungus is heterothallic. The
ascospores and the mycelia which they produce are sextrally of trvo kincls.

One kind may be regarded as (+) and the other as (-)' When two (*)
nrycelia or two (-) mycelia are paired, the pairs renrain sterile indefinitely,
whereas, lvhen a (-t.) myceliLlm aucl a (-) mycelium are paired, large

numbers of apothecia are soon ,ot*.d; 
.

IL
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4. The nryceliunr clelivecl [r'om an ascospore of A. slercoraríus pro-
duces chains of oidia projecting into the air above the sub.stratnm. The
oidia germinate freely in water, horse-dung agar, and horse dung. The
myceliurn derived from an oidiurl again produces oidia.

5. The oidia are unisexual. A (+) mycelium of ascosporous origin
produces ( + ) oidia and a (-) rnyceliurn of ascospor.ous origin produces ( -)oidia. when trvo (*) mycelia or trvo (-) mycelia derivecl from oidia ¿re
paired, the paírs remain sterile indefinitely ; but, when a myceliurn cierivecl
from (+) oidia is paired with a mycelium derived from (-) oidia, large
numbers of apothecia are soon formed.

ó. The mites which ínfest horse dr-tng feed upon the mycelium of
A, stercorariats.

7. When mites ale allo,,ved to crawl from a mycelium of one sex
bearing oidia to another mycelium of opposite sex, apothecia are produced
in the culture visited by the mites. It is inferred that, in such an experi-
ment, the mites calry oidia flom the first mycelium to the second, that the
oidia germinate, that the new mycelium fuses rvith the old one, and that
thus the sexual process resulting in the production ol apothecia is initiated.

ti. When gelminating oidia ol one sex are transfer-red by hand to
a dung culture containing an ascospol'ous mycelium of opposite sex,
apothecia soon appear in the culture.

9. Flies, like rnites, are able to carry oidia away from mycelia ancl to
deposit them elsewhere. when oidia ale calried by flies on to sterilized
horse dung, the oidia gerrninate there ancl give rise to nerv mycelia which
develop rnore oidia. when flies are allowed to pass f'om a n.ryceliurn ol
one sex bealing oidia to another mycelium of opposite sex, apothecia are
produced in the culture visiteci by the flies. It is inferred that, in. such an
experiment, the flies carry oidia from the first mycelium to thè second,
that the oidia germinate, tlrat the nerv mycelium fi-rses r,vith the old one,
ancl that thus the sexual process resulting in apothecia is irritiated.

ro. It seems probable that, under natr-rr¿rl conditions in the open, dung
flies ancl mites are agents in transferring oiclia from one nrycelinm to
another.

rr. A blast of air may cletaci.r oidia from the myceiium on rvhich they
are produced. Possibly, the lvind, also, is an agent in transporting oidia
from one mycelium to another.

The investigation was calried oLrt in the Department of Botany of the
University of Manitoba during my tenure of the Hudso¡r's Bay Company
Research Fellowship, rg2g-3o. lt gives me great pleasure to acknowledge
my inclebtedness to the lcindness of Professor A. H. Reginald Buller,
',,vhose suggestions and criticisms during the progress of the ,,vork have
been invaluable.
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IìXPLAI.{ATION OF PLATE XIX.
Illnstrating D¡. E. Silver Dos'tìingts paPer on -4scoòol¿ts stct't'ot't¿ritts'

AIl ñgures are those of Ascoöohr st¿t'cora¡'izts.

Fig. r. A rnycelium rvhich originated frorr a single ascos¡rore is grorving on ste¡ilized horse

dung. This culture rvas kept for four months and remained perfectly sterile. Natural slze.

Fig. z. A mycelium rvhich originarecl lì'om tlie mating of trvo rnycelia derived from ascospores

o[ opposite sex. 'Ihe cnlture is trvo rveeks old, and it has procluced a number of apothecia. The
apothecia to the left of the centre of tìre photograph are expancling ; those at the top and at the

bottom-right appear black and are fully expanderì. N¿tural size,

I'ig. 3. A photomicrograph of a s¡rore-deposit in rvhich can be distingnished four small hyaline
ascospores antl scveral Iarger clarli-colonrecl ascos¡rores. One of the latter has srvollen and h¡.s

gemrinated. Magni6cation, abont z3o,

Fig. 4. r\ pho[ornicrograph of a deposit of oidia, A glass slicle s,as clabbed on to the ae¡inl

nycelinm of a cnlture and the oidia adherecl to the glâss, some singly ancl others still in the chains

in rvhich they rvere formed. À{agniñcation, about z3o.

!-ig. 5. Trvo tube-pairs, the one on the right at tlìe end of an experiment mrde rvith mites, the

one on tlìe left at the end of an experiment made rvith flies. ltacìr tnbe-pair consists of trvo glass

tubes placecì month to mouth, the combined rnouths being sealecl, In the right tube-pair tlie seai

is adhesive tape arrcl paraffin rvar; in the left tube-pair the seal is a cardboarcl cylinder and cotton
rvool, At the trvo encls ofeach tube-pair is a r¡ass of horse dung rvhich lyasinoculâted'rvitìl a uni-
sexnal mycelinm clerired from a sinele ascospore. h,t a '-ube-1:air, one nt¡'celiurn rvas originally of
one sex and the other mycelinm of op¡rosite sex (Nos. 8 and 9 of Table I). il{ites rve¡e enclosed in

the right tube-pair ancì Jlies in tìre left tube-pair. In each of these experimeuts lhe rì)ycelia at both
ends of e¿ch tube-pair cleveloped fluit bodies at the end of a rveek f¡ om tlie establishment of the tube-
pair, 'I'he position ofsome ofthe apothecia is indicated by surrouncling blacli o¡ rvhite circles, It
is inferred that the cìevelopmenrofthe apothecia at the encls ofeach tnbe-pair u'as due to the trans-

fer by the mites or flies o[ oidia from one mycelinrn to the other, the germination oJ the oidia so

transported, and the interaction of the mycelium of oiclial origin n'ith thc mycelium of ascosporons

origrn. Reduced to two-thirds the n¿ttrral size.
Tfô
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I. INTIIODUCTTON

Dunr¡rc the progress of the ûeld work carriecl out fol the study o{ the vegeta-

tion of Alberta, my attention was dilected to large aïeas of sandhills found in
some regions of the central part of the province. They interested me by leason

of the sharp contlast of their flora with that of the rest of the province- The

tall pines on the summits of the sanclhills stood out in marlcecl relief against

the poplar wooals of the lower plain, and a closer investigation showed that
the ¡rhole vegetation was quite distinct from that of the parkland. Moleovel,

the sanclhills themselves presented abrupt transitions from one association to

another, such malke¿l changes being chiefly due to clifierences in water content

and" aspect.
These sandhills meritecl further attention by reason o{ the abundance of

Jack Pine }listletoe which was revealeil by the strange cleformities known as
,,'Witches' Brooms" on the trees, giving them a weircl tufted outline. The large

amount of fresh material of Arceuthob'ium ctmericøntt'nt, available to the labora-

bories of the lJniversity seemed to ofier an exceptional opportunity for an

investigation of the biology and. ecology of the parasite.

1 This investigation was made possible by a granü receivecl from the National llesearch

Council of Canada.
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AIl of these features suggestecl an intriguing stuily, ancl cluring the progress

of the fleld. rvorh it became eviilent that a knorvleclge of the general ecology

of the sanclhills rvoulcl facilitate the unclerstanding of the ecological problems
of At'ceu,tl¿oÍ¡iutn. X'urtþ.er, the desire to give a comptehensive account of

sanclhill vegetation naturally lecl to the investigation of wincl clepositecl as well
as water clepositecl sancl areas, although the former areas wele outside the
timit of clistribution ol P'inus Bcu"¿hsict'nct' anil hence ol Arceuthob'íztm q,m,eri-

cutL t/J'tt L.

Á-ll sanclhill plants ol whose cletermination I 'çvas cloubtful rvere sent to
specialists. I rvish to express my gratitucle to the follorving botanists for
theirkinclness iri cletermining the coliections sent to them: i\{iss A. I:orrain
Smith of the British l\{useum ancl Professor Du Rietz of Upsala for ileter-
minations of lichens; Professor L O. Overholts, Philaclelphia, for fungi;
Mr -4.. Grout ancl Mr A. LeRoy Anclrews of l{ew York for mosses; NIr A. S'

Hitchcock of 'Washington for grasses; NIr I(. K. IVlcI(enzie of New York for
seclges; l\[r C. R. Ball, ]Vashington, for willows; and Dr ÌVI. O. iVlalte of the
National Museum of Canacla for cletermination of a number of flowering plants.
I am indebted. to Dr F. J. Lervis, University of Alberta, for bringing the
problem to my attention ancl for encouragement iluring the work. I a]so wish
to acknowledge the beneflt I receivecl from the suggestions of Dr H. Osvalcl

of Sweclen while he \vas on a brief visit to Alberta chuing the summer ol Ig27 .

, II. TIIE VEGETATION OT TI{E SAND DUNES

The accompg,nying map (Map 1) gives a general picture of the distri
bution of the larger sanc-lhills ancl ilunes in central and- southern Alberta.

One of the best exarnples of sancl clunes in central Alberta occurs just
within the gap of the Rochy Mountains about tliirty miles north of Jasper. In
this district the Athabasca River runs north ancl south, to the north broaclening

out into Brule Lake, which may be consiclerecl merely as an expansion of the
river. The d.une area is situatecl at the north-east encl of the lake and extencls

inlancl for about frve miles.
These clunes are well hnown on accouut of the trouble experienced by the

Grancl Trunk Paciflc Railway, which, after an attempt to run their trans-
contineutal line by this route, was forcecl to abanclon the railway along the
east sicle of the lahe.

The waters of the Athabasca come from the south heavily laclen with sancl,

ancl where the river broaclens out near Brule Lake iarge cleposits of sancl are

left on the leewarcl sicle of every island- anil promontory. In aclclition a very
constant south-west winil blows through the gap and. often reaches the force
of a gale, so that with these two factors all conclitions are suppliecl for the
formation of dunes on the lake shore.

The map facin$ p. 84 (Map 2) shows the clirection of the wind over the
Iake and the resulting clune area where this,wincl travels shoreward,.

6-2
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The whole mountain valley is occupiecl by a spruce forest 
'vhich 

in the
dune area has beet clestroyed by clrifting sancl. The flora of this forest is listecl
in the first quaclrat of rable 1. The spruce extenil to the lake, except on the
east shore where the fallinglvater level of the lake has exposed a gravel clifi
about 100 ft. high, too wind-blown to support any permanent vegetation. It
is at the south end of this shore that the dune area lies.

The large amonnts of sancl brought clown by the river are clepositecl at ihe
north-east end of the lake so that the shore is increasing here, both by reason of
the deposition of material and" by the faliing of the level of the lake. The beach
is occupiecl by a scattering of the following short-livecl plants: Corispermznn
nrurgino'le Rydb., aragcrllus gracil'is *4.. Nels., aragøllus fol,iolosus (Hook) Rydb.;
but these are too ephemeral to arrest the progress of the sand,. Eløeagnus
coy¿nt'uLala lJernh. on the other hand cloes grow up through the depositecl
sancl and is responsible for the formation of small dunes. The imnortance
of this plant as a clune former is negligible, horyever, in comparison
with tire beach willow Sal'iyinter,ior ped,'icellatø And. This plant sencls out
horizontal rhizomes through the sand, forming a low tongue-shapecl embryonic
dune, with the direction of the main axis governed by the wincl. This is shown
in Phot. I (Plate VIII).

The willo-ws have only a temporary efiect in staying the cl.une, which
eventually commènces its migration inland.

on ascending the ciifi one sees a t¡>ical dune l¿ndscape extencling in all
directions. The chains of active clunes are separated by strips of wooded.
country. Phot. 2 shows a clune advancing over the forest.

although most of the trees are destroyecl by burying, the upper branches
that remain above the saud may continue to grorv in some cases, and aclven-
titious roots are seut out from the buriecl trunk many feet above the original
ground level. The trees belonging to the anteced.ent vegetation that may some-
times continne living, although partially buried, arcl. Populus bøl,sønzifetaL.,
Batulo, fontinøl,is Sarg. and, P,iceø ølberticona S. Brown.'where 

the cleposition of sancl is not too rapid, as along the sicles or even
at the front of a slowly moviìrg dune, members of the undergrowth of the
woods below may send rhizomes up through the accumulating sand and
gradually elevate themselves a considerable distance from their original
position. The rhzomes or. Er1u'ise¿u1t?, cu'uensø which clothed the aclvancing
front of a sand dune were traced clownwards in the sand. for six feet
without any break, and the plants obviously grew up from the ground
level.

Other plants that behave simil¿¡iy arc Sal,,iyintet,ior pedlicel,latø, Cotnus
stolon'iferø Michx., Rosø a,c,iculctrøs Lind,l., ar.d. Vøgnerø stel,l,øtø (L.) Morong.,
the latter often clothing the entire slope of a dune.

These all belong to the antecedentìegetation. There are also some plants
that grow in extremeiy open formatiou over the surface of the d.une ancl manage
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Phot. l. East shore of llrule Lzrlie, shorving fon.nation of embryonic clunes.

Phot. 2. Lanclscape of rnoving dunes shoiving bLrrial of trees.

DOWDINTG-THe SeNoHln AnBes oF CENTRAL ALBEIìrA

Itace þ. 84
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Phot. 3. Summit of sandliill near Coc¡l;ville, slrou'ing thc slight effect of f'rre in such ¿r situation.-I-hc sancl is tcnantccl bv II¿t.t{.çtu¿itt. Ítut¿¿'t¿los¿.

Phot. 4. Glai,el l¡it near Westorv to shorv the clepth of sancl in this arca.

DOWDING-TuB SeNnurrr Annas oF CENTRAL ALBERTA.
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to complete their life cycle before the sancls shift. The chief of these is Cor¿-

sperlnum rnørg'inølewhich is accompanied hy Brotnus c'ilicttu,s L., and Agroltyron
d,asystøchyum, which can accommodate themselves to the clrifting sand, and
also by Aragallus grac'il,is A. Nels., A. foltioloszts (Hook.) Ryclb., Artenzesiø
cauclatø Michx., and Sol'id,øgo elongøta Nutt.

If the progress of the dune is arrested, the vegetation begins to spreacl over
the surface. The most importaut plant in the earlier stages of colonisation is
Cornus stolon'ífera,, rvhich soon forms a thick grorvth over the whole surface
by reason of its quickly growing rhizomes. The vegetation is at flrst chiefly
shrubby, made up o1 Cornus, ancl the following plants: Amelctncl¿ier aln'ifolí,a
Nutt., Elaectgnus comtnu,tcttct Bernh., Juníperus l¿orizontctl'is Moench., rSyrz-

phoriccr,rpos ltctuc'if,orusr, Rosø ac'iculøris, Scr,lin 'interior pecl'icelløLct, At'temes'ict

cøucløta, L'inum sp., Sol'ítlago, nemoro,l'is Ait., Ccrlamogrostis sp., Bromu,s
ci,liatus, Agropyron clctsystochyum, alncl Ga'iller,rilio ttistctto Pursh.

Subsequently a collection oI mesophytic pJants mal<e their a,ppeârance

under the shrubs such as V,iciu, cmtericana, Antennnria Muhl., Pulsat'illa ltcttens
(L.) Mill., Comanth'a I'iuidø Plichards, Vagrzerct slellatct, ancl a clense growth of
Arctostøpltylos U aø-Ursi (L. ) Spreng.

We frncl the stumps of buriecl poplar ancl spruce projecting above the
surface of clnnes clensely grown over with Jttniperus ancl Arctosta,Ttlttllos. Therc
were several interesting cases in these stabiliseil clunes of mature spruce trees
growing on the summits. The question a ose ¿ùs to whether tÌrey belongecl to
the antecedent or subsequent vegetation. These trees lvere at least 150 years
old while the sandhill was only in thc shrub stage of colonisation. Seeclling
spruce, accompanying mosses, and other mesophytic plants of the P,iceø

ølbert'iønu, association r\¡ere absent. From these facts it was conclucled that
the trees are older than the clune. The position of these isolated trees is,
however, highly anomalous in that they are elevated twenty feet or more above
the level of the surround.ing forest. If they are indeecL members of the original
forest the deposition of sanil must have stimulated their growth enormously.
Evidence has been founcl which supports the view that the spruce stumps are

olcler than the dune. One spruce over which a dune had passeil was still
living although unearthecl. The trunk'was founcL to extenil three or four feet
below a whorl of lateral roots.

On the sand blow-outs that occur in the spruce forest for a considerable
distance back from the lake, the flrst plant to make its appearance is
Lecønora, lent'igera, the only sand. lichen met with on the dunes. A growth
oL Cornus and other xerophpic shrubs soon mahe their appearance, followecl
by seedling spruce ar'd Thuidlium, abiet'inum B. & S. This latter association
might be considered a young type of the white spruce forests of the whole
rA.thabasca Yalley.

The forests to the east of Brule Lake have been largely clestroyed by the
1 When the authority for a planü name is given in the charts, it is omitüecl from the text.
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lines of dunes ailvancing over them but they are also moclifiecl outsicle the
areas of dune formation. fn these places there has not been any obstruction
resulting in actual dune formation, but the wind from the lake is heavily sa¡cl
laden and for some mjles back deposits sand over the forest floor to a clepth
of several feet. The trees are still living but the unclergrowth of the forest

Table 1. To sl¿ozo lhe effect of sand, clepos,ition on tl¿e

nectr Brule Lctke.

A. Picea ¿lbertian¿ S. Bron'n
B. Cornus stolonife¡a ÌlIichx.

Lonicer¿ ebractulata Rytl.
rotentÌllÍù lructrcosa 1,.

Quadlat
4 milcs

from L¿lic
õ ...

Iìosa aoicularis Lindl.
Sli"pr*''¿il àà""¿"i.i. tl.l n"ii.
Symphoricarpos occidentalis llook.
S. pauciflorus (R,obbins) I3rit.

C. ¡tnd¡osace carinata'Iorr.
Apocynum anclrosaelnif oliurn L.
Acluilegia flavescens S. lV¿ts. ...
Arcúostaphylos Uva-Ursi (L.) Sprcng.
-¿\ster' sp.
Calamogrostis purpurasccns Iì. .llr. 4

I
I
2
I
I

I
2

Carex sþ. - ...
Comandla livida Ricbs.

Linurn sp.
Pyrola rotunclifolia L.
P. secunda L.
Zygaclenus elegans Pursh,
Camptothecium pinnatifrdum SuIIiv. & Lesq.
Hypnum chrysofhylum Brid. ...
Peltigera sp.
Pvlaisia subdenticulata ...Pylaisia subdenticulata ...
Iìhyticlium rugosum L. ...

Galium boreale L.
Genti¿n¿¡, acut¿ llichx. ... :::
Hedysarum boreale Nutt.
Juniperus horizontalis IIoench.
Oxytropis splenclens Dougl.
f,innaea arnericona Forbes

'I'huidium abietinum B. & S.
Timmi¿ cucullata }Iicìrx.

.. I

wluite sltru,ce forest

Quadrat
I mile

from L¿lie

5

I

I
2

D.

5:occupying more than ?, of quadrat.
4:occupying 1r of quaclrat,
3:occupying { of cluadraf.
l:occupyrng -.1" or less of quach'at.

has been profoundly modifled, being changecl from a moss type with Tl¿t¿id,'iz¿nz

abietinwz B. & S. d.oninant, to a shrub type with Cornus stolonifera clominant.
This is shown by the two quadrats in Table 1, the first talcen from an un-
clisturbed spruce forest foru miles from the lake ancl the second from a forest
about a mile from the lake, the floor of s'hich has been raisecl several feet by
the deposition of sand. I{ere the only plants that remain are those aclapted. to
rapid grox'th through ilepositing sand.

The sandhill yegetâtion of this regioû clifiers considerably from the vegeta-

A =tree level.
B:shrub level.
C:Ievel of ìrerbaceous plants.
D:lovei of mossss ¿ncl lichens.
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tion of the stationary sandhills to the east, first because it is in a clifierent
fl.oral province, and second, because the instability of the moving sancl de-

scribed above prevents the appearance of the pioneer lower plants (lichens and
mosses) that are such an important feature on the water deposited sanclhiils
of central .Alberta.

III. THE VEGETATION ON TIIE STATIONAR,Y SANDHÏLLS

fn considering the water depositecl sandhills of the Province, it is obvious
that the greater part of them were laid clorvn by forces no longer in operation.
All evidence points to the sancl having constituted the silicious element of
terminal moraines of the glacial perioil, which was subsequently washecl out
by streams and deposited along the old water courses.

The sandhills that have been studieil in greatest cletail are those lying
within a hundred-mile radius to the north of Eilmonton. In this locality there
is an olcl drainage course which runs along the Tawatanaw Yalley ancl con-
tinues southward. This eviclently marks a former stream of some importance
that washed out the sand from the moraines to the north ancl clepositecl it
along the stream course. The sandhills so formed stretch from Rochester to
Lake Jolicceur (Map 1) and south to the Sasl<atchewan River. An idea of
the clepth of these d.eposits may be obtainecl from Phot. 4 (Plate IX) of
a gravel pít cut into a sandhill near Rochester. This shows a depth of
sand of 120 ft. According to geologists the sand. may be 600 ft. cleep in
places, although it probably thins out towarcl the margins of the sancl

areas.

The greater part of these sanclhills, particularlythose to the south-east, are

on exposed flats. As little humus has had an opportunity to collect, the vegeta-
tion is in the pioneer stages and the hills present an extremely barren aspect,
On the otherhand, there is a strip to the north-west situated along the wicle valley
of the Tawatanaw where the sandhills support a wealth of vegetation and the
pines are becoming replacecl by more mesophytic plants. The frrst to be con-
siderecl is the xerophybic type of sandhill, as seen near L. Jolicæur, Lily Lake,
Lost Point Lake, and Cookville. The sandhills of these areas are small hills a

few yards in width, ancl usually slightly elongated, separatecl by basinlike
depressions or winding channels, as is shown in Phot. 5, Plate X.

An account of the physical features anil a general clescription of the vegeta-
tion of the non-sand.y areas of this district has been already given by lewis,
Dowding and Moss in a former paper (7).

* The cause of the dearth of vegetation on the hiII summits is obviously
water shortage, for in these hills the sand is quite dry and loose for about a

foot down. Towards the base of the hill the water table is higher ancl even the
surface sand is damp enough to be moulded in the hand. Every slight
change in elevation or in the amount of exposure results in strfüing contrasts
of vegetation, so that iu a few steps oue may pass from the dry summit of
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a sandhill to the swamp below, through four or five distinct associations. The
characteristic associations of the sandhills are sho.ivn diagrammaticaliy iri
X'ig. 1.

Water collects in the clepressions between the sandhills causing hygrophytic
associations, sometimes a bog rvith mosses ancl blach sprrlce (termecl nu.rslæg

in Fig. 1), but more usually a suclnxp with sedges and 'willorvs which is sur-
rounclecl by a borcler of muskeg. The summits of the surrouniling hills arc
practically barren, with a ferv olcl pines baclly infectecl tvitlr- Arceu,tlnb'iu,m,, a
carpet of lichens and mosses under their shade and a scattering of xerophytic
grasses ancl flov¡ering plants on the open grouncl. (This is termecl pine-nzoss

association in the diagram.) On the slopes of northern exposure, anil also on
the flat stretches of sancl of the upiancl that receive more moisturc, the trecs
grolr thicker anil the sancl is rvell covered by a mat of ericaceous plants. (In
the diagram this is termecl lhe pine-lteatl¿ association.) In clamper places alcler

becomes an important member of the association, as is shorvn in Fig. 1. Ät
tlre very base of the sandhills there is constantly founcl an association 'çi'hich

may be consiilerecl a mixture of muskeg, rvhich it adjoins on the one hand,
and pine-heath which it acljoins on the other. (Tliis is termecl thc- p'ine-birclr,

associatiou.)
Àn account will now be given of the flora of each association.
fn orcler to present a clear picture of the vegetation of the drier areas of

the sandhills, the following table (lrTo. 2, p. 90) is given as a synopsis of the
quaclrats taken from the sandhill summits of many areas. The frrst six cluaclrats,
'which rvere taken near Cookville, are characteristic, with their preponclerance

of mosses ancl small number of herbaceous plants. Typica,l areas from rr'hich

these quaclrats are taken are shown in Phots. 4 ancl 6 (Plates IX anil XI).
These comparatively barren a eas, on r'vhich t]ie pines are never dense

enough to cut ofi ver;' much of the light, are very suitable for the growth of
lichens. An examination o{ lichens succeecling in growing on slopes facing the
.wincl show ¿n interesting feature. The clominant iichen of this situation is
Peltigera spuria ¡¡¡hich forms a circular grey thallus about 3 in. in diameter.
Àlthough the sand is constantly erodecl from l¡eneath the edges facing the wincl
lhis cloes not seem to have any disastrous efiect, as the thallus merely grows

d.ownrvaril forming a vertical ledge of tissue; but sand is deposited on the
leewarcl half of each plant, ancl this burial of the thallus cuts ofi the light so

necessa y to the lichen, ancl the leewarcl part consequen'uly clisintegrates. There

remain U-shaped. rings of thallus facing the rvind whüe the centres of the U's,

where the sand is being clepositecl, are occupiecl by Polyl,richum, pilifelttm,
forming miniature "embryonic dunes."

Other Cryptogamic pioneers of untenantecl sand are mosses and fungi.
The mosses thrive best under the slight shade ofierecl by the pines. The most

light-tolerant and xerophytic rnoss seerns to be Polytrichum pil'iJerum, because

it is lsually founcl on the southern slopes, rvhile the other common moss,
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ceratoil,on pulr)ureus, is more abundant on the north slopes. In the spring
when the sand is moister cet'atodotr occurs also on the southern slopes, but
later in the summer with the lorvering of the water table this uoss withers
and is overgrown hy Polytrichum,

Table 2. Synopsis of r1uørJrats from pine-moss ctssociatíons

Quadratnumbers: I Z S 4
A. Pinus Banksiana Lamb. B Z B 3

n

I

2
B. Populus tr_emuloicles (seedlings) Miclix.

Pinus B¿nksiana-(s,eed_lings) Lámb. I . t
.âmelancnte¡ &lnüolr¿ Nutt.

flosa ¿cicularis Liñdl. ...
C. Agrostis hyemalis (lVatt) 3.S,P.

r\pocynum a¡rdrosaemifolium T,. 1Arctostaphylos_Uvqp:si(L.)Spreng. I 2 I I
A

I
.) Nui't.

I

trunus melanocarpa (,4.. Ncls.) Ryd.

A¡temesia caudata Michx.
Aster laevis L. ...

Hieracium canadensc nlichs.
Iludsonia tomentosa Nutt.
I{oeleria cristata Nutt. ...
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I
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D. Ccratodon purpureus Brid.
Cet¡aria islandica Ach. v¿r. tenuifolia
Cl¿donia alpicola Wain.
C. ce¡vicornis Schaer. ...
C. coccifer¿ Willd.
C. crispata Ach. ...
C. frmbria,ta Iîr. subsp. frbula ...
C. pyxidata llofim. - ...
C. sylvatica I{ofim.
C. uncialis Web.
Arabidopsìs l,ichardsonü Rydb.
Lecanor¿ lentigera Ach.
PeÌtigera aphthosa Willd.
Polytrichum piliferum Schreb.
Selaginella rupestris (L.) Spreng.

2

l:9::-Lfll:-an exceptionally barrcn sandhill covered chiefly with pino needles.
Z : Uookvil.te- ss,ncth]ll.
3 : Cookville-sandhill.
4 : Coohville-sandhjì 1, r_ather rvell cove¡ed with vegetation.
5:Cookville-a treeless Fill Tih so-uthern e"poso"i-ith a surf¿ce of bare shifting sand.
6 : Cookville-a treeless hill of southe¡n exooÄure.
7 =Lily f-ake-sandhill ¡vith ¿ few old pine's.

9:!ìly Lake-sandhi]J rvhich eho¡ved dome blowing of sancl.9:Lily Lake-sandhill,

This association has also a surprisingly rich fungal flora of which I am
unable to give a complete list. Geastet hygromett,icøs pers. is very abundant,
Polyporus perenn'is L. ex rlries and, Thelephor& 'r,errestt,;s Ehrh. prentiful, ancl
there are a number of species of. Russul,o, and other edible fu:rgi.
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Table 3. Synoltsis of cluadrøts ta,lcen from pineJreuth associcttions.

Quadlaúnumbers: | 2 '3 4 õ
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A. Pinus Banhsi¿na L¿ml¡.
B. Alnus tenuifolia Nutt.

Arctostaphylos Uva-U¡si (L.) Spreng.
Aster laevis L.
Bromus ciliatus L.
C¿mp¿nufa rotundifolia L. ...
Cornìrs canaclensis L.
Epilobium angustifolium L.
Equisetum hyemale L,
E. scilpoides lfichx. ...
Erigerõn asper Nutt.
f,'ragaria anerican¿ (Porter) lì'itt. ...
G¿lium boreale f,.
I{ieracium can¿dense Michx.
L¿!t'hyrus ochroleucus lIook.
Lilium mont¿num A. Nels. ...
Linnae¿ americ¿n¿ Ilorbes ...
Lycopoclium complanatum L.
Melampyrum lineare Lam, ...
Potentilla tridentata Ait-
Anemone patens A. Gray,
Pyrola rotunclif olia L.
P. secunda f,. ...
Solid¿so nemoralis Ait.
Sporo6ilis cryptandrus (Totr,) A. Gray
Tb¿licfrum occitlcntole A. Gtav
Uni-folium canacìensc (Desf.) Gteene
Vaccinium can¿rìense Rich. ...

, V. Yitis-Idaea L.
Vagnera stellata (L.) Morong.
Viol¿ canadensis L. ...
V. subvestita Greene

D, Cera,todon purpureus Brid. ,..
Cetr¿ria islandica Ach, var. tenuifolia
C. pinastri S. I. Gray
Cladonia cervicornis Schaer.
C. coccifera trVilld.
C. crispata Ach.
C. fimbriata X'r. subsp. fibula
C. gracilis Hofirn. forma
C. mitrula Tuck.
C. pyxidata }Joffm. ...
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C. sylvatica llofim. ...
Hylå"o-ir.- splenclens A, &'S. :::
Ilypnum crista-castrensis L.
H. Sclrreberi \,Viltd. ...
Peltigera aplithosa WiIId.
P. spuria Leight
Stereocaulon paschale llr.

Quarlrat munbers: l, lViritecourt; 2, lVhitecourt; 3, Whitecor¡rL;
ville; 7, Cookville; 8, Cooi<ville; 9, Nesto'rv; 10, Nestorv; I
Duffielcl; 14, Duffield; I5, Cooirville; 16, Cooliviile.

i
1

4, Duflìcld; 5, Duffield; 6, Cooh-
l, Whitecourt; Ì2, Dulìiekl; 13'
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The more mesophytic pine-heath association covers the major part of the

sandhill country. It is found on the sheltered slopes of the hills and extending
over the level areas that are not subject to the rigorous drainage of the hills.
It.is a dense stand of young pines with a carpet of ericaceous plants beneath.
This association has been studiecl in many areas ancl the accompanying table
of quadrats compilecl (Table 3) ; quadrats 1-10 inclusive, represent the com-
paratively dry heaths of the flat sandy corintry as shown in Phot. 7. The most
important constitnents of the undergrorvth here areV ctccin'ium cørzailenseKalm.,
V. V'iti,s-Ida,eøL., ar'd Arctostøpth.ylos [Jaa-[Jrsi (L.) Spreng. Quadrats 11-16
inclusive are from the more mesophvtic associations. Here alcler ancl white
sprnce become eviclent and, Hypnun¿ spp. appear in the und,ergrowth. This is
typical of the northern slopes .o{ the hills. alder is a constant inclicator of
clamper soil although it thrives more vigororisly in clearings than in the shatle
of trees. It frequently forms a definite hedge where the pine-heath association
borders the muskeg. The quantity of young spruce in some places seems to
indicate a probable succession from pine to spruce. This succession has never
been observecl to have gone very far, probably on account of the prevalence
of frre.

The plants met rvith in the pine-heath association that have not been listecl
in the quadrats are as follorvs: Pohl'ia nutctns Linclb. (often a clominant moss),
Iestuca ouina, L. (very common), Agropyr.on can,inutn (L.) Beauv., Ðlymu;
'innopct'tus Beal. (sometimes clominant), aptocynumctncltosøetnifotiumL., Prunus
melanoccn'pct,4.. Nels., anð, Sctl,ir Bebb,iøna Sarg.

At the foot of the sandhill, belorv the line of ald.er where the sand, is con-
stantly saturated, we frnd a strip of pine rvood which has been termecl a pine-
birch association. As the flora is very constant only three cluadrats of this
association have been given in the accompanving table (No. 4). The flora is
maile up of the plants from the sandhill that thrive in moist soil, marked s
in the table, plants belonging to the acljoining muskeg tolerant of better
drainage, marked M, and a few plants quite peculiar to this intermediate
zone, marked P.

one case has been noted of the association of this rather specialised
environment developing into a thicl< black spmce forest with a cleposit
of humus about 6 in. deep upon the sand. The positions of these patches
of climax forest are shown in the fourth depression among the sandhills
in n'ig. 1. They occur on small lobes of sand that project into the muskeg.
The trees are very dense and the undergrowth, although scanty owing to
the deep shacle, is the least xerophytic of any sandhill association met
with, as is shown by the following list:, Egu,ísetum sc,írltoid,es Michx., Vagnerø
erifoli,ø (L.) Morong., Cornus cønød,ens,is L., Led,utn groenl,øncl,icum Oedet.,
Linnøeq, øm,er,ícønø X'orbes, M,itellø nudaL., Hypnum Schreberi Willd., Hypnum
cristø-cctstrensis L., Hylocoru,íum sptlend,ens B. & S., and, Polytr,ích,um juni-
peri,num Willd.
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Phot. ó. I'ine-moss ¿rssoci¿rtior.r of a hirrh santlhill ncar Cooliville.

Phot. 7. Pine-heath association of sancl ¿ì.rea ueâr Lalie Jolicccur.
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Table 4. Synops'is of quad,rats tcr,l:enfront ltine-birclt, assocíat'íons.

Qu¿clrat numbors:
Betula alask¿na S¿rs.
Picea mariana (nÍin;) B.S.P.
Pinus B¿nksiana Lamb, ...
Populus tremuloides Michx.
Betula clandulosa Michx.
Ledumlroenlandicum Oeder.
^ 

r. r ISalix balsamifera, (lJook,) Barr. ...
Aster laevis L,
Bromus ciliatus L.
Cornus canadensis L.
Equisefum sylvaticum L.
FÅ,garia américan¿ lPortcr) Briii.
IIier¿cium c¿nadense Ìl{ichx,
Juncus ater lìvdb.
í;;;ñdú;íÃ;u,' L. 

" ::: :::
L. obscurum L.
ilIelampyrum lineare L¿m.
Unifolium canadense L. (Desf.) Greene
Vaccinium canadensc llich.
V. Vitis-Idaea L.
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ÌvI.

.8. IÍ.
Itr.
P.

C. S.

M.
s

p
T)

S.

D. S.
s

M.
lvt.

Cladonia c¡ispata Ach.
u. sYlv&tlca -rlollm.
Peldigera spuria, Leight, ...
Polytrichum j uniperinum trVilld.
Sphagnum acutifolium Ehrh. 2

Quadrat numbers l, 2 ancl 3 from ne¿r Lily lake.

The humus content of the sand of this whole district shows an interesting
variation which may be correlatecl with the ilegree of mesophytism of the
paúicula plant association of the area. -4. number of soil samples we e tal(en
from each association and the results arrived at are tabulated in Table 5.

Table 5. Humus content ø,nd, watar-l¿old,í,ng cøpøci,ty of soi"l, from tyltícal, a,ssoc'ícc-

tíons of tl¿a sq,nd,h,ills of the Eclmonton d,istrict.
-W'ater-

norcllnc
Name of Samplo o/o of capacity

Association number Iflor¿ Locality humus %
Pine-moss ... I Pines, mosses, grasses Fedor¿h l.I8 6
Pino-moss... 5 Treelessandbarrenexceotlorl:Iurlsot¿ia0ookvilfe 0,74 6.5
Pine-moss ... 6 Pines, gr¿rsses, mosses Cookville 1.00 6'5
Pine-moss .., I0 Pines, grasses, mosses Lost Point Lahe I.16 6
Pine-heath... 2 Young pines ancl carpet, of Vt¿ccit¿'iu,m Fedorah E'32 7'5
Pine-heaüh... 4 Young pines and carpet of Vacci¡tium Cookville 2'98 6'5
Pine-lreath... 0 Young pines and carpet oI Yaccit¿ium Lost Poinf Lake 1'56 6
Pine-heatlr... ll Young pines and carpeô of Taccinium T,ost Point Lake 2-79 7
Pine-heath... 12 Young pines and alder Lost Point Lake 1'90 7
Pine-heath... t3 Old pines, young poplar, and alder Nestorv 2'13 8
Pine-birch ... 3 Pines ¿ncl o¿oer birch n'edorah 4.18 7'5
Pine-birch* ? Pincsreplaõeilbvforestof bl¿ckspruce Lost Point Lahc 41.82 25'4
Poplar L4 Poplar ðcrub ve-getation ^ Nestorv 9.80 13

* Samples tal<en from the humus of which there ry¿s a deop deposit over the sand.

Avcrago o/o waler-
Sand: Averago o/o of humus holding-capaciúy

Pine-grass association f.04 6.25
Pine-ñeath association 3'16 7
Pine-birch a,ssociation 4.18 7'5

Sandv soil:
Ponlar ¿ssociation 9'8 l3'0
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Ä11 the sancl associations are very clistinct except the pine-moss and the
pine-heath associations rvhich may merge into each other. The clistribution
of these two types is largely cleterrnined by aspect. A slight clepression in a
sanil ¿rea is likely to show a pine-heath associatiou on its north-facing slope,
ancl a pine-moss on the south-facing slope. Even a slight trougli in the saucl
may shon' a heath on the south and almost 

.barren 
sancl on the north.

The swamps betrveen the sanclhills are all on a substratuni of the same
hind of sand as the sanclhills. The water collecting ìn these depressions supports
low-moor piants vhich sometimes J¡ecome succeeclecl 

.by 
muslieg vegetation.

There are intermecliate cases in which the muskeg has clevelopecl along the
margin but has not yet reachecl the centre. n'ig. 1 (p. 89) shorvs the clifierent
arrangements of the hyclrophytic associations in the clepressions. A. muskeg
borclering a s1vânìp is shou'n in Phot. I (Pl. XII).

The central low-rnoors themselves show a zonation. The centr¿l part, often
herbaceons except for the frequent presence ol Suli,r ltetl,icellcøis ltypoglu,ucct,,

may be snrrounclecl at thc drier marginsby Betulct gla,nd,u,loscr, t'hile this zone
may be in turn surrounclecl by a growth o1 Lør,ir luric,inu, (Du Roi) I(och. The
latter approaches the muslieg type, with an unclergrowth of the mosses

Cam,ptotheciu,m lL'i.teïLS Schp., Ilypnunt, stellcttu,m Schreb., and S,pltcr,gnult

tttogellanícu,nt Brid. ancl species ol Rubus a:r'd Vetcc,in,iu,tru characteristic of
the mushcg.

The herbaceous centres of the depressions holcl the foliowing plants:
-A.t the level of the mosses, Crq,toneuro,¡z cornm,zrtcr,tunt, (clorn.), Au,lcrcomni,¿utt,

pctl,ustre Schwaeg. (co-clom,), Ily1tnynz reaolaens Slvartz., Syiur,gtttr,nz laric,inu,yr¿

Sprnce, S" sttbsecuntlzørz Nees., Ul,ri,culcn'ict,,internted,i,ct, I-Iayne, arl.d ¿Tnclrom,etlu,

poli,þliøL.
Àt a level of about 6 in., Sa,l'ir pecl'iccllctrí,s hypoglu,ttcu (ùon.), Astu'

ju,nceus Lit., Gu,liu,nr tt"if,clum L., Epilobitøv¿ l'it¿ecn'c (L.) Small., a:nù ßultus
cn'ct'icus L-

At a level of about 1ft,., Cctlu,mo,gros['is rteglectct Ehrh. (clom.), Carer,
cl'ictncl¡'ct Schrank. (co-clom.), Cukunu,grost'is cu,nctclans'is (l\[ichx.) Beauv., ancl
Agrost'ís ltyemu,l'is (WaIi.) B.S.P. (often forming a border round the wetter
central pafi,), Ca,lamugrost'is 'inerponsct A. Gray, Carerinterior Ba,iley, Drio-
plnium opa,cum (Bjornst) X'ernald., Dqu,ísctum tluuio,tí,le L., Contt:runz pu,lu,stre

L., Ca,ltlra, Txtlu,stris L., Menyontltes trifol'iøtct, L., Trigloclrí,n pctlustt'í,s L.,
ïIctbenør,iø h,yperboreu, (L.) R. Br., antl Spiranthcs Rornu,nzffia,t'¿ø Cham.

fn aclclition there is sometimes a thick growth oI Betu,la, gluntlu,losct, ovet
the whole swamp. This plant may be limitect to a band surrouncling the wetter
centre.

The flora of the muskegs of this region has been already clescribed in a

former paper (7). fn brief, the ilominant tree is P,íceø ntctriørzø (Milt.) B.S.P.,
the dominant shrub Led,um groanl,unclicunø Oeùer., the dominanl hetb, Vøc-

cin,iunt Vit'is-Id,øea, wtth Ceoen rostr(rte, Stokes, ancl C. p&u?erculcl i\{ichx., and
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the dominant moss, Sphøgnunt, møgel,lan'icum, wiih S. crcu,tifol,iuøz Ehrh.,
P ol,ytr'íclr,um juníperinum and Clct d,oniø syl,aatíccr, Hofim.

Sphagnum collects to form peat which in these areas is only a few inches
deep.

The sandhills that have so far been described occur on the exposed flats
above the Saslcatchewan River where the factors of wind, sun and excessive
drainage are unfavourable for the development of any but pioneer associations.
sandhills supporting a much more luxuriant vegetation aïe to be met with in
less exposed situations, as nea Nestow, Dufreld, Whitecourt and Tt Assini-
boine.

Sphognum

Co¿reæ

Laì1e peo,E

Sond.

1
I

taJ

{

I
o
J
1"

Sphognum

tcrreæ

Scl,nd

Frc. 2. Sections of the peat bogs found among ¿he s¿ndhitls.

North of Nestow, in the broad valley of the Tawatanaw, there occur about
flfty miles of sand deposits of the same post-glacial origin as those on the
exposed fl.ats to the east. Here the pines have become replacecl by poplar,
ancl the association is inclistinguishable from the usual poplar scrub of the
parkland. on treating the underlying sancl with caustic potash, pine pollen
was found" in some quantity, revealing the earlier character of these hills.
a considerable depth of humus has collected over the sand. The percentage of
humus here is given in Table 5 under "poplar association."

The accompanying diagrams in n'ig. 2 illustrate the strata beneath
muskegs of the sandhills as revealed, by borings. The flrst boring taken at
Nestow shows the deep deposit of peat usually fou¡rd among the more
stabilised sandhills of the sheltered valleys and. the second taken near
Cookville shows the shallower layer characteristic of the drier sanclhiils of
the uplancl.
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The sandhills near DufÊelcl, although not so mcsophytic as those north of
Nestow, are also exampies of a mature stage of clevelopment. Quadrats 4, 5,

12, 13 ancl 14 in the tablc of cluaclrats of the pine-heath associal,ion arc taken
from this area. There is an abunclance of seeclling spruce uncler the pines, anil
these spruce attain considerabLe size on the northcrn slopes, as sholvn in
Phot. 9. The pines are all very oid and there a e no seed,lings. Alcler forms a
prominent part of the unclergrowth.

A thirct area investigated. d.uring the progress of the rvork lies between
Whitecourt ancl Ilt .¿tssiniboine on the Athabasca Iìiver. .where there is an
extensive region of sandhills.

Here there are very few instances of the pine-moss association. Dven the
summits of the high hills are occupiecl for thc most part by a pine-heath
association, the flora oT which is given in quaclrat:; 2 ancl 3 oT Tal¡lc 3. In
any slight depression or sheltercd slope are founcl rncsophytic plarits sucìr
as aì.cÌer, spruce, poplar, L'itz'na,eu ancl lly;¡tntn¡¿ th¿lt are not so usual in thc
sandhills lurther east. The flora of these sheltcrccl are¿s is rcpreserrtecl in
cluadrat I1 of the same table.

Between the tall pinc stands arc rnuslicgs which lorn a consiclcr¿r,blc depth
of peat. This is tìre resrilt of the same conclitions rvhich encourage the luxuriant
growth oï forest trees in thc Athabasca Vallcy.

Near lort Assiniboine the sa,nd, although depositecl comparativcly recently,
is coverecl by a mesophytic pine-heath 'which is rapidiy bccoming succeeded

by rvhitc sprucc.

-{ll the sanclhills so far examinccl in central Alberta may Ì-'e clivicled into
trvo types, the eastern more xerollhytic type, as is seen in Cookville, Lost Point
Lzrhe, L. Jolicrur and lleclorah, and the western more mesophytic type as

seen at, Nestorv, Duffielcl, ancl fulther west alol.g tlie Athabasca Iìiver.

IV. TH]I ]¡COLOGY OT A]ÌCEUTHOBIUI]T

(ø) DrsrnrrurroN or¡ INIEC'IED Tnprs.

Árceu,ll¿oll'iu,tr¿ umet"iccu¿ztri¿ is founcl parasitic on the pines on t]re eastern
ancl lvestern sanclhills, but only gains auy footholcl on the eastern, more barren
type of hill.

I{ere, it is found that the trees o{ the pine-moss associations are much
more frequently infectecl than those of the pinc-heath associations. In orcler

to establish bhis conclusion rnore cle{ìuitely, Dumbers of quadrats 100 feet
squ¿ì,re were set up on ihe two types of pinc stands. The results are set out in
Chart 6, ancl they show Arceutltobiu,m, to be limited chiefly to the pioneer
sand association, but on occasion spreading even to the aider thicl<et or the
pine-birch borcler surrouncling the mushegs. When this happens, the immature
fruits on the female parasite are often infected by the fungus Wøllrothiella
ørceutltob'i'i Ros., whose black perithecia protrude from the apex of the fruit.
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l'jhot 8. ùfarginal musl<eg (U,"1,ålrr"T..ä""#:ìïl'JjJir:ung blacl< spruce) sur::ouncling the

Phot. 9. Shou'ing grorvth of l4rite spruce on noltherlr slope of sandliill near Duffield.
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Table 6. Io shoza correlu,t'iot1, between tylta of ctssoc'iøtion and, cLegree of
'inJecti,on o;f Pinus óy Arceuthobium.

Quadrat
number Locality Exposu-r'e

1 Lost Point Norúh facing slopo
Lake of low hill

3 Losf Poinù Protected hollorv
lake among sanrlhiìls

6 Lost Point North facing slope
Lako adjacent to muskeg

7 Lost Point Exposed no¡th-wesl
Lake facing slope adjacent

to swamp

I Cookville To¡varcls the centre
of a large sandy flaú

10 Cool<ville Itlat area surroundecl

,,, . bY sandhills

12 Cookville Iligh north facing
sloPe overlool¡ing
slYamp

14 Nestow A slope of southern
exposute ¿djacent
on the north to a
badlY infsq¿s¿ ¿tst

L7 South of North slope adjacent
Nestorv to srvamp

18 South of North facing slopo
Nestov

2 Lost Point Summit of high hilì
Lako exposed in all clirec-

tions

Losú Poinù Slope of southern
Lake exposuro

Lost Point High hill sloping to
Lahe south

Cookville Thoterminalsouthern
ridge of úho sand area
ovorlooking parÌdand
country

Il Cookville A hill exposed on all
sides, particularly to
tho south and west

l3 Nesto¡v ExPosed hilì

15 South of South facing slopo
Nestow

16 South of South facing slope
Nestorv

r¡-nô 
^+fJ yv vr

¿ssociation

Pine-heath

Pine-heath vith
alder

Pi¡e-heath

No. No. Degree
of in- of in-

pines fected fection

34 None

40 Nono

25 None

Very xerophytic 22 3 Very
pine-heath as- slight
soci¿tion rvith in-fec-
scanlv rrnder- tion
gro'r,rth

Ì\{esophytic pine- 97 None
heath

Pine-heath re- About None
cently burned 465

Intermedi¿te be- 70 None
tween pine.heath
"-rl 

nina-mncq

Very mesophytic About 50 25 slight;
pire-heath I00 25 batlly

b¡oomed

At north end, pine- About 5 Slight
birch. At south, 305 i¡-fec-
very mesophybic tion
pine-heath rvith only
alder

Mesophytic pine- About None
heath 105

Pine-moss t0 l0 Old trees
severely
broomed

Pine-moss burnt 17 14 Sevorely
oYer b¡oomed

Parûicr:ìarly bar¡en 53 46 Severely
pine-moss broomed

Pine-moss 3t 3I Very
badly
i¡Jected.

Pine-moss 34

Pine-moss 27

Pine-moss 50

Mesophytic pino. Abouü
moss I07

29 l3aclly
broomed

18 Badlv
broo-metl

47 Badlv
brooinetl

38 Abouú 18
'!rith
brooms
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This fungus has been previously discovered in Michigan and Montana (B), but
there had been no report of its presence in Canada. .A.s the d-isease flourishes
best in damp shaded places, it may be considerecl a factor in limiting the
habitat of the mistletoe to the dry sunny slopes, and its presence is probably
of considerable importance in limiting the spread of Arceuthobium.

Yet it is my opinion that the chief cause for the timitation of the distribu-
tion of the parasite is fire. This can best be explained by reference to Phot. 10.
Here we see a sandhill with an open stand of badly infected old trees, and
below, a sandy flat occupied. in part by a very close stand of young trees all
of which, except those adjacent to the hill, are healthy. In the pine-moss
association of the hill, vegetation is too scanty for frre to gain much hêad.way,
but in the pine-beach below, the thick stand of inflammable timber with its
dense dry undergrowth has been repeatedly d.estroyed. It can be seen that
fire has swept out all the trees in the foreground quite recently, and the trees
at' each side have originated after an earlier frre of about thirty years ago.
The main reason for the trees of the pine-heath association being so seld.om
infected is that they never attain any great age. The spread of. Arceuthob,ium,
is so slow that the trees become bwnt before they are infected.

The extremely slow rate of spread of the parasite is indicated when we
see that a young forest may grow up close to an old infected one and, remain
uninfected for twenty years. Usually only the young trees within a few yards
of a sandhill are in-fected from the brooms of the old trees on the summit,
and in this marginal zone all the infections remain very sligþt ones. It may be
that the inefrciency of distribution is d.ue to the short range of seed. discharge,
or it may be dlue to the difrculty of seed adhesion on the tree or of seed germina-
tion or bark penetration. On the other hand, the cause may be none of these
factors but the natural resistance of the host.

fn order to investigate the range of discharge, a number of ripe At'ceutho-
bium lrutts were collected in September. The seeds are distributed in nature
by being violently expelled from the fruit-coat so that they are shot for a
considerable distance and stick to some branch within range. They can be
made to explode artifrcially by pressing the apex of the seed".slightly between
the fingers, and observations on the distribution by this method showed that
the seed coulcl reach a cotton sheet hung eleven yards from the point of
explosion. As the seeds are capable of travelling for sush a distance the cause
of the slow spreacl of the parasite probably lies in the resistance in the host.
Heinricher (6) has demonstrated that in A. Ortlcedri, the.aerial stems and
flowers appe¿r three years after germination of the seecl, but even after a tree
becomes infected. to this extent, it will bear local hypertrophies for many
years before there is any sign of the serious malf ormation illustrated. in Phot. 11.

The majority of trees could not be described as deformed. before they have
attai¡ed forty-six years of age.

Observations on the adhesions of the seed.s to the sheet were also found
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interesting. The expellecl seeds are coated with a sheath of mucilage which is
quite thin except at the embryo encl-rvhich is the rear end in its courts
through the air. Hence there is a long tail of mucilage. It was found that
seeds expelled. at close range (less than six feet), although striking the sheet
violently, did not adhere. The same thing happened when spruce bark was
substituteil for the cotton sheet. At greater distances the seeds always ad-
hered rvhen they struck the target. The reason for this is that the pointed rear
end with the tail of mucilage only adher,es to the object when the seed lands
sicleways, as it only does when it begins to fall. The inability of the seeds to
adhere to objects in close proximity will have the result that those having
tr¿velled a long élistance are more liable to land successfully than those hitting
the same tree on which these seeds were borne.

(ó) Trn Rn'lcrrows or rEû Hosr.

Weir (2) has observed the larch mistletoe on trees five years of age, but I
have seen no cases of pine infection in trees younger than flfteen years.

A healthy tree is more likely to be first infected at the base for two reâsons.
X'irst, the lower spreading branches ofter a greater surface, and seconil, the
pines occur at an average of more than thirteen feet apart, that is, the healthy
tree is usually at such a distance from the source of infection that any seeds

travelling from an infected tree would have commenced clescending in their
course in the air before arriving on the healthy tree. Any seeds discharged' from these primary infections will travel to the upper branches because the
ripe friúts are orientated in such a wa"y that the seeds are shot upwards. n'or
these reasons we usually find trees that have been recently infected have
brooms at the base, while those that have been infected for some time, have
brooms approaching the top of the tree.

It can be seen that each seyere infection results in time in the formation
of a " Broom," a tuft of infected branches ali taking their origin from a badly
infected nocle. The second drawing in Fig. 3 shows a branch from one of these
brooms. Progressively younger shoots of Arceuthobium have broken out at
each joint along the branch as the haustoria travel towards the tip.

The leaves of the host penetrated by a male parasite are not uoticeably
less green than the healthy leaves, nor are they noticeably shorter, being
aboú,2.75 cm. long. On the other hand, the female parasite has a marked
efiect on the host due to its greater clemand for nutritive material. The host
leaves have a yellowish colour and are only 1-2 cm. long. As the growth of
the branch is considerably retarded, the nodes are nea er together than is
normal. On a branch infected with female plants the iuternocles were founil
to average 2'5 cm., while on a branch infecbã with male plants the internodes
were about 7 cm. Iong.

The infected branches are peculiarly swollen and. markedly negatively
geotropic standing up rigidty from their point of origin. The bark changes
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4
ßrc. 3, Arceutl¿obizun ama'icunt¿nt, and Pinus Banhsian ø. l. lJranch of healthy pine. 2. 3r¿nch

of inlected pine. 3. Portion of female plant of Arce¿ttlnbium: (¿) ripe berries fertilised the
previous summer; (ä) young florvers just fertilised. 4, Portion of male plant of. Arceutlnbit¿mz
(c) old male flower formed the previous summer; (d) young malo florvers just emerging;
(e) empty pollen sacs of oid flower. A.ll the material rvas collected in May.
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from the black colour of the healthy pine to a pale brown. Particularly irtter-
esting is the fact that the leaves are retained for several years ionger than is
usual. The leaves on healthy branches are normally lost on the third year,
so that the leaf bearing surface only extends two or three inches from the bucl,
but infected branches may bear leaves for a length of 2-l- feet. This is shorvn
in drawings of healthy and of infectecl branches in Fig. 3, clrawings I and 2.

This abnormal stimul¿tion carì go so far that the tree cloes not seem to
d.evelop to any extent except in the region of the broom. Phot. tl shows a
tree with one large solitary broom q¡hich bears about ten times as much foliage
as all the rest of the tree put together. The branch. of this broom grew for
2 fb. ancl at this distance, which was probably the seat of severest infection,
gave rise to a great mass of erect branches. The normal horizont¿l branches
of the tree alrerage 4 in. in circumference, but the broom branch itself measures
14 in., the same size as the main trunì< of the tree. A.lso the cliseaseil branch
is the most nearly vertical, making an angle of 15" with the trunk while the
others are at an angle of about 60o.

Often these large brooms become too great a weight for the woocl alreacly
rendereil brittle by the ravages of the haustoria. It is therefore a frequent
sight to see a pile of brooms brolçen ofi and lying under the tree, while many
broom-bearing branches are bent 

'backwards tiil they touch the ground.
I(orstian (3) states that the rate of growth of the trees varies rvith the

amount of infection. Measurements of annual rings of numbers of infected
trees from this area did not entirely support his conclusion. The increment
of woocl for ten year periods was measrlred for each trunk, at a constant level
from the ground. fn measuring the first stand of infecteil trees, it'was founcl
that they all grew uniformly for the first forty years after which there rvas a
slowing down in the rate of growth. At fust it was conclucled that they all
became infected at about forty years of age. n'urther, because some grew more
slowly afterwards than others, it was concludecl that the infection was more
severe in those instances. But when these results were compared. with measure-
ments on healthy trees it was found that here also was a slowing down in
growth as the tree approached maturity, ancl although this retardation was
in many cases not so marked in the healthy as in the diseased. trees, any
difierence between the two classes was rrery small. This slight difierence
might well be clue to difierence in habitat, for the infected trees generally
belonged to a'more xerophytic association where growth woulil naturally be
retardecl.

The only exception is the case of extremely deformed trees. That the
slowing up of the rate of growth is clue to the presence of Arceuthob,ium is
here unmistakable. During the last few years growth of some of these old
trees only one or two rows of tracheids have been ai[d.ed. annually.

The following Tables 7 ancl 8 (p. 102) show the results of the measurements
of a number of trees, and it can be seen that the only trees that have sufierecl
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an unmistakable decrease in their growth rate d.ue to infection, are the old,
very severeþ infeoted. trees marlced " x x x " in the Ta'ble.

Chart 7. Table to sltow the eflect oJ tlrc presence o;f Arceuthobium or¿ tl¿e rote
of growth of young treas. Trees o,r'e from 25 to 29 years of erye witl¿ ct' cliqmeter

of q,bout 4 ,incl¿es.

l'ree l)egree of
uurnbeL iDfectioD

3 ... 0 ...
L(l
5 ... 0 ...
6 ... 0 ...
7 ... 0 ...

2L 0 ...
9v

8 ... x ...
l0 x ...
11 x ...
12 x ...
13 x ...
1ù

I8 x ...
19 x ...

I ... x x ...

Average aurount of ¡voorl .lverirge rùIouut of woo-l -.\r'cragc unount of $'oorl
rlcpoiirerl ¡rcr ycar, for del,ositrrl l,er yeet. fot tL¡rositt'tì ¡ret ¡ car, for- first 10 yrjrrs secoÌr(l t0 yu¡rÌs lrsl õ to 1, ¡ ears
(in eiglrtìrs oi rn iucìr) (irr cightlrs of ittl ilcl¡) (iu eighilrs ofalr irtcL)

9 ... x x ...
14... xx
IÐ ... X X

16 ... xx
20 ... xx

0:heaithy tree;

0.6
0'6
n,n
0.7
0.9
0.6
0.9
o.7
0'5
0.9 ,

n.R

r.t

0'8
t.2
lrl
0.6
v'I

o'4
n.R

u'I
0.5
n.R

0'6
0'6
ñ.¿-

0.3
0.6
0.4
0.3
0.3
n.9
(\.,
0'5
0.6
t.0
0.3
0'3
0.+
ñ.2
0'2
0.ts

0.8
0.?
o.7
0'8
0.7
0.4
0.6
0.9
0.4
0.6
0.4
o.4
0'4
0'6
0'6
0.8

u.Ð
0.4
0.4
0.3
u'Ð

x :slighbìy infectecl tÌee; x x :sevcrely infectecl tree.

Chart B. Ts,ble to sltow th,e effect of tlte presence. o/ Arceuthobium om the c'ate of
grou)tlL of olcl trees. Trees ctre þ'ont 45 to 48 yeørs of ctge w'itlt' ct' d'icr,mnter of
about 7 'ínc|tes.

,\vcÌaÍc 
^\'cr¿ge 

,\\'ertrgc -\\'erage .'{verlge 
"¿¡r¡ounlul rtnouttt-of unor¡¡t'of lLlrlotrlìt of tlnouul of

rvoorl de- woorl de- \Yood de- wood (le- wood de-
posited per posite(ì lìer lrosite(l IlcI l,('sitctl leÌ posited Þer
Jcrr, for'l.t yèr,r. fot ilrtl yerr. for 3r,l jerr tor-'ttlr ¡jelr.for last- 

10 \'r'rls ' 10 \'r'ars I0 te:trs lU ycilrs í to I yrilrs
Trcc l)egree of (iI cighiìrs of (in cililrtlìs of (in ci{'lrilrs ol {irr eigìrtls of (in ciFlìtlrs of

nuÌnber inicciio[ tn"iùch) anìnch) ¿¡r inclr) rtn ittch) ¿n iuch)

30 0 . .. 0.8 0'8 0.8 0.8 0'4
27 x . .. 0'5 0'5 0'6 0'4 0'6
28 x ... 0'8 0'3 06 06 0'8
3l x ... 0'8 0'8 0'8 0'8 0'6
32 x . .. 0'5 0'5 0'5 0'5 0'2
33 x . .. 0'6 0'6 0'6 0'6 O'4
25 x x 0'5 0'6 0'7 0'5 0'2
24 x x x 0'9 0'9 0'3 O'4 0'l
26 x x x 0'5 0'5 O'7 0'5 0'I
29 x x x 1.0 I.0 0'7 t'0 0'5

O:heatthy tree; x :slightly infected tree; x x :severely infecterl free;
x x x :very baclly broomecl tree.

Consiclering that the parasite penetrates every tissue of the stem {or several

feet, from each sorrrce of infection, ancl that in this way a considerable poÚion

of pine is riddled with haustoria, the healthy a,ppea ance of the tree, ancl the

small decrease in its growth rate, is remarkable.
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(c) Tnn Lr¡'n-Hrsronv or AncnuruoBruM.

fn regard to the iife-history of the aerial portion of the parasite there has
been much disagreement among previous worl<ers. fr the first place, there
is a difierence in the accounts of the length of life of the shoot. r(orstian (3),
clescribing arceutl¿ob'íum crypttopod,a parasitic on P'inus ponclerosu, states that
the aèrial portion of the parasite dies after fruiting. Peirce also in clescribing
tlre shoots of A. occ,identetle sa,ys:

"After their crop of seeds has been ilischarged they die ancl fall away.
Àt this time no part of the parasite.may be visible outside the bocly of the
host."

Similarly MacDougal (4) says that in A. tobustø:
"Àfter the dispersal of the seeds the aerial portion of the p ant dies away

leaving only the haustorial rhizomes buriecl in the tissues of the host plant.
lVith the opening of the next season, shoots are produceil as before."

But Heinricher (6) cloubts these results ancl cloes not consicler such a
sloughing ofi a regular phenomênon, although perhaps occurring at times of
especially great clrought. He says:

"In any case, there iloes not occur in the case oÍ A. Oryceclrø such a self-
pruning of the shoots after ripening of the fruits so th¿t the plant is restrictecl
to that part buried within the tissues of the host. I can conclude this from
the size of the basal portion of the indiviilual plants which came to me with
ripe fruits hanging on them. Cross sections through srch shoots iuilicatecl a
consiclerable age ancl certainly secondary thickening.. . . "

.My observations carried out in areas where there is abunclance of material,
support that of Heinricher, that the aerial shoots usually survive from year
to year anil proiluce several crops of flowers. Drawings 3 ancl 4, Fig. 3, show
shoots that are obviously perennial because they bear two crops of f.owers of
difierent ages; in fact,, it has been observeil that the older flowers were formed
the previous summer while the younger flowers dicl not ripen till the summer
following.

There are also difierent accounts in regard to the length of time requireil
for the fruits to mature. MacDougal (4) states that in A. robustct, the plants
bloom in June ancl that the berries are ripe in A.ugust. Thus the ilevelopment
of ripe fruit would be accomplishecl in two months. Heinricher has on the
contrary founil that in A. Orycedtø 14 months are necessary, ancl it is unlikely
that there shoulcl be such a considerable difierence between related species.
In this area the female flowers that are formecl in the frrst summer remaiu
on the plant during the following winter," and the seecls are not discharged
till the autumn of the next summer, so that for this area ¿lso 14 months are
necessary.

lrTor are the statements in regarcl to the time of blooming of the parasite
in any more agreement, although this divergence is quite possibly due to the
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difierence in the localities in which the various authors carried out their
observations. n.or the time of blooming of A. Oryced,r,i, Marchesetti gives
x'ebruary to May, Pospichal, Àchers and Godron, and" Willkomm and Sange
give August and. September. Heinricher from his observations on potted
plants of A. Orycerlrø (6), states that:

" The blooming periocl is not narrowly limitecl, individual flowers appealing
at quite various times, but in general the peak of blooming comes in September
and October."

Unfortunately Heinricher had only potted plants available so it is not
possible to tell whether this contimral blooming is normal tor A. Onyced,r'í,brt,
I have observed no indication of it in A. q,mericcln'¿1rtu, for here the blooming
occurs all at once and. at defrnite periods.

During the summer oI 1927 I have observed in the freld the following
changes in the flowers of the parasite.

Throughout the winter months the flowers are closed. The male shoots bear
closed. buds containing pollen within, and the female shoots bear fruits in
which there is an embryo in an earþ stage of development. fn early May a

erop of very small female flower buds emerge from the scales. These small
flowers may be borue either on the same stalks that bear the older flowers
as shown in Tig. 3, drawing 3, or else they may be on separate stalks. In the
former case they are founil towards the base of the stem with the older flolvers
at the apex, in the latter case they usualiy emerge at a fresh nod.e of the host
further tolvards the apex of the pine stem than the older plants.

On about l\[ay 15th the male flowers that have passed the winter in bud,
open. The pollen has all dispersecl by May 23rd. Between these two dates
is then the time in which the small female f.owers that have just emerged,

are pollinated.
By June 8th the perianth of the old male f.ov¡ers is shed and new bucls of

male flowers are d.eveloped in the scales of the old plant as is shown in n'ig. 3,

d.rawing 4. The red pollen grains are alread.y formed. within the flower (d).

Some of the buds are borne on separate branches.
Between September 10th and 20th, the fruits which have remainecl on

the plant during the previous ¡rinter explocle. The seecls are scattered in all
directions, many adhering to the branches of the host. They may commence

to germinate the same autumn, but penetration of the piue bark cloes not
occur till late in June of the following summer.

The female f.owers are then formed. and fertilised in the spring, and the
resulting seecls remain on the plant for two summers before they are dis-

charged. The male flowers are formeil later in the spring, pass the summer and'

the next winter in bud, and the pollen is discharged. in the spring of the second

year.
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V. SIIMryIAF,Y

1. In examining the wincl deposited sancl areas neâr Brule Lake, ¿n in-
vestigation was macle of the plants responsible for clune formation ancl lor
dune stabilisation. The efiect of sancl deposition on the forests of the Brule
Valley was also observecl.

2. In examining the water cleposited sandhills north of Edmonton, the
difierent associations arising in response to cl.ifierences in water content of the
sand were recorded. and describecl. These sandhills .were comparecl .with those
further west of which the vegetation showed further stages of clevelopment.

3. It rvas founcl that the pine mistletoe f.ourished to its greatest extent
on the dry hill summits, a result of its nattral preference for a dry locality
with maximum exposure to the sun. Älso any spreail to the mote meso-
phytic associations was checked by the frequent fi.res on the flats and. by the
presence of a mistletoe disease which floulishecl in the dlamper areas.

4. The spread" of Arceutl¿ob,ium, ís surprisingly slow although its seeds may
travel as far as eleven yards on being expellecl. This may be explained by the
natural resistance of the host.

5. In describing the efiect of the parasite on the pine branches it was
noted among other things, that thc female plant has a more marl<ed. efiect
than the male, ancl also that infected pine branches retain their leaves several
years longer than is normal.

6. fn exar4ining numbers of trees, no clef.nite correlation'was founcl between
the degree of infection and the rate of growth of the wood. except in cases of
very severe infection.

7. The aerial part of the mistletoe in this locality is perennial, producing
several crops of f-owers. The fl.o'n'ers are pollinatecl in May ancl the fruits so

formed. remain on the plant for two summers, exploding in September of the
second- summer. The seeds germinate on the pine bark during June of the third
summer.
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FLORAL MORPHOLOGY OF ARCEUTHOBIUM
AMBRICANIUM'

E. Srrvan DorvorNc

(wrrn ELEVEN rrcuRES)

Introduction
A parasitic phanerogam, Ar cet t llzob,ittru atneric anu,øa Nutt., infects

the soft pines in Canada and the Unitecl States. The writer first
found this plant in r928, in central Alberta, where it was growing on
Pinus banlesiana ancl P. cotltorla. It is a yellow pÌant about 4 inches
high, dioecious, and leafless except for the extremely ¡educecl bracts
which are opposite ancl decussate, ancl r,vhich unite to form an in-
conspicuous rim at the base of each flol,ver. Some observations were
fi.rst macle on the ecology and life history of Arceutholtium, andwere
published in an article on the sandhills of central Alberta (r). It
was then found that the morphology of the flower itself in'as worthy
of study, because few botanists have investigatecl the floral structure,
and their flndings are not in agreement.

Observations of North American species of Arceuthol¡iutn. have
been of a purely ecological 4ature; it is only on the European zl..

oxycedr'i (DC.) M.D. that any studies of floral morphology have been
made.

In the male flower of. A. ox),ced,rl the perianth segments vary in
number, and it is not known of how many parts the flower originally
consisted. The structure of greatest interest in the male flower is the
anther, which places Arceuthobium in a unique class among angio-
sperms for two reasons. First, the pollen lies in a continuous ring
about a sterile column of tissue. Some observers have stated that
the young anther is multilocular at first, while others hold that it is

always unilocular. Second, the epidermis of the anther wall takes on
the fibrous markings characteristic of the endothecium. Previous
investigators seem to be in agreement about this second point. The

' The expenses involved in collecting material were defrayed in r9z8 by the National
Research Council of Canada, and in rg:9 by the Royal Society of London.

Botanical Gazette, vol,gr] l+"
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female flower is known to have two perianth segments, but it is not
known holv many carpels there are nor how they are arranged. fn
short, so little is known clefrnitely about the number ancl arrange-
ment of the floral parts of A. oxycedri' that there is only meager

evidence on which to base any theory of phylogenetic relationship of
the genus. This paper is intendecl to make some contribution along
these lines.

The material used for the investigation was Arceuthob'iotm atneri-
cair,xtm.) parasitic upon P'inus banl¿sianø and P. contorta. Two other
species were also collected, A. pusi,ll,otm Peck., parasitic on P'iceø

ntariarra, and another species parasitic on Tsuga heteroplzylla, which
has previously been known. as A. occ'identale Engelm., but for which
Rosamalrr, (6) recommends the natne A. tsu,gens'is. Examination of
available flolvers of these two species show that their structure re-
sembled that of A. amer'icønutnin all important features. For the
sake of comparison with a related genus showing a better developed
gynoecium, Comand,ra, þal,l,i,d,a A.DC. and C. znnbel,lata (L.) Nutt.
were also examined.

Male flower

PnBvrous rNVE,STrG.,\TroNS

The male flower is known to consist of a whorl of perianth seg-

ments, each bearing a sessile anther. Within the perianth is a central
cushion of tissue, which some observers consider to represent the un-
developed gynoecium. Concerning other details of structure of the
male flower, there is much difference of opinion.

Ercnr.nn (z) states that the usual number of perianth segments in
A. oxyced,ri, is three, but that sometimes there are only two. He
describes the anthers as bilocular, and opening with a common
fi.ssùre. JonNsoN's (4) view of the anther agrees i¡¿ith that of
Etcnlnn, and that of Hooxnn whom he quotes. He notes in addi-
tion that the epidermis of the anther wall shows the fibrous markings
which normally characterize the subepidermal layer. HarwnrcuBn
(g) has frequently found tetramerous male flowers in addition to the
trimerous and dimerous ones seen by Ercnr,nn. HlrxntcHnn states

that the anther is unilocular, and describes a central column of
sterile tissue which extends to the ton of the anther and is surrounded
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by sporogenous tissue after the manner of the columella of a moss
capsule. Sran¡rlnn (8), having examined the same species, agrees
with Hnir.rnrcuER that the mature anther is unilocular, but states
that it is origi'ally tetrasporangiate because the archesporiar tissue
is at first diviclecl into quadrants by sterile septa. Prsnr (S) is not in
agreement with Srlnlrlnn, for he finds from serial sections that the
supposed septa in the anther are not compiete, and the archesporium
is therefore continuous. He regards the septa as projections of a
tapetal nature occurring in the central "columella.,, IIe confilms
JonNsox's statement that the epidermis becomes the fi.brous layer
in the development of the sporangium.

P¿nrq.Nru

In A. anaericanu,m llne perianth parts of the male flor.ver are usually
three in number, but, as in A. oryced,r.i, tìnerc are dimerous) or more
frequently tetramerous, flowers. The following facts seem to show
that all the male flowers of Arceul,ltob.iu,nowere originaliyfour partite.
(r) A large number of male flowers of A.ßugens¿swere examined and
all of them had a perianth of four members. (z) The present investi-
gation shows that the female flower of. Arceu,tlnb'iutnis tetramerous.

fn the dimerous flowers examined, the perianth lobes were always
opposite the subtending bracts, the lobes alternating with them ap-
parently having failed to develop. When the flower is trimerous, the
arrangement varies; the unpaired segment is usually opposite the
subtending bract, but occasionally alternates with it. This varia-
tion might be explained by assuming that trimery arose from te-
tramery by the abortion of one or other of the members.

A¡¡rlrrn
Examination of a great number of serial sections showed that the

anther is unilocular, and penetrated by a sterile column of tissue in
the waythat the columella penetrates a moss capsule (frg. i). This
has been described by Hnrxnrcsan. Such an arrangement is so un-
usual that previousworkers have studied young anthers to determine
whether the archesporium is always a continuous ring fron its earli-
est stages. Sr¿rnrr.Bn reports that the anther is originally mul-
tilocular, but that the partitions between the locules break down at
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Fros. r-3.-Fig. r, perianth lobes of m¿le florve¡s of il. onterictt,tut,tn, bearing anthers;
common type of anther with "columella" of sterile tissùe; fig. z, anther ivith sterilc tis-
sue forming partition along one plane; lìg. 3, shorving partitions along trvo planes.

4)
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maturity, leaving the "columella" in the center. Prsnx states that
the anther is always unilocuìar, ancl that the partitions that
Srrlnnrlnn clescribes are merely tapetal strands. My observations
support those of Prsrt<, in that serial sections indicate that the
archesporir-un is continuous in the young anther, but I am uot en-

tirely in agreement with him.
After examining a great number of anthers of all ages, I have

found that the "columella" exhibits wide variations: it may take
the form of a partition dividing the anther almost completely into
two sacs (frg. ,); half rn'ay up it may die away and a nèr,v partition
arise at right angles (frg. ¡); or the partitions may give out branches
which extend to the anther wall. The columella is something more
than Prsrr<'s "tapetal strands disappearing at maturity" (S). It
persists in the ripe anther; and in spite of variations in position, it
can always be distinguished as forming some part or other of the
partitions of what apparently was once a tetrasporangial anther.
These partitions, tending to divide the single archesporium into four
parts, are present in every degree of incompleteness. They are four
or frve cells thick, only the surface layer having the character of a
tapetum. From their permanence, their constancy of position, and
their thicl<ness, therefore, it may be concluded that the flanges of
the columella are the surviving portions of a tissue which once

separated four distinct archesporia.
The perianth of the male fl.ower is discernible in May, and the

archesporium early in June. The latter is laid down as a continuous
tissue, the sterile portions never being quite complete. This confirms
Prsnr's observations on,4. oxyced,r'i, but not those of Sta¡rrlnn on
the same species, for he thought he saw four distinct groups of arche-

sporial cells.
In examining the male flower buds in early spring, particular

attention was paid to the endothecium, or ñbrous layer, of the anther
wall, because in the mature anther this layer is outermost instead of
being hypoclermal, as is the ruie in angiosperms. The endothecium,
the intermediate layer, and the tapetum are differentiated in early

July, and the mode of development of the anther wall is identical
with that of A. on),ced,rl, as described by JonNsox and Prsnr<. The
fibrous layer originates from the outermost layer of the anther wall.
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The mature anther in the Ericaceae also has a superfi.cial endothe-
cium, but only because the epidermis r,r'hich covers the young anther
is lost at maturity. To find any families that resemble Arceuthollitntt,
in the possession of a truly superñcial endothecium, we must turn
to the Coniferae.

Reduction clivision of the pollen grain mother cells tahes place
late in July. Material collected at this time was used for counting
the chromosome number.
The haploid number for
A. amer'ic anunl. was found
to be 14. (Prsar< reports
tj for A. oryced.ri,.)

Female flower
Pr¡vrous ru\TSTrcATroNS

The female flor,ver of .4r-
ceu.tlrcbittnt, is described by
taxonomists as consisting
of a gynoecium and a
bipartite perianth, which
are fused for most of their
length. The style shows a
styì.ar canal which widens
to a funnel shape in the re-
gion of thestigma (fig. +).
In the main, previous ob-
servers of the floral mor-
phoiogy of the female
flower are in agreement.

Erc¡rr,nn (z) represents the perianth segments as standing opposite
the inclosing bract, but he does not distinguish carpels. JonNsoN
(4) states that in A. oxycedri. the ovary is made up of two carpels
which, like the perianth segments, are also opposite the bract. He ob-
served that in the cavity inclosed by the two carpels there is a cen-
tral dome of tissue which terminates the axis and bears two embryo
sacs in line with the two members of the perianth. Harwnrcnnn (3)
also considers that there are two carpels opposite the perianth leaves.

Frc. 4.-Median longitudinal section through
yonng female flower of Á, atncricantøt, showing
position of embryo sacs.
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lrlo previous observer has studied the stigma in transverse section.

JoHNsoN's opinion of the dual number and orthogonal arrangement

of the carpels was founded on median longitudinal sections, which,

when taken through a funnel-shaped stigma in any of the possible

planes, naturally show a right and a left lobe. Although HprNnrcu:rn
bases his conclusions of the dual number of carpels on the shape of
the stylar canal in transverse section, he gives no illustration of
cross-sections of the stigma tip.

Microscopic examination of a clissected stigma showed that it was

unequally bilobecl (frg. S). This led to the study of the stigma in
transverse section. In the course of the present work, great numbers

of transverse sections of the stigma of A. amer'ic&nxr,111,\vere found to
shor.v inclentations which indicated the presence of more than two

carpels. Although the indentations are usually shallow, in some flow-
ers the stigma was evidently dividecl into four equal parts, the seg-

ments being arrangecl in the cliagonal planes (fig. ó). These segments
-uvere talien to be four ciiagonal carpels.

The four carpels fuse in varying degrees. Thus it lvas observed

that any two neighboring carpels rnay be partially or completely
frqed ffio., r n) ol f hat the stigma may be bilobed because of threeI1 2'¡ "- -'

carpels fusing aucl one remaining free (fig. 8). 'Ihe usual appearance

of the stigma is that of a funnel, the rim of which is unequally bi-
iobecl (ñg. 5). The larger half, as shown by incomplete fusion, is

usualiy rnacle up of three carpels (fig.8). In some flowers none of
the four carpels is free, ancl the stigma tip is an entire riln.

ErcHrcn has already suggested that the carpels might be alternate
with the perianth segments. because in the male flowers the central
cushion of tissue which probably represents the gynoecium is drawn

out into conlers between the perianth segments. HnrNnrcur'n
doubts that this cushion represents an abortive gynoecium, and

points out that its surface shows nothing to inclicate nectar secretion;

bnt in A. anzericanotm this surface bears numerous pairs of glandular
cells not founci elsewhere on the axis. In the tetramerous male flower

this central tissue might certainly be taken to represent the four
cliagonal carpels.
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The ovuies of
which terminates
fusecl carpels (fig.

/Æ
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Arceu.tlzobiullx àre imbedded in a central papilla
the floral axis, and which is surrounded by four

a). The central papilla has been previously con-

Pcriqnih
Lo¡c

Irrcs. S-9.----Fig. 5, stigma of female florver showing unequal bilobing; fìg. 6, stigma
of weli nourished te¡minal flo'rverwith four distinct carpels; figs. 7-ç, stigrnas shorving
varying degrees of fusion bet'ween the four carpels.

sidered as a placenta, that is, the bases of the four surrounding car-
pels are supposed to project upward to form a central column or
placenta to bear the ovules. It is impossible to. conceive of the outer
carpels having any connection with the ovules. The ovules are sit-
uated along the piane where the fused edges of the surrounding
carpels lie; that is, the ovules are alternate with the carpels. Also
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in A. lsu.gensis and A. þus'illa,nn, the two ovules were found in the
orthogonal plane and the four carpels in the diagonal planes. This
arrangement leads to the following important deduction: the four
outer carpels are sterile and bear only stigmas, while the embryo
sacs are borne on an inner whorl of orthogonally arranged carpel
rudiments.

In the middle of July the archesporial groups can be seen in the
central papilla. At no time are they in the form of single cells, as

JoHNson thinks f.or A. oxycedr'i, for each group is made up of as
many as ten cells. The number of archesporial groups in the central
cone appears to be four, and not two as was previously supposed,
and they are arranged so that they alternate with the sterile carpels.
The gynoecium might then be represented as G:+*4.

Although the archesporia in the lateral plane, that is, those which
are to give rise to the two embryo sacs, are as a rule much more
strongly developed than the two in the median plane, some evidence
that the other pair of embryo sacs may sometimes develop at the
expense of the lateral pair has been found in a single terminal flower,
which will now be described

Usually the inflorescence terminates in a cluster of three flolvers,
ancl these are oriented so that the planes of symmetry through
the embryo sacs are parallel, and, at the same time, are all at right
angles to the planes of symmetry through the embryo sacs of the
trvo lateral flowers at the node below. When the lateral flowers of the
terminal cluster do not develop, so that the terminal flower is soli-
tary and surrounded by two empty bracts, the plane of symmetry
through the embryo sacs of the terminal flower is still at right angles
to that of the laterals on the node below (flg. ro). One solitary termi-
nal flower was found, however, which had its plane of symmetry
through the embryo sacs parallel to the laterals of the node below
(fig. rr). This change in the plane of symmetry of the terminal
flower to a plane al right angles to the usual one (cf. frgs. ro and rr)
indicates that perianth segments may develop which alternate with
those usually found, and also that alternate embryo sacs may de-
velop at the expense of those ordinarily encountered.

The development of the alternate pair of ernbryo sacs might be
expected, since it has been shown that in A. anrcr'icanun¿, f.our
archesporia are laid down. A similar alternate development for the
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perianth is possible because the two segments that normally appear

do not occlrpy the whole circumference of the periauth tLrbe (fig. 5).
(In Visc'u,nt. the perianth is four partite.)

Ftcs. ro, rr.-Flo¡al diagrams of te¡minal clusters of female flowers (composed of
three'whorls, outer, the perianth and inne¡ two, the glzroecium; bracts shown black;
r, aborted flowers o¡ aborted membe¡s of flor¿I whorl); frg. ro, usual arrangement of
te¡minal florve¡ in rel¿tion to laterals of node below; fig. rr, unusual arrangement of
terminal flower in relation to laterals of node belorv, indicating that alternate pair
of embryo sacs has developed in terminal flower in place of usual ones. Planes of sym-
metry shown by dotted lines.

Contper:sox wrrrr GyNoECruM ol Couen¡n¡.

Strong evidence that there is an alternation of sterile and fertile
carpels in a number of famiiies of flowering plants has been brought
forward by Sauuorns (Z). Additional evidence supporting the car-

pellary polymorphism o1 Arceut'hobiutn has been sought for in the
Santalaceae, because in this related family reduclion due to para-

sitism has not gone so far.
As compared with the evascular natLlre of the ovary of Arcetttlto'

(*

(*
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binnt,, in the gynoecium of Co¡nand,rtl the ovary wall has a well
marked vascular system. The ovarian papilla oL Arccuthobiu.nt, is

replaced by a spirally twisted "placenta" bearing penclulous ovules
ancl containing a vascular strancl. The number of the members mak-
ing up the ovary cannot be determined by any indentation of the
stigma, as this is entire, nor can any help be obtained from a deter-
mination of the position of the embryo sacs, as these are borne on a
twisted column. There is only the vascular system on rvhich to cle-

pend.
In C. utnl¡el,latø and C. þallido, the perianth tube is traversed by

five main vascular bundles, ivhich run to the .ñve sepals and their
superposed stamens. Five vascular strancls branch ofl from these
bundles and, taking up a position alternate with the main bunclles,
run for a short distance into the base of the carpels. Iìarther clolvn
in the peduncle ñve other vascular strancls arisc, lvhich are alternate
to the ñve bundles which run to the base of the carpels. After
anastomosing, they pass into the central column bearing the ovules.
The whorl of vascular tissue r,vhich supplies the "placenta" is alter-
nate to the one which supplies the outer carpels. 1'ìris indicates that
the gynoecium is composed of two alternate.,vhorls of carpels, rather
than one whorl bearing a placenta, as previously supposed.

Fonuarrox or EMBRYo sAC

The ovules of" Arceuthobium are without integuments, and consist

simply of embryo sacs imbedded in the central papilla (frg. a). Ac-
cording to JonNsoN, in the deveiopment of the archesporium in the
female flower of Arceuthob'iu.tn a number of tapetal cells are cut off .

Not the slightest evidence was found to support this view. The em-
bryo sac mother cell divides to form two daughter cells, the upper of
which is the embryo sac. In some floivers the lower daughter cell is
much smaller and soon disintegrates. The embryo sac then develops
normally. In other flowers the upper cell and lower cell are equal,
and for some rüeeks keep pace with each other in further develop-
ment, the nuclei dividing simultaneously. The embryo sac eventual-
ly enlarges at the expense of the lower cell and forms seven nuclei
in the usual way.
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Summary

Mara ¡Lo\ru'ER

r. The male flower is thought to be originally tetramerous.
z. The anther, although unilocular, is found to be characterized

by a system of sterile tissue which represents what is left of the
separating partitions of a tetrasporangiate anther.

3. The haploid chromosome number is 14.

FBI¿A.I¡ TLowER

4. The ovarywall is made up, not of two fertile but of four sterile
carpels. These are diagonally arranged and show varying degrees of
fusion.

5. The tr,vo embryo sacs in the central papilla lie in the orthogonal
plane, and therefore must be borne on an inner alternating whorl
of orthogonally arranged carpel rudiments. This inner rn'horl bears
not two but four archesporia, only one pair forming embryo sacs.

The structure of the gynoecium must therefore be represented as

G: +l+ and not as G: e.

ó. The archesporia are not unicellular but multicellular.
7. The gynoecium of the one genus of the Santalaceae examined

resembled Arceøtthobiourz in being composed of two alternating r,vhorls

of carpels.

The work recorded in this paper was carried out at Cambridge
University during the tenure of a Traveling Scholarship awarded
by the Canadian Federation of University Women, and the manu-
script was completed at the University of Manitoba. I have much
pleasure in expressing indebtedness to Miss Enrrn R. Seuxocns
of Newnham College, for valuable help and criticism during the
progress of the work.
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WALLROTHIELL,A. .A.RCEUTHOBII,,A. PARASITE OF
THE JACK-PINE MISTLETOEI

Bv E. Srr,vpn Doll'orNc2

Abstract
Arcetúlrobium., the host ol Wallrothiella ArcerLthobi'i, has been found in British

Columbia, Alberta, N{anitoba, and Ontario and Wallrolhiella Arceutlrobii has
been found in iVfanitoba and Alberta.

Arceuth.obium fruits becorne infected in Canacla in the spring, about a l,eek
afte¡ fertilization. The fungus and the infected fruits then increase in size. and
they attain their maximum-det'elopment by thc summer of the follou.ing year.

The ascospores are not violently discharged into the air. The spores ooze out
i n r o rvater rvh e n r'îJi l,ih::?1":::t#i: : 

n "*'
The mature perithècium is nrade up of trvo compartments, the lorver conrpart-

ment containing the asci, and the upper coÍrìpartment into rvliich the ascospores
are dischargecl and rvhere they collect.

It is suggested tl.rat insects are agents lvhich disperse the ascospores.
Ascospores sorvn in Arcetühnbìum decoction conntence to germinate, but

grorvth óeases after the germ tube has reached the length of aboutäne millimetre.
Attempts to inoculate the stigmas of healthy Arceuthobium u'ith "sprout-

myceliurn" have so far been unsuccessful.

I. Introduction
Arceuthobium is a mistletoe, allied to Viscum and Loranthus, which

parasitizes certain conifers. Several species of the genus, in their turn, aÍe
parasitized by a fungus known as Wallrothiella arcettthob,i,i, (Pk.) Sacc.
Arceuthobium is dioecious and the male and female plants are usually found
growing on the same tree. The fungus attacks the pistillate flowers only
and therefore occurs exclusively on the female plants.

The writer has paid special attention to W. arcextthobi,i as it grorvs on
A r c eu th ob'i'tt ftL 0,m eri c o,nu?tx oî P ¿nxL S b ank s ian a in .rveste rn Can ada.

Arcettthobiurn alnericanxlnx, when occurring on P, banks,iana, is commonly
known as the jack-pine mistletoe. This mistletoe induces abnormal branching
of the infected jack pines resulting in the formation of "witches'brooms."
In the field it is not diffrcult to find these brooms, for thev stand out clearlv
against the sky (Plate I, Fig. 1 and 2).

To find W. arceuthob,ü one must first find "witches' brooms" like those just
described. When these have been discovered, one must examine the fruits
of the femaie mistletoes. If the f¡uits have been parasitized by the fungus,
the fungus can readily be recognized as a black stroma protruding from their
apices. The protruding part of each stroma is more o¡ less hemispherical, is
about 1 mm. in length and 1.5 mm. in width, and exhibits about forty papillae
which are the protruding necks of as many perithecia (Text-fig. 1,3,4).

The jack-pine mistletoe severely damages the pines which it attacks, in
that it checks their growth and renders their timber valueless for commercial
purposes. At Victoria Beach, Lake \,Vinnipeg, in certain stands of. P,inus

I Manuscript rece'iued May 15, 1931.
Contribution, from. the Deþartment of Botany, Uniaersity of Mattitoba, Winnipeg, Canada.

2 Researclt' worher on Dermatoþh.ytes, Un,íaersi.ty oJ Møni\obo, and, h,older, at the tritne, of |he
ll'ud,s ott' s B ay Resear ch. Fellozu shàp,
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banks,ianø, it was observed that at least four-ûfths of the fruits of the mistletoe
were parasitized by Wallrothiella. Since parasitize{ fruits never produce
viable seeds, it is clear that the fungus is one of the agencies which serves to
restrict the spread of the mistletoe in North America.

Wallrothòella arcezttltobòò was discovered in 1873, in New York State by
Peck (11) who named ít Sþhaeria arceuthob'i'i. In 1900 it was observed in the
IJpper Peninsula of Michigan by Wheeler (13), in 1915 in Montana and Idaho
by Weir (12), and ín 1929 in Alberta, Canada, by the author. These records

of collections from such widely separated localities seem to indicate that
W. arceu.thoáøø is widely distributed throughout the northern part of North
America and that possibly it occurs there from the eastern to the western coast.

\,\¡eir (12) reports tb,at Wall,rothiella arceu'tlt'obü' has been observed in the
United States of America on the following five species of Arceuthob'ium:

A. þus'illum (Peck) Kuntze on P'icea mariana,
A. amør'icanørø (Nutt.) I(untze on P'intt's rnurroyz'na,
A. dougløsi:i (Engelm.) I(untze on Pseud,otsuga tax'ifoLia,

A. dougløs'i'i var. abietina Engelm. on Ab'ies grand'is and A. lasiocarþø.
A. douglassü var. mlicrocarþa Engelm. on P'icea engelmann'i.

In this paper an attempt will be made to extend our knowledge of the
distribution, life history, and ecology of Wallroth'iella arceuthob'i'i as it occurs

on the jack-pine mistletoe in Canada.

trI. Distribution in Canada

Dr. E. H. Moss first drew the writer's attention to Wallroth'iella on Arceutho-

b'ium, Lruits collected from pines in central Alberta. During the last three
years the author has taken every oppoltunity to examine the various species

TABLE I
AnBls r¡¡ C.rN.{n.\ FRoùf rvHIcH Ancour¡lo¡ru}f HÀs BEEN coLLEcrBD

Locality lVlistletoe Host tree Infection by
W. Arcetúlt'oLü

1. NIt. Garibaldi, near Vancouver

2. Tunnel Mt., Banff, Alberta

3. Assiniboine River, from \\¡hitecourt
tci Ft. Assiniboine

4. North of Edmonton bet'"veen N.
Sasl<âtchel'an lìiver and Athabascâ
l(rver

5. Grand Rapids at the mouth of the
Sasliatchervan River

6. Victoria Beach on the S.E. shore of
Lal<e Winnipeg

7. Near Lake Temagami, eastern
Ontario

A. tsugen'sis

A, anter'icanum

A. am,erican'um

A. am,ericant¿nt

A. americatntm

A. antericonum

A. þusillurn,

Tsuga ltteteroþhylla

P,inus tnurrayanø

P. banksiana

P. banþsiana

P. banhs'iana

P. banþsiøna

P. møròana

Uninfected

Uninfected

Uninfected

Infectecl

Uninfected

Infected

Uninfected



Pt.,lrn I

ii.
'+1.rtl

+

1 hc lr¿es illuslrulttl ttrL: I'inus l¡I¡tltsia¡ta. 'l'h¿ ùisll¿:!or is .lr¿t:uthr¡bitttt oiltl\i(¿ùc, I¡tc, 1. 1'¡r{:
iil cL:ùltal jlIbtrlu, iilI¿¿t(¿ ¡till¡,'lr¿t:tll¡obiuu. 7'ht inJrc!t:d líntl¡ slr¡¡¿'s tilotDtoÌts h]'þtr!toÞhy.
lìIG.2. ?/r{rs in ct:nlral f,,Ianiloba iüfcclttl 1¿ilh :lrc¿llhol¡i¡Ln. 'l'ht: !rt:ts or¿ ¿l¿orl[d tttl. al¡nor-
nalLy conþocl in ltal¡il. Lìtc;, 3. jl !,iilt, br|nch iuJtttuL t'ilh Jtnalt !,li)tts of ..lroutl¡ohiuu ¡iltosc
frilils ut¿ itr lurt i$t:tlctl ttilh ll,-allrothit:lla. (N¿lrr¿l si:¿.). lìt<;, 1. Ft:u¿tlc It.oùdl ú.'ltd,utJtobiilill
bL:arittg lotu¿rs otd {ruils. 7'lu: fruils ar¿ þorusi!i.u¿ b1'll:allro!hidla, 'I'hrc¿ !ints )t¿tut¿l st.t.
1ìrc.- 5.. Iltallh)' ¡lrcc¡ttl¡ol¡iuu flozutt,s groøittg on a "uil6lt¿s' broont" of ø þine hara b¿cil itrcculal¿d
zuillt lhc nrlccliunt of lI/alh'olhiella ønd. Iicd itto bags,
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of Arceuthobium in Canada for possible infection in order to determine the
northern range of Wallrotlviella arceu.thobi'i. Areas in British Columbia,
Alberta, Manitoba, and Ontario, where coniferous trees rvere severely infected
with the jack-pine mistletoe, were visited and the mistletoe was eramined.
Fruits rÀrere discovered infected with Wallrothiella in Alberta and in Manitoba.

Seven areas in Canada from which Arcettthobium has been collected are
listed in Table I, together with the name of the host trees and the presence or
absence of Wal.Ir oth.iella ar ceutlt obi,i.

i
Ðl'rl
:l

a..,..1.

ioi

tr[aþ sh.owing the distribution. of Arceuthobiu.m and' o-f

Wallr othiel,lø in Canad.a.

The accompanying map of Canada shows the limits of distribution of
conifers that serve as hosts of. Arceotthob'iurn as recorded in the Atlas of Canada
(i) and it shows the localities from which healthy Arceuthobiu.nl and Arceutlao-
b'iurn infected with Wallroth'iella arceuthobi'i were collected.

Although Wallrothiella arceu.thob'i'i has been collected from only two dis-
tricts in Canada, central Alberta and central Manitoba, these districts are so

widely separated (they are about eight hundred miles apart) that it seems
probable that the range of the fungus in Canada is from the eastern to the
western coast.

In central Alberta, where in 1927 field observations were made (3), the pines
that were infected with mistletoe we¡e growing on sandy ridges separated
either by sloughs or by muskegs. The mistletoe growing on trees which
bordered the depressions were the ones that were most frequently infected
by Wallrotbiella. In central Manitoba the infected trees that supported
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wallrothiella were growing on a low sandy peninsula of Lake winnipeg.
Further, \,\¡eir (12) states that he frnds the fungus most frequently ',in damp
river bottoms or on the borders of swamp areas." From all these observations
we may conclude that damp low-lying localities near water are most favorable
for the growtlr of Wallroth,iella.

III. Life History
The fungus invades the gynaeceum of Arceuthob'ium aöa the stigma. In

western Canada this invasion takes place in the spring soon after pollination.
On May 8, a visit was made to a forest of mistletoe-infected Pinus banks,iana

in Alberta, when it was found that the male flowers of the mistletoe were oDen
and exposing their pollen. Some
female flowers were collected and
afterwards sectioned by the paraffin
method. The sections shorved pollen
tubes in the stylar canals. Hence on
or before May 8 pollination must have
been taking place.

On May 24 f.ertilized female flowers
rvere collected and afterwards section-
ed bytheparafñn method. The sections
shov¡ed a small embryo contained
rvithin the nucellus and fungal tissue
in the interior of the upper part of
the stigma (Text-fig. 7).

The facts recorded above seem to
indicate that a pollen-tube succeeds
in fertilizing the ovum before the
fungus has destroyed the stigma.

The fact that the pistillate flowers
ol Arceutltob'iunø become pollinated
and fertilized before they are attacked
try Wallroth,iella arceuth.obü, is greatly
to the advantage of the fungus. Ilefore
fertilization, the flowers of Arcetülto-
bium are extremely small-less than
1 mm. long-and, if they were to be-
come infected by Wottrothietla at this
time, the stroma of the fungus would
not be able to attain its normal length
of 2 mm. and its width of 1.5 mm. As
soon as fertilization has been accom-
plished, the ovary is stimulated to
growand soon becomes 3 mm. long and
many times its original size. After thus
having enlarged and having become

2

TExr-Frc. 1-4. íYøllrothiella ørceuthobii ot Arcctc-
thol¡iu¡¡t anericanu¡n, coll¿cl¿d, in June. TExT-Ftc. 1.
Infacletl JemaLe brøilch oJ ArcelLlhobit¿ìt: a, Ituers;
b, Jruil; c, frrLil beøriilE lValLrolhiella þeritlÉciø. 'I1Ðice
ltah,ral sisc- TEXT-FrG. 2. Fenøle flouers of Arceu-
lhobiutn: The þerianlb has beet¿ renoued to shotu lhe s¿igtnø
zulticlt is couered, uith sþorcs of lVøllrolhiella. ltiue tintes
ra¿ural size, TEXT-FIG. 3. Fr&il of Arcelühobiúùr ilt-
fecLed uillt Wallrolhi¿Lla. Fiae li¡nes lhe rrctîual size.
TEXT-FIG, 4. Slronø, cul froùL a1¿ ¿Tlfected. fruit to slþa
lhe þerilheciø. Macilirtcaion, 18.
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a focus fo¡ food supply, it is very well frtted to meel all the demands made
upon it by the fungus. After fertilization the infected fruit increases in size
not only during the ensuing summer, but also during the summer of the
next year. Throughout both summers the fungus continues its growth in
the fruit, and thus the growth of the fruit and that of the fungus keep pace

with one another.
Afterthe f ungus has enter-

ed the stigma, the hyphae
grow down the style and
enter the ovary wall (Text-
fig. 6). Here Lhey spread
laterally to the vascular
tissueof the perianth (Text-
frg.7 andS). Otherhyphae
then grow down the central
axis of the fruit in the form
of a slender column (Text-
fig. 8). During the spring
of the second year this col-
umn replaces all the central
tissue of the fruit including
the embryo and grorvs
downwards until it reaches
the abscission layer of the
peduncle (Text-frg. 8). In
the previous autumn and
during the following spring
the aerial portion of the
stroma comes to project
as a black knob at the top
of the fruit (Text-fig. 8).
In this knob some forty
perithecia are developed
(Text-fig. 1, 3, and 4). In
June, the mouths of the
perithecia become dis-
tended and reveal large
numbers of free ascospores
(Text-ñg. 4). The ascos-
pores are dispersed from the
late in August.

The female flower ol Arceuthob,ium was described in 1888 by Johnson (8),
in 19i5 by Heinricher (6), and in 1931 by the author (4). It consists of a
bipartite perianth which is fused to the ovary for two-thirds of its length
(Text-fig. 5-8) and a gynaeceum which develops one seed in its ovary and which
terminates in a hollow knob-shaped stigma. Heinricher (7) has observed that

TExT-FIG. 5-8. Longiludinal secliotLs of flozaers ønd
lrilils ol Arceulhobiu¡n antericanun inJected by Wøll-
lothiella arceulhobii: þ, þeriarlh: a, aøsc1dør lisste:
e, e¡nbryo; s, sþores; c, collench!¡nø; ø, øbscission løyet,
MøgnillcøliorL, 11. TExr-FIc. 5. Floaerc bealiflg sþores
ott slignta collecled Møy 8, 19¿8. lDxT-FrG. 6. lìloluer
1Ðillt sligrna reþløced by fungal tissue collecled June 3,
1928. 'lExr-rrc.7. FrrriL 1ui[lL sligmø reþløced by lúil-
g,al lissue- Collecled. July, J928. TDxr-Frc. 8. Fruit

conþlclely itfeclcd wilh Wallrolhi¿lla,
colLecled June 3,1929.

mouths of the perithecia from early in June until
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in Austria the female florvers of. A. oxyced,rz secrete an oily drop into the hollow
sLigma. The hollorv stigma of some of the femaie flowers ol A. anzericanxlTn
collected by the author in Manitoba in May had a glistening drop exuding
from it, and doubtless this drop corresponds to that observed by Heinricher.
The stigmatic secretion of ArcetLthob,ium fr,owers may well be a suitable medium
for the germination not only of pollen grains derived from the male flowers
but also of ascospores of Wallrothiella.

The normal fruits of Arceu,thob,hLm violently expel their seeds to a distance
of many yards (3) ; but abnormal fruits infected with Wallrothietta never dis-
charge seeds but fall to the ground a little later than the time (September)
lvhen the normal fruits explode.

IV. The Discharge and Dispersal of the Ascospores
Experiments set up with a view to finding out wheLher or not the ascospores

are violently shot into the air lvere made upon material collected in the summer
and examined: (1) after being kept dry untii the following January; (2) in the
laboratory within a fe.rv hours of its being collected;and (3) in the field imme-
diately after being collected. Two types of experirnents lvere sel up: (1) with
a Van-Tieghem cell and (2) with a cover-glass only.

(1) A tiny branch (8 mm. long) bearing infected fruits of Arceuthobiu,nt. was
placed in a Van-Tieghem cell (Text-fig. 9) so that the stromata at the top of
the fruits looked upwards toward the cover-glass. To hold the branch in
the required position a copper-wire support lvas employed. The perithecia
in the slromata \¡/ere 1-3 mm. from the cover-glass. After the experiment was
set up the cover-glass vras examined microscopically at intervais up to 48 hr.
No spores were deposited by the perithecia on the uncler side of the cover-glass.
This result goes to show that the perithecia cannot shoot their ascospores
upwards to a height of 1-3 mm.

(2) Pieces of the stroma of infected fmits were sliced off and placed on a
slide so that the perithecia looked uplvards, and then a cover-glass was rested
on the top of the perithecia. No spores became deposited on the under side
of the cover-glass.

From the results of the two series of experiments just described we may
conclude that the perithecia of Wallrolh.iella arceu.tltobü are unable to discharge
their ascospores violently.

If a mature stroma is placed in rvater in a beaker for four minutes, is lhen
removed, set on a slide in air, and examined with the low pov/er of the micro-
scope, bubbles of air can be seen emerging from the mouths of the perithecial
cavities, and bearing ascospores in the films of. water which envelop them
(Text-fig. i0).

If a dry stroma collected in the summer, either immediately after having
been collected or some months later, is set in water for a few minutes and is
then lightly touched to white paper, it leaves a black spore-deposit on the
surface of the paper.

The two observations just recorded go to show that the ascospores of the
fungus are readily set free from a stroma as soon as this is wetted.
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Peck (11) states that the asci of ItVullrothiella are fugaceous, so that at ñrst
it was thought that, when the perithecia are ripe, the rvalls of the asci dis-
ir.rtegrate and the ascospores thus liberated within the perithecial cavities
escape from the mouths of these
cavities tvhen the stroma is wetted.
That this view is not entirely correct
is shown bythe observations norv.to
be recorded.

An immature perithecium, col-
lected during the autumn or winter
previous to spore dispersal, consists
of a peridium four or five layers of
hyphae thick which encloses a
single chamber contairring asci and
paraphyses (Text-fig. 11). The
mouth of the perithecium at tliis
stage appears to be closed or
ahnost so.

An exarnination of the perithecia
in a stroma collected in the spring
ayear afterthe fungus has entered
the fruit shows that the hyphae at
the mouths of the perithecia have
grown upwards, outwards, and then
somewhat inwa¡ds so as to form a
wide-open antech,amber communi-
cating with the original and older
peròthec.ial cau'ity by a narrow neck
(Text-fig. 12).

In a ripe perithecium, as shown
in sections made by the parafÊn
method, the perithecial cavity always contains intact asci, and presumably
also discharged asci, but never any free spores, whereas the antechamber
contains free spores only (Text-fig. 4 and 12).

The observations recorded above suggest that the asci in the perithecial
chamber discharge their spores into the antechamber. The means by which
this is brought about is obscure. As experiments already recorded have shown,
there is no reason to suppose that the asci violently shoot away their spores.
It therefore seems probable that the .,valls of the asci become diffluent and that
by their swelling they carry the spores uprvards through the perithecial neck
into the antechamber. An ascus has been observed greatly swollen and
pressing its apex against the base of the perithecial neck. This observation
seems to indicate that the asci successively clischarge their eight ascospores,
one ascus following another in pressing up to the base of the neck.

A stroma less than one year old, as already explained, has no antechamber.
Its asci are all intact and none of them has as yet discharged its ascospores.

o

TDXT-FIG. 9-12. lVaLhoLlti¿Lla arc¿tl,hcl¡ii, il[uslrol-
ittg spore crilctg¿trc¿: b, air btbbles; s, sþor¿s; o, ¿s.i.
TDXT-trrc. 9. Fttngts où Arc¿¡LlhobiLn arratgttl it llat
Tieglrctt ccll irl ail atrt¿nþl lo oblain ø sþore deþosil, rlþo¡t
lh¿ couer sliþ. Rcduced to otc-ltalf th. ,Lal\ral siz..
'I'DXT-FIG. 1O, Diøgron of sllontu soøl¿¿d iD loot¿r.
Bubblts oJ aír art escoþittg fron Lhc þtrilhecia bringitg
sþor¿s out \uíIlt llrcìt. Magtificalion, 8. 1'EXT-FrG. I 1.
Diøgratt of lottgiluditßl se¿liotL oj Þerithe¿ium collecl¿d in
Februøry, showittg single ¿oùtÞarltùev! coulaiúittg asci.
Maguijcalion, Si. TExr-FIG. 12. Diagrøn of lorgi-
ludiløl secliot¿ of þcriLltcci.utn colLecLed in Jute, slrcwing
lhe løver ¿onþalltuerl conlainitg asci ouJ lhe uþÞer øoDL-
þarlnenL coilløining sþor¿s. ùIagniJicafion, 35.
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If such a stroma is placed in water for some minutes, no spores are discharged.
In a mature stroma the perithecia have their antechambers filled with dis-
charged spores. It is only from such perithecia that spores ooze out when the
stroma is wetted.

The spores when dry stick together and to any substratum they may be on.
Since they a¡e not shot into the air, it is unlikely that they are dispersed by
the wind. It seems not unlikely that the same insects which pollinate the
flowers or Arceuthobium transler the ascospores to the stigmas of the flowers.
The author, in May, has seen small flies hovering over the flowers of Arceutho-
bium and ants swarming over the infected pine branches;and Mr. H. J. Brodie,
whilst visiting Lake \\/innipeg in August, 1930, to collect mate¡ial for the
writerwrote to me as follows: "I spent a considerable time in watching the
movements of the ants. Each ant would crawl out to the tip of a pine needle
and back to its base, repeating this operation several times on each branch
tip. . . . . I have seen the ants crawling over Arceuthobionn." Further obser-
vations are required to determine exactly whether or not ants and other
insects visit the spore-Êlled antechambers of the perithecia and actually
transport the spores from an infected fruit to a healthy flower.

Rain might splash the spores about on a single pine tree and so perhaps
occasionally bring about fresh infections in the same tree. However this
agency could not spread the fungus from tree to tree in a loose pine stand.

V. Asci and Ascospores
As a preliminary step in attempting to germinate the ascospores, a mature

stroma that had been soaked in sterile water'\Mas rubbed on a sterile slide so
as to break open the perithecia. A
mucilaginous smear of fungal material
was thus obtained. Microscopical ex-
amination of the smear showed that it
consisted of asci, ascospores, fragmen ts
of the stroma, and sometimes foreign
spores (Text-frg. 13). If a stroma is
kept damp forsome days, foreign spores
are frequently obtained in the smear,
particularly those of Clad,osporium
herbarum. which are easily recognized
by their amber color (Text-ñg. 13).

Asci of various stages of develop-
ment can be found in a smear from
the stroma, mixed with extremely ñne
paraphyses. They are club-shaped,
tapering below into a slender stalk,
and about 25 p long and 10 p wide.
They correspond in outline to the ar-
rangement of the spores within. The
eight spores are usually arranged in

tt- g. l5 €8
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TEXT-FIG. 13-17. WølLrothiella uceuthobii- All Lhe

mølerial was obteined, by naleitg a smcar uilh a zoel slro¡nø
1tþot ø gløss slide: a, asci, upside doun; þ, þüøþlryses;
s, cs¿osrol¿.ç,' f, 11 øgnuú oJ slrona; c, conidìa ol Clatlæ
sþoriun. MaçlúfLcation,230. TEXr-FIG. 13. A lyþi-
cal sncar lroril ø slrona (ontaiiliilg esci of aarious aqcs,
þcrsþhys.s, fraBùrills oÍ Ihé slrona Wsllrolhíella, asco-
sþores, ønd. cortøïLiilation consis[ing of conidia of Clado-
sþoriurn. '|ßsT-rrç. 14, Ascosþorcs in dry condiliott,
TExr-Frc. 15. As¿osþoles in \Ðøler. TEXT-FÍG. 16.
FrøgrneflL of the slroma gerntinalittg ilt,uür¿e1ú mediilm.
TExT-Ftc. 17. Ascosþores gerrniilø[itrg itL ,uttr¿eilt
meøtIaù|.
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two columns, a long column of six and a short column of two beside the longer
column, so that the ascus wall is slightly extended on one side rvhere the
separated pair of spores lie (Text-fig. 13).

The ascospores are dark-colored owing to the spore wall containing a black
pigment. When wet, the spores are globose (Text-frg. 15) but when dry they
collapse to flattened discs. The dry spores cohere in such a way as to resemble
a pile of coins (Text-fig. 1a). The spores are 4 to ó p in diameter and, when
dry, they flatten out to 2 ¡-r in thickness.

Repeated trials were made to germinate the ascospores. The spores were
sown in water, potato agar, malt agar, and pine decoction. Some w'ere un-
heated, others were heated to temperatures varying from 30'to 75' C. All
attempts made du¡ing the winter failed. In the spring, large quantities of
f.resh Arcezúh.ob'ium plants were obtained. A decoction o1 Arceu.tlzobizmø was
made and the ascospores were sown in hanging drops of this medium in
Van-Tieghem cells. A group of ascospores was selected and drawn with the
camera lucida just after sowing. It was re-examined af.ter 24 hr. and the
identical spores that had been drarvn were found to have swollen and to have
commenced to germinate (Text-fig. 17). The germ tubes attained a length
of about one millimetre but, unfortunately, they could not be induced to
grow any further.

VI. Cultivation of Wallrothiella from the Stroma
For culturing the stroma, fresh material was used because stored material

sometimes became gro'\Mn over with molds. The fresh stroma was steeped
for a minute in l/6 corrosive sublimate, washed in sterile v/ater, and planted
in a hanging drop of sterile water or potato agar. Within a few hours, stout
vigorous hyphae appeared all over the surface of the stroma (Text-frg. 18),
which gave rise to large quantities of yeast-like sprout cells (Plate 2, Fig.
2 and 3).

The stroma is so darkly pigmented and composed of such fine closely inter-
woven hyphae that even in the thinnest stroma section that it is possible to
cut by hand the germinating hyphae can never be traced back to deñnite
hyphae of the parent stroma, so that there was the possibility that the growth
in the medium arose from foreign spores lodged in the crevices of the stroma.

In two sets of observations, now to be recorded, evidence was obtained
which seems to shorv conclusiveiy that the sprout-mycelium originated from
the tissue of the stroma and not from foreign spores.

(1) A fragment of stroma was planted in a hanging drop of nutrient medium
and, when a halo of hyphae had grown out into the medium, the tissue was
fixed. It was then dehydrated, embedded in paraffin, sectioned 8 ¡r thick,
and stained. The sections showed that the germinating hyphae could actually
be traced back into the stroma tissue (Text-fig. 19).

(2) The stroma of Wallrotlz'iella at a level where it emerges from the mistletoe
fruit, is hollow. Attention was directed to the sterile inner surface of the
cavity upon which no foreign spores could possibly be lodged. A large number
of sections of the stroma that were cut at the level of the cavitv were planted
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in a hanging drop of nutrient medium, and one slice of stroma rvas eventually
found in which the first hypha to grow took its origin from the inner surface
of the cavity (Text-fig. 20; Plate 2, Fig. 1). This hypha was watched over a
period of several hours, and it was seen to elongate, to become septate, and to
give rise to an abundance of sprout cells (Tert-fiC. 2I).

The sprout cells of the
WaÌ lrotltiel la mycelium give
rise by budding to more
sprout cells. In a liquid
medium the sprout cells bud
so rapidly that a white pre-
cipitate of yeast-like cells
collects at the bottom of
the medium. Budding is
common in the early phase
of many fungi. Martin (10)
has recorded that the phe-
nomenon has been observed
in the following genera: Der-
n't atitr.m, Fnmago, P olys þora,
Exob asi.d'io þs'is, M'icr o s tr oma

Spaceloma, and others.
When the mycelium is

older, the walls become dark-
ly pigmented and the form-
ation of sprout cells gives
way to the formation of
thick-v¡alled conidia which
clothe the hyphae in a brown

sheath. The hyphae secrete sheaths of mucilage, and as the culture dries
out the mucilage cements the mycelium to the substratum in which condition
it can retain its vitality for at least six months. The mycelium shows a
remarkable,resemblance to Dern'tat'itr.m þu,lluløns.

Brefeld (2) in 1891 describes a similar type of mycelium in a species closeiy
related to Wallrothiella, Sþhaertù,ia ,interm.'ixtø. In this species the ascospores
give rise to a sprout-mycelium. After the exhaustion of the nutrient mediurn
the sprout ceils change to multicellular brown gemmae. Their ability to
germinate is not injured by drying for eighteen months.

Gaümann and Dodge (5), who quote Brefeld's account, remark that
"sprouting" has not been reported elsewhere in the group and that the results
were probably based on impure cultures.

Strong evidence has been brought forward to show that the sprout-mycelium
obtained in my'cultures from stroma sections belongs to Wallroth'i,ella. To
establish the connection beyond any doubt it v¡ouid be necessary to germinate
the ascospores in pure cultures, and obtain a mycelium which would become a

sprout-mycelium or to induce the sprout-mycelium obtained from a stroma to
oroduce Wallr othiella oerithecia.

TExr-FIc. 18-21. Ivølllolhiellø arcet¿lhobii, DiøEroilrs of ger-
¡ni\aliofl ol lhe strcùa. TÊxr-Frc. 18. Porlion ol Lhe strono soTun
¿n lrttllienl nediu¡¡t 21 hr. freuiously, shouirrg outgroulh of hyþhae.
Magnifica|ion,JS0. TExr-Frc. !9. Pørafm seclion ol slrona iLlus-
lrated. irr'I'erLrtg. 18., showittß Llt¿ cotrrectioù ol the g¿rniilaling hyÞlwe
uilh the stroila líssue- Møtiliúcatiott, 150- TExT-Frc. 2O. Secliol
oÍ lhe slrorna sozutt 24'hr- pieuiously it¿ ttulvienl med,ilLn, shouing LlÉ
deu¿loþùenl oJ a lryþltø fron rhe inner súrføce of the catil5t. Magnifi-
caliott,65. TExr-rrc. 21. Thc lryþho sholun in'fefl-ft9.20, tuo
døys løtü, sholuirrg fornalioù of cross-ualls ørrd conrnstccntcnt of
sþroltliilg. Magrirt.alion, 150.



Pulrn II

tlll ¡lgurcs ar¿ Lltosc oÍ I,ltall¡otlticlla arc¿ulhol¡ii. Ftc, l. Secliou of l]rc slroùtø of I.YallrolhieLla
¡thiclt zuas so¡utt iil þolalo-açar 2-l ltrs,þreuiously. ll hyÞha has grottil ou! frott llte iuilcr silrfacc oJ lhe
catily (øn arrolù þoinls lo i[). ùIagtificalioù,4i. F-rc. 2, iuÍycelittnt grown in þolalo-øEør front
Il,'9.!lro!lticllasLroma. ùIaguifrcølioù,150. FtG,3, SþroLtce¿lsinuatel,deteloþcdÍronln!¿el¿lunoÍ
lVsllrolhirllø, MagttiJîcalion, 150,
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VII. Inoculation Experiments
The sprout-mycelium obtained from the stroma of. Wallroth'iella was inocu-

lated upon healthy stigmas of. Arceuthobiuru.
The first material to be used as a host in the inoculation experiment was

A. tsugens'is. This mistletoe was collected attached to Tsuga hel,eroþhylla

and sent from Vancouver by Mrs. G. Smith to the laboratory rvhere it v¡as

kept in water. The sprout-mycelium obtained from a st¡oma and growing in
artificial culture was smeared on the stigmas of the mistletoe and the plants
were kept for a month. The inoculations were not successful. This experiment
'was not regarded as conclusive because the cuticle on the stigma ol A. tsugens'is

was about three times as thick as the cuticle on the stigma of A. americanum
so that A. tsugensòs may quite possibly be resistant to the fungus.

The following spring A. americanu.m growing on jack pine on the shore of
Lake Winnipeglvas used as a host. Inoculation experiments were made in
the field upon plants which were left attached to the pine trees during the
course of the experiment. Trees were selected for the inoculations on v¡hich
there was no Wallroth'iella. The sprout-mycelium was smeared over healthy
stigmas, and the branches of inoculated fruits v¡ere covered by paper bags.
In this ',vay several hundred fruits w-ere inoculated. Controls of fruits that
had not been inoculated were also tied in bags. (Piate 1, Fig. 5).

In the foilowing autumn the trees were re-examined and it was found that
the experiments had been interfered with. Squirrels had torn most of the
bags, with the exception of one, v¡hich covered about fifty fruits that had
been inoculated. None of the fruits that had not been interfered with had
become infected with Wallr othi,ellø.

At the time of the second visit to the trees, fresh plants were inoculated v/ith
mycelium, and these are to be examined in the autumn of 1931.
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