QUARTERLY CHRONICLE OF MICROSCOPICAL
SCIENCE.

BEOTANY.

Sexnal Reproduction of Thallophytes (Supplement).

Every microscopst 1s familiar with the members of the Proto-
coccoid group of alge, but it is astonishing how very vague our
knowledge of the life history of the greater part of them still
remains. Speaking in general terms, it exhibits three dis-
tinct stages :—1, a non-motile vegetative phase, in which
ordinary cell-division may take place ; 2, a motile condition,
in which the protoplasm of the quieseent cells divides into a
small number of portions—macrozeospores (which germinate
asexually), or by a continuation of the process into a large
number of portions—microzoospores {which conjugate, but
otherwise in most cases appear incapable of germination};
3, a resting stage, in which the green colour of the chloro-
phyll gives place to a red hue. The non-motile conditions
have heen placed by systematic algologists in the genera of
Protococcaces and Palmeliacees, and have been mostly limited
by insecure diagnostic characters such as the degree of dif-
fluence of the mother-cell-wall, or the manner in which the
daughter-cells remain for a time aggregated. On the other
hand, the motile phases have to be sought in Fofvocines
amongst the species of the genus Chlamydomonas.

It will be convenient to sum up briefly what appears to be
the present state of our knowledge as to three of the most
common Lypes.

Cldamydococeus.—Cohn’s study of Ch. ( Protfocoecus) plu-
vialts 1 still remains the most complete account of the life
history of any member of the group. As I have already
stated (p. 303), Velten has described what he believed to
be the conjugation of the macrozoospores.  Rostafinski has,
however, obtained further confirmation® of his own state-
ment that what Velten saw were merely zoospores destroyed
by a parasitic monad.  One of Velten’s figures (fig. 9) Ros-

! Ray Soc. * Bot. and Phye. Mem.," 1853, p. 517.
¥ Mém. Soe. Se. Nab. de Cherbourg,” 1875, p. 1kt
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tafinski considers a monstrosity arising from the adhesion of
two macrozoospores, a circumstance which he believes often
to happen. It must be very difficult to discriminate sueh an
adventitious adhesion of a pair of zoospores from the actual
process of conjugation. In this case, however, since maero-
and not micro-goospores were in question, an adhesion and
not 4 conjugation is probably the right explanation, Tosta-
finski now regards Chiwmydococcus as altogether asexual, The
microzgoospores which are produced during the night have the
singular property of collecting on the side of the vessel in
which they are placed which is least illuminated. Cultivated
in one of Van Tieghem’s cells, they passed into the resting
stage, assumed a red coloor, gradually acquired the size of
the normal resting cells, and finally gave rise, by division into
four, to zovspores.  Rostafinski has also found that Chlamy-
deccus pluvialis is able to exist on snow and in ice, and
considers that it and Ch, pivalis are identical. Tle therefore
substitutes Agardh’s generic name FHematococcus (1828) for
A, Braun's (1851}, He further identifies with Hemafococeus
Folvox lncustres, which Girod-Chantrans deseribed (in 1797)
as giving a fine red colour to water near Besangon, and
proposes, on the principles which are adopted by many
foreign botanists, to rename the plant Hematococeus lacustris
(Giivod ).

Protococcus —The genus which Agardh founded (1824)
under this name has furnished material for Profococeus,
Kiitz., in which the eells ave isolated ; Plewrococeus, Menegh.,
where they are quaternate ; and Cysfococcus, Nig,, which has
them irregularly ageregated. Rabenhorst sugzests that Pro-
tococeus viridis, the solitary species of the genus, may be a
state of Plewrococcus vulgaris.  Profococcus, in its restricted
sense, is supposed not to exhibit any increase of its quiescent
stage by cell-division. But this may be due to unfavorable
external conditions. Plewrococcus Eufr\;aﬂ'x, on the other
hand, is stated not to develop zoospores.,! The two modes of
reproduction are therefore in this case mutually exclusive.
Cystococcus  humicole  supplies many lichens, such as
Farmelio parietina, with their gonidia ; under these_eireum-
stances they still retain the power of producing zoospores.®

!* Miorographic Dictionary,’ under Chlorococcum,  Oh. valgare, Grev., iz
asynonym of Plesrococcas vwlgariz.  The editors of the last edition of the
¢ Micrographic Dictienary,’ lorgetting this, have given a full deseription and
figure of the speeies under Chivrococcum, and have added a further deserip-
tion and figure (both from Rabenhorst) under Ploerooces.

# Famintzin and Baranetzky,* Ann. des Sc. Nat.," 5e sér., vol, viii (1867),
p. 137 ; Woronin, vol. xvi (1872, p. 324.
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Chlamydomonas.—The species of this genus are probably
all motile stages of forms which are placed in other genera.
Ch. Pulviseulus, the least known, could be traced, according
to Kiitzing, into Stigeoclontum stellare ; but he probably
confused with it the zoospores of that alga.  With more pro-
hability Cienkowski has described the development of the
macrozoospores into a species of (lwocystis, which only
differs from Plearococens in the thicker walls of the eells,
and i3 hardly generically distinet. It is true that his figure
shows a more rounded contour than the ovoid zoospores of
Chlamydomenas wsually possess. Buot as he has traced the
same course of development in two other species of the genus,
it is exceedingly probable that Fleocysfis or Plewrococeus
i1s the normal quescent stage which they all attain, The
authors of the © Micrographic Dictionary * describe under the
head of Profococcus virides a Plearococeoid alga which would
probably be placed by Rabenhorst under Gleocystis, and of
this they also state that a Chlemydomonas is the motile
stage. Reinhardt has observed the conjugation of Chlamyde-
monas Pulvisenlus,] and Gorojankin states that he has seen
this take place between a macro- and a miero-zoospore,® an
observation which, if confirmed, may be eompared with what
takes place in Pandorine. Rostafinski has also observed the
conjugation of the microzoospores of Ch, mudisfilis, Fres. The
zygozoospore, after about six weeks, developed by eell-division
into a Pleurococcoid alga® It appears, therefore, probable
that this stage 1s reproduced in all cases under particular
suitable conditions by both macrozoospores and zygosoo-
spores.

Pandorinew.—In considering the position which the Folvo-
cinacee holdin Sachs’sclassifieation, I found myself confronted
by the same difficulties which had also struck Cohu (see supra,
p- 312). The group, in point of fact, includes two distinet
types of reproduction ; and it seemed to me justifiable—taking
into consideration the importance, on the whole, of the Puiulﬁ
which Bachs’s classification brings out—to run the nsk of
doing some violence to what at first sight appears to be a
natural assemblage of genera in order to bring it into con-
formity with that classification. 1 accordingly proposed
(p. 310) to limit Folvecinee to Folvox and Eudorina, The
remaining genera which are usually also placed amongst the
Folpoernew 1 proposed to separate under the name of
Fandorinee. Within the last few weeks 1 have reeeived,

1 % Bot., Jalireshericht,” 1873, p. 22.
4 Quoted bj' Rostafinski, * Mém. Soc. Cherb.,” I o, p- 14
* ¢ Bot, Zeit,,” 1871, p. T87.
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through the kindness of Dr. J. Rostafinski, a copy of the
paper from which 1 have already quoted, and in which I find
he has proposed to rearrange the Folvocines in the same
Wiy as Fhavc done, and to constitute a new family, to which
he had also given, apparently simultaneously, the name of
Puondorinee.

According to Rostafinski,! Hieronymus, since the autumn
of 1872, has observed at Halle the conjugation of the micro-
zoospores of Gontun.

Hydrodictyes—Rostafinski makes the interesting an-
nouncement that (as [ suggested was likely to be the case®)
the mierozoospores of Hidvodiciyen have been observed to
eonjugate by Suppanetz in Prof. De Bary’s laboratory. The
conjugation takes place while the zoospores are still within
the mother-cell, or immediately after their emission. Not
ouly two, but three and even six, zoospores take part in the
formation of the isospore. That the moospores of the same
mother-cell should conjugate seems at first sight remarkable,
but when it is remembered that from 30,000 to 100,000 are
produced from each cell the whole mass of protoplasm must
be so enormous relative to each individual zoospore that
there iz room for the amount of differentiation, which is at
the bottom of the sexual process, to exist between the zoospores
from different parts of the eell. The formation of the zygo-
goospore from more than two zoospores is also interesting as
confirming Sachs’s view that the formation of the plasmo-
dium of the Myzomycetes is to be regarded as a sexmal
process, and it 1s not superfluous to remark that numerous
antherozoids effect the fertilization of the oosphere of the
higher alge, such as Folvow, Vaweheria, and Freows.

Uvaces —Janczewski and Rostafinski have failed® to con-
firm Areschoug’s observations on conjugation in Enteromorpha
compresse.  'They shserved the microzoospores attach them-
selves in pairs by their beaks, but after a time these separated,
They also met with pairs partially united together, and these
they consider to be monstrous conditions by whieh Areschoug
has been misled. On the other hand, they satisfied them-
selves that the microzoospores are incapable of germination,
and were consequently unable to attribute to them any func-
tion.  Thuret found the zoospores of Enderomorphe elathrala
& tous réunis deux @ deux par le rostre,”’* and this has been
regarded as a monstrous condition.  In Cladophorae glomerata
Cohn observed the fusion of two te five zoospores into a

I Lot eit., p. 146, * Supre, p. 304
3¢ Mém. Boe. B, Wat. de Cherbourg,” 1874, p. 872,
45 Ann, des Sei- Nat,,' Je =8rie; xiv, p, 244,
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rotating mass.' In Hydrodictyon he also figured a double
spore.  In all these genera in which these monstrous unions
have been observed normal conjugation is now believed to
take place. It is very difficult to suppose that the two things
have nothing to do with one another.

Hydrogastree.—Rostafinski has made a most interesting
diseovery respecting Hydrogastrum. This curious little alga
has hitherto been placed amongst the Siphoplyees.® It turns
out, however, not to belong to the Oospores, but to the
Zygosporem, 'T'he vesting spores which have been described
by Cienkowski under the name of Profococcus botryoides,
when placed in water, give origin to zoospores which imme-
diately conjugate. This takes place, Rostafinski assures me,
with sufficient precision to enable it to be employed as a
class demonstration. Inmasmuch as Sorokin has observed
conjuzation in the Chytridineous genus Teltrachybrium® it
may be suggested that the real affinity of Hydrogasirum is
with the Chyfridieee. There will then be a relation between
Hydrogastrew and Chytridice amongst Zygospores, similar
to that hbetween Siphophyces and Siphomyeetes among
Qusporece.

Bostafinsli proposes that Sach’s Yycosrores should be
divided into Jsogporee and Conjugale, the former gronp to
contain all forms in which the conjugation of zouspores
occurs. What Areschoug terms a zygozoospore he proposes
to call an isospore. There can be no doubt that this is a
pleasanter terminology to use.

Voleocinew.—The observations of Carter upon Fudoring
have been confirmed by Gorgjankin.!

Siphophyeee—In Bryopsis Janczewski and Rostatingki
consider® that the bodies which Pringsheim supposed to be
the antherozoids (supra, pp. 313, 814) are really parasitic
Chytridineous organisms. It is an open question so far
whether Bryopsis may not, like Hydrogastrum, turn out to
belong to the Zygosporee, The zovspores also exhibit the
propensity to “agglomerate,”” and, judging from other in-
stances, this suggests the probability that they conmjugate
also.

Pheosporee.—Janceewski and Rostafinski® studied zoo-
spores of various species at Cherbourg during 1572, with

' 1 have copied one instanee from him (spre, p. 805).  Perhaps 1 should
bave puf a ? after * Conjugation.”

* I, Parfitd has given a strangely erronecns acconnt of ifts life-history in
* Grevillea,” vol. 1, pp. 103-106.

3 Supra, p. 307, ¢ Swpear, p. 8105 Bostafinski, L e, p. 145

* Loc. cit., p. 575, & Loe. cit., p. 371.
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especial reference to the possible oceurrence of conjugation
amongst them, They failed entirely to detect anything of
the kind, the zoospores coming to rest and germinating
within twenty-four hours. They conclude, therefore, that
the problem of the sexuality of Phwospores will be solved,
not by the further study of the zoospores of these alze, but
by the detection of female organs which have hitherto eluded
observation.

I must conclude with an historical reclamation. 1 am
indebted to Dr. Carpenter for pointing out to me that in
1548 Thwaites! indicaved that sexuality existed in its most
generalised form in conjugation, a view of which I attri-
buted the first conception to De Bary (supra, p. 299) ten
years later.

I may also add that, as early as 1854* Cohn pointed out
the morphological parallelism which exists amongst Thallo-
phytes in which chlorophyll is present and those in which
1t is absent.

W. T. Triserron Dyen.

L ¥ Ann. Nat, Hist.,” 2od series, vol. i, p. 163
#* Nov, Act. Acad, Nat, Cur.,” vol, xxiv, p. 14l



