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Introduction. .

Schistostega: osmundacea, the luminous moss, was first dis-
covered” at the end of the eighteenth century in England and in
Germany, and since -that time it has been found to exist in various
parts of Europe® and also in ‘North America.? i

In Japan,” the moss was. collectcd for - the first tlme in the
year 1910 by K. Kovama, in -the cave SenJOJlkl at Iwamurada,
in the province of Shinano. , : : .

Since then, -the moss has been 1'epeatedly found in various
other - places” "in ‘the gsame« provmce, about half of Whlch are

1) cf. Wmsov ‘W.{ Bryologia Bnttamca p 300. 1855 and - Ro’m, G Die europalschen
Laubmoose, I, p. 555. 1904.

2) ExcLERr, A. und Prantr, K.: Die natiirlichen Pﬁunzenfnmlhen. 1. Teil, Aht 3, 1. Hiilfte,
Pp. 531—532. 1903 : Paris, E. G.: Index btyologxcus, pp. 226—227. (Editio secunda) ; LESQUEREUX,
L. and James, T. P.: Manual of the Mosses of North America, p. 189. 1895. -

3) Mrvosar, M.: Uber die Kultur der Schwlostega osmundacea, Scume. (Bot. Mag., Tokyo.
Vol. XXVI, 1912)

4) According to Yacr, (Journal of Educnhon of Sbumno, vol. 335, 1914) the moss was
found in twenfy-seven places; .nsw, however, it is known to exist in more than seventy localities,
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sitnated in the mountainous regionA bofdéring on the province of
Kozuke.

It has also been found in a few places in the provinces of
Kozuke, Shimotsuke, Yamato, Yamashiro, and Musashi.

The first important contribution to the study of the physio-
logy of Schistostega osmundacea’ was made by F. Norn (4) in the
year 1888. He has shown that the curious phenomenon of the
moss emitting an emerald green light, depends on the peculiar
structure of the cells of the protonema. The latter are somewhat
ovoid and have on the elongated side from four to six chlorophyll
bodies, the main central part being filled with transparent, colour-
loss cell-sap. The light passing into the cell along the optical axis
is so refracted that it falls on the chromatophores on the parabo-
Joidal wall, so that it becomes brighter than when it comes in. ‘

The light that enters the cell outside the optical axis, however,
is not refracted in such a way that it directly reaches the
chromatophores, but makes a total reflection twice on the parabo-
loidal wall, and is refracted out again from the cell, taking a
direction parallel and opposite to that of its incidence.

As the outcoming light passes through the'chromatophores, it
appears not white, but strongly green. That the green light
given out by the moss is of a nature quite different from that of
phosphorescent light, has been fully established by Norr.

After making further investigations on this phenomenon in
1908, Sexx (7). came to the conclusion that the angle of in-
cidence made by the total reflection of the outer and: the inner
ifays of 'lvi-ghﬁ on the back wall is 65° with the former, and 45°
with- the latter, when the paré.bdloidal part “of this. cell wall has
an angle of 42’—'430,. and that, when the rays are reflected by
the oppdéite wall and sent out of the cell in the direction of the
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incident rays, the former make an -angle of 35° and the latter an
angle of 56° ' By calculating the index .of the 1ef1act10n of :light
of the cell ‘he obtained v=1. 50 , .

As to the culture of this moss MryosaL. (3) made a series ‘of expe1 i--
‘ments in ‘1912, and ascertained that it can easily be- caltivated. -

As the Schistosteg ga is always found in a cave where there is but
little light, it is mtelestma to- ascertain the intensity of light mos$
suitable for the moss, ‘and the degree of temperature and per cent-
age of humidity required for its growth. It would further be of
interest, to know in what artificial nutritive solations: the' luminous
moss grows best, and lastly, whether.this nioss, In common with
some other s'pecies,. dislikes lime. A

The present work has been . carried on in the Botanical In-
stitute of the Science College of the Imperial University of Tokyo
from August, 1914, to July 1915, under the guidance of Prof. M.
MivosHr, to whom T beg to express my, sincere thanks. Acknow-

- ledgments dre also due to Mr. T. Kopavassi, Principal of the Heion
Primary School; to Mr, T. Kugorwa, Head-man of the same
village ; to Mr. R. Koxo, Punclpal of the Tna Agricultural School
to Mr. R. KAKEGAWA, Principal of the,Iwammada Primary School ;
~and to Mr. "G Yumoro, all of ‘whom  have greatly assisted me
in making observations of the moss in its' native -place. I-am
‘also greatly obho'ed to Mr. T. Yacr, teachel of Natural History at.
- the- Nagano Girls’ High School,. and to Dr S.. Oxamurs, both of
* whom have furnished me with valuable materlal. for my studies.

I. Natural Occurrence of Sch@stostega osmundacea-.

.7 On an exeursion to Mt. Komagadake,- to the Nakabusa Hot
.-Springs, and-to the Yutanaka Hot Springs, in the summer of 1914,
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where the Schistostega was known to thrive, I made some observations
on the matural conditions of these places, all of which are in the
province of Shinano. The differences in the intensity of light, in
the humidity, and in the

temperatare in and out of
the caves were carefully
estimated. '

Natural Conditions of |’}
the Caves. — The caves
in which the moss is
found, consist of augite
andesite (in 21 places), of %
granite (in 12 places), of
clay-slate (in 9 places), of
shale (in 3 places), of
diluvinm formation (in 3 |
places), and of other kinds |
of rock (in. about 14
plac:s). Possibly a vol-
canic rock like andesite,

which is very easily weath-

Illustration 1. A crevice under a crag of biotite
granite in Mt Komagadake, at an elevalion of 1900 m.
ditions for the growth of showing the natural occurrence of Schistostega osmundacea.
% shows the spot where Voux's Photometer was placed.

ered, affords the best con-

the moss.

1. Mt Komagadake.—In this granitic mountain the moss
oceurs in small caves as well as in holes formed at the foot of
fallen dead trecs, at a height of 1850-2400 m. above the sca-level
(see illustration 1).

The soil of these places consists of weathered rocks and de-
composed vegetable mabter. The caves mostly face a direction
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‘from the south-east to the south-west, only one of, them facmo
due north. . | ‘ ST

2. Naka,busa Hot~ Spring and ™ Mt. Amyake —On the way
from Mlyashlro to Nakabusa, the moss is found in successive small
caves for a dlstance of about 5 mlles On Mt. Ariyake, near
Nakabusa, it. occurs in caves and in “holes _at the foot of fallen
dead trees, at a heicht’ of about 2250 m. above sea- level. . The
rock consists of biotite granite, and the caves face vauous dlrec-
tions, only a fow looking north. Tt was only in the above-
Vmentloned locahty, near- Nakabusa, that I found much of the moss
furmshed with sporanorla, in other places the moss ‘was almost -
. -always. found m a. sterlle condltlon : .

3. Yutanaka, Hot Spuncr (Hemn-mura) —On the banks of
the _river Yamase _which runs thloucrh the southern part of the
v1lla0'e thexe are four large caves (560 m. above sea- level) facing
south West with vravel beds. : con

Inten31ty of - Lloht —For deter mlnmo' the . intensity . of hoht
I found VOUK S (9): photometell’ very convenient and easily portable.
Wlth thls apparatus 1 ‘compared the intensity of light inside
'the caves wmh that outside. For example at Mt. Komaoadake
L=l 1o o

=3 B4 and a,t Nakabusa L—-——949 5394

For the caves at Yutanaka I cstlmated the « L1chtoenuss
about, once in two months from. August 1914 to Apul 1915.
The results may be seen in the following Table

1). VOUK; V.: Ein verbesserter, neuer Wlesnerscher iInsolater zur Bestlmmung des Licht-
. genusses (Ber. d. deutsch. bot. Ges. Bd. XXX Pp. 391—394 1‘)12) Compare also WIESNER, J. *
Der Inchtgenuss der Pflanzen (1907) ' .- .
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7

- Humidity.—At Mt. Komagadake and at Nakabusa, I.tested
the humidity in the. caves where the ‘moss occurs, and found . that
the mean humidity was 949 and 100% respectively. At Yutanaka, -
I obtained the results as given in Table II, the mean humidity -in
the four.caves being. 93%. : .

-

- Paprs IL

Humidity and Tem'perature

in ‘and out of the Caves at Yutanaka.

Outside the

time ‘Wea';he‘ pnve 'l Cave 2, Cave 3 . 'Cnve 4. Chves,
‘ H|\r ||| |r|\ul|lT|H]CT
6 5‘;%{{;‘514 Fine. | 909| 21°C 89%][19.9°C | 60.594(29.5°C.
g Spaam ) Fine | 1009423.5°C, 10094119:5°C.| 95962170 | 9694l21.2°C; 6694128:5°C.
;02‘,‘[1111%3‘;{‘4 Fino. | 98%R17°C, 9895120.4°C| 999%l20.7°C. 9804121 2 c . 759|28.7°C,
s o2 | Fine. | -o39517.2°0] 96917.3°C| 945 16.5C] 1009] 16°C. 949]14.8C.
AREAm | Fine. | 03515100, 9aggliec| 95%1a5] 989gl14.0°C, T7%/16.7°C.
et 4. | Fine. '.83%11.7°0_ 899%| 11°C.| 929 9.6°C|.1009| 9°C| 7494[11.7°C,
31%5{21%_1’1'311'4 Fine. 85%[106°C. 90%[101°C.| 86%) 9.5°C, 9195] 9.1°C 7Y} 7°C.
X0 e [Clondy. | 8194 9.1 89| 9.4°0] 8795 s2rc| sso] o] sesl 6.
LT 1015 | Fime. | 8% 48° 8059 45°C, 87%| 29°c| a5 2mc| 803 19°C:
D0 00m | Cloudy. | 9395 a.6°C| 9596] 48°0] 9695 3100 939 4.2°0] 1009 2.7°0,
10-12 lo15 |Cloudy.| 909 5.2°C, 19| 47°| 96%] 3.3°C| 960q| 32°0| 2P| 3°C
| sondion | mne 95% 62°C| 929¢] 5.7°C] 91%] 5°C| 95| 45°C| T4%| 4.2°C.
B LNEAm | Bine. | 909 87°0) 979, 70, 95| 7.8°C.  97%] 6.7°C76.5%] 9.5°C,
Eam | Fine. | 93g2eoc '100%17.8‘;0. 925%[205°C | '9695205°C, 699|29.5°C
18k s | Fine. | 93962220/ 10094 18C) 9196R06°C| 930y 2170 B0gg 31°C,
>. Mean Humidity. 90.7%] 19459 92.8%| 959
H=Hamidity. " T'=Temperature.
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"~ From Anglis{", to October, the soil in the cave was wet, and
the growth of the shoots and of the protonemata was very active.
From Deécember to January, on the contrary, owing to the com-
bined effect of lower température and decreased humidity, the
protonema was in an inactive condition and the reflection of light
from it was hardly perceptible. On the approach of - spring, how-
ever, the moss again began to thrive with the increase of tempera-
tare and humidity of the soil and air, forming sporangia at the
end of March.

Temperature.—In August, the moss attained its full growth,
producing protonemata and shoots in abundance, and the phenom-
enon of the reflected light was ~most remarkable during this
season. 20° to 25°C. seems to be the most suitable temperature
for the development of this moss, the mean temperature observed
at Yutanaka being 24°C. in August. Towards November, when
the mean temperature was 9.1°C., the growth-of the moss
gradually declined, and the reflection of light greatly diminished.
In January and February, when the mean temperature was as
low as —14° and —0.9°C. respectively, the growth of the
moss naturally ceased. From the middle of March on, the
grox\%th of the prbtonema was renewed and. the reflected light
could gradually be noticed. In winter, I observed that the
temperature in the cave was always from 2° to 5°C. higher than
that at the Meteoroldgieal Station in this village. As the lowest
temperature in the village was —11.5°C. this year, the minimum
temperature in the cave can be estimated as mnot lower than
—9.5°C. 4 _

Assuming that in all the caves where the moss oceurs, the winter
temberaﬁm‘e inside the cave is always higher than that outside,
then the temperature in these caves would probably never be
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lower than ——20°C P Moreover, most of thesercaves being covered
with snow dumno the whole winter, the temperature of the
ground on whlch the moss grows cannot be even so low as
—20°C. In proof of this fact the foflowing observations made
ab Kashiwal;éra (Shinano) are given. ‘ 7

Temperature in the snowdrift at Kashiwabara.
Max. temp. | Min. temp. Difference )
Temp. Aof Air. 1.9°C. . =5.1°C. 7._0°Ct
lenégo“(:n the 911rfacc of 2.1 | V, 71 ' - 9.2
o e Sonte, | 12| -2 |09
gl | ae | s | o
Tenip. oﬁv thé Ground. - 0.0 00 0

As to the cave (Senjojiki) at Iwamurada. on the 3rd Apml
1915, T made the following observations for temperature humldlty,.
and intensity of light.

1) The minimum temperatures of some localities, near which the luminous moss is found,
are as follows:

Iwamurada (Shinano), —~16.4°C Feb. 1914.
Mt. Asama . —19.5°C Nov. 1914—Mar. 1915.
Matsumoto » -~ 22.9°C . Jan. 1913.
Nagano . —11.4°C Jan. 1913.

Karuizawa . —215°C . Jan. 1913.
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“Weather Humidity Temperature Intensity of Light and relntive « Lichtgennss ”
) o ] ) [
4 o b > o B - About 1m. fr. O B
ed 1”32 | @& | o | Farther end | On the side =]
=1 52 O ..‘B?, of the Cave. | of the Cave. gléeﬂinté‘::::e E%
5 842 | & 85 - | 84a.
Cloudy | 919 | 909 | 66° | 922 |[= S oV Pl T il
(] () g . | - ——| 0.1029
0.0008 986 0.001 5 0.0143, T3 1

I=Intensity of light. L=TRelative « Lichtgenuss.';

II.. "Materials and Methods.

The materials for the present studies were almost all collected
from the caves at Yutanaka. The spores used for germination
were obtained at Nakabusa. _

In making the various experiments mentioned below I-found
it convenient to cultivate the moss in a Perrr dish and.to put
it in a wooden box of 33 em.x 25 em. X 20 cm. capa,clty with an
?aperture of 13 em. square in front. The moss thus' gets as*much
light as in its native place, its beautiful emerald greeri‘ light being
easily seen from outside through thé aperture.

I then put into the Prrer dish a piece of -brick (or tile)
which had been completely sterilized, and .covored this Jlightly
with the soil on which the moss had been growing. In a short
time. protonemata were seen to grow all over the brick (or tile),
and in about two months many shoots were produced.

Tnstead of using a Prrrr dish I put a whole piece ot sterlhzed
brick into a basin with a little water and deposited on it the
protonemé,-laden soil. The whole was placed .in the box as de-

scribed above. -
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. . lnfluence of 'Lighf on the Growth of the Moss.

Thanks to -the researches of SERVETTAZ (8), we now “know
that for each sort of moss and at each stage of its development
there is an optimum light. -If we wish to obtain a good-regult in
culture, we must device an arrangement which W1ll allow the moss
" to get as near an amount of light as'the plant obtains naturally.

Schistostega thuves well in a cave where the light is so
feeble that many other, common, species of moss could not live.
The classmal researches of Norz, and the . recent studies of - SENN,
show that the cell of the plotonoma being lens shaped, can eflfect
assimilation in-a feeble light quite as Well as other speues do in
much - brlcrhtel places. .

1. Optimum Intensity of-Light and opt1mum “ Llchtoenuss —
In my present study - first estimated the optlmum 1ntens1ty of the
llght and - the opbimum * Lichtgenuss ” at _Yutanakft Results of
which are given in Table I ‘ - .

At the farther end of the cave, the intensity of light was
between 0.0013 and 0.0111 (Bu~Nsex’s unit), while near the entrance,
it was betwecn 0.01 and 0.09. Outside the eave, it was between
017 and 1. . - | L

" In the cave,; - tho" shoots’ grow most abundantly near the
entrance, ‘while the motonernata thrlve best at the farther end.
It seems, therefore, that the optimum intensity of light for the
development of the plotonema is . between 0 008 and 0.002, and
that for the shoot is somewhat below 0.09. It W111 ’llSO be seen
that the opt1mum mten31ty of light for the moss -is between 0.02.
and 0.002. A s

The relative * Llchtvenus of the moss s at a.bout 1m. from

_the entrance of ‘the cave 1s obselved to be : L-——— o; T and at
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‘ ‘1 1 .
_the falthel end of the cave: L=—5g5—35s77 - According to

WiEsNER (10), the relative * Lichﬁgenuss ” in the light and in the

shade is in most cases but in our caves, at the farther end of

1
30°
the latter as mentioned - above, the maximum ¢ Lichtgenuss” was

1

T and the minimum

_
357.1

1. 1
the mqss between 0] and 500 -

The following experiments made in the laboratory of the

and the optimum * Lichtgenuss ” of

Botanical Institute show that the intensity of light given above is
just what the moss requires.

1) On the 15th of September, 1914, I placed, in a dark room,
seven Perri dishes, each containing the -moss, at 15 cm., 30 cm.,
45 cm., &c. distance from a small window, and repeatedly observed
the intensity of light in every position. The following results
werc obtained. (Table IIL, A.) - |

Tasre III., A.
Intensity of Light and relative ¢ Lichtgenuss.”

45 cm. from o =
. 30 cm. from 15 cm. from .
Window of the | “\yindo. Window, | Outsile
Time Weather | Ark Toom.
I L I L I L I
. 10-12 am. . 1 1 = 1 p
, . .0025 ) — 0.34
97, XL 1914, Fine 0.0006 5716 0.00! 5732 0.0057 0T 3
11-12 am. ~ . 1 1 1
‘ine. . 0.0027 | - __ X — 0.2)41
13. I. 1915. Fine 0.0007 PPTUN : 1085 0.0069 176
10-12 a.m. . 1 -1 1
i . _— - il 0.294
28. 1. 1915. ) Fine. 0.0008 3676 0.0 127 1089 0.0076 386 1,
10-12 n.m , 1 ‘ 1 1 | 05146
. 11-12 am. . 1 . 1 1
29. IV. 1915. Fine. 0.0015 o 0.0057 } THL 0.0229 36 1




Physiological Studies on £chistostega osmundacea. 13

In the Perrr dish, placed at 15cm. from the window, the
moss began to show its emerald green light in one week, and its
protonemata increased greatly in number during one month. At
30 ¢m. distance, the growth of the protonemata was ‘even better.
_ But at 45 cm., though the moss throve well at -the beginning of
November, it gradually ceased to develop ‘as the days went on,
hardly any growth being observable in the months of December
and January, and no emerald green light. being then seen. The
light was observed to reappear at the beginning of Apul The
moss in ‘the Prrrr dishes- placed farther back ceased’ altogether
to grovs'ff When they were brought to 30 cm. distance from the

window, however, the moss began to develop actively and to send
1 1

4 108.9 ~ 1905 °

From these experiments, it follows that 0.01—0.002 is the proper

16tensity of light for the growth of the protonema, and that mo

out a- reflected light, L for this - distance being

growth is possible when it is below 0.000 5.

~ 2) By the culture of the moss in the PETRI dish (pa.ore 10),
I obscrved the different degrees of ‘the intensity of light in the
three boxes, and noticed 0.0069—0.0008 as the most sultable for
the development of the moss. The “ Llchtoenuss of the moss in

1 (Table IIL, B.) -

1
these boxes was TR 3340
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Tasre III., B. .

Inténéity of Light and relative ¢ Lichtgenuss.”

wafx?;llbox. No. 2. ' No. 3. Outside
"Time Weather -
I | L I I I L | I
2-3 p.m. . 1 1 1
27. XL 1914. Fipe. | 00013 585 | 00008 | oo | 00015 o | 02058
© 2-3 pm. . 1 1 1
13. L 1915. Fine. | 00023 | g | 00011 | s | 0.0021 T | 01872
1-3 p.m. . 1 1 1 q
. | 00069 | . X o 2 X
1. IIL 1915, Fine @6 | 00028 | | 0003 o 0.2041
2-3 p.m. " 1 1 1 .
28. TIL 1915. Fine. | 00022 | -—r | 00011 oo | 0002 | oo | 0204
2-3 p.m; - ; 1 1 1
0020 | ——— 2 =~ |0 = 4117
29. III. 1915. . Fine. | 00029 | 7o | 0.0022 Bea 0.0049 | = 0.411
1-2 pP.m. . 1 : 1 1
Fine. 0081 | —=—_ | o 1o I 1.
29. IV. 1915. - ne ff 081 | gz | 00028 | g | 00026 o

3) To ascertain whether the above result was constant, I
observed the intensity of light by the culture of the moss on a
whole brick (pagé 10) on three different parts of it.

A. At the edge of the brick.

B. At 115 cm. from tho edge.
C. At 16% em. from the edge.
Between 1—;— cm. and 9cm. from the edge, the shoots grew

well ; between 6% cm. and 11% cm. the protonemata grew well
and gave out their peculiér light. From 16—;— c¢m. on, where the
intensity of light was below 0.0006 and the * Lichtgenuss” less
than 4_&1)(7’ the moss, and indeed the protonemata, could not even

continue their growth. Thus the proper intensity of light seems
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to be-'0.006—0.002" for the growth of the protonemata, and O 01—:
0.004 for that’ of the shoot. (Tab]e IV) ‘

- TasLe IV. o
Inten51ty of Light and relative “ Lichtgenuss.”
) A B. . C. Outside
Time ' Weather :
I I A I ¢ L I r | 1.
 34ppm. i 1 1 o1 . L | hoau
. 0. _— . —_— . e .
1 II[ 1915 ' ‘F1n<e 0069 128 ‘00022 13356 00096 001 0.2941
3-4; p.m P 1 21 1 |
29, II. 1915 Fine. 0.0172 T 0.00£1 T00E —0.0006 OB 0.4117

) Flom the above experlments, I have come to the eonclu51on
that the optimum intensity of light for the development of the moss is.
0.02—0.002 ; that the protonema can grow in a light even as feeble
as. 0.0008 ; that the shoot ceaszs to grow where the intensity zs
0.001, and that the required minimum, Lichtgenuss > of the moss

, 1
is aboul —=5 .

2. Effect of Light on the Moss.—When the filaments of
the protonemata, after growing over the surface of the soil or any
other object on which the moss grows, send new filaments up into
the air, they are easily acted on by light, curving towards the.
direction from which it comes. These growing filaments pOssess- a
positive heliotropism. Their orientation may be ehanced by turning
the culturing dish 180 ‘degrees.” The full-grown filaments are not.
“bent in the new direction of light, but new branches are given
out from cach filament in the direction of the light. (Fig. 19.)
The- growing shoots, too, have been observed to possess a positive
heliotropism. During my _experinient& I turned a culturing dish
180 degrees on the 4th of April, and found on May 13th that the
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shoots were bent towards the light: on May 13th I again turned
the dish 180° and found on the 26th of May that the shoots
again were bent towards the light. (Figs. 1 and 2.)

It is already known that in uniform light, the leaves of
Schistostega generally turn in all directions, but that when the
light is unilateral, their divergence is % After putting a cultur-
ing dish in a dark room for seven months, beginning with Novem-
ber 14th, I found that only- the protonemata were alive. Not a
single leafy shoot had been pfoduced ; but the green colour of the
chromatophores had not Whoily disappeared. It is also interesting
to observe that the shoot is shorter and the leaf larger in a feeble
than in a comparatively intense light. Placed in a position where
the intensity of light is above 0.1, the colour of the moss gradually
disappears from all its parts, changing into a silvery white after
the lapse of from seven to ten days. This is owing to the dis-
appearance of the colour of thé chromatophores and of the de-
struction of the lens-shaped cells. Under such circumstances the
moss soon loses its vitality. In comparing the formation of starch
in the lens-shaped cells of the protonema with that in the filament-
ous cells, we find that it is greater in the former than in the
latter. From this fact and also from that, that a fairly large
percentage of sugar exists in the lens-shaped cell, it is inferred,
that by virtue of these lens-shaped cells “this moss can effect
assimilation in a fecble light quite as well as other species do in
a sfronger light. . ’

3. Movement of - the Chromatophore.—By the studies. of
Norr and SEnw, it has been fully established, that the light which
is reflected from the lens-shaped colls is caused by its peculiar
optical structure. The reflected emerald green-light which re-
appears after the culturing dish has been turned 180- degrees,
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gives place to the ‘silvéry white light, if the dish is placed in its
former ‘position. . This depends on the peculiar form of the cell of
the prbt_onema. As the result of my experiments I have found
that the angle of equal intensity of the reflected emerald green
light is 50°--70° I am, therefore, inclined to think that the
reflected light is emitted from the cell parallel to the incident
rays, not only when the latter is paralled to the optical axis of
the cell, but also when ‘it makes with the axis an angle. not
- exceeding 35°. . On this point, however, much. further study is
necessary before a safe conclusion can be arrived at.

JIn addition to what SeExN (7) has done in regard to the
movement of the chromatophore I have made the following
observation :— . N . _

In unilateral light, the chromatophores in the cell of the
protonema are gathered in its paraboloidal part, which arrange-
ment, SENN calls * Escharostrophe ” (Fig. 20). . If the cultiiring dish
is turned 180 degrees, the chromatophores change their positions
in the direetion of the new light in one week; but when the
dish. is ;placed” in a light whose -intensity is from 0.1 to 0.5, the
chromatophores are“sgattered round . the cell wall in one day, this -
arrangeinent being called  Apostrophe” by SENN (Fig. 3).

‘Four weeks after I put the Perri dish in a dark room
(May 3rd), T observed ‘the'chro'matophores in the’ lens-shaped cell
6f the protonema to be in “ Apostrophe ” (Fig. 4)." In the case of
liquid culture in anilateral light, the chromatophores of the filament-
ous cells-of the protonema are arranged on the side farthest from.
the :light. = This SENN calls ¢ Autistrophe.” .

- As regards the emerald green -light reflected from the lens—
shaped cells, which is again seen after the direction of the light is
changed; I suspect that this phenomenon, besides being dependent
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on the movement of the chromatophores, is also caused by the
action of the filament which contains a group of .spherical cells,
that is, the cells of the protonema spread on the surface, appear to
change their orientation on the turning of the filament.

On December 10th, 1914, I took five wooden- boxes, 15 cm.
square, with a piece of red, yellow, green, blue,  and violet glass
respectively on the front, and covered the Perer dishes containing
the moss with these boxes. In comiparing the results of different
cultures in different rays, all of unilateral light, I.found on the
24th of February, 1915, that thé moss throve best in the wviolet,
the blue, and the yellow light. In the red, it did mot thrive well,
and. in the green .least of all. The formation of starch in the -
_ chloroplast in the cell ‘of the protonema I found to:be greatest
" in the blue and in.the yellow light, the red ranking noxt, the green
following. T ' _

In the violet and the blue, 7—10 days were required for the
reflection of the emerald green light to réappear after the change
in the direction of the light’ in the‘yéllow 10—14 days; in the
red a little more; while in the green hardly any light was seen
reflected after the lapse of even as many as 20 days. I used for
my experiment two sets of the double glass cylindrical apparatus
designed by Prof. Mivosur” to suit the bubble-counting method,
filling one set with an ‘ammoniacal solution of copper hydra,’oe,'and
the other with a solution of potassium bichromate. In each set, I
placed, on the 16th of April, 1915, a Prrrr dish containing the
protonema, covering the former set with a piece of blue glass and:
the latter with red glass, and pasting black paper on the back of
each, I let' the light come only from the front. On May 16th, the

3

1) Mrvosar M.: Experimental botany (Japanese edition). 20d Ed. 1908. p. 415. Fig. 219.
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heliotrepism of the filaments of the protonema was clearly observ:
~ able in the -dish put in the former bottle (Fig. 5), while in the
latter no such phenomenon could be seen. This result coincides
with the well-known' fact that- the ‘heliotropie curvature occurs
more strongly in blue light than in any other coloured light.” - -~

AV, ln‘ﬂuence'of Temperature.

CAMITLE SERVETTAA (8) found that a temperatme between 16°
and 2500 is most suitable for the species of moss he studied ;
‘that those species cease to grow when the temperature is above
45°C. ; and that a° temperatme between 15 ‘anid 16°C. is required V
for the' formation of buds and leafy shoots ; more heat being re- :
quired for this than for the development of the protonema. In
- my observations of Sckzstostega in  its natural state, a temperature
between 19° and 21°C. seems ‘to suit it best. The temperature in-
September and October, 1914, was between 15° and 25°C. in the
“laboratory, and ‘the moss was observed to produce leafy shoots
abundantly. The moes placed in my hot house, the temperature‘
of which was carefully kept between 16° and 25°C., continued
to produce shoots. I have observed the development to siaop
at 2°—6°C." - o

Resistance to lower temperatt.lre.—'l‘o. ascertain the lowest
temperature the moss can stand, T took a wide-mouthed cylindrical
Dewar flask and put a.test tube info it containing the moss
with a ther‘nioxheter inserted. ~Filling the flask with a mixture of
snow -and salt, and covering "it with a cloge-fitting lid S0 as: to
a]low the upper half of the thermometer to protrude from the lid,
the temperature of the test-tube began to fall. When it reached

" 1) Prurres, W.: Pflanzenphysiologie, II Aufl. Bd. IL, p. 577. 1904,
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—15°C., the.cells of the protonema were seen to shrink (Fig. 6),
but the filamentous cells did not die even at —20°C. At about
—18°, however, the cells of the leaf began to freeze, and finally
the shoot “itself died. Keeping the temperature from —12° to
—20°C. for 44 hours; from —16° to —19°C. for 20 hours, from
—14° to —20°C. for 24 hours ; and from —19° to —20.5°C. for 72
hours by the above arrangement; then taking the moss out and
placing it in a hot-house (160——2500) in each case the moss
showed again the phenomenon of reflected light after a lapse of
20 or 25 days. From the above experiments, we can infer that
the filamentous proionema has a strong power of reszstmg low tem-

peratures, and that it can continue to lzue even at —20.5°C.

- V. lnﬂuence of l‘l'umidity.

The humidity of the air has a close relation to the growth of
the moss, which thrives best when the air has a humidity of
above 9076. When tho air is dry, the shoots die and the growth
of the plotox_lelpa, ceases. When the soil is too damp, however,
the formation of shogfé is very slow.\ I took two pieces of- brick,
and covering them with the »soAil on which the moss had been
growing, put each of them in a’ PET#I dish, filling one with just
enough water to keop the brick moist and the other with much
water. I then placed the dlshes in a hot-house in which the
temperature was kept between 16° and'20 (Feb. 1). In the first
dish the‘protonema, began its. growth in about 10 days. On April
12th, I observed that the shoots had grown over the brick in the
first dish, but in the second dish only a few protonemata were
visible. As for the shoots, there were S0 few of them that it
was very hard to find them. From the above.results, it can be
inferred that the more damp the air is, the better the growth of the
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moss, but that. too much dampness of the soil is injurious, to s
development. , ‘ :
Resistance to desiccation.—I took a piece of almost entirely
dried-up soil from the cave at Yutanaka and cxamining it under.
a microscope obtained the pictures as shown in Figs. 7, 8 and
9. In this condition, the filamentous cell of the protonema is
very thin, the chromatophores have lost their colour, and the
spherical cells are shrunk, with their chromatophores broken or
becoming a shapeless mass. The shoots are all dead through
desiceation. ‘ , L

I kept a culturing dish in a H, SO, desiccator for 4 weeks,
until the reduction of its weight had entirely ceased. Taking it
-out and placing the dish in a hot-house for three months, supply-
ing it with water 4ll‘that-time; I found the protonema. giving out
‘the reflected light again and reﬁewing its development.

* This fact has been further ascertained by the recent study of
B. M. Briston (2), who observed that when protonema-laden soil
was stored in a sealed bottle so as to 'prevent the loss of moisture
therein contained, the moss became dormant, developing resting
filaments. He also observed that when the conditions suitable
for the development of the protonema were given,—by putting
the soil into nutritive solution,—young colourless filaments were
produced from the walls of the resting filamentous cells and small
discoid chroma.tophoreé appeared with the incre?se of the length
of the filaments. This rémarkable rej'uvenesc.ence took place even

_after the moss had been bottled for nearly fifty years.

I put a quantity of soil laden with protonema of the luminous
moss in a Perrr dish, and kept it there without any supply - of
water for nearly a year. At the end of that time when I
- examined the protonema under a microscope, I observed the
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protonema to have the structure of
resting filaments. The cells of these
filaments looked like those in Illus-
tration 2: a thickening of the cel]
walls and the existence of a num-
ber of oil globules in the eytoplasm
as illustrated in the figure were
observed. No spherical cells could
he found.

In the vegetative green proto-
nema-filaments, starch is stored for
reserve food, while in the cells of
the resting filaments, fatty oil, in-

stead of starch, is stored for the

. 3 s Ilustration 2. A, B. Resting fila-
FEENLION. 4t VIta'hty ) mentous cells filled with oil globules. O.

That the resistance of the lu- oil globules, C. Resting filnmenlous cell

. . . s with & young colourless filament. F. young
mimous moss to desiccation iS Very vegetative filament. x580.

great, is evident from the fact that after placing the Perrr dish

mentioned above, in a hot-house for 20 days, supplying it all the

while with sufficient water, young colourless filaments were seen

produced from the walls of the resting filamentous cells (Illus-

tration 2, C).

VI. Cultyral Experiments.

~ CaMmiLLE SERVETTAZ (8), in one of his recent papers, treats of
the development and nutrition of various species of moss in steriliz-
ed media. To determine what is the best nutritive solution for
the culture of Schistostzga, I took a number of Prrry dishes and
filled half their depth with quartz sand carefully washed first in
fuming HCl; and then in water from the conduit tap, for 24 hours.
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I then poured in each dish a different kind of nutritive solution,
and planting, the: moss on ‘~the sand, examined its growth in each
dish. The kinds of nutritive solution used wereie o

a) Solution of Ene and Evite MARCHAL"

. b) PrEFFER’S solution.

¢) DerMer’s solution.

d) - Kxor’s solution. | : .

_ On the 10th of March I put the above- mentmned PEI‘RI
dishes, each in a wooden box as described on page 10. On the
15th of May, I observed that the developrnent of the moss in the .
dish containing the- MARCHAL solution was the best, the protonema
producing & large number of shoots and spreading over the whole
surface of the sand.’ ‘In the dishes containing the Kwnor and
DerMer solutions the growth of the moss was not so good, the
“protonema producing fewer shoots and growing over only ‘half its
‘surface. In the dish with the PrerrER ‘solution the growth of the
~moss was observed to be the WOl’ét.»‘ In all these cases, however,
the plant was seen to be - thriving, showing that each solution
contained more or less the kind of nourishment it required. Again
I poured the four different. kinds of nutritive solution each on a
small quantlty of soil taken from the place where the moss ‘had
been growing, and found, as I had expected that the moss throve
best on the soil nourished. with the MarcHAL solution.

‘Liquid culture.—I put the moss- into four ERLENMEYER bottles
of 100 c.c., with 20 c.c. of the four kinds of solution respectively.
From 7 to 10 days later, many adventive protonemata were seen
“-on the various parts of the stem. The shoots floating on the
.surface of the liquid had produeed down in the hqmd adven-

-t

1) This solution should be neutralized before use.
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tive protonemata with only a few spherical cells, and up in the
air many lateral innovations. No lateral innovations werc observed
in the liquid. The Kxor and Drrmer solutions gave the best
result for the growth of the moss.

In comparing the shape of the ‘acrial protonema with that of
the aquatic one, I noticed that the filamentous cell was somewhat
longer and thinner, and the chlorophyll grain of the cell smaller
in the latter than in the former (Fig. 10).

VI Effect of Lime on the Growth of the Moss.

By the studies of H. PauL (5 and 6), it has been ascertained
that all kinds of lime salt are not equally vi’njurious to the
Sphagnum, an alkaline salt of lime, such as caleium carbonate,
being most harmful. Boas (1) ascertained that 0.05—0.28% solution
of calcium nitrate and of calcium chloride faqiﬁtétes the growth of
some species of moss. We have not been told yet of any case of
Schistostega growing in a calcareous cave, either in Europe or
in Japan. In order to ascertain whether the moss really dislikes
lime or not, I put the shoots of the moss in solutions of different
concentration, ‘of caleium nitrate, calcium sulphate, calcium chloride,
and calcium carbonate, and examined their growth in the each
case. : - : ‘ '
1) Calcium nitrate.—In 0.3% and 0.05% solutions the moss
produced a few adventive protonemata m 2 weeks, and in 2
months a few lateral innovations from its stem. The development
of the moss was better in a 0.05% solution than in a 0.3% one.
In 0.1% and 0.2% solutions, it made the crreatest growth, bringing
out many adventive protonemata in 2 weeks, and producing numer-
ous lateral innovations from the stem in 2 months. The develop-
ment was better in a 0.1% than in a 0.2% solution.
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2) Calcium sulphate.—In 0.2 and 0.3% s,o_lutiohs, the moss
did- not produce a single adventive- protonema in 2 weeks. After
2 months had passed, it was observed to have produced a few
protonemata, but no lateral innovations whatever. In 0.05 and
0.1% solutions, ‘it produced a few adventive protonemata in 2
vweeks and a few lateral innovations in 2 months. :

' 8) Calcium “chloride.—TIn a 0.05% solution, the moss pro-
duced a fow adventive protonemata in two weeks, but then it
almost ceased to grow. In 0.1%, 0.2% and 0.3% solutions, the
moss produced no adventive protonemata at all in 2 weeks, but
after 2°months, the moss in the 0.3% solution was seen to have
produced a few lateral innovations. In'a 0.2% solution the moss
produced more lateral innovations and in 0.19% still more (Fig.
21). Thus 0.1% of caleium nitrate, of caleium sulphate, and of
calcium chloride seem to stlmulate the ar owth of the moss to the
“highest degree.- ' ' :

-4) Calcium carbonate.—All the shoots put 'in 0.3, 0.2, 0. 1'
and-0.05% - solutions produced a few adventive protonemata in two
weeks. The moss grew best in the 0.1% solution. - After 3 weeks,
the shoots in 0.05 and 0.19% sohitions ‘were seen to have produced |
‘a large number of adventive protonemata. The shoots in 0.2 and
0.3% solutions produced only a few adventive protonemata, and did
‘not make any growth even after 5 weeks; in 0.05 and 0.1%
solutions, they produced many  adventive protonemata and a few
lateral innovations from the ‘stem floating on the surface of the
liquid. From these experiments I infer that in this case also 0.05
.and 0.12% are the most suitable degrees of concentration.

It seems probable that Schistostega does not dislike lime, at least
not in the above-mentioned concentrations. |
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VIl Germination of the Spore .and the Formation of
the ‘Protonema. A V

. We already know that' with regard to the dmalnon of the
germination of the sporc there are two kinds of moss, one, whose
spore takes from ™ two. to. six ‘months to germinate, and one,
-whose ‘spore germinates in a few days after it comes oub of the
sporangium (C. SERVETTAZ.). Schistostega belongs to the former
kind, its spores gérminating in .a month. after their dispersal
from the sporangium. The spores that I sowed on’earthen plates
in my hot-house (16°—25°C.) on the 26th of September almost
all began.to germinate on the 26th of October. ‘The first filament
which issued from the 'spore had a cylindrical form (Fig's. 12
and .13, dfawn Nov. 30), and "grew ‘by the division ‘of . the
terminal cell. - When this filament. consists of two or three cells,
a spherical cell is produced from the terminal cell (Fig’s. 14 and
15, drawn Jan. 30). Many spherical cells ‘of the same form are
produced in a row by budding (Fig. 16,'draWn Feb. 13). These
- spherical cells begin to ramify, producing filaments or cells like
‘themselves (Fig. 18, drawn Mar.  3). It is by this process of
‘ramification that the surface of the substratum is covered with
‘filaments ‘and groups of spherical cells.

At times, groups of cells of the shape of a tadpole and con-
‘taining many chlorophyll gmms are to be found. . Some of them
are seen separated from the filamentous cells, which, I suppose, can
make an indepéndent growth by their own division (Fig. 22):
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' , Sumlﬁary. R
- 1) The optimam intensity of light for Schistostega osmun-
dacea is 0.02—0.002 (BuNsEN’s unit), the protonema thriving
‘well ‘even in so feeble a light as 0.0008.  The shoot, however,
never grows where light is 0.001 or below it. The relative

“ Lichtgenuss ” is % _5—(1)(7 and the optimum ¢ Lichtgenuss  of the
.1 1.
moss 18 W —_— W .

2) In a dark place, the protonema can live without produc-
ing, for seven months at least, a leafy shoot. In a place where
the intensity of light is over 0.1, the moss cannot live.

3) - The movement of chromatophores requires a considerable
length of time. When the protoné.ma is placed in the light, the
chromatophores are scattered in a day, and when the direction of
ligﬁt is changed, they all -turn ﬁowards it in 7—10 days at a
temperature of 15°—25°C.

4) " The spherical cell of the protonema seems to enable_ the
_moss to effect assimilation in a feeble- light.

5) The moss thrives better, and the movement of the chro-
matdphore is faster in a blue and a violet light than in any other
visible light- except a white light. '

6) The optimum temperature for the development, of the
~ shoot is 16°—25°C. The protonema will not . die so long as the
temperature is above =—20.5°C., the shoot, however, dying at
—18°C. '
~7) The optimum humidity of air is 90%—100%.

8) The protonema has a strong power of resisting desiccation.

9)- EuE and Evne MarcrAL’s solution is the best cultural
medium for the moss. ' ' |
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10) Calcium nitrate, calcium sulphate, calcium chloride, and
calcium carbonate, each in 0.1% solution, are not only not in-
jurious to Schistostega osmundacea, but stimulate its growth to a
certain extent. '

11) The spore, ab a temperature of 16°—25°C., germinates
in’ one month, and its first filament has a cylindrical shape, pro-
ducing many spherical cells soon after.

Tokyo, June, 1915.
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Plate 1.

Fig’s. 1 & 2. Heliotropism of the shoot of Schistostega osmundacea (Dicks.)
Mongr. ; / first dircction of rays; ,# direction of rays after being
turned 180°-; /~ direction of rays after being turned 180° again.

Fig. 8. Position of the chromotophores in the cell of the protonema when
placed in the light (Apostrophe). '

Fig. 4. Position of the chromotophores in the cell of the protonema when
put in a dark room (Apostrophe).

Fig. 5. Heliotropism of the protonema in a blue light; / direction of rays.

Fig. 6. State of the cell of the protonema shrinking at —15°C.

Fig’s. 7, 8 & 9. Protonema in a state of desiccation.

7. filamentous cell ; 8. tadpole-shaped protonema ; .
9. lens-shaped cell:

Fig. 10. Protonema cultured in Kxop’s s.lution.

Fig. 11.  Spore.

Fig’s. 12 & 13. Cylindrical filament issuing from the spore.

Fig’s. 14 & 15. First lens-shaped cell produced from the filament.

Fig. 16. A row of lens-shaped cells produced by budding. '

Fig. 17. Filamentous cell produced from the terminal lens-shaped cell.

Fig. 18. Beginning of ramification.

b) mnew cell produced by budding.
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Fig. 19.

* Fig. 20.

Fig. 21.
Fig. 22.

‘Plate II.

Photomorphic action of the filamentous protonema of Schistostega
osmundacea (Dicks.) MonR. ; / first direction of rays; £ direc-
tion of rays after being turned 180°

Normal position of the chromatophores in the cell of the protonema
in its native place (Escharostrophe).

Shoot put in a 0.19 solution of calcium chloride for 2 months.

Tadpole-shaped protonema. 4

a) one that is separated from its mother cell.
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