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PHOTOTROPISMS WITH VONOCHROMATIC LIGHT IN FUCUS AND VOLVOX,

T Ondrsdnelinn

The power of light stimuli to produce orientationgiaﬁé“
1?bpisms is a phenomenon which has been widely demonstrated in
both the plant and animal kingdoms. WNot only canyf unilateralixktumuu;z
direct movements and gsrowth but in some srecies of vlants, name-
ly ¥quisetum, Fucus,=s$ Puccinia,and related forms, it can
establish the direction of the first cleavage plane of the ger=
minating spore. Since in such cases the cell on the shaded side
of the spore becomes the rhizoidal cell the polarity of the
plant is determiné%:fzrespective of gravity.

In any attempt to discover t ¢ mechanics of such tropistic
reactionsthe first problem is to find what wave lengﬁhs of
light are responsivble, and to what extent they are a function

of the quality of the stimulugapart from its quantity or inten=-

olty This, then, is the »u nose the resent in estlgati

3,, rev1ewing tqe ld% e ature blOlO ical e erlments

with monochromatic light one is struck by %he—&bsenee—ef—quTntr—ﬁﬁ

fwmitave records of weitner the quallty or tHe intensity of the ill-

filters used to obtain monochtomatié lig:t transmit not only
thogse wave lengths which predominate aund give tiie color to the
screen, dut wmlse othe7barts of the spectrum)thqkresence of which
can be detected only by a spectroscopic analysis.¥or exampl e,
certain results are frequently ascribed to blue light with no
record of just what range of tne svectrum was used nor what
wave lengths other than the predominating ones were acting.
Another source of inaccuracy has been the neglect or over-
sight of the great variation in the intensity or quantity of ra-

diant energy transmitted by the color screens., Biological ew=
SO e T AN TP






fxperimenters have fot “he most part failed to teske into con=
éideration the fact that the quantity as well as the quality
of the light stimulus varies with the different colors and
that the former variable 1ust be eliminated before results
can be attributed to differences in wave length szloneiwQuite
recently ()7Nf)puch work has been done and published with the

de  pae "
statemenp thet resul s are ﬂ litative eﬁfy becauce zhgge is

e Covuse
of radiant energy . Eoﬂ%vertfiere have b e?Aseveral methods de-

ho way of comparing llghts of different glors as to smounts &
vised by means of which the relative intensity of monochro-
matic lights ¢an be measured.
The first exact work of this nature was done by Kniep

and iinder (/997). They useda s blue and a red color screen and

a green solution, with sunlight as the source of light.

The wave lengths to which each,ﬁggk transparent were known;;
and the energy behind each was determined by means of a therme=-
pile and a d'Arsonval galvaenometer. The interference of trne #
long heat rays was prevented by inserting s water layer in
a parallel sided container between tne thermopile and the
source pf light.

Day (I7H ) obtained lignt of known wave length by means &7

of a _spectBum from: Jernt Glowergs formed by & carbon
bisulfide prism end cut down byja diaphragm witn narrow ver-

ticel slits which could be adjusted so as to permit any de-

sired region of the spectrum to be used. In tunis adjustment'a
spectroscope wus used to debermine the exact range of wave-
lengths passing through the slit.in each of the four illumin-
ations used, --- red, yellow, gfeen, and blue.He meuzsured the
intensity of each with a Boys r:diomicrometer, :nd balanced’
them by varying the number of glowers employed in the lamps.
Thus there was one glower for the red light 1ight, two fof‘the

yelliow, and three fofr the green and blue.






(194 )

Laurens in an investigotion of the reactions of amphibians

used these same metnods and the same uzpparatus for the quantéi

tave snaljsis of the monochromatic light he used* and $or balanc-
ing them with respect to their reintive intensity.

Gross(!/9/3) also used these same methods in determiéning
the reactions of Arthropods to monochromatic light.

An instrument has been devised by liacDougal and Spoehr_( )
which messures the total radiant energy of any light in terms of &
its dissociation eftect on a photosensitive substance. This is
messured by a galvanometer. The advantsges in the use of this
nphotoelectiric cell" are said to be its exireme sensitiveness té
the wave lengths of the blue end of the spectrum,add the fact tht
ite sction in lignt is"more nesrly that of tne organism than that
of any other light measuring instruments a&ailable.”

There have been therefore three different'metnods worked ot
out for biologicel experimentsfor the quantiteive analysis o

light stimuli; viz., those of Kniep and i{inder, Day, and of

&—— MacDougzl and 3poehr, The interesting apparatus of PattenUWg)
add of Loeb and Narthrup wherebya quantitave measurement of the re-
sction of organisms subjected to two beams of light of different
intensity, is obtained. The measurement is in terms of the angular
deflections from an initiah path of locomoti$n. The same methods
might be anplied to work with colored lights. A quantitative measur-
ment of the greater effectiveness of one spectral region over another
of equal intensity might ve measured by the angular deviation of the
path of a motile organism from a line perrendicular to a line connecte

ing the two sources,
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. As biologocal science bec mes more exact with the tend-
W%QQ“@%.'\exggjﬁ‘ssiop r‘fl natural p?ep?m;‘ngx to mathematiecal 'fo.xjin-

1k g'goquf.pé;;ly,.gss?nxial to define g_ti;,nulé_ of all sort:sl‘q_u‘r:mt-

ively. Iwnﬂite or incomnlete t,e‘c.p{gt?n_qf light stimuli can

?{mu, be attributed to the lack of means of measurkng them be- A
k#hﬁg-to. a s,-.c?.&oe:COp:e.‘gnd thexjp(ppil‘e make it po‘ssih:l.‘eT ;o .
: yse any light qualitatively and guantitatively.
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There are two methods for obtaining monochromatic light for
biological experimentS = ---the pY¥ojection of a spectrum upon
the &;éiﬁ#{ organismg,o%?&gﬁof filtered light passed through
a colo screen.The former is theoretically th§1hg-# for exact w
work but techmical diffdculties such as the limited dispersion
and low intensity make it imvpractical for many investigations.
Liight filters of glass are the most convenient means of se=-
curing approximately monochromatic light when unilateral ill-
umination is desired. Ordinary color screens transmit too wide
a range of wave lengths for exact work and at present there e»
are very few whose light is of sufficient homogeneity.The oest
is the Wratten filter screen, made in London, which consists o
of a dyed gelatine film between two glass plateé{chougal and
Snoehr(1917) have described some colored'glass screens designed
by them for biological work, but the range of wave lengths to
which:2£2§:i§fbg;§ﬂg;arent is considerably greater than for
the Wratten filter.

In the experiments to be described, seven Wratten 1light
filters were used , each of which was fitted as a window in the
end of a d%? box. Fach transmitted only a narrqw range of

wave lengths but all togethef they embraced the whole of the
visible spectrum. The wave lengths to which each screen was
transparent wesedetermined by testing tne light transmitted by#
each with a direct wtsion spnectroscope with a wave length scale
attached. Thus the quality of the light stimulus acting in

each box is accurately known,






The source of light oest adapted for use with filters for

which 211 the wave lengths of the visible spectrum are requireé
P %M

is the electric src. The advantages of tts use :re that all the ~°
filters aan be used in each exposure, insuring identical condition¢
of temperature, constancy of illumination, etc. The disadvantages

sre several. In the first place, the intensity is constantly chang
ing as the carbon%?urn and the arc gets ionger. Torse, the lessen-
ing of the intensity may not be the same for all the wave lengths.
In the second place, fluctuations in the current cause large varie
ations in the intensity. In tlie third place, unless an gflireyX
automatically adjusted arc is avaiblable, it is necessary to adjust
the carbons by hand every five to fifteen minutesy, anfi when an
eight hour illumination is desired,tﬁénentails considerable inconven-
-ience.

The dark boxes were 10x13 cm.and 8 em.high,in one end of each of
which a hole was cut so that ome of the light filters, ¢ x6 cm.
might be fitted into it. The boxes were made light tight with

tightly fitting covers, and were painted black inside to guard agsd
for cthe cultures
against reflections within the box. The dishes usedﬂwere made of
microscope slides cemented together with sinc eement so as to make
shallow oblong dishes 7.5x2.5.cm. and 1 cm. deep. It was deemed

necessary to use such flat sided dishes in order to prevent possible

complications from reflected and refracted light in the






ﬁgéii;—cugving gides of ##=8 round dishesn, Ih ordér to exrose more
than one dish eE==For®™® behind each screen Lo that none would be
shaded byf another, a rack was made to fit inside the box with
cleats projecting inwerd from the v ends sO that three dishes cﬁould
be slipped into it one above the other.The light ,envering through
he screen at the end of the box , fell equally on the one exposed
side of each of the three dishes, The rack containing the dishes
could be easily lifted out and cﬂarrisd to the microscope for_exa?in;
ation without disturbing the aang.*éﬁ*g}ﬂkiﬁadaoAuuihvzu&uwzurdzzh*-
The syectrosccric analysis of the light passing the screens
determines definitely the quality of light entering each box, It is
at once evident that the quantity or intensity of light behind
filtersseo>cens placed at &ifE#P#EY equal distances from the source,
varies,both because tne intensity of 1ient transmitted by the differf
ent screens is different,and because the different colors are not
radiated by tﬁe arc with equal intensity.This being the case , dife-
erences ing results ootaninred behind the screens .could not be attri=-

buted to differences in the quality of the light stimulusi alone,

ehergyﬂsfﬁiaiﬂcolofé&‘iféﬁzg—zilghéd%hermogilé‘é;& sensitive gal-

;ghometer;\The thermopile is very sensitive to the energy of

any ether vibtations whether they be the longer infra-red or so-
called heat rays,or the shorter, actinic rays,of the spectrum.

The method worked out for ¢efiminating the intensity variable

in the use of the filters employed for thiseinvestigationg, consisted
in finding the distance g from -the 1ight source at which each box
with its colored window should be placed in order that the intensity,
as indicated by the deflection of the galvenometer when the—epen
end—ef the thermopile was exposed to the light behiggeﬁ;i}tggs equel
in each case.

It seems necessary, on account of the questions whiéh have

been raiseaburing the course of this work, to stde here that the
thermopile is equally sensitive to the energy off the red and:&he vio-

d
let eng of the spectrum, and is, therefore, an accurate measure =






of the total amount of light acting behind each color screen. ?h;g- =
~fe—true—veesuse fne difference between heat and light is only a mate
ter of wave length.kt—is—tpue—that fhe thermopile meas&resA in
terms of the eilectric current produced by a difference in temperst-
ure of the exposed and unexposed junctions; but it does so by vir-
tue of the fact that the energy of whatever vibrations fall upon
it/be they long and therefore heating in their physiological ef-
fect)or short and therefore only perceived ad light,is converted
into heat energy upon being absorbed by the expésed junction of the
thermopile. In other words, the ligh: of the blue end of the spec=
Yrum produces én electromotive force much less than that of the
infra- red but no less measurable.

-‘ >
fhe instrume¥nts uced in the enegy celibration of these

screens were‘:;-gizgﬁﬁi;:}eetuse table thermopile with juncticns

of bismuth and -emtimensy and a moderately sensitive galvanometer
(d‘Arsonval).!Eiziékkelcctric arc similar to the one later used in W
the experiments themselveswas the source of light@'The thermopile wis

@ldd®E with the open end screened by one of fthe light filgers, was , - .
exrosed to the light until the galvanometer indicator reached
a maximum deflection which tock,ordinarily, about thirty seconds.
The number of divieions through whlch the spot of light re-
M—b-ﬂ-/-‘ - S a ok
flected from the galvanometer mirror,was noted .This was repeal-
ed six times and the average deflection recorded. The other
filte:rs were then used in turn to screen the thermopile |

and thermopile and screen  moved to sucth % déstancg’grom the

arc that the displacementf of the galvanomater g3 indi-
e 2 A~ coik-

-~ 3
cator unxd aporoximately eoual .%glsTglstanceawas-al
M’fu,u
gexewe=d for the unsereemed thermopile, ted

which- renrecen
tﬁe removal of the control from the source.For the experimens
the quantity of light used can be varied for the whole set #
of screens by @ultiplying or dividing these distances by
the same numbe%andthe intensity idall the boxes will remain

eaqual. The actual amount of 1ligcht in ceandlenowers can be






measured by means of a photometer. Then from the law of in-
verse squares, viz., that the intenséty of light per unit
surface vareées inversely as the aquare of Tbe.distance from E

the source , the intensity at any distance from the arc can

be computed., TWE3—

set d?j)
The calibration o exscreens was repeatci seven times

or until satisfactory checks of the distances were obtained.
Witb} some thermop%les of less rapid action than the one used
here, it qu/ is imrossihle to get results by waiting for
the galvanometer indicator to come to a steady State.In such
a case the deflections produced by exposure to the lightff/
for equal intervals of time can be compared. A series of
measurements é&gé five second exposures ggreed very well

with those obtained by the other mejthod,

TABLE SHOWING DISTANCES,2F WRATTEN LIGHT FILTERS

FROM AN EL%CTRIC ARC\AT ¥ THE INTENSITIES OF LI

TRANSMITTEQ«ARE EQUAL.,

Filter No.Wave- lengths Color Distance from light

70 6600=7000 A.U., Red 320 cm,

71 6200-6800 A.U. Red 275 cm,

73 5900-6200 " Orange 230 cm.

73 5600-5900 " Yellow : 250 cm.

74 5200-5600 " Green 280 cm.

75 4700-5200 " Blue 250 cm.

76 4000-4700 " Violet 250 cm.
Control WhiTe 340 cm,

se the same effcct it might be the result ol a general intem=
ty graediant; if only the blue light is effective, the problem

one of a chemicsl effect; if only the red it might be assumed th&l






.
. AI. TROPISTIC REACTIONS TO MONOCHROMATIC LIGHT IN FUCUS

SPORELINGS.
(@) L nalion §Ma problom
The power of external factors to determine the polarigy of
a germinating spore is,without doubt, the power to orkent the spin-
dle of the first dividing nucleus, if that polarity is established

by the direction of tne first cleavage plane. The work on such
orientatlons is v ry,li fﬁgk%“%h ? often resulted in negative resulls
\ egas was:hﬁzl!EoL¢0<eyésn4m&he

£
0 pressure. The spindledparallel to the

/-&;gyée’b ubo Z) tin _m
J 8subjec e ;

flattened sides of the egg. This is consistent with Hertwig's theolj

that the spindle should form pareldel to the longer axis ofl a divbag'

/(
iding cell. It is conceivablie that the power of light to orient <

$ke spindle might result from its power to cause more rapid growth
A 2 RWY L - oy VL O
along one axis, w&%h—%he—;dzklt thaﬁ&he elongated celﬂin tarn

orients the spindleg No such effect of light has been demonstrated

with animal eggs; but in certain plants,viz.,Equisetum,Fucus,Dic-
and Tuecinie n
tyota, LaurenciaJ’?’é&stoseiraﬂ it has been found that one-sided

illumination with daylight causes the first cleavage plane to be
formed perpendicular to the direction of the incident light and the
cell on the darker side of tne spore to become the rhizoidal cekl.
Equal illumination on all sides retards or prevents germinsation.
Gravity ald contact cannot establish the polarity of these spores.
All these experiments were conducted witi natural light as the
source of illumination. The first purpose of the present investi-

gation was to determine the power of ménochromatic light to es-

tablish the the polarity of germinating spores of Fucus evanescens.
It wes hoped that the results of.such experinents might gi%e a clue
to the mechanics of-ﬁ%ﬁh-orientatiohs.lf all wave lengths should pre-
duce the same effcet it might be the result of a general inten-

sity gradiant; if only the blue light is effective, the prohlem

is one of a chemical eftfect; if only the red it might ve assumed th&l
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the species studied excep: Fucus serrstus;viz.,Ascophyllum nodosum,

TFucus vesciculosus, ¥, spiralis, snd Pelvetia canasliculata, their

sensibility to light differe and the oxygen factor or internal caue=
es exZiaepy/ produce frequent exceptions in all but Pelvetia.
The rhizoids of the latter species sre alwaysformed on the darker
side of the spore, and this is the one species in which the egg
is surrounded oy an oogonial wall which might prevent any of "he
effects of varying oxygen concentration,which can act more potent-
ly than light on the spores of the other species. Rosenvinge quotes
Kny as finding that neither light, gravity, nor contact cap influ-
ence the point of origin of the pollen tube from poiLlen grains,
but that in the neignhoorhood of other grains the tubﬁwill be sent
out from tne side away from them, on which side the supply of
omygen or nutritive elements would be greater.

-BFES@) Farmer and Wiiliams(\g?¥)stat9(’that if 23333 spores
are illuminated on all sides they tend to/remain spherical intftead
of 'preducing s rhizoid b* tne elongation of one of the two cells.
Again(1898) they experimented with one-sided illumination with the
usual result that most of the rhizoids originatedon tne shaded side
of the spore and the others wire turned that way. The fact that some
graw out at an angle to the incident lightwis attributed to "the
character of the egg itself".

Winkler(Zf)1900) found the same orienting effect of light on

the spores of Cystoseira barbata but failed to find any affect of

a difference in the oxygen content of the water. He tgzﬂiiééilﬂ

that gravity and contact are not factors in the establishment of the,
polarity of the sporelings. He found that the direction is determin-
ed before the firs® division takes place. Since tr1s polarity is pe
establisned during the firsﬂfour hours of illumination and connot BE_
changed afterwards by any change in the direction of the incident

light, he concludes that light can orient tne spore only during

fertiiization.












¥
(@) Traudld of otebiapinnn Gpfermnihs

o All attempts to solve thé# problem as to wh wave lengths of
ght are responsible for the orientation of the first cleavage (
plane oIf™N¥Rycus spores’germinateé in lateralA av; failed so far*
and apparentdy carmal succeed A1th the npparatus described § 95 3
in the first pert of this”pape jowever it seems worth while

%

continued on is investigation at the earliest oPpsQrtunity,as it |

(45
OC.,{;'

to report t:e methods used and why they Maxge failed. Work will be \f§

is merely a .matter of obtaining the right conditions of Zrowth
N
belrfnd the light filters,together with a sufficiently strong o\

illumination.

The fruiting piants of Fucus evanescens were collected at

Sausilito gt low tide of one day and kept over night in damp newsw
papers. The next mornihg they were dried slighﬁly by exposing them
to the air for about half an hour or less. 'The fruiting tips were
then cut off daé/submerged in & water in the culture dishes. After
fifteen minutes many egg;Pnd sperms have settled to the bottom of
the dish er can be scraped #ff into the water. The pilece of plent is
then removedfnd the dish is placed in the rack which fits into
a dark box behind a filter screen. Iach box with its cultures
is placed at the proper distance from the light so that each is i%-
luminated with equal intensity. These distances for each filteV'aag,
tne~method by which they were obtaingafaaa'giveﬁzgva' t

= by five as Yne case might be
poEEy fach distance given thenzhoweveg was divided by four er, five

& N

in order to increase the intensity of the illumination equally
for all. The illumination with the electric arc was continued
for eighfrngan otherwise dsrkened room, the carbons being ad-
justed every fixzu?inutes. This time was judged more then sufficient
the oeil WZJJM)

to produce sr~ effect since it was found in Cystoseirs (,7n

A
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that the polarity of the egg is so firmly established by four hours

exposure to daylight that 1t cannot be changed.

makes it impossible to tell the exact time of fertilization,ig
tut it occurs soon after the eggs escape from the oogonial
sac into the water. The sverms at this time can be seen
escaping from the antheridia ana swimming rapioly around the
eggs, then scattering as, presumaoly, one of them succeeds in
entering. The first cross-wall can be seen very rlainly
twenty- four hours after the cultures are started.The
mucilage accompanying the eggs caused them to .ad:here S0
firmly to the dis_h that it is not necessary to use;"solkd
media to kecp the sporelings from being disbiaced when the
cultures are moved to the microscone sfége for examination.
Howeveshgziﬁfhe eggs germinated benhind the color screens,
and illgpinated for the first eight hours after fertilizatioq/
showedf%%ﬁorientation with respect to the direction of the 1light.
They grew~gnzm§ééy as if in darkness with the direction of the clea-
age plane following no rule and the rhizoids extending in every dir-
ection. Evidently the intensity of the light was toco low to have any
effect, or the time or duration of the stimulation was not right.
Attempts to incresse the intensity by bringing the cultures closer

that is, within about seventy-five centimeters.

to the aréZresulted invariably in the death of the spores npefore any
ploced 16 cme from the nsked arc

development occured. A cooling device, consisting of a2 layer of water

A

@ cm. thick between two glass platea,reduced the temperature
from 29 to 23Ciupreee—tBenticrms) filatagrpYEEE/ but also reduced
the intensity of fhe light that no orientation was obtained.Attempts
to use direct sunlight as the source of light also caused the rapid
death of the eggs, presumably on account of the high temperature
accompanying it.

Future work on this ppoblen si&% therefore involve the use

of stropger sources of illumination7_ é@n cooling devices to

i






keep the temperature below the death point. /&7
INteresting rqsults were obtained in an experiment to dis-
cover the weakestﬂstimulus whici. would produce the charactédristic
orientations of natural illumination. CulLtures were placed at in-
tervals of 15 ecm. from an east window é@n exposed 8 hours on a
cloudy daye Upon examination a few days later every culture was -f»
found to show strikingly the strong orienting effect of unilateral

daylight. Even the one fartherest away, 350 cm. from the windq}Awere
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fadébb‘ﬁ¢‘bL‘Very Shltureqbnow1ng this orientaion hagAfrequent ex=
ceptions to téﬁ:ﬁ:ﬁe. Every worker on this problem has reported
such eg&}eptians and they have been exzjblained by the assumption
of the existence of an inherent polarity which as a rule i$® over-

come by the stronger'light stimulus. The fact that in absolute &

darkness, germination amd normal growth are as rapid or more so
than in lighl, also points 60 an inherent polarity. But the tend-
ancy varies enormously in individual spores. Therefore it is easy

to understand that saight varéatiogs in the quantity and quality of

| illumination mignt easily produce’bi#f changes in the{sensitiveness
of the spore toward light, which .1eans failure of experiments with
monochromatic light until the right combination of other external £

factors in produced.

It waéﬁoon discovered in the course of this investigation
that although the &ty intensity of the electric areé used was too
low to oréent the cleavage plane of the e€gg and foo low to csuse
the cell away from the light to become the rhizoidal celi, it was
strong enough to produce a conspicuous neaative heliotropism of the
rhizoids of these same spores if the illumination was resumed after

the rhizoids Bad developcd. ONly seven hour exposures were used to
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obtain this effect. On thﬁday after such illumination examin-

‘ation showed that the rhizoids of the cultures behind the

sharply
blue and violet filters wsre all turne@Naway from the light. Those

6they
behind =¥% thz, filters continued in the direction in which they

iféﬁm P A

had stayted, : . - control in dark-
ness. Therefore the wave l@ngths responsible for the neg-~

ative phototropism A&bf¥ddin white light/ar'e those cetmE—wImr—
of the blue end of the spectrum. It should be remembsred that +h
there 1s no question of a difference in intensity entering here
because each screen was placed at such a distance from the arc
that the quantity of light in each box was the same.These re-

sults are summarized in the following table

* HELIOTROPISM

FilterY. CO’OR WAVZ LENGTHS " DISTANCE FRUM
i LIGHT CULTURES NO. L +]
70 red 6600-7000 A.U. g6 c<m. =5 e
orange 62°0-6800 " L . i .
orange 5800-6<00 R " B>~ <h
'773 yellow  5600-5900 b2 - = -
green 5200-5600 Te P 73
7’° blue 4800-5200 GA - %+ +
violet 4000~4700 ca y _-;-_ i

white 060 "7000 + ,(_.Smf- ,1 @)
s the diskivcnn of Toble T

m D ANt chsw 6—3 .A__j;’—//v
“4—aimiiar experiment was trieaﬁith‘§UﬁIT§ht s the source

of illumination. The young plants were exposed behind the fil-
ters all day in a south window. The same results were obtained
as when the arc was used.Then the experiment w:s repeatedwith
diffused light.The boxes were placed in an east window fr elght

hours_---10 A.M. to 6 P.M.,---on March 28. Agaln the rhizoids

in the blue and violet 1light showed the.gﬁgg§z§g¢§;£ in addition

\

a considerable but much smaller portion were affected in the same
K behind the grsen filter. £L°AL”46’ 0-7£; i A
. 2 9Y8 V. -,1121= M 7(5—‘1/.?2_//' .
These experiments ndicate that the 1light of wave length
4000—5200Qﬁngstrom,uniu€}£% responsible for the phenomenon,
buﬂ that some rhizoids,more sensitive, will respond to theose of

5200-5600. It seems very possible in view of the results on
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YEEXSE reported in the third part of this paper that with a_greater ¥
intehsity, the rays of the red end of the spectrum might caWse the same
negative phototropism. €&
Only the growing tips of the)thizoeds are sensitive to lighte,
This results in a sharp ahgular turn if the dérection o@ illumination

is changedthrough 90 or i80 degrees, or if the plants be brought

from darkness into unilateral light. As pointed out by Loeb and others

a,u_r,é M:M p
the tropisms s _ due to the di ference in the speed of the

oW
chemical reactions goingqin the two dides of the growing tip.

The first proﬂ@herance of the germinating spore is not affected
by light striking it from thes side; and if it is so illuminated
during the early stage of elongation of this cell, the first bend
occurs at the cross wall separating it from the next rhizoidal cell.In
other words, the firs:} rhizoidal felongation contimues in the orig-
inal direction established by the first cleavage plane,and the wall
separating it from the next cell of the growing ehizoid appears as the

axis of the tropism.

J:ZﬁL%:1512$vu e lgzjaooo ;/V%¥Q&LZibO‘

In every culture of Fucus evanescens whether germinatéd in

darkness or in strong unilateral light a most striking orientation of
the first cross-wall with reference to adjacent spores appears. Wher-
ebver a group of spores are lying within aboutp.2 mm. of each other,
the first cleavage plane is perpéndicular to the direction of the cen-
i BT of the group.THe cell toward the interior invariably becomes

the rhizocidal cell, This phenomenon was reported by Fosenvinge 1n

other species of Fucus and in Ascophyllum. :g 625t22k;

A study of this phenonenon wfs madd’ to determ ne tle strencth
compared to
of the stimulus producing this effect? ard- that of light,in pyég:;Z;ztﬂﬁv
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o} mq.e‘wi— - .
i-éihe orientation $e—thadirectiomref—ite—raysrIt was at once very
ativndation
evident that for most spores the formegvppe¥a%%s when the spores are
within a short distance of eachd other--- .2 mm. or often more=---
and beyond this distance, the chemical@) stimulus becomes too weak
and only the light is able to determine the polarity of the plant.
Only the comparatively isolated spores therefore ever show the orient-
ation to light ia—titw—eesstap with thesourced of illumination used
here.
The phenomenon 1s vsary conspicuous in groups of 2, 3, or 4

eggs as well as 1in ﬁasses of fifty or a hungred., In these l.rge -roups
it is made evident by the invariable rile that no pFhgZf/rhizoid ever
extends‘outwards from a group.When twe spores are within the distance
througﬁzige stimulus is effective,the first cleavage planes of the two
are often par@llel and the rhizoids grow towards each other and often
meet tip to tip. The groups of five or six often make symmetrical
star-like designs when the rhizoids have grown and project beyond the
group.

The spores are more rarely affected in thés way when the distancg
between them is overo.3 mm.but ifhe phenomenon is sometimes observed
"in spores as much as 0.5 mm.apart. Tithin a distance ofo0.2 mr.
there are practically no exceptions.

The relative sensitiveness of a spore towards light and
towards this chemical(?) stimulus varies greatly for different
spofes.?hen cultutes were placed in the window to get as strong
a light stimulus as possible in order to determine at what distance
from each other the eggs had to be not to show a greater sensitive-
ness towarq#the chemical stimulus than towards the light,it was found
thaﬁ%his distance follewed no rule, the spores showing the greatest in-
dividual differences.Of two spores lying withinO.3 mm. of each other
one might be z2entirely oriented by the ad jacent Spor%vhile the othery
apparently like it, Would show only the action of the light stimulus.
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In many cases two such spores woultg see~ to0 show a resnltant effect

of the two stimuli so that both would be half turne& towards each otheyY
Bt i :
with ke rhizoidal ce&ls showing a to tdke = direction away from the

%LQ&M‘-—
light at & resultant angle.

Rosenvinge ascﬁsibes this group orientation to a difference

4n the concentration of oxygen or of nutritive substances on the two
forms on th: side
sides of the spore. He thinks the rhizoigéﬁzgﬁyfi toward the center

of a group or towards another egg because‘the water on that side is

An~

less rich than on the outer side of the sporesas a result of their
A _

me tabolism. “inklerd?”o)working with Cystoseira barbat Athat a dif-

ference in oxygen concentration has no such effect.Apparently the rhe-
! hio -

nomenon does not occur naturally in hiéFpecies since ke figure

given shows nothing but the effect of light.I have never seen a culture

w
of Fucus evanescen;hth spOres germinating so near each other,which

showmed only light orientation and not the group orientation., aAl-
most invariably when the spores' of this species germinate in such
close proximity,light appears to have no power to establish the po-

larity of the plant.’

't .4 - ~ AN . >

The possibility that the group orientation is due to a pol-
arity established by the position qf he egg in the oogonium is
suggested by findéng many groups off?ﬁiﬁg just as they escaped from

the oogonial sac and conspicuously oriented with respect to each‘g/
other. The fact that groups of ten or of two are as regularly
oriented,would refute ths suggestionj but in order to prove that
the phenomenon is the resul§ of a stimulus acting after the eggs
leave the oogonium, a group of tham were transferred to a watch crys-
tal and mixed with the point of a needle until their relative posit
Jions were entirely changed. But when they germinated the character-

istic orientation with respect to each other was found to be with-
out an exception.

S e e e
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The only apparent explanation of the group orientation is ‘hat 2&
of a diffusion gradiant of some substance emanatigng from a growing
spore, or of some substance being used up by it. A continuation
of the inve/stigatiyn of this problem will be an attempt to dis-
cover a substahce or substances which can so effect the dividing
nucleus of the egg cell that its unequal distribution onfgég-sides
of the cell will orient the gxis of the spindle. The effect of bub-
bling carbon dioxide or oxygen through one end of a culture will
be tried as being the most probable factor? involved.

A striking phenomenon which seems to be further evidence of
the power of a chemical stimulus to orient the spores was found in
three different cultures. ©Small pieces of a foreign substance,
apparently sand, caused the orientation of the spores adjacent t054M-
&5 vith the result that the rhizoids all extended inward towardé
the substance.This material was present in too small amounts for
chemical analysis.A search for some difficultly soluble substance,
or an insoluble substance which might be sligh$ly soluble in the
weak carbonie acid produced by the growing spores, which,when added
to the cultures , might orient the eggs ad jacent to it, has failed

to bring any positive results.They do show however, that the phenom-

)
enon is not due to a contact stimulus. fheﬂff%ﬁ substances tried
Wer%Scheelite(Cal‘ﬁ'o,rO;); Magnetite( FeJOQ, Baite(Ba;fSQ, Cassersite
Gth%}gornblend, thellite,bgach sand, granite, and silvé:r filings. .
The substance or conditionvoriginating in the activéty ofa@}acedr
spores which has so powerful an effect in orientating the first
= plane and in determining which cell shall become the rhize
zoidal cell has no power to cause any chemotropism of the rhizoids
after they are started.No rhizoid has been found to have its direct
?ion modified by the presence of other spores adjacent to it.In

the ahsence of any light spimulusfthe rhizoids continue in the direc -

tion that they take priginally from the spore. 4
L
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To summarize brisefly ih#s work on light and chemical stimu-
11 as they affect thq'ﬁélarity of Tucus egzs and the direction of
growth of the rhizoids:

(1) Green,blue,qay violet 1ight (4000-5606 A.U.) of an inten-
sity great enough to produce negative rhototropisms of the growing
rhizoids is without effect on the direction of the first cleavage p
rlane of thes egg. (?)

(S)The chemicalﬂstimulus which orients the direct;g%on of the

first clsavage plane and determines which c¢ell shall become thsz

‘rhizoidal cell 5 e rtadn—distoneeofrem
chem

amebhaprs 22 has no power to cause 2 FOLropisu™ of ths
{ A

RIS% 08 d'S .

(4)7he negative photptropism of the rhizoid: i1 giono-
/
chramatieg light ls pgrimaridy e furction of ths quaiity ol itha light
since, with equal intensity of illumination, the Llisht behind
bbb dclor @crasens of ths red ghqg of iliz spscim ars withiout -eff'ects
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colors is dependent on the duration of t:iie exposure. At the =end of
only three minutes, the organisms of the green, blue and viclet were
all over to the brighter side of the dish.,. At the end of 15 minutes
the red, orange and yellow had still nroduced no visible eftect. By t,
after 20 minutes, all but the longest waves, 6600 to 7000 had caused
a definite ag regation;and after thirty ninutes, the effect was seen
benind this red =zereen,

As stri¥ing as this relation of the time factor to the pcwer
of light stiumli to produce the phctotropism was the diftference in the
response bYehind the four fiitters of the green, blue, and.violet. After
cnly 3 minutes of exposure the aggregation effect was most marked in
the vieolet, less in the blue and still less in the green. The
difference in the appearance of the four dishes was due to the
difference in the number of individuals that had responded positively
and the completeness of their response, i.e. in “ooo — w7 o
practically every coleny was against the glass on the outer side of
the dish; in A =‘+?o¢—4qao/{/b there were more scattered about in
the water. In secg - 560Bustill more and in 560 - 59qeﬁ
there were just barely encugh aftected to make it evident that some
were positively é??gg%é;; After 10 minutes this gradiant was still
visible. After about 15 minutes, the dishes all looYed alike. This
again shows the importance of the time factor, since the less sensitive
organisms which respond less rapidly are after a longer time aftected
to the same degree.

In all the succeeding exposures with sunlight this rule held

good, that the organisms behind 76ad75 respond most rapidly and mest








































































