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ore crUn nt L1te t

ot t e 1x spec1 s 1n question trOll th

reg1 n 1ncludes Panama u dy 1. His

r. when

vert 1t 18 not solely 1nduoed to 0 rry out

an extens1ve IIl1grat10n by the t1.llle ot th day. 6S IIIlUlY rioh

catohes hnv. be n de at dnie;ht as at suns t. suggest1ng that





en r 17 acknowledged B beina an iJ!IPort nt

r ctor in controlling the .ert1c dlstrlbut10n ot

c epods, altho tor1)' (1919) bro ht 1 the tactor ot



"phyB10l 1eal rhTtIua". 1th th Be taots 1n a1nd, exper­

1IIIent. w.re carr1ed out at the Atlantio

during the 81ll111ller ot 1935.

Itor th18 xper1111ent a waterproot and l1ghtproot

rota Ular 00 n box WIl8 00 8truoted w1th the tollOl'/1ng

dla na10n.: 1 th 125 0 .; w1dth 10 •• ; depth 28

The box oonta1ned runn1ng 8 ater. 810 nd1 upr1ght 1n-

s1d. th box ere pl oed ten gla • oyl1ndr10al Jar., :50 0118.

tall, and 4 0 B. 1n 1nternal 41 ter. glass Jar. were

n the outs1de exoept tur a str1p through wh10h tho

top ot eaoh Jar to p 815 throuah, waB la1d dOlm. Tho whole arr

nt wa. p t outd ora; 1n th1. way ih t srature ot th w ter

1n the J 8 W 15 1nta1ne4 at l4·C., the 11 10 8 alwaya tr

aboTe and any Jar eould b qU10kly re oved and the d1str1but10n

at the oont 1ned 0 pepo a note. For the purp ot record1ng

th v rtioal d18tr1but1 n, the Jar d1T14ed 1nto tour equal parts



7 ainting three white olroles around th jar, an

the divisions 1, a, 3, and 4, tr lng weale

ated under (A) the natura1l7 ch 1 11 t con itl ns, and

(B) 1n oOlllplete darknese.

~ shows e1"ln1tll nogatiye phototropl to all In­

t"nll1tl 01" 11 t exoept the week"r. Tt ls n g tlvely photo­

tropl0 to sunllght, day11ght hllth"r 01oud7 or cle r, and to

stro aoon118 t. It ls poslthe17 phototropl0 to the very

eak 11 t lnt Dsl t7 or u k and dawn. It oh ed no geotrop-

1 b lng unlt11rl117 dlstrlbut d ln the ja s durl IItar11ght llnd

oompl"te darlene S.· It should be III ntlonod here t at th 08

r"sults are 1n 00 trast wl th thoss 01" st r17 (1919) ho 1"ound

• strong posltiYe 8 otropl ln d1r:rus d 1 ht llnd 4 rkness,

th bohaylour not changlng w1th ohanges 1n t p ratur s (and

sallnity).





In do:t"kness th y gove no ovidonoe at po Hive g 0­

tropism. Th sharp ditterenoe in behaviour be een the

individ ls usod in our experi nts and those used by Lst rly

in his exoellent w rk. sh the danaer at gen ralizing tr

labor tory a::cperi onts. possibly aleo all ing that the o.PP r nt

undorlying oausos in one r gion may not apply to the SN:lO sp ios

~ wall always strongly po itivoly phototropio when

tirst brouaht in'to 'tho laboratory but this condition Boon

rov raed to n cative phototropis 1n stro li ht wh10h latter

oondition prevailed all 10 as tho indiViduals lived. suoh a

revorsal ot phototropi liB tUOO obsorved in the case at~.

nd so 't1mos wi'th~. '!'he lllsting boh viours are the

onos always r terr d 'to. Uo Buch ohange was notioed in th oa e

ot Ao~rtia and~. 'l'ortAnu8 WAS ropellsd by strong

li t and a'ttraeted by weak. Hence duri sunlight they were

all dOYlIl in tho jars. During weaker conditions ot light the

poaitive pho'totropiB1ll bee e stronger and thoy roo. oxtending

u ard during oloudy days. sunriso. dawn. dusk and moonlight.

D:.u-1ng 00 pleto darknoss and at rlight 'tbey showed no evidenoe

ot goo'tropilllll.

A still tur'ther important experiment is brought out by those

exporimen'ts. 11 tha spe01e studiod, whon kept in 00 lete dark-

ness. showed no videnoe ot "physiologioal rhy'thm" suoh as 'l(ss

olearly obsorved by storly (11ll9) in tho on 0 ot~, and to

SOIllO extont in tho oaBO of~.



() Cb B1nSCond1t1ons.

Bhrl1gM

Sunl1gb.t

Cloud,.

• Cloudy

Cloudy

"1



(ll) Complete darknes8.

llldn1cht

sept.l3

yte ora Aoartle. Tortft6U8



On r ch1 the dee1r d depth a ssoJl8er

. 18 1 t do n the 11n (b) rel s1 the tho ed ohan1B. 'l'h

net thus l;l\kes up the pos1t10n ohown 1n t'1gure II. and ths 11n

t 10 incroasod to tile set speod, as jud d by the num-

ber ot revolution ot the 1n '8 1'1 beel.



t the end ot ten Inutos a messenger

Is let d n the 11ne ( ), oauel the n 10 to be 01080d and the

whole arrange ent wIth rawn to the bOllt llS shawn In flgur III.

The content at the plnt soler (B) were 1lllIlle lately pre­

served In 5" tormalin and a etully labelled.

lihUe the nets were b Ing t ed the light Intenslty Inoldent

at the urtno w s III sur d by means at a 801arlneter. Thls 1n-

s1orumont 18 made by Klpp a d Zonen, Doli"t, Holland. The l1ght

rece1vl unit Is 11 11 surtaoe the opl1s covnred "11th a h 18-

rtz wlndcm. The ourront produood 1s asured by a

ater. n a olear day thla 1n trUI:1ant wl11 m aeure the

Inton!llty ot 8un11611t tram 8unr188 to sunsot. Atter the tOW8

woro c p161ood, the tranllparenoy ot the wator WIl8 ea8urod by

.aes.ns ot a 8eoohl D18k, and the tenporaturos at the ourtaoe,

10 !:Iotres, and bottom by a r Yerlllng til mameler. ater oamples

were nlso obtalned at the II e three dopths and thelr sa11nitles

lator detem1ned by t1tratln w1th nHver nltrate.

Tho oontents at the plnt sealers ",ero tre ted 1n the labor­

atoryao tallow :

Tot 1 volumo determ1ned by settl1 1n a graduate; plaoed

1n tsll glass oy11ndr10al 3ar and diluted to a known oonYon16nt

volume; thoro Illy shaken so as to produoe a h m080neous m1xture,

and e::motly 5 00. r moved by JIIoano ot a Stomp 1 Ipette; plaoed

on a specially oonstruot d oounting 0011, and th oopepoda Identl-

tled n oounted. 10 le8st two 0 unt wero m de, excopt hen ther.o



l' 1906. 'l'he above l1terature W II de uoa ot tor the Idonti-

00 epods. Suoh 1dentl1'10ation WllS not 411'1'1­

t rm. vere preoent In the tows lJO that the

a e 01' tl:N;h 1 8, antellnu1e, and nUlllber

1011 used tor slloh





_,_u_.~

all 1 1; ttl II t: 11 M IIXO pt the wenker. In flll lntenJ'llt1oa



h18 rom "'8 ne., l' .,el')' abundant, the 10. and yo

b 1ng espeol 11,. 80 ce.

geDerel 0 nolWl10na.

11' eo r01ty neoo s1 t te8 ao1'e

soon litter unr1... Lnborotory oxper1mente support these results

In that thelr '101'101081 distrlbution 1lS dopendent upon n96flti.,o

ph totropl to the hl IntonsUY or sunl1ght, whUe b lng

P 81101'1817 ph 100101'0 10 to t very weak 11 1110 Int8n81.t1ee 8uoh 8

l' ~alls ettor sunsot, and po slbly to 10 10 at woftk <.lonll t.

'rh re io evldeuoe at a continued 11 ard retl n throughout

the n t. Us b havlour In n ture ae well In tho la or tory

olosely parnllels that at~ dosorlbed above. oarolty 01'

1oer101 pI' .,ents one tr d1'8wlng any oonolus10ns 68 10 the

dltl'ercnoe 1n bell vlour bo eon aloo, te loe and you •



RO.t abundllnt oopopod or the regloh.

taken plaoe during t continually weuen1ng Ullht lntiensi10y

bo e I O.K. and 8:,,5 P.K. en starl1sh1o oondiUone



1. 0 r1 d OU~ by the



5:.0 P•• tb Y a11 oonslderably lncre ed ln n bora at

the sur:t 08, 110 'I be that they are all more po 1tlv 1,.

a:tter eunr1a , 88, on the b le o:t phototropl ,they Mould

b • ry llbund nt here. It 111 seon, h evor, that the n bere

re .'ny 1 both :tor II other d the WId all otlJor II eole••

It _'I e that th t a were not e:t:t otlvely oarrl d out at





18:rroa depth ot 18 to 20

o the !Jurt 00 dur1 a r1 t.



'they asoend upwards s 'the day draws 'to a oloae (pos&1bly

also d 'to weak laO n11gh't). Lnborntory oxper1Jll8n'tB 1nd10­

a'te them to have no geotrop10 response during sto.rl1ght and

801'le oould expeo't 11ttle ohange 'throughou't 'the n ht. Th1s







'nle lea appe to be 1; e oat ntr 1)' repelled y 3tro

UraoteJ by weak 11 t. the 't 1 8 1 86 so, M.d

the UDg aUll leaa.

(6) !...!!!!!:!. 10t!l310orn18 WII8 80 !'IU"O that ot 1 det1nUe

(I be ooluded.
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