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Tb~ Acti'm of C:\rhonnl~ of AlIllllonil\ 011 Cblorophyll-bodi('~, 

By eIlAIH,ES J),\nw, ... , Lf .... D" li'.RS, 

lH""d i\lNch(l, 1882,): 

IN my' l m('ctivQrQIII' Plf\nlll' ] 1111.\'0 nCAcribed, nuder tho terlll 
of IIggrC'g',,{ioll, rio phC'ItOIllCllOIi which ho.fl excited the eurpril'lo 
of 1111 who Im"(' 11(,1\('111 it·. It i8 heAt ox hibi ted in lho tentacle,. 
or f!o-('(IiIC'd gi:lllllulnr "nir" of Drosem, ,yhOD 3 minuto por
liclc of nil)' solicl l'Cuhfll:'tnct', or a. drop o[ almost I\ny tulro· 
gOllonl! fluid. il' pincC'd all a gl:lIld, Undor f/\\lourable circum
Slrl'W('1I lh(' lmnl'part'lli purplo fl uid in t ho cells nenreet. to tho 
gl:wcl b('colnC''I ill a, row "{,(,OlUlr< 01' minutel'l ldightly Lurbid, SOOIl 
minuf" Hl'allulc!l ('1111 h(' dil'llingllip,hed under n. hi gh power, which 
111I il'll1)' (,O:llr,QI'(' 0)' gl'IlW Inrg('l'; nlld Tnr IIInny hours nflcrwnrdfl 
0":.1 or ~lorHllnr, or curiolllll),-lIllI\pcII 1l1~ee8 of a purplo co lol t1, 
lind of ('olllli{\emhlc IIi7.(' may he ohflNH'tll:'endi ng out proCC@8eeO I' 
filn nWl1tll, rlhiding, con1('1I('ill,:::', all,1 "edi"idillg ill Lho mOil /' singu
Inr l1l:.nIH'I', Iln iillinnlly ono 01' t wo) ~oli(l flp hcrCII nro formed which 
rell1 :.in tnotion\cQ". 'l'ht' lIlovinp; m(\.Q(<<,·~ iurJude vAcuoleli which 
chRng(' Ilwir :\.ppenrnnc{', ( \ :'PJlelHl liNe Ihreo figurrJl. of tlggrl.'
gn.t{'cI mR!'''''''' copi!.'ll frOll' my 11011 .Francis's I'npcr t, flhQwillg til(' 
rorll1" :u'QU1IlC{I.) Art('I' J\/-!g'rl.'p;ntioll h:u, becn partin!lyelTected, 
the la,I'('r (If proloplMUll linin~ the wall ll of tho cellll mny be 8eon 
wilh flinp;ulnr cIC:lrl1('IIA f1o\\ing' ill gr('(l.1, waVC!!; and my 11011 
"b"'NI'('cl "i1111In1'l.\ I\l}willg' till'elul ... of protopln.aln whidl conn ected 
IOg'rlher tlu' J.!;rnillll of \·hlrwnphyll. ACter n. Limo lhe minuto 
cololll'le,lll'l pnrticJc~ whic h am imbedded ill t.ho flowing proto
pl:\f~m are ctl'l\wn towRnl" n11l1 ullito with t he I\ggr('gnlcd lHi'\IISCM; 
flO Ih:.t tlu' f'rutop\:'''11l (Ill tli(' wnlll! hring now rendered lplite 
trRI1"pnf{'nt i>lllo 1\!II~el' \'il'Cihll', fhough flOlHe ~ filiI! prMcnt, nn(l 
tltill flo\\I\, l\,~ 1Ill\)' ho il1fel't·cc\ frOHl lll{\ OI'I1\l1 ionn \ Lranejll'l'i, of 
pn,rlic1(,11 in Ihe I'cll-IInp, The gnmule~ wilhJI'J1.\\1l rrom t!10 
wnl1p" logdh{'r pl'nhnhly wit h "Oil\(' Il1nltN drrived rrom ~he flow
ing profopl:'IIllI IIthl frotH Ih(' cell-IInp, o[/'el1 forlll 1\ co lour/esl'l, 
or \'Ny pRI(' pltrpl(', well-dclilll'd In.ycr o r CUUBidcrable thicknc8B, 
\\'lIi('h fHlfI'ou nds Ihe I'rovioullly :1ggrt'gl\tcd 311d now gcnernlly 

• Pfelrer. in 11i~ re<:l'nL 1l1!11Ii!'l\blo work 'pn/l.nzcnph,.~iologio· (U, ii. 1881, 
I" 2 IA), ~p('ftb of til!' ph~nom('nnn !I! iM"ing in mllny re!'peets inter~ti1\g; lind 
(.'ohll IO'ritt', (" m~1)n"nzt'." Vorlriigl'lllue dl'm Gebiol.e cler DoLlmilr, 1882,p,36I) 
in ~liIl etnml!:t'T tl'rms. 

I Q ... '!.rt. Jnurn, Uier. &1. \'OJ. :ni. 18jlj, p, 300. 
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l"ig. I. I?ig.2. 

r ig. I. Oell~ in 1\ t~ntn{'lo of Drwrrarotllmi,ifoliIT, ahowing nggregated Inn~~ 
lifter tho notion of CArbonnte of IImmOlliA. 80111110 of Lho mnMee \Vith Yacuolcs. 

Fig. 2. AgRrrgnlod mOS.C8 lIn(lergoiug rcdinol ution. b, ~p.me cell lie n, but 
mft~lIdral'l'l1l\ll\ll\terpcriod. 

Fig. 3. 

~~\ ~~~ 
Fig. 3. 4, b, C, rl, c, Ihe ~Il'e cell nrllwn nt. eUCC8-8he ,hort. intcn!lle of litu~, 

sho .... ing U,e /lggrcgl\ted 11l~ produced by an infmion of rll .... meat.. The 
chnngl'e of form occurre(l BO Tnp;IHy UUlt it 11'1\8 impos,ible 10 copy the appear
/lIlCO of I.ho wllfl{fJ col! I\tl\gi~{'n momcnl 

Flpherical dark-purple llla-88C8. The Flurrolllldillg layers or zoncs 
('ollBieL r)f flolid mn.ttel', more brittle Ihn.11 Lhe ccntrl\l parts of the 
aggregated IllMIJC8, ns could be 8con whCh they were crushed 
bCllcnt.h II. ('o"Yer-glaef!. It. may bc added that there is no d 1Jrio,.i 

z2 
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illlprobabilit..r in l'IOlllO of the protop lMI11 being wil,hdmwll, to
gether with the im1J('ddcrl .L;1"f\!lule8, from t.he 1\11118; for Li.lf) 

whole of the jlroivplllsl\\ \\'i{hiu tllC hairs of 1~'adc8calttill con
trnels, whell IHlbjccted 1(1 gre:tt ('old, int.o ao\'eral spheres, a.ud 
I,hes(', whell wnrmcr\ ngnin,apread themllelves ont over tho \\"1\.118"'. 

'l'JIC proeCf'!:! of ngw'eglttiO!! commences in tho gland which IS 
atimlllated, :\IId ~dow(y tnI\'cls dOll"lI the wholo longlh of. the 
teli!ac1e, nnd evell intI) tho ,Iill!. of the 1c:~ f, buL "ery milch more 
.!Jlo,,·I.r Ihlm the il!lPlll.~(' which causes tbo basal part of the tOIl
tacle to bt'lJd inw:Il"CI!!. I t i~ :~ morc int.eresting bct thnt whon 
the gland" UlI tile tiisk arc slimulated , they transmit some in
flu(']) ce tu I ho gl:IIHIII of tho 1<1l1"l"OUlHung' tentncles, which undergo 
IlIroug-l101It I,h('ir 1111010 icllg-th lht' process of aggregation, 
nl1hough they the1llse!ves have 1101, beC1I directly stimulated; 
n,!H! thiR pr()cc~~ may I)£'. ('olllp:1.r('d with It reflex at'Lion in the 
llerVOUI-I 1<.1"..,1(,111 of an animn!. )\ ft('/" It fow dnylJ tIl(: I<o!id aggrc· 
gnted 1\\1\i<f\('K arc re.diflflnl\'('t\. Thc \ll"OCeSiS of rcdis8olutioll 
C01l11lIel1l~t''' ill lhe ("clip, at. tile bi\~('s of the tellladcH nnd tntl"ols 
Illo,,"l)" "1)11"111"(\1<; therefore in Il. n'\'(o}"I<("(1 direction to that of aggw· 
g-ali')\I. l"olll<idcl'ing 1,1111.1 t ht, ;lggl"{'"~ated 1lllll!SC8 nro solid enough 
to bc brolo!1l ililo [ragll1cntl<, Iheir prompt rcdis80\II\ir)\\ i~ 1\ 

surpri~illg fad; nnd we are led In IJURpect tlmt some fonnaut 
mU1'l1 be ).!"(,II('l"aicd in Ihc diRk of the leaf, and be LrnllSl1IiLted 
lip Ihe lenlac1rl<. '1'ho rlotlule ]lroc('~s of aggregation nud of 
H,diflfololulioll IflllCs pineo evcr} time tha,t. I~ leaf of Dl"oSCI"f/ 

C/llelrN 1IU ill folecL 
Aggr('galioll ill :I \'ilnl jJl·OCCfolfl-lhn.t, is, it canllot occur in 

cells :1£11'1" 1 heil" death. This wall IJhowlI by waNing loaves t 
for:1 f('1I" lIlillutl'M iIJ water aL:1 teJl1IH'I"a.t.a reof Guo·u U. (lGO" 1" .), 
or ('1'011 al n. flomewhat 10\\'1'1" temperaturo, alld theu imlllCI"R_ 
ing thell) ill I~ rather fit I"Ollg "ollliion of carbonnJe of ammonia, 
which doel' nol' eaURe in ihifl (';1130 Ituy aggrcglltion, although 
the 11101'1 po\\'('rful (If all Imoll'lI agcntl:!. If II. tOlllado i.!J 
I:!lightly lTl1l1hcti, so t.hflt 1111111.\" of the cell!! arc ruptured, thollgh 
thoy I:Itill l"cLniu much of l1leir purplo fluid conteols, lIO a.ggre
gation occurs ill them whcll they nro simiJRrly immerl:!ed, not· 

• Ynn Tiegholll, ''l"rllit6 dll lJotnniquc,' 1882, p. 500. See nlso p. 628, on 
1n~~<C~ of !,r(}to!,ln~m floating freel.)· within the I;l1o"I"itios of cells. Elllehs (' Ph.\". 
~iologio V~g"·ll1lr.' 1" 74) nm1 Kiihnn ('Dn~ Prolopln~mll,' p. J03) Ln'" l i kowj~o 

fecn ~UlIIJ! fr('ely.ilo'll-ing mflSl!('! of proloplll~m in the bllirtof Tradcscanti(l, !Iud 

r"e.,d!i(IT lrhich lI11flpr~o IInlo:olJoid chnng-.M of forlll. 

t 'In~ed;vornul "fl'l1ts,' p. ".Q. 
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withBhmding !hfl.t in cloBely adjoining collB which have not been 
killed, lUI could bo Reo 11 by tho protopla81ll 8til! f1o\'I'ing round 
the wallR, aggregation CllIlUed. /:in tl11\1. t.ho procC88 iB quito 

I\rrCllted by tho rie:l.th of 1\ ceil, I\w.i it. ilO much del:l.yod if a l03f, 
b('foro b('ing immerllod in tho Kolulion, ill krpt for 80me time in 
c,1rbonic nrid; Rl1d t.hi~ agreel'l with tho w('ll-known fact that 

protoplAl'I111 r('tnilll'l itA nrt ivit.y only ns long ns it j!!J in an oxy
.Jt:('nntco condition. \Vh ('11 tcntncl(,lI, including recently Rggr('_ 

glltt"d llH\RI!(''', al'e ",uddonly killed or milch injured by boing 
'tipped into hal; watel', or bJ hrin,£!' il·l·ig:l.ted wilh alcohol, I\cetic 
"l'ill, or a lIolution of iodine, til(' nggregnted mA8BeB Buddenly 
dis;nlcgr:l.to I\nd diMaplwllr, Icar iu,l; only a liulo fine granular 
l11attl'l'; but. thi~ \li~il1tcgmtioll doc!! 1101. occur with tho mora 

8.,tic\ I11n~!I(''' which 111\\'e 111'('11 I\ggn'gated fol' ~omo lime. 
From I ho flo\"cml foregoiug conRidcratiouB, from t.lte nggregnted 

Inn""CR heing o£ :1.11 albuminoid lIalure (all .. hOIV11 by the teets 
Ilmploye!l by my 80n Vrnnri!l, alld nM i8 Ildmi~tcd by Pfeffer .), and 
from their ince89nnt, Inn~-colltin\lcd I\mreba·like 1110vemcnh, 
I formerly cOlldudcd thai no~ only thcee 1111188el', but t.hRt tbe 

minute gloll11leR which fil'''t. nppear in Iho cell-8ap COIlBi8t, at 

frMt in part, of lil'1ng 111111 "ponbllleously moving protop\nam. 
Ancll fcrl compel1('rl 10 ndherc lo my originnl conclusion, not
withlltl\nding Ihat ~ueh high 1\ulhoritiell R8 Cohn a.nd proner 
h(>lievo thll! t h(' :\g~rcgntcd mnllllC!!J C01\8i1'l1. meroly of COIUJ0t18ed 
CI'Il-M]>. The 11l0vrlllenll'l of tho maIlBOII, 1 prcllume, nro con· 
~i(l('rcdhy lh('lIc bohnil'ltll to ho o f I.h(l Bllmo nature lUI those 

t'uriflUfI\ OIlC'" r\CI'('rihcd by Bcnek(' n8 occurring ill myelin whee 
immersed in \\nler nod in 1\ lIoluli01l of Bugnrt. 

FI'01l1 tile dOlll/tl! thull thl'Own IIpOll my origiunl conclusion, it 
1't'f'l1led to mC' ndviflnblc 10 ob~en"(' Ihe action of cn.rhOIlRte of 
nnmlmlifL 011 gr:linl'l of ehloropll)"lI, 1'18 it ill gcnerally admitted 

thnt tllcSt' c0I1"i,,1 of 1Il0dijjrd Pl'otopla.!lm. 'I'htJ /o:rninll not only 
clJt1l1g(' th('il' po~itionfl U1ui('f CCl'tnil1 CirClIlIl.!l!nnec8, whiell nllly 

bC' (h1(' 1I1erC'ly 10 111(' 1I10r('II1Cllt8 of til£' 8t.re11.1lling protoplR!l1l1 ill 
which thC'y nrc imbcdtl{'(i, bllt they tikcwil'lc h:\\"o the powcr of 

changing: their !lImpeR, A" IHl~ bcen rccr.ntly proved by Stahl t . 

• . rftftnt('nph_uiologif',' 1M. ii. I" 2·18. 
t 'Stndien iibtor dllt Vorkomm~n. . . 'l'OU Oftllf'niJHt.ndtheU' (Oi_n, 

Ipr,~)-

1 Sea hi! intcruting p"l>en III llll) BIl\II.I,i&l:he ~ilu"g,' 1880, pp. 298-413, 
and rnortlNpecj.lI)' ". 301. 
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Th('y nre 111110 {':\p:tblc of fI('lf·(liviRion *. NOlv;if it.c:\l\ bCflllOWll 
thn~ a 1I011LIioll of c:trbOllnlcof nmmoni a !'cuds to C[l,U!:,O tho graillfl 
of lidng c-Idorophyll to horome conflucnt, one wil,h n.l\othcr and 
wit,h pr('\'iously np;gregnt.c{l 111:\[I5CII, t.his fact wouJd flupport the 
('onclUllion that Ihe :lggre~:ltoJ IllMSCS: consist, at leMt in p:tl't, 
of liring protopl:'lsm, to which their inoess:tnt. movemcnt!! lIlay be 
nttribnte(l. And it ill thc object. of \,he present paper \·0 show 
that chlo!"(lphyll.hodiclI arc t.hull [lcLod on in cortain cn.so!! by cal'· 
bOllflln (If ammonia. 'rile fllet by itflolf pO~8e8se8 flame little in· 
tcroflt., iu(kpclHlcntl.y of t.he light. wllich it. throw8 on tho l·crn1lrk. 
nble pllcllomcnon of nggregntion. 

])iQn(Fff 11IUSCi}Hdf1.-l'hc eflcrt-<! of carbonate or fl.lmnoru:l. lire 
bQf .. t shO"'n in t,IH' C:tH(' of YO\11lg, flmflll, and thin Icn.vcfI produced 
by fllnrved plant ... , fIS t.ilf'f<(, nrc quicldy penetrn.ted by t.he soln· 
t.ion, '] 'r:tllf1I1CI'fH' f<('ri iOIl~ of Hudl \t'IIoVCB and of ot.hors were mflde 
before 111r'y l1:td 11('('n immCl'flN\ t; and the coils, including !;hoso 
of the l'pidC'rllliH. {'oul(\ e:t.!lily bc BeOIl \;0 be packed with grnins 
of chlnrophyll. It: ill, 110\\'cI'('I', nccc!!lIary to a.void {lx:l.Ulining :t. 
Ic:tf w11ich hfl,~ CI'('I" (':t,ught. nn inli('('\.. j for in this cn·se I1mu)' o f 
t he cell s will bc {(mIld filled \Vii h ycllfJwish matter insU:ll.t\ or 
with chlorophyll.grains. Scyentl \t':wcs wore le(t for different 
lengths of time in f<olutiol1tl or different !!trcngths; but it will 
snffiro t.o dC8cl'ibf' fI, fcw cascs. A small thin lenf WM immerscd 
for 2.1. honrfl in a. flo\lllion of 7 parl!! of the cnrbonatc t.o 1000 of 
wnte!', nnd tralHn'crse fl('cliollfl WCI'Cl theu exrnnined . The cel1 ~ 

llCrl r lhe margin of the h'rlf, throughout its whole thickness, did 
not. now exhibit. a I'ingle chloropllyll-gntin, but in their plnce 
mnsscs of trfllUlp:t.rcnt yel1owiflh-grccn matter of Lhe moat dil'er
!'lined slwpcs. 'I'hpy resembled Lhof<c of Dl'oset'fI shown nL fig. 3, 
if we flllppOflO flOI'NlI1 of thcm to be pressed lightly together. 
Some of the maslIcs in tJlf' sa1l1C cell were connected by ex· 
lremel,Y fine t hrende. Splu'r(,8 of mO l'C soUd matter wcre Flomc
limcs included within the !)(ldl.r-Rlmped greenish masses. 'I'lie 
contJ"nl<t ill npper\t'l\llCC betwcen thc!le Flections nnd thOBC takcn 
from 011(' corner of Lho snme lenf hl'forc it bn.d bcen immerecd 
wns wCllldC'rfully gl"cnt. 1'ho s('c1ions wore !,hen clarified by 

being len fol' somc lime in alcohol, but noL 11 grn.i n or chlorophy1i 
conhI be "C'Cll; whC'l'e:tf1 the fref<h fllices similarly clnriticd exhi -

~ V"'ll Ti('f!h~m, 'Tr8it~ ,1r J~o(l\niq" .. : 18112, p, 4~3. 
, TllrH' erdiQ!!s ond fIlOl1y o/hera II'"rro mncle ror me by mY.'l()l1 l<' rnnei~, to 

whDm I OWl) lllucli iurol"lun1ivu rUll! otilcl"Il!ll!iBt.IIllet). 
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bited with illO utmost plainness tIle now coloUl"less grains" Tho 
oddly-fth:l.pcd green m:t<'SCfl mhibited llone of the mOVe!llCllt~ 110 
conspicuou~ in the crt!;C of DrQstlra; but Ulis could hardly have 
been oxpectod after the in.iul"'y causcd by slicing; and tho ICMOs 
lire much t.oo 0pMjuo to bo eXllmincd withont lhe aid of sectionP-" 
Some othol' fJodiollR rto111 tho SIITIlC imlll('l"f<C(l leaf prcsent.ed a, 

ratlwl' diffcl'ent. IIjJpCnl'.'lllce, as nlo)' contained much e;dtemoly 
fine gT:'1.111Ilal' green Inntte1', w1.i('1. hecame p:tlt' brown anel" boing 
kept. in alcohol. No elrlorop1.),Il-gmins could bo soen ill ally of 
tllC!<C !<cctions" Aftet" adding iodine (di!<!<oh"ed ill watel' wiLlI 
iodido of ]loLn~siul11), mnlly par1iC'!{,f< of p,1:\rch beellllle visible by 
heing coloured blue; but. nono ,,"ere presenl intire tint described 
flection" S0ll10 of llr(' l:ll"g-or rounded aggl"og:'1.tecl masscs WCT"O 

coated ,,-itl1 bluo pal"tieJcM" OL1J('rs I'"cro quito free of euch IW1"
tic1c!<, and wcre colomorl by tire iodino bright orange" 

A IHl]H'l'Hcial slice ""IIi' lnl{Q1l from II. frC8h loni, sbo,,"iug the 
IIpper epidCT'mic f1.ud gbndular BtlI"facc, lind :111 tbo cells !l.bouoded 
wi~h lal'gc grail1ll of chlorophyll. "Bllt with a loaf which had been 
immer8ctl fo1' 2'~ lrourFi in n. solution of Cllrbonn.te of ammonia 
(7 to 1000), II. Bimil~1" Medion prcscnted a \\"ollderfully different. 
Aflpect; no chlorophy1t-grain~ could be Heeu. Some of the 
('elli' ('on bin cd 0110 ot' two lrallBparcllt yollowi~h spberes, whicb, 
i~ ,ould 1.lll"dly be douhted, had been formed by ~ho fusion of 
pl"eviou~ly-existilrg t"hloroplryll-grains" Othor cells eont!l.ined 
\"f'ry fine bl'owlliab gmllubr malter, and thi!< n.pparently hnd been 
depof<itcu from Iho cell-fwJ1 wilh itl! colour changecl. This gl'a· 
nulln ,l1mt.tor Wnll gcnernlly aggl"cgated inlo 0110 or two eitllOr 
!!cpara.to 01" 1110l"C or lcsf< ClHlnuCllt Ilphorical balls, lla\'ing a rough 
~\lrr:1CC" Sometimc!< a narh-browli grn.nulnr sphere was sur· 
rounded by a, 7.OHO of p:llcr I;r:lI11tlnr 1l1l1Hel'" In ot.ber CMes 
brO\'"ll gl'allular ~phel"es la)' in tire ceiliro 01" l.1"allapare.llt yeUow 
!<]1l.cJ"c~" 111 one CMO r~ flphere of this latter kind, wiLl. two 
others cOllsist jug exc1ufli"oly of tIre yellowish irnllsparent maLto!", 
were obl<er"\"ed in 1.110 ~fl.me cell. In other ("IISCS tho brown bllUs 
were fll11"1"Ol\Hded merely hy f\.U extreurely narrow bOI"der of trans
parent. matter" fl nppe:ll'a thnt in thesC' cn~es t"be gl"n.IlIllar 
matter h(ui lirat br('n dcp0l>ited, And tlren lrnd become )110re or 
le~s aggregnt.ed into balls; and lhaL aftennu"ds the ycllowil!h 
trnnspa.l"ent mattei', fOT'mod by the fusion of tho modified chlo
J"opllyl1-gl"ainB, hnd 11 g-gl'egAlecl either round illo granular mntlor 
01' into independenl "pllcricnl nlHi odtl1y-shllJled mn.sscs" 
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'I'r:t.nsrerllo a('Ct iOIl'> of ot her immerso(lloaves presented mriolls 
""ppe:trIUlCOII. '11 olle coli ;l. ccnLral transparont IIphoro \1"11.' !lur· 
ronmiccl hya haio I)f bro\11l gnulHlar maUor, and this again by 
a r.Olle of !lw tr;lIlflp;l1'cnt !Hi~llcr, and Bueh matter quito HlIed 
sonze ;uljPini!!g ('L,IlI;. II! the cells of a.nothor lel~f t.hero 11"01'0, 
throughout jt~ whole I.hiclwcf<lI, yellow, greenish, orango, pale 
0]' I'or)" 111I1'il -U roll Jl I!-piJcrc8. Sumo of thoso latt~r flphoroR had 
n dnrk ct'lltrr, 1IIIieh w;w ~(l liard t.hl\.t it WI\8 crackcd uy PI'CS811I'O, 
{Iud {l1£' lil)U of lO£'jlJlJ"alion from tht! 8urrounding ZOllO of pRier 
lllilllcr wn,q dilliine/. 'I'wu b rown spher~ WOI'O iu ono caBO in
c1lld£'d withill the sn111C t.raw' IHlrent sphere. Grr].(l:\.lioll-'! SOOlllOo. 

to shOll !lInt !II(' opaque g"r:1.lIllln.l' 11l:~tter ultimat.ely passe(l il1lo 
d:l1"K-Cololired Ir:llIf<pal'cnf, III:tLtcr. 1n these8:1.mo sccLions there 
W{'l"C flOlllf' colollt"lCflll or )"elJol\iHh highly-t.r!l.lHlparellt I'Ill1all 
l'.ph('J"CIl, 11\,i("h, I \)f'.liel"o, w('rc merely Illuch swollen chlorophyll
gr:linfl. Onc, two, or mOl"e of f<tJch graius, while flt.ill I'fLrt.ly 
rebining tli('ir outlines, Flollleljmcs ehlllg to t.he darker granulm' 
sphcrcs. "'\Then th('fc wCl"e ollly one or two of t.hem thus cling
ing, they :t~~I1J1l('d the RiHl.Pf'fl of IlIl.lf- or C]ua.rter-moons. It 
nppe:"tred nfl if RIlCh flwollcll grnil1!1 when completely connuenL 
had ofton gil'cll riFlC to the pale ZOllefl sut"roullding the granular 
sJ)\1('refi. Thc pflle 7.0llCfI werc l"omlCl"od st.i ll moro tmnsparollt 
by ncelic acid; Rnd 011 one occasion they quite disappeared, aftor 
being lpH ill til(" flcid fot" 24 hourI!; but whether the ml~Ltcr II'ns 
dise-aired ')r hnfl tllerely di~il1toA"rat.cd was noL ascertained. 'rhi~ 

Itcid \Jl'llduces till; Rllmo olrect Oil recently n.ggrClgalcd palo
colo\1red Or :'\lll1o~t colourlclII! mattN in the tenia-des of DrQSCrfl. 

In olle leaf a. good 111:1.ny unaltered chlorophyU-gra_ins could 
~till be difollin~\liflhe{l ill Rome of lho coils j autl lhis occurrcd 
morc frequently in the t.hi"kcsL p:lTt of the leaf, ncnr thc midrib, 
th:l11 eiFlCwherc. 111 onu section the chlorophy ll-grains had run 
together, and forl1l(,{\ in !lomc of the cells llarrow green rim'" 
round nIl four wn 1\1,. J n I11Il11y ~cct.ion"', more eflpccinliy in those 
in wl1ich I hI' prUC('f<R of aggl'egatioll had not been cnrried "ery 
far, there Waf< much cxlremely fine grn.nular maLlcr, which dill 
not rCRemb!c smaflhed or diflinlcg"l":tled chlorophyll-grains, such 
1\8 may orten ue !leen in flection8 of ordinary leavcs. Thia gra
tlt/la.r maLler occasionally passed into exceRsively millllte, t.rans
parC'nt, morf" l"J" 1f'Rfi conflucnt glohules . 

.T u(lging from t he!<e florern 1 apl1('ar~,nce!<, wc may conclude that. 
~:'\ruonatc of ~\!l\muJlil\ first IH·t~ 011 lho coli-flap, producing a grn-
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nular dcpo~it of rt. p!tle browni(l.h colour, and that this tend!! to 
aggregate into bnJls ; tll:l,t Ilftel'\I'{lnis the grnills of ch lorophyll 11,1'0 

ncted on, (l.omo flwcllillg IIp Ilnd bccoming completely confluent, 
80 that no I raco of their ol'iginll-l flLructmo i(l. 10ft, nnd others 
breallitlg up into extremcly Rile greenish granllilll' matter, which 
IIppeflrs likcwiflc t.o undergo aggreglltion. The final resilit is thc 
formation of bnll)l of hrown, lI-nd J.lOllIctimcfI rcddi(l.h, granular 
mllt.ter, oft.on SIII'l'oll11dcLi by 7.ont'~, mol'C or lClOlO thick, of ycllowiflh 
01' gl'CCllifll1, or nlillust. colollrlClOfi l , rall~pll-l'cl1l. matter. 01', ng:lin, 
Hp horcl', oyal(l., Itlld oddly-sIH],J)cll nHtfl8CS nrc formed, cOll8ist.ing 
exclusil'cly of IhiA IrnnApnrcnt yellowish-grcen mattei,. As soon 
ItS tho Ill'oeC8S of IlggI'cgatioli has becll thoroughly carr ied out, 
1101. a grain of cll1omph.l'll CI\.11 be secn. 

Drosf'l"a rOflllldifolta.-Tt. is :lthis:\blc t.o select for obf!orvntion 
pale reddish lefl.rcs, :1-'1 tllC dark-red ones arc too opnque; ILnd 
the I'I'OCOSS of aggregation doel'! 1101. go on well in the small 
compleh:ly gl'een JCfwe~ whieh mar sometimes be found, The 
tentaclcfi, which are morely delic:dc prolongatiolls of the loaf, 
nrc from their lnlm~[lal'cllcy wcll fittod for observn.tioll . In 
!lodiolls of Lho diHI\l~ of frcsh leaves, the celh~ of the epidermis 
lll'O seCll to abound II illt grains of chlorophyll, aSlVeli liS those of 
the underlying parcnchyma, '1'hc bascs of the exterior tentncles 
:u~d the part. immediatcl,\' bCHell-tlt the glands are genernlly 
coloured ]>fl.Je green from t.be 1)I'cllcnec oj' chJorophyll-grHins in 
the parenchyma; aud Rome occur LhrougllOut t.be whole length 
of the IOllger tontaciC'f', but are not eU(l.iiy f'P('n Oil account of the 
puq~lc ccll-(l!lp, SOlllct-iIllC~ tllc cpidorHwl ('clls of thc IOllgcr 
teutaclcs include chlorophyll -g-rni1l8; but thi~ is rather II rare 
crout, '!'he foo/slalks of the I<horL lClliaelc" 011 thu disk firc 

bright grCCll, !lud ilH'ul'iably uuound wilh gl'aill8 of chlorophyll . 
A pale Icaf, ill wbich the blll$lll l:c\1s of ihc cxterior tentacle8 

contnined Ilumcrous g['aius of chloropb)'I1. was left fo l' 24 IJOuI's 
in 1\ !!olution of only 2 parts of till! cnl'bOll:lte to 1000 of water; 
and noll' inuulIlerable grcenish f'phcrcs, rc~cmbling oil in IIppear
auee, werc present ill thelle cell", nllt! the ordi:lIlry chlorophyll_ 
grains had ill most ]llaeas disnppcan:d. Ne\'er~heless in several 
cells 1301110 !>wollel1 graius I\CI'(' still distinct Other colis COII

taiued line granular OJ' pulp), grt'Cll Itwltcl' collected into mneeoll 
at onc end. In 1\ few other cells 111e c.hlorophy ll -grains hnd run 
together, forming a COlltinUOUIl grcen rim with [1. sinuoull outline 
!lUnched to tho wlIll~. III frel'h Icn"08 I he guard-ceUs of the 
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EltOllllltn. include g]'ninEl of chlorophyll; but I;bese, after the leaf 
lHlf! bcoll imlllersed in tho cnruonatc, n.11l10st nlwn.ys become fused 
into n. few ncnrly eolaur!CR!:! spllorcfI. 

Neclioll':l Illade frr)Jtl lc;wcR which lH\d been left for 22 hours in 
a solution r)[ '.Ii to 1000 c:o:hiuit.cu, ill tho upper nnd lowol' epi
derma] cells of tllO diRl{, rLnu in tho cells of tho pn.renchyma 
ncar the hfl~Cfl of /ho ex~erior j·onlaclOR, greenish spheros; and 
in surh ('('11.'1 there \\"('I'e no ehlol'ophyll'g:ra,ins, bllt they wore 
Rlill pr(,f<cn/. in S01l10 foil' of the epidermal cells whicl] did not 
('ontain np-g-l'(',gat('d mnRfle~, and th('.v abounded in tho parenchyma 
ill the middk of tho disk, \\ hero thero 11'01"0 only II. fcw green 
~phcr(,ll, 'rhc~(' ",C'('Iions 11'cre inigaled with the solution of 
iollin{', nnd llU' gl'{'('n "'plU'I'CfI ucc,1me yellow; And mnny minute 
('IIi plical pnrti('kfl of Rln1"rh, colourod blue, could now be socn. 
Su('h pnl'riclC'R 11"('1'0 Hot riflible in the sections of fresh IcarcR, 
nnd I beliel·e I.hnt j IICY lmd h{'('11 imhed(lod within tlw chlol'o
phyll-g]';"lin~, from 11'hich the enro\oping protoplnsm jmd beon 
withdrawn In forlll jho grccn flphcro!:'. 

Onc of Ihe abn1'e lc;\\'cK 1\'a·fl left in tho nmmonin. solution for 
tl]]'('(' dnyfl, by whidl limp il; h;trl l'CCOllUl flaccid, being cr idently 
killed, 'fhe lllllllerOUfl gl'cen flpl1el'cs were blackened, but per
fectly retnined tllt'il' onllill('S. No clllol'ophyll-grains could be 
scen, but m:tlly pn.rlides of slarch, 'Vllen leave!! wcrc left for 
some timc in a. [lolutioll of 7 to 1000, much pulpy green ma.tter 
ami illlHlmcmble f!:phct'c!I Irero Bometimes formed, but 110 large 
ngg-I'C'g'nlc(1 mnfl.SCf;; 80 thnt ill thc~o caac/! tho solution appea.red 
to ha\'o becn too RlTon,g, The dcgree to wbich the grn.ins of 
chlol'Ophyl1 nr(' !lct('(l Oil 1":niCR much from unl{])own cnuscs; 
foJ' in fl0l110 ten1;1('lc", 1I"111('h CJhibilcd Btrongly-mnrlwd nggl"ogo.
lion nft('r h('ing ]prt fOI" '3(; llOill'S in the Eltronger solution, the 
g"1":lillfl could fl.lill be flCCll, but only nne]' they had been cleared 
by iJ11111Cl'"inn in ncctic n('i{l. 
, A l('af II"nfl \lIid 011 n A'la",~ pl:ltc \tcpt ill n. damp chrullbcl', nnd 

1"·0 (ll' Ih1"c(' t('l1f:1cl('~ 111 011(' ('nd IIC],O cOl'ercd with thill glnss, 
1"0 aR to prevellt thr"ir b('Jl{\ing, nlHl Wc]'o irrign.ted witb the IIm

monia flollltioll of 7 to 1000. A ncr 24 hours nnd '18 hOllrs these 
lenl(1clc!!- inclm\cd mllll)' dnri{-plIrplc nggregn.ted lllRf!SeB; Il(l\-el'
thelc~fI plenty of chlorophyllog:,'ains woro still \·isible. Tn the 
diflk of tJli~ lcnf, how(,l-c]" 11cat" t.he b(1ses of these tontnc\es, thcre 
wcre f:om{' f<phercs of' a fino /!l'ccn I,int, lind others purplo in the 
centre IlUl'l'Ollllded by a disliudl), defined gJ'eeu ZOllO; 8nd in 
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moat. of. I,he cells containing'l;heso sphorel'! 110t n. grain of chloro
phyll could bcdistillg'uiflhed, Tlm,1; the green surrounding zOl1oe 
had been del'ived from the chlorophyll'gl'rtins is, I tuiuk, cert.nin ; 
for the purple colour of the cellt,raillphel'c" ~howcd that the ce ll· 
contellts had not. been originally green, Other cellI! in theee 
lOI:tme scdio!ls included irregu1rtd.'f .~haped lll;\8Sel'! of n. Jlurplish. 
green colour j n.nll t.hcl'le wero obse]'l'ed ~Iowl.'f to change tueir 
fOl'Jns in t.he ll!Htal mnnner , 'Vhen Iwctic aC'iri w8I'ILLdded to t.hcllI, 
the gl'ceu trn.llfljl:l1'en!; flphcrcfI and t.ho ZOIlOS of similar grocn 
matter round the ]llll'ple sphcroll instanfly disn.ppel\red, eit.her 
fl'om being disl'lol\'ed 01', lUI serm!>. moro probable, from boing 
killed a,nd sud{lenlx disintegmting, On anot.her occasion boiling 
Iyater I\no alcohol pl'Orllll'rd the !>.ame oncct on t.hospllcres, l'('n
t:H'lcs llfil1l'ctailling t;h{'ir chlorophyll·grl\ins, bUI; with many I'ery 
palo-colo1ll'od homogcneous aggregated masses (which wcre SCOIl 

in movement), \1"0I'{' ilTigated with n.cotic acid; and il; was curiolH! 
lo obsen'c how ill!>.b1.1llaneously they becamc filled with small 
I ranspa]"ellt sphcrCl~, In a short t.imc, howcver, tho outlines of t.he 
large\' masses WCI'('· ;l1onc l('ft; t.hen theso disl\ppcared, and finally 
the small enclosed sphcres, Oil tho ot.hel' hand, somo dark· 
coloured soli{\ aggrcgai('d !>.phcrical mnSS(1S did not disappear 
II"hell left for 24 hours ill acetic acid, 

:I,'ho cllcet. of t.ho ammoni,'\, solution (,~ and 7 to 1000) 011 I;he 
cpiderllUl.1 cells of t.he upper surf.1ce of the disk \vHS now more 
especially obsc\'I'cd" III some C3~('S 1\11 these celie which, as 
a.\rc3dy stated, invariably contain many chlorophyll'gmins, in
cludlJd after illlll1crflion in the !:IOlLltioll only a single or sercrn.l 
green l!'lulsparcnt. sJlhcl'c,~; but. mom commonly the spheres 
\I'el'e \'cl'y c!:\],k purple or bl'oll""]1. HOllielil11es a contl'lll sphere, 
which WM so solid t.hnt it co\J!d be cmcked, W;\8 surrounded by n. 
weU·defined pal!'!' 'lOne, Numerous gr:l..d:1tions could be traced, 
showing t.hat sevcral sm:111 spheref\ :md irregularly slHlped glo. 
buies often coalesco, ancl thul! Corm t.he la.l'gcl'rounded masses, 
It. \\":1,S I'e]le:lt.edly obsel'l"ed thai when fhe epidermal cells con. 
tRined only one OJ' two i.1l'ge tlplwres, not:1 singlo grain of chlo
rophyll could be secn, [t if! 'lurprising that dark purple or 
brown or almost bla-ck spheres should be fonned in the epidermal 
c('l1s of green !ea\"e!>.; [or b('fol'e immersion t.he eell,contents 
\\'el'O colotlrlese, with t.he except.ion of the chlorophyll.grains j 

l)1lt t.he fa-ct is le~1! f!UI'prising when it is known that these cells 
t urn more 01' leBs rcd as they grow old if they are exposed to a 



272 MR. C. IIARWIN ON TIIg .... CTION or 

bright li ght. In 1I0mc of illc!;c IC:I.\"ea tne blUm I cello! of tno 
longer ('.~lf'I"io,- tentacle!! had oecomc oeautifully tran~pnront 
frcm thc :lg~l"ogntion of their content!! int.o green or greenillb. 
pllrplp IllM':<pfl.: :\11d hCl'c 110 ch lurophyll-grains could be M'OIl; 

oul ;ll other ]llI!"lg of tho lin inC tcntacle!!, where the nggregatcd 
m:HlfI(,lI I\!'I"~' (If n pmple titlt, the ch lorcpuyll·grnilH' wc,·o lltill 
p'ni"')' ,-;!!;111('. 

Fill!!lIy, il Ilppcars {'('riain Ihat in nUl l('avCB of Drosera Lhe 
grllillll of rhlnrnphyll, if '{'fI long ellollgh in II. weak flolulion of 
IIH' ("lnllflnal{', "OilH'I im(,fI l)1"cII k up nud (orm trallslucent grecnif!h 
glohnleH, II hich ar(' I1\lIch IIlllnl1e" thall tho origilH11 chloropllyll
gl"flill)l: :l1ld 111111 Ih(,fle, by ~'or"e"cing, rorm lal"ger 11la.s~p", which 
lignin ('t,nl('~('(- inlv:t f('1\' ",,111"'1"(,11 or into n. aingle one. III othcr 
{"a"('11 IIlc ddnrol'hyll-gTaiulI .'1\\(')1 :md coalcsce without h:"LVing 
Prf'I'it)lIl<ly brok('11 11)1 inln glol)lllc~ During thesc vn.rious 
ch:lI1g~''l tho aggreg~l('d ma~fWS oflell becollle coloured by tho 
Illodilif'd ct'll.srljl, moto e"pceiall'y ill lhe CnllO of t.he epidermal 
eelhl; or I hey may form n. 1.Qne round the already aggregated 
<'t'Il'"IIP, ill II lli('h ('~FlO:'l.. unr1t central "phere is I!IUrronnded by 1\ 

less dnl"k (11· hy II. light-grccn lm.n:oparent 1;OI1C of maUcr. 
If r('III:\;m. to be ('ollflidered whethN tho graiufI of ehlorophyll. 

liner eompit'h' flU!!if">1l or agl{r('~ation, nre ever reformed and rl'
A""lInl(' thci,· norlllAI pOflitiolla on th(' wnlls of the cells. Alt.hough 
the purple nggr('gntc(\ IIHl"lIe~ within t.ho tentacles nro SOOI1 

r('di,,~(\h'('d, tl,c e(,lls hecoming refilled wit.h tmnsparent. purple 
fl\lid, it hy III) mcans (oUm\" tlmt tllC chlorop llyll.grainA IIlIould 
0(' r('for",(''' : lWei am-I! R ('np~eily would be nil interesting point. 
'1'0 n"('('rl:lill IIIH'llIer thi~ ocellrred, drops of:'l.. wcnk solution of 
cru·blHltlle nf 1I1111H(lnin (2 to 1000) IICl"e daily placed during (j 

dny" 01\ /!:('I"er-:d 1('111(''' 01111 gl"Oll'illg pl:wl; l.lllt, to Ill)' allJ"prise, 
liI(' tcutacl('11 1"!'lllail1('t\ IIflcr the lil'lIt. day expanded, wit.h theil' 
glrllull! lll'ig-hi I·('{t lIud copiollfdy 6ccr('ling, n.nd they exhioited 
litll(' ngA"]"{'gation. !,flrW' (lrop~ or~ /l:oluliun of4 to 1000 II ere 
1If'.tt "lfI('cd 011 /111"('(' 1'('lldi8h ll'al'c!t, fr(>~h dropa orillg :tdded ill 

abol1t IS honr!!. After an iuleHnl of 41~ hours from the lilHO 
\\1I('n Ihe ~lt"Ops Il'Ne fir"t. placed 011 tl1(' Icn. .... cA. three .. hort COil
traltC'l1laci('ii 011 ollolcnf werc cXflHlilll'd, Ill1d t.he ('ells wcre seen 
10 11l' filll'tl "ill! q\lickly lIlo"ing ng:grcglllC'd 1ll1Hl8e!!, !lnd not. one 
grain of eldorop"}" could be distingui!!hcd. In GG hours after 
tl,cflropH hnt! bcpn t;'ifen thc lefJ"(,s wcre well syringed with 1I"lI.t(lr; 
!Iud 110'\ the ccntml tentaclc" of R second Ica( were examined, ill 
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which Utere was mllch /lggregaLed matter and no chlorophyll
grains. A t.hird le:tf WM e:t"01nined I) day!! nfter the drOJls hfld 
been giv('n, and 111(1 aggregated ma~!!os rLppcarcd to be brcltlting 
up into Sll1n.!l highly tmllsparcn/, spheres. 11\ two, however, of 
the short centrlll tentacles of l:ilis leaf the cells Itt their bMe9 
contained 110 nggregated mattcr and plenty of chlorophyll-grains. 
Jt is prob;tiJlc t.hat if these tentllcle9 had been examined two or 
three days earlier, 1\11 opposite sLalo of things would htwe pre
vniled. In a third central tontaclo [rom this same leaf thcre 
was still much aggrcgated matter in the basal oellll; and here fI. 

[ell' irregularly sh:qJed ehloroph)"ll-grains could be aeon In 
other t.entacles [rom this same le:l.f, and from two other leM'ell 
wlli('h hall been ~illlihrly treatod, SOIllO of tho aggrQgll.ted I1II\8SQS 
hnd become ,:;r:"l1l1ln.r, diKcn\oll1"ed, and 0P:uluO j and thif3 indi
caLCf! that the ~ol111ion lH\d either becn too strong, or t!mt too 
Inrge a qllantity hrltt been given. 

Drops of :t strong filtered flolution of raw ment were now 
placed on 7 reddi!:lh le:l\'('\O., t.he tculades of wh..ich all beca!\1e 
much inflected ami their gl:tnds blackoned. After 22~ hours 
thoy 1\'orc syhngod \\"ilh , lI"iltol', nml onc leaf Wl\!! cut oft' for exa
mination. Tho cOllt('nl~ of fil'c Ahorj, cenlmllcntaclell from this 
loaf \\'el"C ag,:;rcgaled down to their basel!, aud DOt n gl"nin of 
chlqrophyll could bo f<O('U. $om(' of the agg regated mll.8ses were 
nlmost while with 11 f<Lillt tinge of greell, and were moving 
quicJdy III t.he lollg exterior telltllcloll \1 hich lJad not at first 
bocil tOllehed hy t.he illfusioH (that. i~, not until they hnd become 
inflected), l,hc nggrcgatiol1 llad not ns yet tl":l.I'ol1el1 down to the 
b:1f1a.1 cells i and llcl"c the grniuA of chlorophyll were quito dis
tinct. The infusion \\' :11< loo 8trollg; [or aftel' fh'c dn.ys oue out 
of the six remniniug Icaves was dead; 1,11"0 others were milch 
injured, with the oulel' tentacles I,illed, 1hOllO on the diSK, though 
immersed fOl" a longer time, being still alive; the fourth leaf 
WM comidembly i IIju red ; the fiflh and sixth looked fr(,sh nud 
vigorous, wiLh their glands, uow of n. red cOtOlll', secl"cting freely. 
Five o[ the short contrnl tenta.cles from olle of these In.tter lo:n'es 
were now (i,e. aHer tilO fj\' Q dfLY") e.tamined: ill t.hree of them 
only a. f.r:t,ce of aggrcg:1tioll was Ic(t, n.ud plcnty of chlorophyll
grains could be aeen; in a fourth tentacle there were still some 
aggrogated masses and a few chlorophyll-grains; in II. fifth there 
were Ulauy aggreg!l.ted masses and some fine granular matter, 
nnd here 110 chlorophyll-grains were distinguishable. There ('nn 
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hardly he :1 douilt that ill [Ollt out of these five tcntaclca the 
chlorophyl/ -gTl\illl~ hart becH reformed. OU oue of tho lIluch
in.iured 1('.1\(''', in which t.1w ghl.llllH or tho contral teut:wlell were 
shU olJaf]lI(', the cellA in the ir footf'btllul con tained some n.ggrc
~F'lcd Illld .''')]1)(-' brownish granula,· ma.Lle,· ; and hel'c miuute 
globulc" wore ttn:!Ilgod along tho walls of tho ceUs in the places 
whew chlorophyl/-gr:linfl ought to havc stoo(l ; but whether these 
"·{'I'e l"('1lmanls I' hidl llll.u 1101·el· wholly disa,ppea.red or uew graills 
reforming conlu not bo :lscert.n.ined. 

IJI"Opf:\ or n wC:lkcI· illfll8;011 of rfl.w ltlcn.t were llcxt placed OIl 
~Cl"('n ]"o{ldi ~ h lcar(-'~, whi ch worc n.1I greatly acted on ; but tho 
infUf'iOIl wn:-< ~titl rn~hel· Iuo f<lwag. JIt [rom 24 t(l 25 hoUl"s 
:1JI('l"w.1l"lI:-< all tILl' Ican'Fl 1I"('l"e well Ryringed ; and Slnall piecos 
hal·ing: hccn ("l1t nil· '''0 pf Ihclll, f<fll'('rnl of tho short central len
!:t('1f'~ w{'re examined. ] n one of thcse leaves 11. ,"cry few chloro· 
ph.rll.gl·;lil1~ eould be seen ill Home few cclls in one 01" lhe tell 
IHc1cH \\hich had noL undergone so much aggregH!ioll as the 
olhcrf'. In!lw picco from the secoml leaf \lot:~ Binglo chloro
phyll-grain {'ould he flifOlil\~l1ishctl ill any of the short celltrnl 
tC'nladc". The Rcdiol1R were tben immer!'!ou in 1I lcohol, and in it 

few lllinule i< "I! tho a.ggrcgatetilll:tssc8 were broken up into I'cry 
line ~ranll1:1l· Jl).'t/t('}": bill, 110 chloropJlyll-grnills could be SCCII, 
except ill 111C ol1e lcntnclc abo I·e mcuLioBed. lit three days niLo!" 
the drop i< h:Hi"becll fir~t g:il'Cll, four of the leaves (inelu(liug olle 
of those f!"Om II"hiel1 [l, f<1l1all piec(' hOlt! beon cut.. oj]") looked vigo· 
rou~, :lncl wel"c fully or al111ofOt fully c~pandod. 'l'bofifth IcaJ, from 
wllich II piece hlld likpwise b('('11 cllL olT, n.ppenref\ R:omowlmt 
injured. 'rll{' flixlh iHtd il.4 '-on/ado'! abl1 inflectcd ;lnd 'lccmed 
IIn1cl! inj11l"cd, n.nd WII~ a,pparently almost f\cad. 

F Ollr ,,(the cClllm.1 tClltllcJC~ 01\ the vigorous loaf, from which 
i\ j)ie("(' had beell cut. oW, af!('1' 21 homs, wore now (i. e. on the 
third <lily :Iflcr thc d1"(lp had heell given) c.~!\miucd. In most.. of 
Iho baSil) P(,)]f' of Ihl·po of tJlNW telllacJe8 only l~ tr:1ce of aggre
gAtion 11:0< len, n.nd m:l.llJ' chlorophyll-grains could be /locn in 
I.hel11 j hul I,h('!'c werc nnt 1<0 regular in Bhape or flO regulilrly 
placcd :l.'l arc th{' norm:ll gl":lill~; flO thnt I IJrCIIUlUO t..hey were in 
the aei of reforming. ' I'wo baAaJ cells in one of theee tentacles 
Fllill eont:linefl l:u·gc fjuickl.y 1Il0Villg nggrt.>gnted massc8, IIml ]101. 
:\, gr:1in of ddfJwph.fH could bo di ... tillgui ... hed in them. "\-\Thell 
I hill eecLioll W,l-R irrig;J,tcd with 1110 solution of iodine, tho aggre
galed mal>f:lCfl in the two jllfO.l-1l1clItioned cells inetantly broke up 
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into brownish grn.nular llmtter, nud the ilT(lglllnr and, M I BUp
pOlled, jUf:lt reformed chlorophyll-grains in tho :ldjoining cellll mn 
togethor and becn.me confluent, forming nartow rims along the 
wnlls. 

After interval/! of 4,0, and 8 days from tho timo whon the 
drops were gi\'Cll, Ui c('1l1 raJ tentacles on three of the leaves 
wero ex:ulIinod; l\lld in all oE th('~e tentactes, excepting Oll(\ ill 
which thero "\las slill much aggregated matt'or, ch lorophyll-gmilHl 
could be Beon . After 11 clap! one of the leavell, froUl which fI, 

3Jllall}liece had been cut ofr after rUl intOI'\'al of 24 houtl!, fl,ud in 
which most of the centm! tClItaclefl thon included no chlorophylt
grnins, waH now roc.'ulll1illed. 'fhe central tentacles A.ppeared 
perfectly hcn.lLhy and W('I'O Recretillg: in 8 out of 10 of them, 
thc cel1fo1 illcludcd chloropilrll.grn.i1!/! hl\ving the usun,I n.ppo:lr
anee: ill lhc othcl' two trlltn.clc/! thero wn~ alil l much aggregn.tcd 
ITI;tHer :l1ltl no on\inal'Y chlorophyll-grains, but somo few inc
glllnrl.y ehnpcd chloroph.yll-graiIlH. 'With respect to tho second 
101\.£, [ 1'0111 which :~ fi1l1;Jll piece hnd been cut ofl·, I\nd in w11ich the 
contral tCllln('l('~ rlir\ no1. thcn (i. c. nftcr 2'~ hours) conta.in n. 
I'illglc chlol'Ophyll~gl'ajll, on ly n. ,ery fcw of the ceutral tentacle!! 
llDW (i. C. flflcJ" 11 rlaYI!) :tppcn.l·cd hcnHhy : hut in two of thcm, 
which nppcal'cd quito uninjured, 11101'c wore illllU1l1era.blo p~rfect 
chIQrojJhyl!-gl'ai!l~ iH nlllhc cells from lhe gl;Ulds dowlJ to tho 
bMe. 

COIlf:iidcl'illg the whole o{ the c\·idclIce 1H'T'c gi\·en, thoT'O enll 

h:\l'~ly bo:~ doubt that with lho loa,vCI$ of Dl'osem as soon l1.Il the 
ltggrcgated lllaf;IICI$ break up, and crell before they arc who!!y 
l'('dial'olvcd, graiuR of chlorophyll arc reformcd. 

Dl'osol,/i.ljllum lusitrwicwlI.-'l'ho foolRtnllolof tho tcntaclc/! 111'0 

hright green, [1'0111 t he largo llumucr of chlorop hyll-grain/! wh ich 
they cOll tain. '1'\\0 Icnr('11 WOI'O immCI·fled in n lIolution of CI1.I'UO
Ill\,tc of 11.11111lonia, (1 to 1(00) for 23 ntld 2.1- hOlll'll, nnd tho ee111l 
or the foot lila Iks 110\\' contained ill11uI11cmuie spheres, S0111e Inuch 
smaller and flomo much J:u'ger tlwll the grains of chlorophyll, 
n,nd oth('l' (ldcllr f<h:tpcd l11aSRCS, 11\ore or less confluent, of t.mns
lucent bright-yellow matLcr, which, when il'l'ig'!1ted with :tlcohol, 
im~tnnLly uroke lll) into fino grnnulnr Il1:l.UC1'. I looked ill vn,in 
in 80vcral of thcso tenl'nclcs for gl'aills of chlorophyll. Anothor 
leaf WI\8 immersed [or o1lly IG~ hOlll'iJ in n wcn.kor solution of 
2 to toOO; but. this sumcc<l to produco all n.bundauee of yollow 
tr:msluccnt bodies, which wel'o Becn to chan ge tl1Cir forms greatly, 
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though ~lo\\"!y. 1"11 mfl,l1Y, bllt. not ill 11.11, of the cells of /,hi", lellf 
the grflilltl nf rhloroph.vll lI'ero 51ill (]lIite distine!;, '1'lIe sovcrnl 
I(,MC~ W('!'f" If"ft hol,11 in til(' ~Irong('r and wen.kel' solutione for 
41'1 hourll; and Oli:< ('rtllfl0f1 Ul(' .vt'lloll' spherefl n.nd rnM!'ICS to dip.
intcgrlltf' into hrowl1illh gr:l111l11l.r m:~Ltcr. In tllis rCflpeet tho 
aggr<'gllted llmSflf'1l in Dro.~oph.llllnm dim"r from tho~e in Drosr.,." 
tl11(1 TJiOil"·rr. J.(,,:l\'{'~ W('I'O :lIM leH for 24 tlud 48 houl's ill 1111 
inffl:<iOIl fir l'IlW 111<':11,; but' II') 'yellow aggregated II1Mses Wel 'C 

Ihm. pr(l(lnccd, :llld thr: g rllill s of chlorophyll remained perfectly 
di~tinrt.. 'L'lliil !tillgul:w dill·("I· ... llCQ in thc I\ctio11 of tho ill[U~iol1 

of 1':'1\\. 11\('.1/ on 111(1 tellbdrp., rHI compared with thos60f n,·oser«, 
mllr p<'1"I1:1]11< bf' af'l'ol1lllf'fl fOl' by i.heir sen·illg in Drollopn!lllltlll 
1\11110!\1, exelll!li\·cly fM the !\I'('rction of t.he viscid fluid hy whic!l 
ill:<('d8 a1"1' '·:lplll\·('d~l.IH· jlO\\.('l" of di)..;('~tion and of ahsorplion 
beillA" ,~hir·l1y c(Jnlinl'll, Ilfl I haf(l oxpln.incd in my , [llllccLi\'orou~ 

J'I:IIII ~ , (pp ~!.12-~ ~2), to 1 he minnie ~( .. ~sj!e gJn.ndlt 011 the disk", 
of Ih(' ll'nn"~. 

A~ in th(' thl'C(, foregoillg gellNa the grains of chlorophyll 
t{'nd In ag-(,(1"cgnlf' intolllo,·ing 1111lSSCS under the 10ng-ronl.il1llcd 
inflm'l1l'(, of H 11'(':11, ROlut;ion (If carbOl1:"lotc of ammoni:!, 1 thought, 
I..hat. Ihe ~1"nill~ would proh:lhly be Himilarly acted 011 in :Ill in
I'edi'·or'lw< [llllnlf1; hut. lhi~ ,li,1 not prove t.o be the CMC. '1'ho 
i111l1wrf'.ion of 1('l1\·elj of tile C0111m011 Pl:lIguicttllJ in n· flo\ution of 
til(' nnlll10nill lind in nn il1fl1~· iol1 of raw me:!/' dicl not Ca.I1~C tiny 
ltggl'egalioll of the chlorophyll-.l!;1"IlillH, though numerous tr:ml'l
parent Itphcl"cf< WNe f01"I11("\ within tlu' 1{lam\u\ar hairp.. Again, 
the il1ll11erf<iotl ill ,'arhonal(· of 1l111mOlli:t of picccs of yOling lind 
olr! pill'h{'l"1I of 11 JW'prllff,f .• (garden hybrid vlI1"ie\.y) ('nllsed the 
app('nrnll\'(' 01' inll\l11l('rnhlf' mOl'(' or less confluent spheres of 
\·Ilrio\l~ f<i.,,('~ in til(' ~lalldf< 011 th(' l11n(,1" f<Ur{:lcc of the pilcher 
1\.11t! in till' c.dCl'j(l1" I'l'idf'l"l11nl ceHK. 'J'hCKO wel'c formed of LrrtJH~
luc(,lJt lilnffer, eilll1'l" ~d1l101'1 ("ololll'1el<fI or of 1\, brown, orange, 
purple, 01' g"1'cCl1iHh linl ; but tlle grainf' of chlorophyll were 1101. 
nctC(IOl1. 

8al"taccnia jJlI"/1w·rlJ .. -'1'h(l pitchel"f" of this p/(l.llt fIrc cvidentry 
Ildapicd for erdc\ling find drowning ins('cts; but wllether t,hey 
clln digeflt. thc1l1, OJ' 1l1(l.y hn'"o Lhc power of rtbsorbing Ilmtler 
from th cir dccnying re11llline, ill doubtful·. lIbny ob8ermliollfl 

• & c nn intc!'('@tiugaccount of the inner epidermal celle by A.. Bnt.ro.lin, 
"Uelx-r (ji" Fum·linn oor P,rid~rllli~ in 11<'11 Sch!iiuchcn von 8<lrrac~nia &.0." 
18flO. [!ppnnled from 'Ad" l[nrli P~tropol;t,,,, i: t, '1";;, (1880). 
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were made; but one Cl\./Ie will Flllffiee, A pieco of 9. pitcher was 
left for 24 hours in 11. I!ollltion of 4 parts of the earbolll1.to of 
ammouin. to 1000 of \rnt,or, RJld fOl' 2-1 addiLiounl hours in a. solu
tiou of 7 to 1000, ]1\ the cells of tho p3orcnchyma, especia.lly in 
those close to the l"aflClll:u' bundles, thero were ma.ny sp heres and 
aggregated l1I:t.8fH'S of bright ol'i'mge trn.nspn.rent matter , S]Jileres 
of I1le s3omo a.nd of variollS oLlIeI' Lints worD presont in tho opi
denTIa'! colllO, moro Nlpeci:'1l1y ill tlmse on t l1C innor su rface of tho 
pitcher; and some of Lheso flpheree wero of exact.ly t he SI1.11l0 
pn.le grcCllish colour:'1s the swollel1 chlorophyll-grn.ins which wero 
!.IUl] prescnt in flame placcs, being Oftcll collectcd together iuto 
rounded m;tflSCf:!. I n I1Utll)' of tho epiderma l cells which con
tained IIphon'" no clllorophyll-graillH could bo seon, though they 
W('I'O :1.1nllldanj,Jy prcflcnL in t. llC epidermis of fresh len.ves; nnd 
it if! this fad which {'hie fly lotHl/! mo to believe t ha.t tho c!Jloro
jlhyll-gr:\iI16 p.ometimcp. !Jecome RO completely fused together as 
La form apllercR, bcing oftcn blended with tho aggregnted Bnll 
cololl!'ed ceH-f!:l.p. "\Vhell a ,"olution of iodine was added to thoso 
lIeclions, tho pale·coloured spheres :'l.lld irregularly shn.pod nggro_ 
gated 11laSlOCfl became brigllt orango, and Ihey were sometimeR 
f!prinlded ovcr with bille pa.rliclcs of sta.rch. 'l 'he iodino did not. 
cn.use their inlllledinLo disin1egmt.ioll and dis:lppe3oranco, 1I0r did 
illrohol or ncetic acid. fn this respect they diffor f rom tho 
reeently aggrcgn.tcd mnflf!es in DI'oscrfl; tllOUgh in this latter 
plfUlt tho older and marc Rolid :I.ggrog3oted mn$~CS aro not acted 
all bylthese reagents, 1I1any of t.he cells conti'li nea green grf\-
1l11!a,r matter, formea eit.her by tho chlorophyll-grains ll:l.villg 
b~cu mecllal1ically sma!.lhed or by their disintcgration; n.nd acotic 
nciul'-omcli11ll'1I caused lhis gr:lllulnr ma.tt,er 10 change insta.nt.ly 
into tho Ramo orauge lint aR thn.tof tile aggregated m1l.8Scs. 

'1'he orange Rpl1Crcfl :l1ld \,:lriou~l.y sllltped m;tRp.cs woro seen in 
lIl:lny Redions of pitcherR which had been expolled fo r differont. 
lengths of limo to llolll!iOllS of tho earhonato of different 
aLrcn,t:::Lhs; :1.11(1 in munyof thcm awollen gr:lins of chlorophyll 
h:1.d become Illore 01' lCfls confluent. Tho original nature of tho 
tfl.tt.cr cOllld be recogni1,ed by t.ho ai11110us outlinca II.nd greeniflh 
tint. l'llOY were not [lecn Lo ch:lIlgc their shapcf! sponta.neously; 
bilL Lhia cOllld not, hll.,-e becn expected in sections, PortiOl}S of 
,'l. pilr.her 10ft ill diBtilkd water for ncarly lhreo da.ys did noL 
exhibit a Bingle omngc flphcro or a.ggregated mass; bllt thoro 
w£'re some cololl ries1'- oil-gl(lhlllc~ which wcre rlifl~olvcd by alcohol; 

r. 1N"1'. JQrrIlN.- 1I01"AN\', TOr.. X1X. '2. A 



278 MIl. C. 1).~IiWJN ON TlIE .ACTION or 

(Ulrl tho chlorophyil-grnillfl, t.hough gf'llemlly murh swollen, wcro 
IIlill (lifltinct. It ll1ny tllcrcforo he cOllciudcd tlmt. in San'ocCllia 
Iho chlol"Opllj'll-grnins offcn undol"g"o IIggrcgat.ioll under tllo 
influencc of cnrbolmto of runmonia., hut. thn.t they nro lcss onsily 
aclC'd 011 Ihan \.hoso of DiQII«,(' and DrQsCt'(f. 

LMV(,S wit" Glfllu{ul(fr Jl(fil's (f/ldoll,n· I....ellves.-I 1)(\(1 fal'lllcrly 
oh~('r\'C'{I, n.fl tlCAcribcd ill my 'TllI'wcti"orous Plallt.fI,· tlHlL tho 
glnl1rlulfl!" hairs offlomc pbnlfl aUflorh carbonato of ammonia n.tld 
nuimnl lllflUor, :lnd I1w.t ag-gregaLion is thus C1l.llflCd in t.h('1I1, 
('nl1.~('fjl1t'nlly MlICh IC:1.\'cfi :mel ol.herfl wit,hont 11I\irs were immel·p.cd 
ill Moiut.iollfl of carbona!o of nmmOllia (4 n.ncl 7 to 1(00) gene
rally for 24, llOur!!. No marked oll'cdwM! produccd on t.he chlo
rophyl1-l!r:til!~, cx('{'pling t.1J('ir o{"C'nl'ionnl displncoment, ill Lllo 
folloll"i1\~ ea!'l(,A (p!rllltS wore ~clede{1 almost by hamrd, but. 
wlliell 1){'lnng 10 (I i 0(.1'011 !. familil'fI): - first, of I('M'p.!! 110t. bearing 
many or any glflmlular Imin., namoly 1,110110 of lIN/ssicff, PUIII(fl"ia, 

Ji'lIdlSi(f, Robillhf, G.mlis, Tn'IM'olum, Eltl"lorbia, Sfapclin, Betll, 
Alii""" [Cl/lIlfr, n. fel"n ( .J.Vcphrodiftm), n. Nm·challtia, alld a 1ll0Rfl. 
Nor 11"01"0 f.hc p;rn.illB aei('d on in two spccics of Sa,'f:i/'mga (except 
on 0110 occasion, wll{'l1 they formed masses sha.ped like n. horse
shoe, prcfl cnLly io be dc~erihl"'d), nor in J>1"i1m~la sincllsis-altllOllgh 
1110 lean'" of tllCflO t.11l'co APOriCIl ;He doLllOd wjth gl:l.1Hlui:lr Iwil"8, 
which Il·hflorb clll"hOllnte of ammonia, and undergo nggregatioll. 
Y"11l1~ l{'an' fI of })ip.~(fcIIS s.r;lvestris wore immerscd [or 24 hours 
in a !'loliltion of 7 to 1000, a1\,1 bl'gO ),cllowish highly refractillg 
I'pli('f('s wel"o forme'\ in lim upJlcr cpidermic cellf! which do not 
inciw\o :Illy cldol"Ophyll-~rnill", nnd tho g"rajns were not. Itt nil 
ng-grC'ga.!cd in olher ]lar!!'l of the kaf. ,VllQll tho ~ccl iOllS wero 
irrigated with n(' l"'tic fl('id or wit.h alcohol, the spbercs in the 
('pi(\ermnl cells diAHppcarcd qllicldy, in nearly the srllne lllaHllcr 
:'II! OC'('HrS with recently nggregated Jnl\.l:!ses in tho cells of 
Drosc/'(f. 

Lcn'!"'A of G.r;c{alllen pusicum, wldell bear hardly fl.lly glnnduln.r 
hllirl', wero left in n solution of 7 to 1000 for 43 hOlm!. and this 
eaufI('d lho chl()rophyJl-gmin!l to collect into hCltps; ill sorno parts 
tho p;1"aill!'l rctained their outlincs {liRt.inct; but in ot.hcr pnrts 
they formed perfectly llOmop;clleol1s bright.-green masses of tl10 
I<hllpo of fl. horROl<hoo. 'l'heBe wel"o cleared by nlcollol; n.nd it 
was evident t.Jmt the gl'aillf! Jllld b~como completely fused toge
ther. It is rClnflrkable thn.t. many or tho central cells nonf tho 
V3!1culn.r bundle>! conl.nillcd flpheri{';ll or oddl,r slm.ped connucllt 
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globules of pale-blllo trnllfJpa.ront matter. III the preceding paper 
nn nnalogous rC~1Ult from tho ndioll of carbonate of ammonia. is 
described in Lbe ulldcrgrolllld stoms and rll i1,omos of Mercuriali8 
percnni8. Tho lon.vos woro 10ft for 2'1 additional hoUTs ill the 
solution, and now Lho 11Or,~05hoe masses diaaV1JOnrcd, being COll
vertod iuto 1mlpy mattor. Tho immersiOIl of tho lea.ves of tllis 
G!/clamC11 in waLer for 47 hours ctl,used tho chlorophyll-grains to 
accmnuln.to into lH'~pfl, 1\.8 is known to follow from Il.ny injury 
thero wa.a hardly n. trace of t.heir confluenco, n.nd none of tllO 
pale·hluo globulos woro prcscnt. Similn.r horsoshoe mo.ases woro 
seen, bllt only on one oecMion, in t ho lea\'cfI of Nicotiana taba
CUIII nFter thoir immOl'flion in tho fJolution; n.l1d so it WM with 
tho stemfJ of EllplloJ'bia {'('pilts. Portiolls cut from I\. leaf of 
)lJi"'obilis J(llflpa \\,(']'0 lcft for 1G~ hOllrs in ~()Illtious of 4, find of 
7 {.o .1000, fLml tho chlor(lphyll-grains in lUany of the celie berome 
complotoly confluorli, forming !Jorfloshoo mnssee or rings; fl.nd 
they W01'O sufli.eientl.r solid to project whon tho colis wero torn 
open. 'Vllon Uleso Ilorscflhoo IlHlRSOS Il.nd rings woro irrigated 
wiLli acetic acid, t.hc), hecn.mc so trn.lll'lp~l'ent that evcn thClr out
lincs could hardly bc IliMtillguished. If in theso pl~llts, and moro 
cl'I]lecially ill G!/clal/1cn and Mi1'(lbilis, tllo conauent chlorophyll
gmins forming thc horscs!loO m[l.llSOS n.ro still alivo (amI this is 
rendercd probable by their bright-grecn colour, and in the former 
pln.nli by their' breaking' up when IC£L for all additional <lay in 
11m IlOlu1.iOIl, rLnd in the latter pln.nt by tho netion of n.eeLic acid 
on th,1O), we hrwo in Iho~e cases :\ first stop jn tho process which 
in Ramo plfLul.s leada to tho formation of spontaneously moving 
ma~sea lying free in the coll-sfLp. 

Pclrt1'gQl1ium zonfllc.~'l'ho efl'ecta IJroduced by tho immorsion 
of the leM'es of L1Jill p1:'tnt for 2~ or 48 hours in solutiollsof 4 or 
7 parts oE earbonato of ammolli:l. to 1000 of Imtcr nro not a littlo 
perplexing. The len.voe aro cloLhed with gln.nduJar bnirs, which 
n.bl:lorb tho (ullmoni.'l.lInd undel'go rl.ggregn.tion. More()ver, numo
rous (lhnOl:lt colo1ll'icss, Ahining, tmllslueont flphorca gonorally, 
buf. no~ inv:triably, :tppc(l.r ill most of tho epidermlll colis ill 
which i,hero rLl'O 110 ~V:~ius of chloropllyll, and jn tlle palillll.de
ceils, ill which they abound, ftlld likowise ill tho parouchyma.. 
'1'110 smaller sphore~ blend togcLller, and thw~ fOfm la.rgo ones. 
A soluLion of ouly 2 Lo JOOO somotimes sufficed to produco tho 
8plml'cs. IJsually tho spheres nre not neted on by alcohol, but 
occnaional1y they werD disso]l'cd by it. If after immersion ill 
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:"coIl0\ tllcy n.ra Auhjcctcd t.o the iodine flolut.ion, they soon I\.lm(lst 
(lif':1ppI':lrj hut thill, :lgain, I\O(,H HOt invaril\ulyoccur. ACI'Iic 

Ileld :1I"':I.\'1:l caUIl('(1 1I1eir mpid disnppcarnnce, and wit.hout allY 
IIpparellt cllerrcflc(,IH'e, 1\ flligllt gr:lllulnr relliduQ heing: AOI11('timcs 
Idt i :llId IhiA OC{'\l1"1"('(\ willi \(':lves which lmd bcen kcpt 80 long 

ill the sn\uliOIl that they were d(':l11. 'l'he acid dis80Iv('(l, o[ 
course lI"ilh cffol'l'cflc(ll1c(>, tho ('rYAh.lli rHl balls of carUOIl!lte of 

lil110 1I'111{'h occlI py mfl.l1y of the pll.lil<:lrlc-cells. ' .vllell sulpllllric 

ether WrlS ridded , tho f'tnrlllcr Aphcrc3 of Lrttllflplll"ent maLler die
nppe:ll"ed in the ('0\11'110 of 1\ f('w minutes, wh ile the lnrger onel! 
h('(,:ltno hro\l"lIi~h and grllII 11lrlr inlheirccnt rcs; but this grnnular 

1I111/1er dienpPcllrcd nfter a time, empty transparent Img-liko 
nH'tllhrane!! being [('fl;. 'J'm('('H of similar l1lernbrnno118 el1velop£'s 
conhl f'ollletimes ho (let.ecled nft('l" the ll.dminisLrn.lioll of acetic 

acid. Cal1stic pol rI."h did IlOt net quickly on the spheres, bul; POIllC

tim('S (":lllf!('d Ihem to 6wC'l11Ip. T flo not know wll:1.1; ought to be 
infelTet\ frol1l the adion of LhescflC1·et"II.I reagouts w ith r!:'spect to 
tll(, nat uro of lllc f'pIICrCR find aggregatcd masses in which I IlC\'ct 

sail" a!1Y mo\'rlllcnt. 
Oil 1,wo or thr'C'C occasion!! 1110 paliAlI.do-cells of IcavcR which 

Iwil hecn immCI"~ed in the so\utiol1/l, il.1slead of conln.iniltg t:1rge 
tranl<parcnl; "ph('ref:!, wcrc gorged with innl1lllerable, ofLcn 

irrf'g-rr1arly-"hnped, morc ot' 1c~~ confluent. globules , 111:'"l·I1Y of 
thelll being 1\11Ich I5l1lallN 111:111 the diloro phy\l-grai ll s. 'l'hiR oe
Cllrre(l with It lea[ whi{'11 had h(,('11 immersed for olily 18t hours 

in a flolutioll of 4 to 1000. After sections o[ this leaf Imd heen 
c1(,:ll"cd wit.h a1eoI101, it \\'118 irl'igalcd wiLh tho sol u Liol\ of iodiuc, 

and lhe g-iobulcR rnpidly rill! togelher or became cOllflucul, 
formill!; irfeg-ular alllorpholUl liJaRS('S. 

Jt \\'aR diflieuH. Lo oflC('I"lflin whet.her the chlorophyll-grail ls 
O\-er or ofl!'11 b('(":ullc blondcd wil;h olhel' IIHtttcr, all II thus a.idecI 
ill tl](' formatiol1 o[ the tr:1I1f1pflrCnl; f!phcres. '1'110 diflicuH.y was 

pnrUy due to thl" grain!! hf'illg' etA;l), acted on hy water. Thus, 
in Aome f'cdiol1f1 11):1(10 amI ]l1:U'('d ill wa.ter, al1(1 t.heu cleared in 
alcohol, 110 grains ('ould hc (I if!tin/.(uif!hed j while I;hey wcre llisl.inct 
in Ilectiolls u[ t.he 1<111110 leaf which hnd not bean wetled bcfor'o 

being placed in :dcohol. 1\1":IIIY grain/! wero 111so found in a ,1 ill
integrated cOlltlilion ill uninjured Icl\,\'('s which hnt! bccn lwp~ 

for 1i honrl! in waler. lL lllll)' bc hcre n.ddod ~ha,t not a single 

flphcre could bo ~eell in theRo lea,\'ell; nor wero they present in 
lc:l.\"ef' "'lightly injllred lIy h('ing kC'pl for 2j. 1101lrf! in it tory wenk 
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solution of monic aci{l. Nor, again, in n ICfLf which had beon 
iml11on'Cll in an infusion of raw meat for 2'~ :utd fm' 60 bours j 

and in t.hi~ !ea[ the cldorophyll-grains were still visiblc in 1TI:l.l1y 
pla.ces, but woro Bomet.illlcs he:'Lped together. Notwitilstrmdillg 
tho difficulty of n.scertainiug t.ho effects of crn-bOllfite of ammoui", 
ou t.ho chloropllyli-grOlills, chiefly owing to tho action of water 
all thelll, I filii led to believe, [rom t.bo gr:Hlnlioos which could be 
{allowed, nnd from t.110 n.bAenco o[ chlorophyll-grn,iTl8 in tho cells 
iu which 0110 or two large spheres were pre8ent, tlJl\t ill tho CAse 
o[ 1I1O prLliRado- and pOll·ellchyuut.-cells BlaLler produced by Lho 
(lisintegration of t.11C grains first aggregn.tcs, together with othor 
lnn.tter derived from the ccH-sap, into minute globul08, n.~d tlJll,t 
theso aggregaLo into tho largcr spheres. I will give 11. Binglo 
illstn.llce :-A !('af wall immersed for 221 hours in '" solution of 
the cn.rbollato of 4 to 1000, nnd flCctirms, n[ter being clen.red i/1 
n.lcohol, c~llibiled ill mall)' phces (listinct chlorophyll-grains, IltHl 
in otllCr J1hces 0111y very fine gralluln.r maHer, n.nd ill n. very few 
cells minute tr:l!lSpal'Cllt globule8. Tho lon.E \\'(\.8 left for 2<1. 
ndditional houl'8 in tho solution; and now sectioD8 cleared in 
alcohol cxhibited lllunel'OUS mi rl\lte 8hining translucent globules, 
mn,ny of which were Ilmallcr than tho few remaining chlorophyll. 
grains. Thcre were aJIlO oLlIor In\lch largor t.rausp:l.reut spheres, 
more or Icss conflucnt, whidl, whcn irrigated with ~etic ncid, 
inslnntl)' disappeared. 

A, loaf wt\s ill1lllCfflCU in !\ 80lntion of 4 parts of phosphl\to of 
nmmonia to 1000 of wfLter, n.lld after 23 llOurs there W(\.8110 tmce 
of aggregation. It was lerl; (or 2J.~ additional 110m8 in the solu
tion; nnd now BocLions clenred ill nlcollo! exhjbitod not only 
minuto flhining colourless globules, Sllrn.llcr than the few rellrn.iu 
ing chlorophyll-grains, but plcnl.), of !argo ~phcreB, more or less 
aggregated togethor; and iu tho cells containing such ephcrcB 
no chlorophyll-grains coult! be scen. 'rho ~)lhCl'e8, both largo 
and small, disrtppeared illst:lntly when acctic acid wns added, :rs 
m the case of thoRe produced by t.he cnrholl:l.te. It :\l)}>ol\rs, 
t.herefol'e, t.hat Lhose t.wo Balls llct inlhe Bllllle manner, buL f.llfl,t 
the phoBphatc llcbl more slowly Lhal\ tho carbonate, ns is like· 
wj~c tile ellSC wiLh JJro$crn. A leaf immerscd for 45 hour8 in II. 

8oluliol.l of 2 parte of nib-ate of ammonia to 1000 of water was n. 
good deal infilLrn.tcd and dn..rkelled in colour; but no 8phere8 
were formed; Bomo of t.ho chlorophyll-grains had, howevor, 
l)ecomc COIJ/luont \\'l1ilu Blill adhcrillg to the walls of the cclll!. 
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Spirogy,.a (craSI(I, ?).-,Vholl fiJn.mcnte of this n.1g!l. wero pbced 
ill :t "olution of ClI.rbonrl.te of n.mmonill. (4 to 1000), tho ccll,sl\-p 
becrlmo in n. fow minutes cloudy from U\C formaLiou of illr11lllle
mble grn.lluiea, :tnt! the green 5}lirl\l chloroplryll-brlnd soon bcg:tll 
t.o cont.mct. A filn.rnent WfH~ irrigated under n. covcr-glRsB n.t 
n.lO A.U. (Oct. 4) with the ROlutioll; n.nd by 11.25 tho cell·snp 
had o'l'orywhf'I'O becomo grrllHllnr: in two of tho (:ells the pointed 
ends of the chlorophyll-bn.trd and Lho irregular la.teral projections 
\\'er{' retrnctcd, 80 tlrnL thcJolO bn.ndfol now appcfLrod mileJr RlIlonthcr 
nn d blunter thrln bC(ol'O. In two neighbouring colll~ the ba.nda 
h:'ttl becomo convcrtod iuto circular Illaascs 8urroulHling tbo 
llllelei. 

At 12.50 f,lI"o cellfl w(':ro sclnded for further obaervnfiorr: ill 
OIH' of them tho orig-innl flpirn.1 Imnd now formed n. Inyer of 
IIc:lI'ly unifo rm lhiclw{'M1, except in Lhreo of t.ho cornerl!' whero 
there were TOlIlHlcd lumps, whiclr Itdh.ered eloeely to tlto two 
tntnaV(']'RO n.nd to ouo of Llro longiLudil13.1 walls o f the cell. 13y 
4< 'p,M. tho In,yo]' 011 I ho IOllgitudiual WILl I had . beco11le in I,be 
mitlJle flO tlrin thai. il. consiRtcd of n. merc Ull'ead, wllieh nL 1.1G 
hrokc and diflIlPIH'ar('d; tire upper end (with reference to Lhe 
obf't'n'cr) o f tire bycr thc ll I'lLJlidly conLr:1.cted inl:o n. pear-allaped 
millOI'. 'I'lm htp'!" ItL Ilro lower cnd of !..he cell lrnd by tlrill Umo 
fl!lflllmed n. dumb-bell fdl.1pe, which, however, soon n.it.eTlm.rds 
became cylimhic:ll. At 7.10 l'.M. t.ho ;Lppoarnnce of t.he ccllll':lIJ 
lILtedy din'crout; for' lhere wel"o now at t.he u pper end twn ill
defincd maflsell, rtnd nt. Ure 10\\'er end two somewhat irrcbulrtr 
balls o f grCr'll mn.tl.l'J' connected together by n. thin band. At 
8 A.M. (111 the following mornin1,{ there WRR t~ large ov:r.l 11lnss 
lyin g ohliquclr aCI'OI':.'1 I,he uJlJlcr end of tho ccH, with i{fl two 
extremities connected by bunde wilh two sph eres i ll tho lower 
cornerll. 

Tire chll11gef' in the 0/ her eell, wllieh waB observed al; the Mille 

lime, wcro :r11ll0st equally grcnt.. 'l 'lre IIpiral bnnd Was firll t COIl
"cried illin /,110 b.rcrll lirlillg t.ho bvo trn.llllvorso II'I\IIR, nnd t.hoRo 
\\"('re {,Ol1ncctClI togdlrl'r 11y n. ~i]1UOU8 longitudiHn.l bnnd. ;\ t 
4 I'.M. ~lleJ"(~ 11":11< in 011(' of {ho corners a. largo Jlonr·slra.pod nut-SR, 
which cnntrllcted while il. wns wn.tehcd into rrn oval mOllfl, 

unci a~ t.he OPl)Oflite cornM n. emnJl c1n.rk-grroll Rphcrc. JJy 
7.10 P.M. thero were lwo Ilplrol'ical mn.ll'IlOa and an oval one, which 
laLter by llro n('xt morning formed a. much elongn.t.od dark harrd; 
aHd inste.'ld o[ /,wo thero was now only It eiuglo sopa.rate sphcre . . 
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At tlds same timo two adjoining cells included four and fivo ov:d 
{lr apIlericai chlorophyll-balls; but one cell still retain ed n. ~pir~1 
baud. Alcohol nud ncetic acid ptoduc('d only tho same clarifyill/{ 
effect on these masscs M in tho cnse of ordinary chlorollhyl1-
grains. 

Filaments of tlli~ algn. were left for 26 hours iu a solution of 
only 1 P:J.rt of ~he carbOilate t.o 1000 of water; but this sufficed 
to Cfl.\HW aome granulnr depoaitioll ill tl10 cell-an-p, and mnl1y of 
the cells inclmletl, instead of the spir:1.l bnnd, aphericn.l or 0'1'.,1 

• or llelu'-ahnped m[l~HOS (nnd in one ill~tnnce a half-moou-shaped 
ruMS) COllnected togct..her by tho fineat thren.da of green lIlnttm', 
oneo£ which Wn!l secll to brcak, auc\ the pcn.t-alHLped mnaa quickly 
bcc:tl11o nlmost. flphcl'ic3.1. Tho Chnll~f'R of form 11.11(\ the lllOVO
mC!1IR of the chhH'ophyll-ll11.llcl in the foregoing serorn.! cnllefl, 
undOI' tho iHfluonce of the I1n1lnonin. 801ution, closely rCllemblo 
in 1110~t rCRpcets t hoao which m:t.y hc SOCll within tho tontacle::. 
of j)rQ8cm. 'rhe abo,e weak Rolution scemod to bo fa;onmhlo 
to thc hoaltll of tho pln.ntR; for n.f~cr six dn.y!!' immCTll'i on thoy 
looked greener nIH\ Inore vigorollR t.hall o~hcr pln.nt!! of t.JlC RIlInO 
lot which had lwoll K('pt in p\:till lI'n.tCl'. Tho coil-sap still con
tained hl'o\\'ni~1t grnnul:t.r matt.er, and many of tho colis o,al or 
IIJlIlCricnl m:l.~SCII. 

·Tho 11'0wI1i8h gr:'tllular l11n.Ltor is 111\\,:1.18 IJrecipitatod quit'kly; 
nnd wh('l1 throo young ccll~, which wore Its tral18pA.rOnt af! glnflA, 

I woro irrig:Lled with a solution of 7 to l(X)(), tho precipilllLion 
Roemod to bc inRt·anlnllcotiR. A fler It time tho grnnuloll /lrc 
oither deposited on tho proi.oplrll:lln "lining the wltlls of tho coli", 
or 1,11oy col1c('~ into one or two I!I1hericlI\ 1n1Ul8eS in tho middle of 
tho cell. '1'h060 fl11ho1'08 nppnrcnlly consist of a. delicn.te mem
brano lincd wit.h gmlltlles lind enclosing cell-sap. Thcydil!tiuctly 
In.y within the I!piml bll.m1 of ehJorophyll. Their ttppenrnnco 
rcminded me of Ute bn.g-liko m:u>soa SOlUot.imes produced witllin 
the cell!! of dark-red leMc/! of Dro8cra WllCll :u:ted on by I1lnmonia. 
In one instauce 1,110 gmnulof! boc/uno collected iuto Itf!Jlirnl band. 
They wel'o not. ncled on by alcohol, sulphuric ether, i\cetic Itcicf, 
or a solution of iodino. Alcohol camet! t.Jl0 protopltullll lining 
UlC walls to contract, by which mcalll! lho grn.nul!l.r matter fLnd 
chlorophyll-bodice were nll carried t.ownrds the contro of tho 
cell. 

'1'llrce ot.her ldnds of Confervn. wore immersed in fL solution of 
tllfl carbonato, and were calJually ob8of\'t'd. In the firet, in which 
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Lho CE'l1-w:llI!! wrro dottcd o\·cr wiLh chlorophyll-grnina, LllCro \VM 
nt fir~t ~OlllO ",right dcgrec of :lggrcgatioll, n.nd then the gmins 
:Ill bccnlne diRintcgr:l"tcd. In the sceond 8pecief!., the lilnmeniA 
or which werr ('.'1"1 fcmely Lllin, 1 he solution produced 110 effect. 

111 :tt.llil'tll.hcchlorophyll-hotlic8 hecamo n,ggregatc(l iuto ~pherel!. 
1f Iho fI]lrciel! ill illifl filmily n.ro dirricult lo di!!Linguiflh, f!.ystc 

Illn.listfl might probnbly r!cl·j\·c nid by obscrving tile dillcrent 
nctionfl of n. solution of c:ubollnLe or rnnmonia on thom. 

GOl1rillsiol!.-From Lho facta giren ill tllis paper we sec L1Hl.t 
cerlain snitI'! of I'IlllmOllifl, more cApceinlly tho carhonate, quickly 
ca\l~o the ('('ll-flnp in VnrinlHl planlfl bclonging to widely differcnt 
grou]lfl Lo (l<'pMit gralllli<'A nppar<'tltly of tllo JII~tnre of pmtein. 

Thclln IIolllctinH'fl hC'cornC' I'Ig~r('J{al,c(l into rounded lJJ:lf:lSe8. Tho 
f'nme ",nil!! nm1, in t1w (':\1'0 of Droscrn, o.n iufu"jou or raw lIlen.t 

tend 10 net OJl llio chl()rophyH-h()die~, cfmsillg them in somo few 
!!1J{'{'iC'fI to becomo completely fURed together, eit.llcr in union 

with the nggrognied eell-llap or Rf!parately from il,. Agg'·Cf;:"
lioll ~CC'IIlS to be n. vilrd prOCeflf:l, AS it docs not OCcur in recently 
kille(l cellR j nmi Ally t.hing which kills rL:eell eo.uflcs the ah·cl'ldy 
I\,A"ATcgntNI massos insC1,nlly to di~integrato. '1'hoso m!U!SCII, 
more'OVcr, di~phy in ~OIllO enses iuce!!lutnt movollJculs. 1'ho pro

cess of nggrq~nlion is not rafely carried so far t.Jmt tho Illllsses 
lo",e til{' powN of movemcnt; Hordo Lhey Llwl1 rCAdily dif'integ-rat.o 

when Ruhjeded t·o 1\.l1y clendly influence. "From these facts, from 
Otil(,I' cOlJllidcr:lliollll, find more ef'pccinl1y from Lhe action or cnr

honnlo of alllllHlIlin. on thc chloropllyll-bodies, I am leel to belic.e 
thnt, tilt' :lgJ{rC'gntedl!1nf'~cs include living proloplasm, to which 

IhC'ir pO"·('r of 1ll01'CIllC'nt mn)' be A.tI,rihut.ed. Tho most remark
nhle point in tllewhol<, phrnOmel1011 i"" tllrtt with tho Drollcr:tC{'ro 
I,he Illo ... t divf'rsc stimuli (evcn a stimu lus trnn.'<mined from a 

di ... lnnt pnrt or tho lenf) induces t.hc process of nggregnlion. 
Tho rcdis ... olllf.ion in Iho cou~o of n. fow dn.ys of the !!olid nggrc_ 

,qnted ma:o.s('s nIHi, c~pcein ily, the regoneration of the ehlorophyll_ 
A"rnin~ nro lihewir<c rcmnrll:tble phenomena. 
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