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PART I. THE PIGMERTS OF ANIMALS HAVING
KO BLOOD-VASOULAR SYBTRM.

1. INTRODUOCTION.

T thin stndy of marine invartebrndes ana of the meed [rr'rp]'na-
sive things epsounbered s the groal riohness and viriety of
galomy ; it is mot surpriging, theseforn, thet the question of
animl esloralion lse long engaged greal stlanbion. Tnvestis
gatad ot fired superfizinily by thoan who sought snoaxplusstion
af the so-callsl phenomenon of * protestive soloratson °, the
problem attracted, doring the lafter part of the nineteentls
eentury, the attention of several English physsologists, and it
a8 o the inveatigetors of \kie groap—Lankester, Socby, Mao-
Munn, Meoaley, Griffiths, Foulton, nnd Halliburton are the more
ionportant names—that wa ar indebted for vary tesl eontriba.
tioms to our knowledge of animal pigments ; sspeainlly fory the
inbeodnetion of the microapeetroscops into thi fald of biolegical
tesenroh.  Binee 1900 the woerk on pigmentation has bean to
o vary lafge extent epaamodie, and while certain valoabls
adilitsors howe beon made (in poasticalar, thoss of Gamble and
Keehla) thers are still many probloms which ievite further
invesligation,

Tha present paper mims to show that the pigment which
1 pesponsilbile for the colour of cedain represanistive nverts.
heates comss Trom the blood-stream, sl that in nueny eades
the pigment cells of the blpod arse (whils in cirenlation) from
unpigmentsd corpuscles.  This view conoerning the m'ig:ir:. i
plgment occurnad to the writer after noding thal & pigment of the
ST n'p];lm\rd Eo b ademdiosl with dhe lmd: pigenant in thres
representabive phyla : (1) in snother paper ths writer (Falton,
1921 &) bas shoun that the pigmentsd sorguseles in the blondd
af o Bernuda tonicate, Ascidis airn, srs n tha Bood
Tromn solonrlims sells, and that the blos pigment o, o somm oo
in the bood-stream, is idenfipal with the blus eells of the
tunie—the celle which give to this aseidian ifs intensa hloe
codome ; () Croxier (1916 B) bes demonstrated thsd the blne
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pigment geanules which solong the pudibesech Chromadosis
wnhrn arealso b be found i gread abundames m the pigment
eclls af the blood—tls idimticy of the twe pigmenls laving
leen dalermined oy the spectroseops ; (8] latly, wlils e
amining the body-foal of ene of the eomnwn eo-nrchin,
Tripnéuwstes ssenlentus, it was fand that the large
wed pmonboid eelle (g0 wall deserilsed Ly Gadilea, TREO) pavn
sirong imlisction that ther pigment is the samea as that which
cobours their spines and babe-feat,  Thus, in o vondeade, o
mdlase, and an echinoilerm there seemed to be very gonil
aviilenine that the body-pigment ia found sbso in the Lol

Thi axperimantn] wark was darrisl on st the Bermamla
Binlogieal Stotion for Hessareh during the sammer of 1920,
arl T wish to express wy whemeat Ueanks to e, T T Mack,
wha gove me Bhe fnoilibies of e Tnbineabory, and ode ke
presilile g I:I:'iP 0 Bapmudn.

2. Prorozos asp Poniska,

With ony effert 4o tenen wninel pigment baek to the ol
sysbnm thers arises st onoe novery serivpas difficuliy. Pigmenia-
tyom a8 saoh appees phylogastically long befors the tme of
the blpoid-system. How, then, is it possible to nssame that sl
eolaration éonws feom the hload ?

Among the Protosos s only cle—willy mee exceplione—
which epntains chromatophares is the Mastigophora (Minghin,
1912, p. 18), Here, however, the pigment ia probsbly in every
pase chlorophyll, or o substanos ehosely allied to chlorophyll,
A Ly piesl species of ehborephyllogenos protozonis Arehering
boltoni, which wuos deseribed by Lankester (1885). Onn
notable sxeeption to the ssmumption that sl protogcan pig-
menis nre closely related o ehborophyll is foomd i Btentor
emrulans, which possesges & blae pigment malled by Lan-
kester [1B73) ' ateptorin ', Spesieccopically the abaospdion
hinide ol this pigment, quite anlike chlorophyll, resomble thaes
of the blos slgel plgment, phycosyanin, which, asording to
Phillips {1011, p. 582}, when presént even in manuts amoants,
preatly slters the spestrum of chlorophyll,  Conssquently
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slemborin ia not bo he eonsidared an imporiant exeaption Lo the
rala that all protcacan pigments are chlorophyllegmens in
nadira,

Eut low does dhe chlovophyll of protozonne criginnte ?
Is the animal rtself eopahble of manufstuning chlorophyll, ar
fa it bhe reault of colaide ialestion? Geddes (1888 and
Tankestor (18820, and 1552 %) mnintained stremuously that
Hydra viridis aml Spongille flavistilis wero
acapable of synthesizing Lheir own chlomophyll : ¥ dhat the groen
deposida found in thege animals are chloroplasts bolonging to
the smimed and eonssquently are nol of plant origin,  In
aappart of his sontention Lankester nssertsd tho ahsenos of
rmebms and eslluloss wall in the green corpusels,  Thoagh ne
[stalogienl avidenes bae boan addoced to ghow the presands:
of o mnoless i thess bodies, it ssems fair bo conolude, snes
Boyerinck {1880, nota 1, p. T34) hes succonded in ohtaining
ciltares of algan from the green eorpuscles of Hydeo
viridis,® that the chlorophyll of Hydr i slgal i osture
and dne o an infertion feom the oniside.  The algee pm'hn.h.lj'
represenl & phiss in dhe lil-history of Chlorella viridia.
A gimilar eonditicn andoubiedly holds for most of the green
protozos : Faminfen (1862, 1801), Dantes (1895, and Dan-
ponrd (1500} all report having abbnined solong=s of algar fron:
thio maserated tisme: of Stantor, Paramosciom, and Fron
tomis ; Sobewinkodf [1881) foand thad if solonrles Frontonia
nre [l apor massealod preen ppecimens they hesoma infeoted
with green nlgne which subssquently diveds within ths el
Himilor resnlts have been reported for Farnmoseinm [Dantes).
Cerlain contenry evidenss ig also on resord for the Protosos—
the puzzling cases of Vortiecells campanale {Engls-
mann, 1888, and of Palomyxn viridis (Boorne, 1821}

i For s more oomplete dissussion of this quesion sen Gamble and
Kenble {11005}, Keabla and Gumbla (19075 sl Falteo {1021 ).

' Enta (1581 amd 1§83 veports sluiblae pesults, ot in his experimests
litkle peeeantion wis lakes sgeinst infeciea ard consequenily the resulis
wre dn b reoopied with eantion, Mecendly Gostel [1921) hins sapecesded in

indeariimg colores Hydes with Ohforafis, and in s doing has correbaraiad in
fu viry Eubstasiial way the views of the earlier Investigatam elted nhave,
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ara the most sgnificent axamplea—which favoorss Lankeeter's
hypothesis of the intrinsic nadore of eertain of the animal
chlorophylls,  Neverthoeless the babues of evidencs essmns bo
fuvour the algnl theory f0 necount for ehlorophyll in anamals ;
amd it 3 probabls, morsover, that further investigation with
a meare refined technique will show eonclnsively that Lankester
wad wiong.,  Parliealarly doss this s probable in the light of
then clasgin repearehes of Gamble and Roeshla (which will ba dis-
cusmed laber) on Convoluta, the green vells of which wers shown
ta b intrading algae, Tn abort, the Protosos do not presont any
vl difficulty bo ssenaming that body-pigments arse in the blond.

The spanges possass mathing in the netnes of & hlond-system :
nutrition and respiradion being ascomplished by water ourrents
within the body.  What, then, 8 the nature of their coloration
I= it an animal pigment, whioh has armen indspendently of the
blood-ayatem ; or 1= ik, a8 in the Proboeca, a ehlosophylloos
substanos 7 Though it hos ook bsen demonsirded thad every
specisn of epongs  containg ehlorophyll, the epectrocopis
imvestigations of Horby (1875 @), Kmkenberg (1884), awl
MacMone [1885] have established the pmsesnce of a ehlorn-
phyllous pigment m eightesn specses of sponge, I8 being most
common in the genora Halickondria and Halma, The mam
highly-ookourad sponges possess. pipments Lhe alsorplion beols
of which {na indiested by the fgures of MoeMunn aond Kruken-
by peesn bl in many reapects thoan of cortain of the pigments
From Hue amd red algae, the pagnent. spstira af thess sponges
ig, in addition, quite diferent from the speotr of chlomphyll.
Inasmush s it bas been shown thal the presasss of small
qunntites of sach algnl pigments as phyeoeyanin, phyesphnein,
andl phyeosrvthon (Plallips, 1911 ; slse Willstitler sad Buall,
1908y greatly nlier the spectrom of chlorophyll, the Eact that
e plgmwent of certain eolourad sponge fails to show the bamla
charaoteristia of the plant pigment. dors nod nesessarily indiente
its abgomes, Az in the Profezea, one is alse conteonted in tho
Forifern with a goestion eoneerning the natars of the pigment
iteelf—n point which ia az yet wnsedtbed. Lankester (1582}
and his sshool wers vigorous tn upbobding the anfmsl erigin

W, B2 Bl
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of sponge chlerophyll, whils Bronds (1881 o, 1631 &, 1652, and
1888) suppoatad dha view thot chloraphyll in the Porifarn and
other sninsls reslis from o symbotis ssooiation with green
algan.!  Zooxonthellae—aymbivtic holophytic flagellates—have
been reported far sovernl spoages, also recmnily by Hirlpatniok
(1912 for Merlis normani. Cobbs (100) likewiss gives
nn neconnt of an inderesting association of this sort,

Thers s wo doubd buk that Tankesler hal évery ressan Lo
queation the evidence of Brandt—which in the light of later
tvestigatiorm was meat decidedly ineonolusive—and he ' has
domp valnable aarvies by his clamgionship of the oppoesd
view, fhat of the intrimsio natare of the eorpuscles nmler
disenegion. For his view compels thoss who held the * algel
theory fo0 investignte anch caza sapamtely and to vindiente
their view by the aynlbesis of the green animal * (Kesbls and
Gamble, 15907, p, 171), Mow, however, thess iz littks qumbion
bt that true chlorophyll in aolmals owes ite existence in every
cise to plants, It sanme avident, tharefore, that the pigmenia-
i of moet aponges has pesnlled from an asmoeciation, symbictic
or otherwise, with plant calls ; and that, s with tha Protozoa,
the Porifern present no serious obsfacds b the assumpaon
thot amimal eolowr arises in the blood, Copsequently o discus-
gamn of e phylogenetic aspect of pigmentation must of
nrecssity commenca with the sonlanterntes,

8 CoNLENTEHATA.

S the coelenterntes are crgonmsms having baf oo gall
lnyvers, eobndarm and antodarm, it is at ooos obyioas that they

L Binon the presost writing the woukof ¥Van Trigt (1918) bas leen beosgdis
i Lk writer's nkbention. Ho hss shosm that in Epongiils ibe green oells
viry charly ars invaling sogasises, wnd las made an axtanmive scrivs of
cxperiinests wich eultures of the green colls derred from the mecemled
rpoiige fissue. He lins also given tonclusive preal of an oxygan-scbkan
dioxidn sankangs botweesy the algml mil and the spongs Limee, His
evidenin fnrthar corrcborates the view just axpressul coscerning the
mvinbitic naturn of Lbe geeen olli in SpOngE.

% Winker [1B07) bas shown chat Zooxanthelas are evmbiotic s ik
Fargrrinifre Pansroplia,
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cam poatess 0o blemd-ayatem in the senas in which it s ueed for
the higher animals. Weverdhebess, as Griffichs (15052, PP- 125
unil 164} hoas smphasized, the nuteitive or © ohylagueons * Ml
is aralognuas to ghe hlood of the higher forms in that it earrics
rourishosnt, enpplise oxygen, oarrics off the waste peodacts
of metabalam, and m meny coss, as Kollonon (1908) sl
othors have gines glown, 38 6 cotpimenlate foid,  The impor-
tance of this aoalagy betwem the chylagueons flwid and the
bloed of higher animals & aneertsin ;. hewsver, & goeabion
immedintoly presents itself soneapnimg the relation of ihis
kil o the pigmentaton of the eoelenterates. Ik s thepsoen
desimble to corsider fisst tha sators of coclenteeate pigments.
The onikks on which the gresier share of my work has been
dema e dwn speies of scliniene common m the Bearmmdn
Islanda: Condylactls passiflors Dweh. apd Mich.?
pnd Actinin hermudenais Yerll,

() Condylactis passiflora.

Condylaotis ceeurs in great abundaoss in all parte of the
Barmadse, and is 'n:larl:n.'ll_;l,I fanmsd ﬂ_TrnI:,r aitackied to tha ander
sule of rooks and in creviees just balow Lie bevel of low tide.

I che mastrovascalar |:|;|'|1:,rhr|_'nm115} fnisl of Condylaots be
witlilrawn at soy pomnt on the body with a hypoedermic
syringa and ecxamined, two types of cell are uspally to be
abaarvad ¢ ond 6 yellow eall with several bargs granules, and
the other, an anpigmented element.  The pigment ecalle of
this body-fluid might essily ho eonfased with waodgring
pigenent alks of the body-wall.  To teality, howaver (ks Rand,
1500, has nobed) these eells are Eooxantbellae, and it is Lhis
fuet which in pait expleing & very striking phenomamon o
sanbeed by a fresh smear of the gustrovasoular floid @ vie. tha
very mnrked cscillation of the individoal eels, These yellow
cella {Bonxanthellse) gyrate wsplly in & sounter-closkwian
direstion on o single axis, while the solourless cells as o robs

1 For am oxeellent desoripdion of this epogies MeMuorvich's [18EY] pger
whimld b ozaenlial,
mhg
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vibeste much less regulacty. The latter, inasmueh os they are
matile, have in all probefbilicy b torn feom the eilinted
liming of the gnstrovasoular eavily ; with aeetis neid or neateal
ridd thair el may very ensily bo damoretrated.

The eoloration of Condylactis, it should bhe amphesizad, is
dug kngely, bal not enbirely, b this vellew flagellats, The
tismne of the tentacles is itsalf cobonrless (Band, 1908 | Farlor,
1017), a5 is shown when o tentaels 15 tninsseted.  The hrownish-
vallow colony, which B & somstant featurs of the wninjuored
tentanln, is therefore dus to the presenes of the fingellate crgon-
g i the iofernal fleid,  Ths may resdily be sbown by
examining the liguid comtente of the tentacle, When an
animal is withdrwn from the aquanum with the lentssles in
exponde] eondition the internal pressurs cn the pgastrovaccalar
Mkl sanses minate sirenms of wabsr B0 issue from the terminad
pore of each tentacke, T eome of the flaid 20 exnded ba canght
in o wpdeh-glees it ocerssonslly contning the *gymbiotio ©
orginiEms ; under nonmal conditions of sxadation, however,
they probably do not eseaps when the tentacle oontrasts.

Mol only are the tentacles cobowred by the presance of
Fooxanthellae, bod the eplumn thsell cwes mueh of its oolonr
to thi crganmm.  However, the column aleo possseses large
erlleations nd ped pigment granokes, some patehes being as
mnith ne B, o dinmeter,  Thees are mome highly eon-
centrted in the lower parts of the column than m the upper,
whizh gives to the baeal region an infeoen red éclour, whiks
the upper parts tend foward tle brownih yellow of Lha
temtanloe.

In two Siphonophora, Velalln spirans nod Por-
piks wmbella, Kuskop (1921) hos found Zooxanthellse in
abandanes ;  they wegide chicAy in the ° hepatic ossals ©,
wo eplled, and in the gomopkores, Their nermrranmea in the latter
crpnie strongly suggests that bhe associabion of the Booxan-
phellsn with thess coslenterntes is continuous from one generns
tian 1o another.  Before discussing the signifieance of these
ohservations the condition of the pagment in Aetinias ber-
mudensis will also be deseribed,
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¥ Actinia hermuodanais,

Aotinia barmundensis 5 a deep red anemons, which
i found o the rocks just about the leved of bow Lide, At bigh
tide, when the water splashes over them, their tontacles opin
g for feoiling ; when oot of contact with the waler they deaw
thear temfacles meto the intersor of the coluvmn and have tha
uppenrangs of & desp-red galatinous maes hanging lioply from
the wopks. The speaimers uzed in the present study woere
chiainad from the eaves on the north eide of Long Talwnd
{Hermade) where they opear in considerable numbers.  This
spenies s distingoibied by o very remsarkable power of menting
unfaveourable sorroaradings | & an exampls, it will remain
alive soaled in a 100 os. of ses-water for from six ko saven d,np
(Fulton, 1921 a).

A. bermudengls is soloors] aniformly by red plgment
grapubes, which nre spread throngh the entive sctoderm,
L'l gragules aro ot of a defusite size, bhowsvar, aod tw ont.
lines of the edls which coptain them are never clens in the
living tasne and esn be dircormed only with preal dilieolty m
tissun which has besn fixed. 1o slade, the pigment i preaisely
tloo s aa ke ped phgment paiches of Condvlactis, Con-
secuimtly & semes of sxpenneents was performsl with & view
to dalecmining whethor or vot the beo pignents sre identical.
Hmnll pieces of fssue foon sch spedics wers tessed pat and
placad eiie Ly gide upon o glide, Their setéon in dhe pregence
i un el wus firat tesled,  Io Both csees when sther 10)K
lyydrochbario mcid or 1003 valedo neid ¥ wore adds] s decided
ingreass i the depth of eolone took plase. When foastel wih
alkalis [MH,OH and NaOH, 1'% and 50/N) no change
conthl ba akeerved.  Mether of the pigments eoald ba dizeolved
with pny of the follewing solvents : slher, chilorafarm, methyl,
ethyl or I'I.m_‘l|l'.| nloohal, petrelmnm ether, wvlal, or pyriding,
In aseloms, bowever, the pignent of A, bermadensis

bk Bas besa sbown by Ceoeler (1915, 10084, sni 1916 4] that, of
twanty: o of the mome sommon aokds, mlong is the most pescimting e
liennee,
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proved readily solable ; fhe condylactid pigmaont was nlse
disolved by soetons, bul nod e peadily,  The iffereoce in
vt of disselution i probably to be accounted fur Ly e
groaber thickiess of the Condylostis btissae,  Thencfore, suso
tlic twi pigmants are towl in speties of the eame ordor, ik
they o of the same colonr, sinos in the preseoes of need ey
are aniformly despened in abede, and aines Lhey are eanh to
b extraoted by only one (the same one) of nine solvends, it
eouing Peaonalide bo sonelads that the two pigmeats are identical,

Ameng the eardior aothors the obsereations of Mosalay
{1878 upon sokminn prgments are perbaps the most signaficant.
He dessnribad a pedl colouring matter (from Aclinia mesom-
bryvanthemom &and from Bunodes erasrisornis)
which he celled ' sclinsochrome ' ; MasMoann found this pig-
ment imcluble in meny of the crdinary eolvents for animal
pigmemia,t  All of the solvents which be smployed abo gave
negidive remlis when applind b0 A. bermudensis and
i, passiflorn. This enggests that the pigment of the
Hermmdln nebindons s probably Mentbal with Mosshey's aclinbo-
chroae, bnt anly & spectroscopis exnmination ean detonning
thia with certainty, The two apetss worked on by Moasley
were snbssquently investiguted by MaeMunn (1885 &) with the
peilt Use Moselsys aotamiochrooes was wdentified, but, in
wdldikiog, w hmni.in-jialding p'ip;u.ml;. wing Bobabed and givan
tlee 2o aclinbobasnstan "* This pigment, which, it shoald
ba emplasized, is closely relaled to hsemopiobin, performs
u respiralory funokion, being eapable of existing in a state
hoth of cxidation and redactios.  On fieding these two pignwents
together in o animal MacMuonn dreew the conclesion thal sne
is & respirstory sebstence [achinichanmatin}, ard that the
otber (nedininebivoms) is povely for omnsment.  The st
ndable contribation of MasMunn, bowever, was his obasres-
tinn concernng tho relation of Yooxanthallas {* wallow eells ')

1 MacMprm (1885 e, p 843} alechol, sther, chloroform, and orbon
hiaulphide.

LTS pigneal, o= besbment wilh s oombalie hydmoxide sod sadivi
sulphide, gives baciomhrouogen which on oxidation gives huematis
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bo the respiralory pigment.  He fonsd (hat in sebinie: wlhicl
wore not imfeetod with Eooxsathedlne & respiratory pigment is
present, bt bost in forme which are * paoked with * yellow
pells ' * the pigment had casal to perform o mp‘irn.mrg fanc-
twp,  The ueost striking ae which be olbawrveld was that of
Bunadas balli, iy which ocours & fncaliative assogiation
Leetowrean ibectE aaud the Booxantbellve ¢ fhe lacger variely of that
gposis hns many Hupxanilicllne ainl, 05 u result, 18 almost
verbhout trece of any of tle pigments common smong other
furma 3 tho mealler varicty of the sama spesie is winfeetel,
anil ms & resull pussesacs o respiratory pagment.  The resalls of
Machunn’s work are bricfly az followa; [1) that & ;mpira.tmy
pigmenik is present in st actinians (2] the pigmend s ool
a armisr of axygen, but serves shnply to store oxygen in the
tizeme which & sabaequontly to aes it : [8) in thosn actiniss.
in whigh vallow orlls sre present the shborophyllows pigment
o these organisms seems to veplnes the ospiratory pagemant
(4] Lesiles this rospiratory sulatance thers are otler pigiments
{such me Moseloy's astiniostirome) whish serve for desomtion

Ini & rocent paper on Asbinia squins and Anemonia
gilonta Elohirat and Shirpe (1920) resord several observa.
thgre which wre nob i agresment with those of Maeh .
Tl fincl thaf the non-haomalin pagrosat, matesd of being
purcly ornamental, prodeses oxygen, possibly by phodo-
pynthesis,  However, they mport (e pressncs of dooxsn-
thellae ond fuil also to find any hrematin dorvative, which
agcords with the resalte of MacMunn, o addition, these
wnthors bobkl thot dhe intensity of colpar I A, wguina
variga with axposure to light, and the pigment, theeefore,
fanciione &5 & light eeresn.  Cegloin observations made in the
cparae of the present study support thas ktdor eonshsion ;
when A. hermuodensia is kept in the darh (thres days)
the nmimal leses s deep red tinge and neguirss a brovwnish-rad
shnda,  Cowversely, it on imdividoal 8 exposed to direst
sanlighl, its coloar chamnges to o ballivnd carmine.

b Qraisbed whes by Arilfichs (1892) ¢ an eweellent desorkpibon of MacMunn's
worle will b found in Griffithe” bonk, espeeially in Chapter VIIL
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Having comsidersd the physios!l and chamicsl nspesds af
tha otinian pigmente, what dedoctions cen be drawm as to thair
origin ¥

It i elesr, namseh &8 there = oo intemed cirealstory
gysten bobween the cetoderm and entodenn, that B plgaent
rangt ko marmfastered from subetences of the ontakde word
which came scbaally inte contact with the individwal cells.
Likewies it 12 evident that thess subslancss are absorhed Erom
within, earried, that is, m the chylaguecns floid, sinee the
colioderm of &0 anemone serves Tor protection mbler than for
ohearpison. I & highly impeohabibe that the pigemant comas
direetly s food [as Croeser (1917) hobds for & species of palyolad
nnd Poulton (1998 for eerboin maseta) @ if thet woms tros, it
should exist in solution in the gustrovasvolar Buid ; but thas
pootng definitely oot to be the case (MacMonn), The mors
reasanahle hypothesis, it seems to ma, is that tho eclls coms
tainiog ko golonry themeskves synthesize the pigment from
vertain focdl substuness. This means that in the abssaos of
0 hlood-aystem each actinian cell hes to elaborate its own
pigment.

Litély & kmown poncerning the natare of the food from which
the eells mpmalsoture pigment,  Varicos specolatsons, however,
bavn bein mada on dhis point, particalarly in the sase of the
irgagte,  Ino this clase of anmals, as Poulton (15908) has shown,
the pigment of the body appears to be o modified shlorephyll.
That sneh & sondition shaald ablbain among the aotinians sesns
#% first imposeible,  Many actiniane live in an obligats assecia-
tion with Yooxanthellns, an assomation m which the soemong
is probably parasitic upon  ehlosophyllows  cells  (Fulton,
1980 &) ; that is, W tones of starvation they turn wpon the
oells from which they possibly resesvs noarksbiand (by phodo-
aynthesis) and engulf thom.  Also in many astinians the
© wallow culla ® are bodged divestly in the lissge of the sctodsarm
and entoderm (Hertwig, 1588). [ @ oo malber of eotni
hmowladge, tor, thet actininng feed apon pelagis forms which
conlein ebloropliyll.  From iees fasts it ie evident Ehat
actinians use chlorophyll as food. As bas already {po 845)



AMIMAL CICLOLOFEYLL anl

been atalod MacMunn (1586 &) demonstmied in mony sctinkis
the presence of o hecootingelding pigment, which was
degignated se pehiniohaomntin.  Resant anvestigabions lave
ghiown that heemoglobin and chlorophyl] ars similar ehemically,
vach Loaving a8 o basp a substancs Bnown as o porphyrin
Thiz desivative is eomposed of four pyeral groups in eomphe
linkiage, The axact similacity which oxisis betwesn lsun-
globin snd shloropbyll may be shown by the 1|;|I]|;hwi|:.£ ad

Hae in Chlorophyll &
by B30 {by sllaki}
nemn gt
[meﬁlmﬁli i+ Fel [Hl:[fll;; _|.-nr|.;lll|311;ijn (= 2lg
o/
W

" ibioperphyrin’

Thuw haemoglolin, I,.J-' thy koes of & probeid [glq'l,li.u] el ids
iron, forms & perphyrin ;. m dle seme way hloropliyll @, by
e lnss of phytel and its magnesinm, Torme several parpliyrins,
o of which (phylle) B spesiroscopically and chomically
very Glosely related fo baematoporpbyrin g both plyllo-
porphyrin sl hasmatoporphyein by the action of eoda-lnis
give the same substonee, actioparphyrine FProon ths i seems
ovident that thore ie 00 & priorl reazen for sagnming that the
tizgnes of actinians could not conwert chlomphyll mio swsh
o subetance as actiniobaemating which & closely related to
ewepgrlobiinn, - The obwiows objestion 15 that exobange of
metids {iron for magnesimne} wonkd make snch a transformetion
impossibile. Tt o abomwld peerd] that it s o far more smpls

! The best discpsson in Enghah of the ddamiilry of hpamstegarphyrin

il ehloenphyll i i385 of Plimmes (1906); Bagiia (1016} & peod, bet
the stamdard woek is that of Willssktier and Stoll {1813),
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proces to deop off an stom of magnoeion sod add one of
iron than b 18 to buoild up an crn:.n:nn:n,ls'l}' me]nx mindpenbn
il ad the porpbyrins present.

If such a viow is capable of axperimentsl prood i will leove
an impurtant bearng upon the phylogenetic ongm of wnmsal
pigruenite ¢ it will give fair imlication that mony animasl pig-
wiads were derived originally froan plond ellorophyll as il
rozilt of some symbictic sssoviation (perhaps for the parposs
of faulituting respiration) of an onimal with a chlorephyll-
Lering orgapimn—a condition probally similsr o that foainl
I:-u--:]n.:,' LT flen APINEE anil wertain of the Protoeoge. O
e basis of this theory ot s interesting to speoalube sonesrming
thit origin of hasmeglobin in the higher animsls, Is it pod
pssible, for inglance, Shat our blosd-pigment is derived froo
thie ehloroglyllons subedanss which ame taken in ns food,
a tomditivn nol unbbe that whieh the wrter believis to axst
in tho sorlepterntes 0 The resent feeding exparimends  of
Bawgi and s oo-workers (1019 madeeste thot swch = the oase,
for they givee strong indination chat the onimal 'Imf]'rl.- is depan-
demi mpon ehborophll foe the baillding of baanoghobn ; of
three sols of onoemio rbbits, one wus fod slone npen o chloro-
phiyll ik, the other npon iron pills, and the lsed group apon
o wixbare of iren pulls and greenstnffs.  The anosnio cunditson
of the first fwo groups was wery elow do improve, whereas
thie aoimals o the last groap within a short time lost all
symuptons of snnemia and the baomoglobin conbenl of tois
ldocal ewme baok to normel.  This means that chlovophyll
wikh ita Four pyrval groops B ogiite s nessanry for the mana-
factare of hasmoglobin as elemental iron.  Ths epnclosion
in fortler substantinied hy Grigoview (191%), who has repested
Bargl's fesding expemiments with posibive results, 1§ thas be
tene, metheds can vary wall ba devised o control the formation
of biamoglobin in deaaaea,

What, then, must be fhe conclusion as o the origis of
pigment in tle coelentesates ! In the first place the chyl-
agquecus Boid, which in fonetion st least is the analegoe of the
Lloed of higher snunals, carries fo the tisoee the sompoments
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From wheth it alaborsdes ids pigumt.; the pumpramds, o
aldition, sre probably  highly-vrgeaiesd  substamesse,  The
gostrovosenlar fAuid derivim thess pigoant-nsking mbstanos
femm the ghlorophylls which coter a3 food,  Tha pagaeat,
tleredorn, in addition to bearing o elose rnhl.-'n:nulh'ip bix Iuwcano-
globin, is probably iteelf derived from eblorophyll This
applies te MueMunn's petandohanmtin ; aml it will ale [
roculled that Elmbimst and Bharpe (1920) s alsown thod
the nom-hammatin pigmant af A, aquing relusEs exygno
as f reenlt of pholesynthes, which llowise sopzets wn
mbimats relution to chiarophivil.

4 PravyHELMINTHES,

Huxlay {1877, p. §7), weiling of the digaative sawvity in tha
Unelenterata, remarked thoat the * Awid whish b sontsms
vopregenta blood . Concerning the next higher group ha atatrs :
“In the Turbellsris, Tremastods, and Uestoidea, the lsowunao
of the mespderm and the interstitial Awid of fie tisswes ara the
cnily repressabitives of o blood-visoulsr sysban,”  Lle obsorv-
tion of Huxliy i interesting, but it aost be recalled thiot
the mesedermal [neunse roprasont meraly Use morphologicod
humologne of the blood-system ;' the funetional presursce
of the vaeealar syatem, ne in the coclentorates, is to Le fonud
i the pustrovasenlsr oevity.

Pigmontation i common among the Bab worns | weay
of the marine pelyclads, o perbealsr, sre dEtingoished by
w brlbiant soloration,  The only irwa:.tipl.i.nru epmeemming b
pigment of s snlmals belonging to this olass with which the
writer 18 anquuintod are those of Gamble anil Kecble, and Crozier.
Tha ladter pothor (Croeser, 1917} has shown that the polyelads

L Though the sopply of prgsentloring substanoees is
givem by dhe gastrovwseilar syste, (1 ls isderesting to note that ninong
thu Rhadacaala Turbellarin the parenchyms (in whick the bouan
ab Docorad) is the st of the Body-pigpoent (Pashor amil Haewell, vul, i,
p SEFL  This seews to be the fed lnstanse i which i fumcison of provid-
ing pigment bas bean taken over by the movphologioal Tundamest of {he
Tuture Hiod-ayilem,
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commiemnsal with the orange eodomies of Heteinsacidia
tarbinabs aad the purple cobonies of Bhodozsonn prein
ar thamsalves orangs and purple, repeetively, ond of a ghade
very similar £ that of the snumal with which they aze com-
mgmeal.  Om starvation (e, when removed from the calony
of tunieatrs) these polyelnds loso their eolour, bui when
allowed b fesd agein with the lunicste colonies ey rogein
tlpedr endour e & vary shost time.  This, Crogier belioves, B an
eocumple of o pigment which = formed direstly from fond, and
it agegnnts for the eolour being the ssma ng that of the animal
with which the polyelad is commengsl.  The writer bhos made
cortain ofher obeervations which in pard suppors Crogier's
conelsion.  The colouring matier o the fanie of Eeteio.
aenidia tarbinats i@ wade ap of stellale aronge shromato-
phorm.  MNow, if the body.cavity in ome of the polyolads
repindly taken fiom o colony of Deteinaacidia be abspved
vneder the misrostops, nof nfrequently amsll peees of amage
paganent s be observed, many of whesh shaw elearly that thoy
are porticne of bthe choomatophores from the fonie.  Owing
to the great frailty of the polyclads, the Fabe of these small
pinies of pignsent could not be fellowesd eopplataly | a3 5 reult
it wns impeasible to scitle definitely whether the pigment was
ingeetel bodily Ly the entoderin] lindeg a8 Congo red is ingested
Ly ke young of Conveluts rosceffengie [Gamble and
I‘:F-I;-lh]n:l 10085, or first went inte solution.  If the former
mpminption wore troe, it might be possible do e & s of
wolpngless individoale of thi epecies (ns Poulton, 1858, has
done for cerdain of b dmect luvae] by proventing thaie
asmucintion with Felsinasoidia,  The wrater, howsver, is in-
alingd townard the belinf that the fragmentary pieses of ghromao-
lophore go inte solubion e the water-vasoular dvadem and
A m'hpnqumtl, taken up hy the eells which need thom. The
latter explenstion, if cormet, woull sceord with the fect that
the pigment does ok extend promistasusly cver Lhe body, bul
is found in definite and regulor designs.

Among s Torbellariang (Convoluts and Vortax) the groan
or yellow salour is ootasioned by the presance of symbiolis algas.
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5, BoHIMODERMATA,

It ie geosrally necepted that the fiest phylogenesic appear-
e of & vosoulsr system @ to be found smong the echinoderns.
The apimale of thiz phylam are provided with disticet organs
al circubation comssting of teo mdisting conal systems (bhaemal
nnd parihneraal), the weoed impostant of whish arises from s ring
surrparnling the oral énd of the digestive tube,

Althoagh thesa veesels nlways contain a sorpusenlets fwid,
it m pertain that they arme inmpable of cither perstalss or of
sy odher contractibe manifestation,  Aleo the simsa which
neopmpanies the madreporie eanal, while nsually lookesd wpon
a& n madimentary beart, serininly perforns no pamping fune-
tion.  Comeeguantly serione donbt hias arigen 68 to the correet.
neea of looking upon the baemal and penbaenal svsbems of
the eohinodermes &6 trow Blood-vasmlar gystems.

The sorpuaculets fluld of U hasmal and perihasmal vessals
ig likewise found thromgheout the entire peritomeal eavity.
' The corpoecles pre mocksled cells, which sexbibit amoaboid
miovensends ; and the flnid so obvicnsly represents the biood
of higher animals, that I bnow not why the proposteroms namme
af * ehyylaquecus fuid * should have besn amvented for thit
which ie in moe sense " chiyle ', though, like the ather fluide of
the lving body, 1 contains a good deal of waler * (Huxley,
- 450,

fa) The Sen-urchin Tripneustes recnlentns
Lesks.

Tha red pigment cells e the most noticenhla somatiteent
of the body-fuid of this amimal. With them are found oon.
pigmented oells, wibratile elle which am sappoged bo facilitato
virenlation, amd, less freguently, yellow sell which are not
onlike Bocxanthellss.! The red eclle ame closely packed with
small granmbes ; when protoading e peeadopodis, the el
first peuia forth a thim, tramsperent lnmelln of hyalin cctoplasm,

L The mest: recost worls om the body:fluid =ells of ssa-urching is that of
Kollinann (1208, He recognizes five types of sell.
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and into thi the round ped geeoules sabasquently flow, The
sonformition of the pseedopodin resembles closely  that
deggribed by Qoodrich (1919) for the eoslomic corpusoles of
Astorias glacinlis, Thus |:n,a firat shown I}g Haddes,
1580 tha cell i troly amoeboid, being able botl to protnude
nnd o withdraw itz peeadopodia,

It geemol & ourious Esct that the ealls witkin the Body-flaid
of the sen-nrchin shoald be of identioally (e same solour as
thie prgment gramules which give te the animeal its chameteriatiz
calardion.  Conssquently an effiort wos made do determine
whother or not the two pigments ape dWentical. The aame
bighabgne wis amployed os was mode nse of in setthng the
idmtity of the pigments from A, bermuedensis and
(. passiliors (p. 847), wis that of testing their sobion in
the presenes of cerdain aclventa, snd tle resulie ssmed to
imdicats clearly that the fwo pigments ore cne amd the same.
In axsmining the extarmal piguwnm:iun_, small pmns of the
inbe-fest ware sinployed, smce the bebaviour of their coloured
praoules ean be watohed mush more closely than can those of
the apines,  Foo teating the perivisseral faid, freeh amesrs wero
maed to which the reagents were ndded with o capillary pipetie
while wnder chearvation, Of the sbahale, amyl was the enly
pme which dissolbved the pigments, they being very readily
golighda, howsver, in this reagent, Neillser of the pigmenta wons
rxbrueded by tles lipochrome solvends, ether, ehloroform, pebro
lewm  ether, or xylol, The solouring-maliers are  readily
dissalved by 10/H solutions of the aeids, dissolving with particu-
larly prent rapidity in valeric scid.*  In the présance of alkalis
bnth pigments ware darkemsd, bat nod extrscted,

After Lhess exprriments had been maode, it gvme to e
sathor's attention thet Geddes, in a personal eommmnisation
b Gienges (1880, po 184, slabed his belsal that the pigneal
af the red amochoid cells was identieal (in Eohinua) with thae
af the egidarmal apines. This view resalbed frons & veary thorongh
stady of the bedy-Auid of emeurchms (Geddes, 18800, Gon

¥ This agaim mrroloodes Crozsec's (1316 a) onclusion hat wlema i
thn et peisbcaiing of sll seids,
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prroing tha u:rigin af thisn pin;mml'. eells Geddes and Proobo
{1387} agres that the yellow pells " which are foasd o the body-
fluid give ries o the red oalls ; they base their conclazion npra
the fael Lhal ab inss many intetmedinte slages bobweon yellow
nnd red eafls are ta be cherrved.  In sen-archins which bad been
weakened on the preceding day by the loss of periviesom]
Huid, the writer nkin nodicsd intermedinte singes bedwesn these
two corpusele.®  The abaorestiors regording the origin of
the red colk are of importaner, siner they give direct eridencs
that the body-pilgment sriges in the blood-avatem,

Very litsla is knoown rogarding the nature of the yellaw eells
from which the red ones arise. Tb 5 quils possible that they
wrn ehlozapliyloos cells, s Geddes has sggeted,  Pat if fig
is the onse, we hove before us o phensmennn of greab impor-
tanee, ginca it wonld afford direet prood thet s ehiorophylinas
substanes gives rise to o haematm pegment,  MaoMann {18635 g)
hins found chlorophiyll in the integnment and eortain tisswes of
many inverlebeates, inolading the echingderme, In addition
e [1BES o) has deseribed the red pigment of celinoderms as
heing & definite chemical substancs, which ha bes named
*pohinoohrome ', Thes pegment was beliewsd bodh by him
and by Griffiths to be respitatory in nature, bot this has siees
b denied by Buimt-Hilare (1808), and mors reseadly by
MeClondon {1918},  Echinochrome bas been analysed chemically
Ly Oriffichs {1807 with the following result :

Cioe Hog Mg Fudy Oy

O bodling, the pigment i convertad into bsamatoporphyrn
[p. 851} aml haemochromogen, whioh alows that schincshrome
it pelated to hasmoglobin ;  the relationahbip, momover, e
prabably close, sines it lses o s wobssale hobls Feooaad 5,
and alsn besause it bresls down inte haemochromagon, which

! Foamed most nbundnntly in Derocidaria papillakn, Arboon,
and pEeticularly in Spatanpeidie.

* In the study of the pigmented colls of &, sbre {Fulton, 1921 %)
o mimilar phenomenon was observed ;o snimals wisbeh peeviously bad

heen waakaned by the loss of Bowd many intermediste stages becwreen thio
colaiEless ool dol Lhe pagiieitod sorpeels wone observoll.
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ig o reduction prodieet of bosnoglobin, It is interesting also
to note that MacMann (1888 &) has shown tho presmmes of fres
bapmatoporpliyrin u the tissee of sohiroderme (apetially D
Urnater robens] which, s8 he auppeets, is probably an
inbermediate produst 1o the formation of echinodirame,

From the preeding fsote it i3 evident thet in moet eching-
dlorms thern arn pm.eml. a'imulun-amlaly ahloroplyll, hnemato-
porphyrin, amd schinochroms, the last bung eheely related Lo
baemoglobin, I the disgram on p. 351 be consultad it will be
abaarved that this vepressnts almost the eomplete airele from
chloraphyll &0 haemoglobin :  thes ws have  ehlarophyl],
& porphyrin, and pn fon-coptaining pigment which hreaks
down into & redugiion prodoct of hnemoglobin,  This evidencs
greatly emphacizea the hypotlseis (p, 852 that many of the
animal pigments, inelnding haemoglobin, are decived originally
frovm ehlorophyll,

by Othear Bohinadermata.

The body-Auids of nomerons other echingdarms possees
eolomre] amseboid eells whoss pigment in many ciies appeirs
to b idendienl with that of the epiderniie. Tha fact that the
coloar of thees salls @ snnibar bo dhat of the body = e iaelf
signifieant ; i addition, however, thers s frequenily chemiml
evidence which tends slso to eatablish their wentity, To avaid
tiresome repetition omly a few of the more important exnmples
fram severn] of the clnssos of eohiroderms will be given.

Asteroidens.—<The amocbocybes from the coslomis fAuwid
of storfish possoes gmn,'n[iag which wnry in cobour from velbew
b i deep brown [Codned, 1900}, T4 s nodeworthy, morsaver,
that the eells with the dirler granales are foamd m the anamals
with o desper Body-coloar,  This i partienlasly noticaskhle in
somne of the Henmunda stacfish,

Ophivroidea .—The only species exammed wis Ophios
coma pumila, In this form the body-fluid wos marked by
the presenoe of many yellowish-brown pigment oells which
wewra flosnly allid in eolonr Lo dhat of the dise.

Echinoides.—8o far a3 ibe writer iz awnre, i avery
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epeiics of echinoid whoss blood-pslls have been reporlad wpon,
the existones of & red, or red-hrown pigment ool (gnch ns was
dazerilbed for the Bermuada sep-archin) has been nobed ; and
o earsful stody of the spidermal pigment would undeabtedly
revaal, oa il did in T. esonlentua, that 8 is identbel with
that of the cobourad :.mw]:m:].'tﬂ_

Holethuroidea —Ths paper of MaoMuane (1883 on
anieanl chromatology containg many valzable obsarvations con-
eerning the pigpments of Holothuria aagra. He hos shown
then presenes of a vad Lipocheome in the * blood ' of this farm and
haa foaed o et sabstanes mothe integnment. Hs identi.
fied the same pigneend in the digestive gland and concloded that
it ‘is built wp in tho digestive gland and earried in the blool
gurrank to be deposited in odber parts of the body, tioogh what
its rile may he when deposited thore it is diffieall to say ", The
fact that thie pigment i@ foand i the digestive glaml ia of
parkiowlar importanes, and shauld be borns in mind when the
pigmentation of tha crastacosra is comaidorsd. T possing, it
seecns worth while to pobe thet ths red hposhrome desoribed
hy MasMunn is tho one which Harvay (1910) found o the testis
of Bélehopus ananss, on which bs has peroroed aon
interesting sevies of parmeability experiments, using the lipa-
ohroms withm the el as an mdeator®  The writer hos
obsareed amoobonyies with hrown pigment gmnales in the
bidy -flnid  of Holothuorip saribaméensis —pigment
gramules which are similar to those of the epiderms.  In
adldition Hérovard (1880 and Codnet [1691) have weported
brilliant brown and pellow amosbooytes for many bolatharins
comman aleng the French coast, One holethurien [Coeu-
maria planei, Morme) o detinguished by the presaose
of hasmoglobin in the pells of the periviseeral cavity. Holl-
mann (108, g 188) emdeavoursd o Bod the ongn of these
cells, hat was unswesossinl

L Tt mabstanee tarms bloe in acd (Machfuns, 1850 ; Horeey, 18013

t Huemoglehin is fonnd alen in tha sphssroid, Ophincida virons
[Fosttinger, 1880) ; desivatives of b globin {actinmink inj, -
aver, are foord in masy selinism

Wi, 282 ce
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PARY II. .THE PIGMENTS OF ANIMALS WHICH
HaVie A BLOOD-VASCULAR SYSTEA.

1. Ietrnouvaariom,

Ly ghe first |salf of thas sindy comsademation was given to
s dnvertobrdes which possess no blood-vasoular aystewm,
il ke garﬁﬂ.l ecmelugion wig reachad that tha hudj-pigmanﬂ,
i b whsenes of suoh & systen, are depossbed in the organism
iy it oudritive Auids. Tt was coneludaod alas thit the matorkale
used i the productzon of prgment are denved from corbodn sabe.
stinpeg—nenally ehilerophylloed—which aro taken in s food. TE
seerued, therofore, that in the bower imvertebrates the body-
fAwids (wlich serva the notriticnal fooction of the bleesl of
lagher apimlg) serve also to supply the organism with the
anlataneas from which it alaborstes ite pigment. To oching-
dlernm, for example, the pigment is formed in the periviscersl
fuid, arl & sobssquently carried to the epidermad regions,
Ag a reall of suoh obssrvations ans might ressonably expest
the blond of the higher animals alsa to furnish the supply of
asaterinls for dhe bodv-pigments,  Tle writer, in oo weass,
liss exnnined the svidenos o defermins whether sach o deduc-
i e justifiable ; the results of the investigation are pressated
it the present half of the paper.

2, NEmertiHa.

Though tbe oemortean worns  possess  cortain aonelid
wltinities (naphridis, &0.), tha balanes of morghologicsl svidenca
places them cloas to the Torbellare. In ome very important
uhamoterstizs, bowevor, ihey ore dmtioet from all of the
Platgholmintha, snd that is in the posseseion of a wall-
devalopsd  bood-vasoular system which 12 entirely edosed.
The vmsels orginate from o fesion of thas A which ariss
in the mesoblosl. The croulstory luid conlains fat, noclsated
vorpasels, aml it = propelled through the body, prebebly by
Ladily eoatbractions, though thees i somn evidence of vasmlae
putsbales,  Mew luvestigalboms bave besn made spou the
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migmantation of nemerleans ; one lorm, Polin sangui-
ruhra, howsver, B distingeished by the prasence of hagmi-
poblin in the Blood-cells [Hubrecht, 1874).  Frevioasly
Lankester (1672} bad found hasmoglobin dssclved o the
paamn of this form, In'Cerebratules nriloans (Hulbredt
aral Bhigley, 1911} bammeglobin is fonnd in the woandering
Didy-flaidl eedle. Tt is pesonsbly sectam, theralors, that tio
rod epdour of cerlain momerteans 8 dos to the preseaco of
hasraoglobin in the bleod and o the body-flaids,  The orign
of the haemoglobin & wnot kmown, bat it is interesting to
nidd Lhint Khe food of thete worms is largaly chlomphylbos.

4. Mornosoa.

Among e wsolluses the most haghly-caloured groups are
tlen upisthobrancls sl the saplalopods, and to thess heind
considetadion will be given.

{m) The Dpizthobrancha.

Urogive (1914, 1916 4, and 1916 o) found that tho colonred
substanos in the montle of the nodibrench Chromoedaris
2ulira i very sepsifive to the presence of acids and allals,
being blue m its notural state (wlkndine) amd pnk m acid, He
(1416 b} observeil {uribar that the blosd-calls contain a pigment
which 18 similar in palour &0 the mantds pigment and likewise
rarng pink in the pressnes of asid, An examination of the
pbaorplion epectra of the two soloared sobstances showed that
they nre identioal. Thos the pigment of the blood b8 the
panny &8 the pigment which is responeibla for the external
coloradion.! Inssmuwch us it hos been shown thist the pigment
eella im the hlood of other forme—eehingdorms (Port 1 of this
paper, 0. 357 and Tunsstes [Balton, 1921 ¥—arise whils in
mircialation, it is not aoreseonable to sesnmse, until further
ovidenoe 32 afforded, thet tbe Wood-pigment of C. zebra
in also synthrsized b:,r the moving blood.

L Thowriter atbempbed tospoenespeolniom o G, 80 i when in Berseda
im ordor to And the celgin of the pigment cells of the Boosd, but owleg 1o
thie seasoity of chis spocies durlng the sumioer months seon were sbtained.

(] L



52 JOHE F. FULTGH, Jh.

Little m Enown wwnin.g tha chemimal nsturs of the
pigmests of oprthobraneh wollusa ; bowevar, siclain obaars-
tiong of Crozier and others are of inteeet, Crozies reported the
prusencs of mangunnso in the pigmant of U, zebra, thoagh
e didd veot belisve that the nsnganese feliated resgpisation
Poladino {120E] datacted both mﬁimm and drom im the
pigmealt of Aplysia punotata Tt appesrs Lo the wriler
that Palading's chesrvations are of partinlar importanss in
their relation ta the crigin of snimal pigmenis. In the first
park of this paper, evidence hos been given to show Lkab the
pigment baomoglehin @ derived fram chlorophyll, Tl chief
obyestion to snch k& pontantion & the diffealty of uuhu.ng:'.nq
the wagnesium of chlorophyll for the iron of hasmoglobin,
Lt womdd seem from Palading's work thet the ecloared wabmtanes
of A, panctats is o phgment which is miermediate betwaen
chloraphyll and karmoglobin since it poaseees both magnesium
and drom, It probably i oot mural'_f j'uaii.ﬁn'hl.-l o draw sy
ponnlaskon anlil mors i3 known sonsernimg Uhe ohsmicil nators
of the maolecals to which tha iron and magnesiam are abttached.
Hiowevar, the pigment showsd abeorplion bands which ore
similar i some rispesds to those of heomoglobin ; moreover,
nitrogen was dotseted in the molesnls, Both of these fneds hear
gvidengs dhal the pigment of A. punobals poassssea the
sam chomical bass as hasmoglobin,

Tha blood of a clesly-alled form, Aplysia depilans,
bvng o distinot roee ecloar, due to the pressncs of an sthamined
(Catmot, 1880 which & precipiiated by aleobol snd seids,
Tl oubarstion of the body B dus in part to the presence of Lhis
subatanee in the apidarmal regiong,

(% The Cephalopoda.

Amgng the sarlior obsarvatiors on the blocd of cophialopods
were Lhoan of Boaget (185%9), who desoribed coloared eoepuacles

L MeeMonn (18 4) hes made o speckroseopio investigation of the pig-
wentd of Aplyels punotata. He sk fowe (88 did Crosier sid
Vsladime) that the pigment is very seusitive 1o o ohange from alimlinity to
ieidiiy.
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i an gebopas, ond of Bert (18687), who gove an imterstmg
deseription of the epidermsl cimulation.  Haboteaw sod
Papillon (1878) obhiained & pigment from Oetopus volgaris
which failad fo give abeorpticn bamds, The elsesic researmhes
on ths form, bowever, are those of Frederieg (18TH), who was
the firsh to demonatsate the presoncs of a resparalory pigment
(o0 hasmooyanin, seo below) in the bloed.  In addition fo
the bammocyanin e found o the blood & red lipoehoens,
Though there is np direct Im:..ul' {ns dhers in in the case of the
red lipochioms found in the blood of crustnneans) thet dhe
enhztance is identical with the red pigment in the ehromato-
pleareg, it 52 highly probable thet sweh = the osse.  The eoloar
itaalf strongly enggeate the simuibaaly, whils #he fuct thet similar
pigments mre found im the blood of othor animalk as well as
in their chrometophores, gives added evidence that the two
pigmemis are identinal. The hest deseription of the chromste-
phares in Octopas ia that of Cowdry {1911).

The ioky flud of the outtlefish Bepia officinalis i
a pigment which is chemically idontical with eartain nedaning
af the higher amimals (Feelbrs, 1011 5. Thoagh molanin-like
gubstaress have beon reported in gosgonian slons and o
cerlaln molluss shells, their Mentily with veclobzale melaning
hins never hoen preoved. Gnnm]l.bant.], it is & very surioos fnet
thal the inverbobrate which possessas the most highly onganised
mervous system shonld also possess malanin, which in the lagher
amimals B e inlmstely conneeted with the nervons system.
The queatian of the omigin of melsnm and of s chemiel
constitation will be comeidered in p Inter saotion,

[e) Dther Molluson,

Mary dotualed investigations have been medo on the meepim-
tory pigmenta of the mollsacs, hut sinee thess pigments scldom
funckson m the productson of eoloration, they will b be eon-
aidlared in datail,

Hasmosyanin—The embetance reaponzible for the bing
eolonr of the blpod of certain wolluses was first isolated and
deseribel by Fredorseg (1578). Hammooyanin has snes besn
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foundl in repressntatives of evory elaas of mollass save the
Amphiners, sod it s sbe cmmoen among the cmstacesns
#od the asachnids. Reeently the chemical and physielogieal
proqparsies of hasmosyanin have been extonzively inveatigatad
by Alsberg und Clark [1914), who find that the pigment laoks
many of the remarkable properties of hosaoglebin ; partien-
Inrly to be notad is its amell binding power dor axygen.

Finnaglobin.~The blopd of the lamellibranch Pinns
squamesad @ diglingaished by o resparotory pigment, which
oontains manganesa, This matal i linked to o progem which
containg the oenal elements of blood pigmenta, vz ©, H, N,
& nnd 0y, ond these in proportions similar to the corrmponding
alamants of biemoglobin (Grfths, 1807

Hormoglohin.—The coboer of the * blocd-clam © [ &)
i due to the presence of hoemoglobin in the blopd ; the
pigment 18 fonnd ales in other Lamellibranchs 1 Solen
legamen, and Cardita, and in the geetropod Planorbis
{Laakeater, 1873 ; Loiteh, 1910),

Uhlorophyl]l hae leen detestel in many of the Malluse.
The cobour of ihe green ovster 33 doe bo an algel infection
{lankester, 1836), Entooshlorphyll has bean deseribed by
MicMunn {1663 6, 1588 %) ns exsbing in the lmver of many
orastanars and molluses,  For Dortlee disenesion of entera-
chlagophyll, see belew, p. 369,

4, TrR ANKELIDA.

(me of the most interesting charasteristics of the ecloration
i anmelids is the Bsob thad the coloared subslances found in
this phylum are uswlly respivstory pigments ; few of the
ealouredl substances scve alone for ampment,  The sagmented
vonrms bave buo oirenlntory floides @ the periviseeral (sosloanio)

! Thi chitons possess & non-metallio s pinitory pigeicnt, 3-eeliroglobin,
which was desribzd by Orifiches (18870 Ia addition to this pigiment
iyl lipisthromeg is prosant in the Bood, whish is mom common in the
Femalis ol the specice than in the male, sl s thod cepoaiblk far Lhe
deop wellow oolour whick the femalke ehifon assumes during persods of

reprodng ton.
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aid the peeadohaenal, or Blood-vascalar faidd.  The foid of tha
aoelom eontaing sorpusalas, and crrie food snbstanee darived
from b intemtine, The bood, on the other band, functions in
resparntion nnid probably hae hitle to do eath the transportation
af fowl,  The meepiretory pigments, thorefors, are found in
groatost nbundanen in the blogd-wsonlnr avsden, though ey
are aoametime mat with in eoolomic faid,

There arae foar varieties of pigment famnd m annelsd worms ©
hinamiglohin, shbomeraerin, ehlotophyll, and the lipsehmomes,

Harmoglohin.—In the more primitive annelids, baemo
glabin is found diseolved m the bleod plasma, the sorpuseles
themeelves being oolomrless and serving as phagooybes (moat
chastopods snd  Hirndinsss ;  Lookester, 1879, In the
Capitellidss and in Glyearsdas the baamoglohbin i packed in
imdividizal cells? Mook mors exteaordinary, however, & the
nesmrrenos of hasmoglobin in the nervous chainof Aphrodite
soulenta, ol ss Lankester (1872, p. T} ramarks it is difi-
cult ti neeomok for ks appearanes thers aa “we lave o kno.
besilpe that thie Annalid & remprkabds for neevons corrgy ',

Annehd hasanogloldn [partscubacly that of Toambirigna
taprastria)ia almost identiem] with the respimtory piguwewt of
virtebrodes,  {rriffiths (JR02, p. 147) mads & dotailed oleauiosl
nnalysin of tha harmoglobin of Tomlricos and fonod that the
raily eomsidernble diserapaney Betwean it and e haomoglahin
of o dog lay in the amsant of iron preaent, thare being alightly
lisis iron in the pigment of the nnnslud.

Convorping  the  differences  found  babwean  he  varigus
hiemeoglobms, o stafement whisch Grffithe (1897, po 100)
mitkes in nnpther work might very apily be guoted. * 11
gpeciee have besn modified in the eourss of long eras, the
haemoglobins—thoagh fulilling ol the oombitcona of & toae
ehominal sompomnd—must bave heenms modified stop Ly Atop
with the species, . . . Honts we sse thal Ue sontspléon of svols-
tinp mnet necessarily find a plase in chemdstry, not merely as

1 In msny test-books—Parker and Haswell, Hegner, e.—I% is stated
that ik haseoglobin of srmelid Mood @ found dissolwed in the plasmi.
Thessgh teui for eectakn apeeles i & goite inosrreot as & genomal stabement,
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regards the elements, bot se rogards the formstion of bighly
coanplioated compounds.”  Thengh the earlier writers oone
sdered that thers ware no spectrorenpio variations batwen tho
bearmoglobing af varbois annals, mors et work hos shown
thod there sre minete differaess even bedwesn the spootral
bands of sthiopian hocmoglobin and that of the white race.
Racently Vika (191%) mads & carafal inveatigation of the haemo.
globingf Aronicols pisestornm, Lk andof Marphyan
safgminea, Cualref, and has found certain promopnesd
diffareneas betwesn their spectra and that of vertebrates,

With swch fnets as those pne sannot avoid sgresment with
Griffith's contention that hasmoglobin B8 the produoot of o long
and complicafed phylogenetic development, Sorby {1876),
m o paper on the eveletion of hoemoglobin, held that the
aubatance bad ite beginning aa & bils pigment (oon-respiralocy)
sach ae axiste in Helix aspparen. The naxt step was foand
in tho haemoglobin-like pigment of Flapochis, which is rspi-
tory, Tl finel slage i@ ssen in the onesnteation of husomo-
glabin mto individesl eells, o condition such s one finds first
in tha Blood eorpaeeles of Gaphyres, and Batar in the vertabrate
vrythrocytes,

Reioksat and Brown (190%), in their monwmental work om
tho grpatallography of dhe bacmoglobing, hove wrged, sinos
thern is o choracterstie orystal form for the Iu.nrl:-ug]l;ll;in ol
evary gpeaies, thal the kasmoglobin of sath spaiss iz chemieally
differant from Ehik of evary othee, and that & specilbs eryatal
form 15 an expresion of a specifie chemicnl molecule.  Hut,
“it i well known thot cryetal-bnbit & modified by tha altern-
tiome of the medivm from which the eryatals are degostad °,
aml singe §b 02 & malter of common koowledge, poerticalarly
in the light of modern bacteriology, that the hlood plosma of
pnimikla differs profoundly batwesn individwals (sven of the
sami speeies), and simee ihe hasmoglobin crystals of each
ppecisn gfudied hy Hedchert and Brown wers deposited from
o differant mediom, 60 G ool improbable thet the eleseved
differences in the erystals nre adtobutabls to thee known
differemcez in dhe media in which they wers formed * (Rolset-
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gon, 1080}, This, however, doss ol in any way destroy the
value of Lheir work, which ie & most fundamental contribution
to our knowledgs of the erystal strnebare of protaing,

Chloroeruorin.—This pigment, though green in salour,
ia cleaaly allid Lo hosmeglebin.  The sulstancs wos noded by
Siles-Edwirds (U888), bul was firsl isolabed by Lankesbor
(1869) fvom Esabella ventrilabrom snd Siphenostoma,
MucMaonn {18635 a) subsequently idenbifbed ot m Berpuls
contortuplicata  Thongh the nheorption hands of
chlorosruorin present & stoking smilarity to thet of hasmo-
ghobin, the grean pigment cannot be heoken down inte aoy of
the desompasition produste of the red pigment.  Chicrocranring,
howover, in definitely respiratory and = eapabls of existing in
b etatee of oxidation, oxyehloroernorin aml medossd ehiore-
cruorm.  The pigment is found both in the blood aml m the
aprdormaiz, and the snimals poeseasing chloroceocrin ows their
eoloar almost entirely to its presence.

Chlarophyll.—<The only anthentio example of & chlorn-
phyllona pigment existing in annelids is that of Bonellis
viridie. Borby (15764 showsd thal this pagment gove
absorption bands which ware prastically identizal with chlso-
phiylly bt Geddes (186%) falled to Gnd sny evelulion of ccypen
tn the tissees of Bonells when it wos ﬂ:pﬂﬂ;ﬂ tn stromg sun-
light. Kruksnberg lkewise obtaiped negative resulls (Goddes).
However this may be, it is most probable thed hooelkdn is
o derivative of chloropliyll, particalady in view of the meoant
mvestigndions of Hars Praibram (1818), which bhave dreosons
etrated siriking epetteoscopic similaritics batwean the two
plgznents.

Lipochromes —The blocd of Avenicaln pizeataram
haa, in sdditson to hasmoglobds, sselain lipochromes, some of
which give nhsorptéon bands [Macdunn, 1883 a, 1888). Mac-
Mumnn, in addition, found thet a liposheome presant in the
digestive bracd was found also in the epidermis. Faavel (1690)

1Tt im n onricue feek that the pigmant of Borpals, thongh speotrossopl.
eally identioal with that of Sakalls, s ned in coloor,  Goffiths (1807)
Lelisves thal the bwo pigmenis s iHmarie,
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b likewiso meportsd the pressooe of o yellow lipoohrome in
the ppidermis of Arenicols. Tnasmash ns Rascoites (1305)
has abown that the nmochosytes of many polychast annolids
(melnding Aremieols) carey falfy pigments from the bloed
ansl deposit them in the r!];dl:[umia, the wnavoidable conelusmion
remning that the [alty pigments of Arenisola aro
darived from foed, and transporied fo tha
opidaermie by the blood-system. It is worthy of nots
ales that many of the lpochromes ara closaly allisd to carotin,
which noeams that they ore derived from ehlorophyllons food
substanoes.  urther consideration of earedin will be given in
ther Tollowing sestion (p. 5TH).

. AmiHnordma,

Im the plylem Arthreopoda, not oaly & the blood-syatom wall
alevaloped, but dthere are present, 3= in the espbalopods, large
ghirgrontophores which Boilitele colour ebange, A vasl smownt
nf work has heen dang apon the pigments of the arthropods,
anid sines it hag boen peviewsd vory complelaly Ly Facha
(14504, crogteceaes), and Bederimann (1914, inssats], the writer
will limit himaelf 40 o discwssion of the arigin of the pigmenis
in this phylaen.

i) Crustacen,

Tlen presenor of chromatophorss in the corapass of erosta-
emins was firsté noded by Fouillon (1830} The elassic work
i gruatagean pignant, owaves, g that of Gomble snd Keebla
(1900} cm the colour phoses of Hippolyte varisns, in
which the strosfurs amd activities of the chromatophares
ars demoribed mogreal detwl.  The stooolure of the ehroomsabo-
pbnres from nthar species of Crostaces has been investigntbed
mery recently Ly Frang (1910, The pigments whicl hove heen
Tomad in the Blocd of srustassans aes very neasly the sume ne
thase found in ths ol s, viz ehlorophyl] {enterochlorophy i),
lipoehiromes, sareding hasmoghokin,? and hasmooyanin, A5 the

! Hanmeoglohin bas beim detected in severs] oredacenns by Ragrand o
Flamchani [§35).
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sopper-containing pigment of the crastaceans 18 wontieal with
that of the mollescs, its forther eonsideration is unnesssney.

Entercehlorophy 1l —MaoMunn (1638 o} discowersd thad
8 pigment which was speotroapapieally identical with plant
chlnrophyll seowrred in the liver of many nwolluaes wnd erasia-
eearg,  He fonnd that ths pigmmt—whizh he nnmed onbern-
vhlnraphyll—oeenrs dmsolvad i ail ghoboles or in granelar
foern, bud sometimes evin m the protoplasm of the seorotory
vulls of the lver, For a loog tme MacMann belisved that the
goeurrands of m&u‘qnhlum{hfll i the livems of invertobrabes
bemmomstratel that amimels are cspsble of ayntheaizing ehbom-
phyll. Finally, however, he wos foreed to abandon this position
whien he [H:.nuMu.Tm, 1888 3} found that sntercehlorophyll is
present im the mbestine aad blood of the forms in whoss livers
it alen ocours. He wos thos foreed bo admit that emterc-
chloraphyll enters the animal s food and ie sbored in the liver.
In his own words [po 434) ¢ ° T hoave been Soesed, T mnsl confres
agningl iy inclination, o beliees that entorceliborophyll i
o pigment which primarily hos been taken op fram e inkrstine
diggalvned in & fatty madiom, nnd & carrial sither oy
bimooevtis, or tn some oller way b bi cdepoaibal wibh the
fat, and parhnge nthar wearrve prodocts, in dhe gasteie glaol,
Whether id 18 ataliesd for the productsan of ather pgments or
it is & qmtim for fatar inveatigation.  'hat it s o chbre-
phiyll darivative T now belwve bo be provel.’

The asme somelngion wea rescled by Dastre (1859, p, 190,
whin states 1 * La chlorophylle hépstagque n'st pas un prodwit
nnimsl fabriqué par lo fois: o'eat ume chlomphylle vigdtale,
vimund des aliments, fixdo sealement =4 somecves s Eapon
remorquahbe dans lo tissu hépatigue.’  Farther investigations
ware mads by Dastre ond Floreseo (16058, 1899 v, and 18590 B)
whesn conolasiore wera thn sama, 'What is the significanes of
the aecurrenie of ehloreplyll in the livees of erastazenas and
el lnses ¥

The mnst obwinms fact is that it is a feod sbstanss storad
thero for fatare ass. Bl of sven grealir imporlanis is the
faed ihat chlovophyll is shown by these chservalions to Lo
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capable of abacrplicn into the animel body without being
materially changed in the process, Henos if animals smploy
thlnraphyll in huildmg np therr prgrmmmdts, thay heva it on hand
upchangsd by the procesess of digestion. This conclusion &
strongly reinfnresd by more eeoont work,  Thhare of Vegaasi
(1916} have shown that sl of the shbarophylloid pigments pas
without change into the liver of Helix pomatia, Bol the
moen important work is thot of L. 5. Palmaer (1013, 1916},
wha hoe shown that certain plant pigments are sbeorbed from
tha intesting inte the bhlood of & cow mnd from there pass un-
charnged ints the milk. This investigation wll b daosseed
in greatar dotail order earotin (p.87E).  One iz reminded at this
point of the chesrvations of Moglia (1910}, that the depth of
colorsdion i certain gastropods decresses in the winter, due
as b helisves to a lsck of food, and olso of M. E. Johnson's
[1918) contention that Rana depends for iis colour, not upon
the amwount of natritson bal wpon belng nounshed by food
subatanges which sre properly pigmssited,

MasMunn (1598 ) bas shown ibal in certain mollnsee—as
Patolli—a hasmatin is present in the liver in saddition €o
enberonllorophyll, and thers @ avery probabilily e adde, that
the haemndio finds tbs ongin i thet tssne.  Though the hasma-
tin might bava arisen indspandeatly of the shlorophyll in the
Irver, the more logieal ssumplion (o visw of the chemical
zimilarities bedwesm chlorophyll and hacmatin, alladed to in
Part. T of this stady) i that it is derdved from the ehlorophyll
&g with the orgin of schinochroma, the origin of mollisean
haematin is highly anosrtam, bat the hypothesis just preseated
is interesting and cartainly merits further investigation,

From the obsarvalions of Palading (1900) one ia led to
beliewe that hacmatin is present nod only im molluses bot likewiss
in the livers of certain srustacesns.  Appanatly anscgnaintad
with MacMunn's work Peladine bas reported the presence of
& water-solable ferruginous pigment in the livers of ssvaral
crayfish.  Tn adiition, he finds a yellow lpochrome {probably
oirating which containg no iren.  The iron-eontaining phgmant
wiich ke finds is undonbtedly ssther hasmatin or & dervative,
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Lipoehromos —Halliburton (1885, in a0 invesbigation
af the blood of decapod Cnstacea, fonnd & red Ii.:pm!hnnnﬂ
preeent in addithon b basmceyvanin, which had bean degoribed
proviously. He pxirncted the red substanes by Erat precipilat-
Ing the proteice of the bloed with aleobol and then sxtracting
the red pigmont with athar. Ho nodsd also that the amount
af the red pigment varsd mo diferent specimens, bl was
unable to find &n sxplanation for the Auctoation. In the mma
yeur MoeMunn (1865 a) imvestigated Huolliburtons red Llipa-
chromea and eoreludad that it was ientical with the pigmant
of the shromatopbores in the excakelston.  Beveral vosrs luler
Miss Mewhigin (1307) rainvestigatad the quoestion. Sha corrg-
bopated MagMunn's resalis, bat in addition feand evidenes
thist the red liposhrome was denved from dhe yellow pigment
{probably ths suroiin sontemed in the emterochlorophyll ;
aes balow, p. TH) of tha liver, Conssquently, if Mize Hewbigin's
resulés are relinble, cne would truee tho erigin and development
af the red pigment in the chromatophores of eraatacesng o
falbows : ochlorophyllios substonces snier the body as food ;
thiy arn abanrbad by the intesting aml stored hy the lives,
in which lesws they probasbly oodergo slight modiBestion,
The parotin contained in the chlm{.ph‘l,rll ol tha Liver, whan el
upcn, i tranaformed inte o ored plgment subatance—a lpe-
ehrame—and transporied by the blood to ths eplderms, whers
it is weed in boilding wp the chromstophore.  The resent
atilyses of Veros (1980 have shown thet the red pgment of
tha desapod Urmstacen is & hydroearbon identical chemically
wid apestrostopically with vegetabls coralin, aod possess the
sump eanpirical formula (O Hed.  This investigetion removes
any doubt which may have exsted eganding the identily of
the two prgments.

The fact that the red lipochromes present oo dhe bluod is
subject to great Austuation [Halliburton), = pma'il;ll]' tix hie
explainad by the monlting period of the animal, Tmmsdiately
ufter e ioult there B great denand for pigment to bodld
up new chromutoplores, which reenliz in & dimination of the
wmegnt pregeat o il Blood, Do this comnssbon the reseat
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obsarvation of Faul and Sharpe (1919) iz of intereel.  They bave
abown Ehat immediately before the monlt the sontents of the
livar greatly increses in qusatity, sod alber the mialt the smouwnt
robams to pormal.  Phis wonld certninly affect the amonnt of
pigment free m the bleod, O, W, Bmith (1913} has ealled
atbemtion to tho faet that the amownt of red pigment {wheeh be
calbsl ' tetroperyblinn ) varnes in the female (srab) daring
perinds of reprodustion, being most sbundsat sliortly ssfure
the eggs nre produced.

Heforo proeooding to the somsbderalion of sarobin o wond
sboald be sail cowserning the red pigment, tedronerythrin,
This aulatance was firsl deonbed by Worm {1871), who
riported that it existed in several pnimals, H&qjtm'h_i
{1861} reinvestigated the pigment, wnd cnme to the convlasson
bluab it was wiilely disteibnted theoughont the animesl kingdom,
luge be fsard i in every phylun,  Blénghkowski's entecia for
tetronssythrin (also known as mer:,rthriq:l are ns Tollows :
ihe subatance st bo (1) ineolable o waler ; (%) solable both
in alevhol wmd sther; (8} Mue in aeid ; (4] red in earbon
digualphide ; and [5) decobories] by light, Bodh Mése)kowali
and Goatier held the pigment to be respivatory, Too o laber
praper, Blérajhowski (Krakenbarg] seported that e bed depmon-
atrabed wooeryihrin in 117 species, Krakenberg® found it
alag oo the aye-lids of birds and in their feathees, MacMunn
(1850}, howsver, ghowed Lbst & number of different piganent
subatances would respond do the Geele uesd by Mérejhowa ki

The substanee which respands fo the test for tetronerytbrin
in ernstacaans is the red Lpochroma descrbsd by Halliburton
{Halliburton, 1985 ; MacMuonn, 1858%), aad, ss tetronecyllein,
it hus been extracted both from the epidermis and from the
blood ; this forther subatantistes the conclugion reached
sbove, that the red liposhrome of the blood 1= identical with
thet of the chromatophores. Inmoaddition, MoacMann also hold
st belroneryilirin srizes in s livar,

Uarotin.—Ths sabatance is a yellow pigment fvood i

 Vorglebeh, plysiol. Studien, Abthe 3, ond (2, Beoibe) Abth, 1, p. 131
abth, 3, p 128,
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sestainticn with ehlornphyll. Tt was first isolabed from arabs
[msdirnes epedlad ' sareobin '), from which il reosived ita patos,

Willebitier und Maig (1907} have shown thet carotiu is
o eryetalling uneaburated bydrocarbon [y Hyd melting at
1745 It i of wide cecurrencs not only mthe vegetabls, but
also in the animal kingdoms, baing found in the blood sera
of mogt birds asd memmals [Hehunok, 1008 ; Fualmer, 1915,
15916 ; and Hymans van den Bergh and Miller, 1950, amd in
mimmalion milk ;¢ the yellow pigneent of hutter fnt likowiss
ig wompoasd largely of carobm (Btesnbosh, Hell, and Buoell,
1521}, Tk is also found in mswmeslisn ovaries ; however, the
Pliskade * oof the eorpores Iodea thenselos 2 momeric with
santhophyll, the oxide of carotin, The cobored sulaban
af egg-yalk is mads ap ].n,rge]r af mnﬂmphyl], I;.]ll}ug]l it bixis
conitaing sooss carotin (Polwee and Kempstor, 1909 0, b, and <) ;
marctin olse i sometimes prisent in hamon arine, appoiring
thisre aflsr Girdin bie been dngeated (Hess sl Bayerm, 1019,
gnd it bhas beon isclated from wﬂl-amlm (Plimmer, 1015,
p. 5825, Bul of mssh groster interest @ bhe Baol Lt curotin
is present ahundantly in mammelion nerve-calle [Dedley aold
Chunthrie, 1918 @ and B), and in the fovs contrdia of dhe b
ey, Alen the yellow pigosat el {xantholencoplbares] e the
opiderma of Fundulus confain cazotin, but whot conosens
s nere imassdialaly e ite oesarrence o tho chiromstophons
of erustacesms.

Blarshard (1880 wmada it evident that the epidersual pug-
wment of the copepod Diaptomwus lacillifer contains
& large pereentage of carctin.  Keable and Gamble {1909,
1, ol 1905) bave sorroborated thiz reanlt, finding that the
chromstophores of many other orostacsns also possess Ghe
pigranit.  Thiy poted, too, that mabils (et globules are nsually
o be foand m the beanching pigment cells, It has besa shown
by Kaohl {1902) that carotin was sapable of photosynthesizing
futs. With this Esct before Bhem, Hesbls and Gumble made

! Palmor sl Bl [1914) bavo shown thet $he amount of earatin
winl Aninthoplydl in milk (human asd cow) is bn exigl propietion Lo 1k
ainvint of groen [ood coisdiied.
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an offart ta fimd the angin of the fat ghtnks in the crostacasn
chromaloplores.  The dnvestigation proved that the surdin
peeaent in these cells prodaces the fat globules by phodo-
gynthesis. The work wns carmed oot om Hippolyte
variang, and the experimenis were briefly as follows < 2
when Heppelyto is starved in the dark practioslly all of the ail
Alsappears from the shromatophores ; when starved in gun-
light, howevar, the globales eontinee to exist s& befors ; when
s ‘dirk-starved ' Hippolyte B oxposed to sanlight [withont
Tending) the fst returng,  Thus the sruslacesns proseat a ramack-
ahle phenonwmon @ tha plant pigment which bae bean eaton
Ly the animal, is stored in the bver ; later it is cuored by the
Idond-syetem and deposited in the spidermal ehrematophores,
whers it fansticns exactly as in the plands fram whieh id wos
derivead | The only other instence of sudh s phenomanan
kmown to the writer is that (alveudy referred to om P 78, note)
degeribed by Palmer and Eckles (1913), who have shown thad
carobin and santlophyll paas in the bood from Lhe nkeatins Lo
the mommary glonds. Ii & extramely imterssting, also, to nods
the resent obsarvation of Fiodlay (1920, (bat carotin sand
xanthophyll are found in the mammalisn sdrennls, and ore
bargely redpomaibde for the coloar of the glands.

{#) The Insacts,

I wsany ways the impots offer a more favowrnhls ecndition
for the stmly of spimal pigmests than any sther gproug of
amnimaks.  They are small, many are brillipotly coboured, and
in paldition the physkalogical processss of isseets ara on tha whela
lims eapplicated than in other forms ; morsower the mors
important pigments of imseots are sonseatrated in the wiugs.
wheth are Uhin and thereforn well adapled for the purpoases of
absarvation.

The greatar share of the work on the pigmentation of insoests

VI b ik within e soopn of thie papei 1o abloxepl o sesiniioe Keebila
atil hmibic's results on the moezhisndam of oolour changs |n e askiial.
They will Le fownd in Hee papre wrbed abovo sod in Geesble {1810} | & moro
rovgnt stuly of wHoar wristion in cmstaceerns is that of Polie {10L8)
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has besn carried on by the Enghish mvestigater Poulton,” whi
fonnd cthat tho pigman.t ol a llrg-i namhar of inseets (m all
atiges of development) s o modified chloroplyll devived from
tler plant on which the animel feeds.  The chlorophyllous
aubslanoes ore eaten, absorbed fnlo tho bleod-syatem, ond
dopoeited in thi n-giumu ol thin 'I,u::e'l:,' axhibiting pigmentationr,
The most valuable resulits in Pealton's work came  doom
& qmtmwpic expmyination of insect blocd.  His [1BS4)
worle on the plignsnt of Sphinx ligoatri i@ interasting.
The blood from the papae of this form wis examined and ifs
spetirum recorded ; bhim an extrack was mads of the Glieolars
lesves wpom which the larvn feeds, Whon the spesirum of the
cutiant wos auperimpoesd Epon that of the blood, the baeods
were foand o correspond in & very stoking way. In Ponlion's
pwn words {p. S0 :

' Corsidering the chemien] chonge which must bave falen
placs in dhe shlorophyll durng digestion, rendering poesible
tha af the walls of the digetive trved, and considsring
its ehemical nnion with the proteid eonstitnent of tha bload,
the resemblunces of the spectrs are very striking ; in faet, the
Lwa txa are far nearer saoh other than the crdinary spectrom
uof dmp]:yl.'l in sleoholss solution i b the anslleced chlote-
plyll of benves "

It was held by Poulton that the power of ubilizing ehbore-
phyll in boalding wp pigmants i an adapiation on the part of
the insect which ennbles it fo nssume the moloar of Lee leaves
on whigh it feeds, As evidemcs for this he browght forwned
the Eaot that if larvae of Trypoens pronubs sre fed
respectively on green, brown, and white eahhage baves, green,
beoom, and white laevas result acording to the coloar of tha
leisf om which they were fed.  This result has sinee heen corre-
barnted by Lievart ot Conte (1902), who worked on Altseons
arigabo and Bombrx mori,

Patarzom (1913) has found that the chlorophyll whish passes
inbe Albe intesting of certain red colerpillars s modifisd into

1 Poulton has writlen o laspe nesber of papers om thia aobjecl. The
more kpestant ones will be foond i the bibegrphy under Poulton,
LBEd, 1HED, LEFE, and 1803,

Hao. 202 o
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& tod suldlance [vauessn red), whick is later absorbed and
trunsporied &0 the epithelinn, where it 15 deposmited and
Lzmyea the pigoond of the wings and of the ather body-parts,
Tlerr nushsarbed porticn of the red pigment & voided. The
mvesligabions af Gortrer (1811 wmd 19125} ou mseet meloming
wre ulsn of interest, gines he L alown Shal thiy aie suoeetimes
fnrel fron chlorophyllous substances (oxidizahle chromegens)
wetill npoln by the plant fermsat, tymsinses  Bore remotly
Bebnadt (1817) bes eondueted similar investigalions o insst
wedaning, and his resulie accord with Bloss of Gortnse,

It apponss to the writar that the meat significant part, of 411
Toulton's work an msseis m the demonstration that clloroplyll
registe Ll digestive sngyiee, sod passes prectically unchanged
into th hlmelsystom. Evidenca has hoan eited to prove thit
il i tlio case io the Molluiss and Craataces, but the
avidenoe B ol souelusive (oxoept in the cass of earotas). Iu
imzactd, howover, there i3 undispntable proof, amd it is of
parbivilor luportance, sinos it shows thal Bhe thevry et
bisemeglobin us o derivative of chlorophyll mumst not be rulod
vk by Ehe faol Lkssk ohloraphyll s inuapable of pasing throngl
the digrestive teart. In genoreal, then, the epidermal pigments
of Crogtaoes are denved frow food sad are carried to thair
distimatian by the blood-sysbom,

. Tar Tuwioata,

The strongesé evidenos in support of the view that the
epidermal pigments ars deposited by the blocd-sysbon s to
b dewived froon o stody of the tunicates, whare it is possible
b prodict. thiat thees will b found in the Blocd-strasm pigment,
vells of u eoluvar corresponding o thot of the fune.  Moreowsr
onn ean show that the pigmentesd corpoesles arizn from coloor-
beesa ulls whills Ubey are in the virealaton, Tl tunsale o b
first comsadersd 3 Asoidia atra.

(a) Aseidia ntra.

This specics s dmtinguishied from other tunisites, wnd io
fuet frow almeat sll otber amimals, by the possussion of sn
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cpupbicanlly lorge varoby (e distinet dypes] of bowd-oulls.
In the vosokse flaid of this animel there see theoo kinds of
lighly-pipmented cells @ green, orange, and blae ; in addition
them: are four kinds of opn-modiles white ecrpuseles, and Blires
other Eypes which oare alstinetly amookoid (Faltoo, 1921 b,
T writer hos gliown thast wll of thie pigneented ocllsin &, utrs
arnsy directly in tho blood-gtiesn foon mipegraitod sorpasclee,
Tn the cuso of the grem * chromoeyio © the mebamorplosis fvow
the colonrles eull mmy Lo sbinwlabed artificially and the
completa process wikehod under dhe mesoseope. Wisen on
wenl, prefecably sn orgenis aehl of N0 to 080 alrength, @
addad to o Eresh smoar of ood, all the mimsmatEle aclonrless
eolls of ome \ru'rin_':.:,' sy bz alservial to daki on e light shada of
grecn, which grvduslly cespens ; ol dhe s Gme Heo aoll
fragmenis into lorge green lomps and finelly sssomes the
charaetoriatic form of Lhe green pigment eoll,  Lhorofore, it
ey be inferved that o ssbaes the presa pignent sell arse
from an uopigmented corpuscle ns o eesnlt of an incnsase o
aaididy.

The crange and the blee cells also neise From anpdguented
orgaeles, but in & slightly different manner,  Varions wathods
were employed in an effort artifcially g0 stimalate the change
from the colonress to the orange and to the blos sall. Na
respanse wis secured from soids or bases, bud 4 wes obssrvad
in geesrs of blood taken from an anima] which previously had
been wealened by the los of blood, that thers cenurred many
intermadinte stages betwoan the unpigmented eorpusals ond
the ornags cell or the boe cell,  IF one of the inbermmesdsle
stages be carefully watehed, ander vory favourahls conditions,
thess B eomen indieation that it graduaally ineresses ita depth of
colour.  With ths evidenss ' the conclusion 1s anavaidsbls that
all of the pigmented colle arise in the blood-straam directly
fram galonrless ames,

The deep melh-lJl'un enlonr of the tunio of A. atro i

' Tl detaibs of thi xperinsents and & mone comphbe stabemid of the
evidense for this sonelusion will ke found in the poper by Folton {LEEL L]
it the blosd of Ascidis atre.

wil 2
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caased by the pregence of large blue pigment colls (Heoht,
19018 a lfm:.i:r, 1016 d) containing sphaerical g'mnnlﬂ. whicly
migrate from one part of tbe cell te anotlsr, The blue core
pu.uull.'l af the Blool-streaem are lika the p:igmm:.l: eclls af tha tesd
in gvary detail of their sleeclure. I8 memains, therefons, o
mtablish the identicy of thess cells, In the firet place, the
prosescs o bokh cells of o very promment vaesole & simag
eeidenee in favour of their belng identical, In testing tle
vills with worions reagenis another intensting resemblines
wis noted. It B known thedl ealoiwe chloride in enlnute
amounts has tho power of grastly acealerating the activity of
phagooyles (Hamburger, 1910 and 1918); ik also eanses
o devided meseaan in the solivily of the blos pigment eells
Lath of the blnod-steeam and of the test,  After o M /10 sointion
of (a0, bas been added Lo a fresh smear of bood the blos cells,
which in thair quisseant atata are nearly spharical, immedistaly
saml forth preudapadin, and &t the same time the bBlae graoules
within the corpuscls commends Lo msove lem obe and of Lhe
@2l b ihe pdher. In the test, bowever, the pigment oells,
inspmuch g8 they are fiked within the substanes of the tes,
cannod move ther processes ; there s, nevertheless, following
the mddition of CaCly &0 & section of the trst, o desided
activity on the pert of the blee pranules,® an sctivity which
is aimilar to that dmplayed by the correspandig grinoles
of the blood-cells, The conclusion, therefors, seema to be
warrsbtad thst the two colls s identicsl, and eonsequantly
that the blae colls in the bloed give rise to the pigment cell
of the test.?

From thesn twa kinds of evidonss it is & reasonahls conelusion
thit in Aseidia aten the enlosation of the aninsl s evan-
tally Lracenble to the solourless selle of the blood ; for, as bas
Leen shown, the nopigmented sclls give rae, whils in oireala-

U4 despription of & phonomonsn of this kind is sleo b0 Be found In
Fizoms (1808, 1901} papers om tho pigmend grassbo of funicuice,

% Heche (1318 o) slates ot when A, alra cegenersle s porbion of
Ite teat, tbere are o great many of the blue bood:oells in e acem of the

TognTeTAtlng tissue
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tian, o the blee sorpusoles ; these finally beeom lodged in
th tanie, sod in that woy give ries to the snrfacs pigmentation
af Lhe animal.

W Dthar Tunieates.

Thers are many other oseidians in the Heemade waters
which ore highly coloured. In a s oo the webt ade of
Apnr'e Taland ' five speciteene of the beilliant eed tunieate,
Microepsmus miniatos, Yermll, were fouml. An
cxfmmation of the bloosd revealed that its most prominest
oonstibnent was an nmoeshoad oell, uml.n.'iui.ng meny hrlliant
cormineseoloared prannbes, which was very similar o dhs
pigment el thet cobours the test. The animel from wheeh
il Blood bad been extracted was examined on Wb day follow-
ing, and, se in A. atra, there wore many mtérmedinie stages
betwasn the colourlses calls and the pigmsnted corpueclos.
Thise ohservations confirmed o substantisl way thoss mads
=0y A, alra.

Other speoies of nsealians hove been sxpmingd and in every
cngs the enlor of the pigment e in the test was duplicated
by b palonred colls of dhe blood, The sobonind form, Bodein-
nseidia turbinnta, Howlmon, which is brilliant DERRET in
colour, his s the only coloarsd sell i dls blood-atesun &
eorpuacle poesessing arangs gronules.

(o) Driscussion.

Comesiming the arigin of the pigments in the Boasd-stiasi
af asodians, no definite statement an be made. I8 bas been
abaprved that the pigment cells arise while i arculation feom
unpigmented sorpuscles.  Jaet what ie the process invelve
in that enlour change it is diffeult bo explain,  Grftiths (1897)
has desgribed 5 eolonrless respiratory proteid {r-scheoglobing
in the blood of ascudians, and the shromagen of Fhallnsin hos
baon etatad by Henxa (1911, 1912) to be & proteid in eom-
Linakicn with the element vanadivm, I8 poaeible, therefoon,
that the change from the eoloarkss oell to the ' ehromneyta *

! Whesa Lhe labssrnlory b ailpatied,
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is. neoastaned by dhe chpmieal wndon of the prateid with the
tatal. This aeana exteemely unlikely, bowevar, sines vansdiam
doea not exist in the blood inits alemental siate—ihe differsncas
in codour of the corpuschs being due to vanadiam i diffecent
gtates of oxidation—snd aleo becwoes the vapadivm probably
has the rils of calalyst in the reapiratcoy phennmenn of
agoidiara (Falton, 1921 &), A moss likely sxplanation is that
in the colourless antecsdants of the pigment cells there exisis
gome eoloarkss vabidinm eompound whick, either an axids-
tion o rediection, is convertad into ong of the coloarad axides
of that metal.

1. TDiscussreX—LIGMENTATION 0OF YVERTEERATES,

The resulis cbisined in & abody of Lhe pigmentalion of
invertebontes annot be entiraly withoat applieation io the
problem of colorsdion in wvectebrbm, Porlicalarly doss this
e tran i veew of the question regarding the omigin of
medanin, In recent yewre the erigin of pipments in verkebratos
bng begn much discmeed.  One school balds that the epiderms
iz eapahle of elabornting its own pigment ; ' anothar maintains
that fle pipmment 18 sered into Bie imbagusemd by wamlering
Ieigaeytes ; ¥ ptill snpther holds thet melanin i derived from
the basmeglobin of the bloed?  For a very complets seooant
of the histovien] devolopment and the peesent statns of the
bimlogion] theoriee regarding the arigin of melanin, tho mader
i mefereed Eo Dawson's (1930 papst on the inl:.uﬂumun.i af
Nesturus,  Bulb, in addition to the parely bialogicsl diseseion
of the guestion, thers are cortain shemigal nvestigndicns an
malanin which demand attantson.

Thtt chemital analyses which have been made upon melanin
terid onm tle whobs to enpport the view thnat the pigment =

I Hooker {1004 mul Eysleshymor (19} sra the mges impiriand
advombes of Uhid Fiow,

2 Hee bl papers of Tkl (1906), Nigre (1906), and Doree] (1913).

* Hahl (15H} maintained that the lewomytes phagoeytized red blood.
eelle ard oonverind thisr heamoghebin into melinin, Thi viw is sbg
"-F-P“H h’-ﬂ;ﬂ.lill whimpeal b sl
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o derivative of hasmoglobin, In the et place the same
clements are pregent. in melsnin and in hasmoglobin (Hano-
marstan mod Heding 1915, po 843 Asbde from nitrogen ond
sulphne the most noticesble elonent presant is iron,  The
wtlior obgarvers (Beherar, 1941 ; Heedez und Mopeki, 15356)
failsd to datect irom, but, as Hallibarton (1898, val. i, p- 121)
points o, their Bailes wna das to the faet that they axiraeted
tha pigmant wth bydrochloro “scid and thus removed the
iran, Mimer (1887}, and Brandl und Pioiffsr (15900 foond st
malanin pontamed o large amount of dron, and halieve as
o resald thad melanin is & derivative of dhe blood-pigoeats,
Hohmiedeberg (1807 cbiaimed similer resulis foe the saeeo-
melanin froan o sroomabous liver, finding that it containnl
&7 per eont. ivon, The moss recent work on the sabjost
likewase corroborntes the obeervalbon fhid on is preent in
malanin (Gortoer, 18122 ; von Ficth and Jeraealen, 1907 ;
Disdlre, 1911 &)

Theee s, therefore, hoth biological aad chenieal fvidemes in
[avour of the view tlat melanin is desived foan the blood-
prgments.  Moreover, ns fhe presenl paper s atbempted ko
alvow, the groat mejority of imvertabrote pigmants aoe oot
anly derved from bbe pigments of bood-avstems hat Lhe
invertobrste  blond-pigments  sre {homselves  derivad  froo
foad. Unles o profound change baa ocourred in the physso-
logisl proceseos of the vertobenies ns compred with thoes of
ihe inverlabrates—which is ot prolabla—il appesrs reson-
able to the wober Lo ndmil that soms al lenst of the veriebrate
pigments lilsoizas owe their origin to the pigments of the blood.

Uroehrame,—The recsnt feeding experimsnta of Toaf
(1021} bave given stromg evidencs thad Ehe ontpnt of nroghzome
froe the uring of guines-pigs and of man is oaghly proper-
tiomal b the amommd of ehlooopliyll taken in os fomd, ol Boak
wappeels, i view af the chemiml :.imil.l.::it;' bsdween tho bon
pigments [the pyrrol reaction), thal wchoaoes = dirvel oo
n:h'lmph:,ll.l. It & pvidenmt dhat this obseyvation theows quite
u new light opon the debolel guestion of nriskey plignenis,
amel it pives an nidded instanee of the dependence of animnle
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upon the pigments of plasts. The [oriles selation of chloso-
phyll to the bile and wrinary pigments is o subjecl which will
wall repay further investigation.

In eonelesion it may be said with reasonables
cerlainty that many snimals and probably man
dao normelly nse Ehe four pyrrel groops of the
chlorophyll molesuls 4o aynthesize haemoglebin
and allied pigments; howaver, theagh mogt
evidenee points in this direstion, no one has
asctunlly demoensirated Lhat the onimol bady
13 itzalf incapabla of synthesizing hasmoglobin
in the absence of ehlorophyll.

8, ComoLursions,

Fart I.

What deluctions moy be mads concerming the animels
whith have thus far beon considesed P Im dhe firsk plaos it
musk ba recallad thal in no easo bhas the writer dealh with
forms which have a tene blood-vascalar syafem.

The most irupumnt funetion of tha blood-system in the
highes animsls 3 Lhat of carrying nutriment to the teeam,
In the lower invertehrates this fanetion is aceonplished sither
by the direct contact of the tazae will the sarrounding sea-
water, or by ciroulatory Enads—less highly spedialized than
hbnod—which mova within the body. Thess finids, theralan,
are the cmes which represent the funetionnl sntessdents of L
blood-vagealar syatemm ; amnd it is to these thet one shoubld
Ik in geeking the ormgin of many of the body-pigments.  From
the faregoing pages the following conclusiond ssam repsonable -

1. The pigmented protospans owa their eoloar, probably
overy ests, toan plgal pigment which hag resulted from an ot
anle nfection.

3. Thaugh the evidenss in the Porifers & nod sonelwaive,!

L The ovihnes rezently adduced by Vam Trgt |19018) mmores any
eensommble doubl ceacerning the chlorepiadious mure of the plgments of

o large number of sgongss,
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it is pruﬂ:n.'hlr- that their pigm-nnt is chlorophyll oy n swhstanen
lesely allied [ehlorophyll bas been demonstrated in mors Hhsn
twanty apaiss of spange], and thara ia ovidames which indicabes
that it, too, is abtamed from extersal sowrces.

4. The corstitnants from which actinians manafsetare their
pigment nre corried £o the s by the gastrovasonlsr fubd ;
it is likely thed the constiteenta themeelves are derived from the
chloraphyllons substaness which entor na food ; bhoe they are
i & highly-organized state when they reach the tizgnes, making
the synthmis of the plgment less diffioult. Certain of the nefi.
nian plgments—aside from being derivatives of ehlorophyll—
ars olosely related bo hasmeoglobm [wetiniohaematin).

4. In cerfain flafworms which are nod colowred by algal
eymmbionts, the pigmant i derived from food and is enrrisd to
the tissues by the gaslrovasoolar aystem,

fi. Tha pigmsnt of the ™d cells of Tripnanstes azan-
lentne, 20 numersa: in the periviscersl flaid, & deotisal
with the pigment of the epidermis, and sines it has been shawn
by Gesdddes ard odhers that the pigimented eells arise whils in
ciroulstion from yallow vells, direst evidenee i theraby affonded
thit the body pigment arises in the aotritive flukl.

B, The red pigment, cohipochrome, thoagh probably mod
rogpiratory (MeCkmdon), nevertheless hears o close ehensiznl
relntiorship bo bsamoglobin (Griffiths).

7. Bines thore is every probability (im T. eseulentus)
that the yellow eells from which the reds arise aee ollero-
phyllcid ecrpusshes, it seems clear that shlorophyll 3 oapable
rot anly of giving rse to an anima] pigment het o & pigment
which is cloesly akin bo baemoghbin (sehinoehrome brska
dowm into harmoohromegen, o mdnetion prodoed of haemeas
globing, Birg's fesling experiments abow that chlorophy]]
faeilitates the farmation of heemoglohin in anaemin ralhits.

8, The thiory that hasmoglobin is derived from ehlorophyll
1 farther strengthemed by the fact that in many schinoderms
there i present, smultansonely with haomeagholin and chlero-
phyll, & substines, baamataparphyrin, which is an iolermedinte
pradnet  chemimlly bedwesn chlorephyll and  hremoglebin
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A In many other echinoderms Asterosden, Ophinrcades,
lehinniden, ond Holothuroides, there ara fomnd pignented
Dy -Muidl cells which bkewiss give riss (in part nf bast) to tho
axternnd pigroontation by bepoming depodited in Lhe epidirma.

Panrt IT.

In the preliminary ohesrvations of the present work, i€ wos
foond that in neady svery invertebrnis invistigatad {here
opfumd in b blood a cheomogen—aither eomplatsly formed,
ar in the prooess of formation—which s similar o, and ot
infrequently eatical witl, the pigment of the cpidermis.
Thoagh this in ibeelfl 5 an intarnsting fnet, ot i3 at oot apparent
thod behind bbe phesomenon there lise something of much
grester signtficanoe : Why should the body-pi GEGIT i
Lhe blood-gyateny, snd whenoo do they some ¥ The pigments
af the invertebrodes, so far as they have hoon i.nﬂul:.ilgm,
st tie b derived very lasgely from food, being absorbed
inko the blood-atrem and Gurried by that dssne o the epidarmal
mgjum., wharn Ehay nea dapaeitad,

The mwoare apscifie conlusions arm a3 follows ;

1. In the ahesnco of & blood-system, az in ibs Bchinodsrma
sad lower forms, (s nutritive Buids supply the spidermis with
its pigments [Fast T).

2. The eeloration of several nemarbsn worms = dus to the
pragsnca of haemoglobin in the spidermis and in the blood.

& In corfain oodibracehs (Chromodoris zebra) and
caphalopeds, pigmants nre foond in the blogd-stream which
are nbentical with the epidermal pigmenta, Thers i& slrong
evidones that the pigments of the blond-stream of tho Mol
Tann owe their origin to the chlorephyllons substonees taken
i ns food.

4, Tha lipochromas of anoelids are derived from  foad
gubstanees, being abecebed into the blood-atesam and Grars-
ported to the epidermis.  Anpslid Isemoglobin is found both
im el Blosod aned in the epédermis.

5. The enterchlorophyll found i the Liver of many sruwsta-
erang and mollees @ of vegetable origin, There is svidones
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thad if is the bass from which the animal syntheizes many olbar
of it pigmemis, inclading hramatin

fi. The red lipochrame of the blocd aml ths chromstophore
of crostacens are decved from earofin, a pigment assomisbed
with eliborpbiyll (foanad alse in the liver), Carotin and the ped
lipochrome of crostacsans are ohemdeally identical {Yeme).

7. Many pigments of inpscts arg modified chloraphylle desived
dirently fram the chlorophyll of ths feod (Poalton).

f. The pigments of the tanicates are found first in the blood-
systom.  The pagmented oells omse, whils in the cnoolation,
from unpigmsnted eorpascles, and certain of the pigmeant ealls
which aries in this way are subssguantly deposited in the test,

0. Blzong evidenoe exists thot the respiratory pigment haemm-
glehin ia dorived both phylogemetically and physiclogioally from
chlerophyll.

[ connob olose ths paper wathool menbioning my great
inlehtadress for advies and irspiration to Professor Denfamin
Moore whoas resint untimely desth will be most kesaly felt
in Ampresa 85 wall as in England. He mors than soy oon has
helped o clarify the perplecing question of the relation wheh
chlornphyll benss o the protoplasmic system of plants anml
i,
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